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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 5.1 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 O6op
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 I ns
designed to meet the demands of todayds mar ket
applications of future markets. We can also argue th a 't the quest for t he
purposed microprocessor for todayds mar ket doe
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 potenti al applications. I n t his cCo
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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 O6gener al purposed micropr o
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, th e problem of t his infl exible 6gener al
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. FPGASs,
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 microprocessorxtteasindd et pe otdprs@amioc al |

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,t er med OExtensionsd that contain custoc
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 fAreconfigurable
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 i mmediately before the block
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 Exten
functionality more efficiently than a sequence of instructions that reuses the same execution
units to perfor m t tbestep. |Forcthis teasonf therExtdnsion execstingthe
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
manufacturerds synt hesi s dmoaock benefity of ¢he ardhieeotureb i | i t
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. 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
12 GB to 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 or newer operating system on your development
machine, preferably with the latest service pack installed. =~ The eMIPS system as distributed
in this release runs on the Xilinx University Program V5 Development board. This board is
available from Digilent, Inc at discount to academic customers on their website.
(http://www.digilentinc.com/Products/Detail.cfm?NavPath=2,400,795&Prod=XUPV5) We
assume that your board is fully tested and operational.

2.2 Installing the MSI

After you have installed the eMIPS Processor installation file to your development
machine you should have followed the following procedure.
1. Doublecl i ck t he eMIPS Processor installati
installation wizard should appear.
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The inztaller will guide pou through the steps required to install eMIPS Processor on your computer.

WARMING: Thiz computer program is protected by copyright lave and international treaties.
Unautharized duplication or distribution of thiz program, or any portion of it, may result in severe civil
or criminal penalties, and will be prosecuted to the maximum estent possible under the law.

Figure 1. eMIPS Processor installation wizard.

2. Click ONextdormtuitnwer. t The O6éLicense Agr eement
wizard.

e

ﬁ‘;.‘ eMIPS Processor

License Agreement

Pleaze take a moment to read the license agreement now. If you accept the terms below, click |
Agree", then "Mest”. Othemnwize click "Cancel",

This Microsoft Research Shared Source license agreement -
("MSR-55LA") is a legal agreement between you and
Microsoft Corporation ("Microsoft™ or "we™) for the
software or data identified above, which may include
source code, and any associated materials, text or
speech files, associated media and "online™ or
I electronic documentation and any updates we provide in
our discretion (together, the "Software™).

Bw inatalline. oconwino. or ntherwi=se usinog thi=

(| Do Mot Agree @ | Agree
l Cancel ] l < Back ] [ Meut »

Figure 2: eMIPS Processor License Agreement.

3. Please read the license agreement to determine if the terms of use for your organization
are acceptable for your organization. If yes, please accept the license agreement and
click the ONextdéd button to continue. The 0S¢
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ﬁ"ﬁ eMIPS Processor

Select Installation Folder

The inztaller will inztall eMIPS Proceszsor to the following folder.

Toingtall in this folder, click "Next". Toinstall to a different folder, enter it below or click "Browse",

Folder:
C:\Program FileghMicrozoft Bezearchheb|PS Processor

Browsze. .

Install eMIPS Processor for yourself, or for anyone who uses this computer:

@ Everyone

() Just me

[ Cahicel ] [ < Back l [ et =

Figure 3: Select Installation Folder dialog.

4. Review and edit the destination folder for the installation according to your needs and
preference. Then select whether all users of this machine will have access to these

fi

€es

appear.

5 CI

c k

or just you. Click the ONext

ﬁ"ﬁ eMIPS Processor

Confirm Installation

The inztaller iz ready to install etIPS Processor on pour computer,

I Click "Mext" to start the installation.

[ Cahicel ] [ < Back l [ et =

Figure 4: Confirm Installation dialog

the ONextd button to cont

nue. The
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e

ﬁ"ﬁ eMIP5 Processor

Installing eMIPS Processor

eb|PS Processor iz being installed,

Flease wait...

Figure 5: Installing eMIPS Processor dialog

6. Shortly after this dialog appears the UAC dialog will appear for windows to confirm the

install ati on. Pl ease click 6Yesd to confirn

ﬁ"ﬁ eMIP5 Processor I. = ﬁl

Installing eMIPS Processor

eb|PS Processor iz being installed,

Flease wait...

Figure 6: Installation progress of eMIPS Processor

7. After some time the installation will complete andthe 61 nst al | ati on Compl
appear. Click the 06Closeb6 button to compl et
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e

ﬁ eMIP5 Processor

= -

Installation Complete

eb|PS Processor haz been succeszsfully ingtalled.

I Click "Close" to exit,

Cahicel < Back

)

S

Claze

Figure 7: Installation Complete dialog.

8. Go to the location where you installed the eMIPS Processor design files to confirm they

were installed correctly.

el

@Qv| . » Computer » Local Disk (C:) » Program Files » Microsoft Research » eMIPS Processor » - |¢, | ‘ Search eMIPS Processor 2 |
Organize « Include in library - Share with + Burn Mew folder =~ 0 .@.
5 MSWintranet  + MName Date medified Type Size
| Recent Places
- T . Bits 11/1/20101:25PM  File folder
arePoint Sites
J Docs 11/1/20101:25 PM File folder
. A8 eMIPS Tests 11/1/20101:25 PM  File folder
s Libraries ) X
j 5 " Sources 11/1/2010 1:25 PM File folder
DC%ImEI'I : @ LICENSE 2/16/2007 4:22 PM Rich Text Format 11 KB
| ,J'. Music
= Pictures
B¥ Videos 2
O\% Homegroup
1% Computer b
i Metanrl ol
5 items
-
4

Figure 8: eMIPS Processor install directory.
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2.3 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 fully integrated the partial
reconfiguration flow into this tool. The current release of the tools is ISE 12.2. This manual
assumes that you have System or Logic license for the tools in addition to a special license for
the partial reconfiguration flow. 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.

It is recommended that you first create non partial reconfiguration versions of your
designs 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.

2.4 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.

2.4.1 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
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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.

2.4.1.1Cygwin

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 Setup !Elﬁ

Cygwin Net Release Setup Program

Thiz setup program is used for the initial installation of the
Cygwin enviranment as well as all subsequent updates. Make
sure bo remember where you saved it

The pages that follow will guide you through the installation,
Please note that Cygwin consists of a large number of
packages spanning a wide variety of puiposes. 'We only
install a base set of packages by default. You can always wn
this program at any time in the future to add, remowe, or
upgrade packages as necessary.

c

Setup.ere version 2.573.2.2
Copyright 2000-2007

hittp: /v, cogwin, com.

< Back Cancel |

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

= Cygwin Setup - Choose Installation Directory

Select Root Install Directory
Select the directory where you want ko install Cygwin, Also choose a few
installation parameters
r~ Root Directary
C:Acpgwin Browse...
r~ Install Far Drefault Text File Type
] 30} & Uris # binary [RECOMMENDED)

Cygwin will be available to all users of
the spstem. MOTE: This iz required if
you wigh ta run gervices like sehd, et

 Just Me

Cygwin will only be available ta the
current uger. Dnly select this if you lack
Admin. privileges or you have specific

heeds.

Mo line translation done; all fles opened
in binary mode. Files on disk will have
LF line endings.

D05 7 test

Line endings will be translated from unix
[LF) to D05 [CR-LF] an wite and vice
WEr3a 0f Tead

Fiead more about file modes. .

< Back I Hext » I Cancel |

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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= Cygwin Setup - Select Packages

Select Packages
Select packages to ingtall

=] 3

c

i Keep " Prev G"Eurf " Exp  View | Category

Category | Curent Mew ‘ B| S| Size | Package =

Bl All & Default
Audio £ Default
Base #¥ Default
Database & Default
Devel & Default
Dac 4 Default
Games & Default
Graphics &¥ Default

; | Interoreters 4% Default

| o

¥ Hide obsolete and administrative packages

< Back, I Mext > I Cancel |

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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Base, Shells
Dewvel

Dewvel

Devel

Baze

Bage

Base, Shells

M ath, Utilz
Devel

Dewel

Dewvel

Ltils

Baze

Utils

Libs

Dewvel

Utils

Baze

Base, Doc
Baze

Devel, Doc, Interp
Baze

Dewel

Baze, Interpreters
Dewel

Dewvel

Dewvel

Devel

Dewvel

Devel

Devel

Bage

Text

Baze

Text

Libg

D atabaze

D atabase
Doc, Interpreters, |
D atabase, Libs
Libs

Libs

Libs

Libs

Libs

Libs

Libs

Libs

Baze
Interpraters
Dewvel

Base, Doc, Systen
Mingws

Mingw

Devel, Libs
Dewvel
Interpreters, Perl
Base, System, Util:
Bage

Baze

Base

Libs

Baze, Libs
Baze

Do, Test

Libs

Baze
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77k
47k
3k
203k
Tk
35k
1k
516k
Bk
4315k
294k
28k
407k
2 365k,
116k
13k
703k
182k
1,363k
915k
28k
Mk
453k
28k
E17k
1k
3E18k
2958k
63k
1,834k

3958k
151k
197k
B2k
79k
27k
E23k
Ba0k
Gik
13k
B3k
20k
16k
17k
171k
162k
12k
a1k
14k
207k
348k
197k
338k
27k
267k
11k
7464k
A0k
35k
1353k
E96k
1,854k
20k
197k
BTk
1184k
3k

alternatives: & tool for managing package conflicts

ash: & Bourne Shell [/bin/sh] workalike

autoconf: Wrapper scripts for autoconf commands

autoconf2. 1: Stable version of the automatic configure scrpt builder
autoconfZ. 5: Development verzion of the automatic configure script builder
base-files: & set of important spstem configuration and setup files
baze-passwd: & script to set up initial pazswords and groups

bazh: The GHMU Bourne Again SHel

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

bizon: A parser generatar that iz compatible with YACC

byace: The Berkeley LALR parser generatar

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

coreutilz: GMU core utilities (includes fileutilz, sh-utils and textutilz)

cpio: & backup and archiving utility

crypt: Encryption/Decrption utility and library

cvs: Concurent Yersion System

cygutilz: & collection of gimple utilities

cyawin: The UMEX emulation engine

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

expat XML parser library written in C [development/documentation package)
firdutils: Utilities for finding files--find, xargs, locate, updatedb

fles: & Fast lesical analyzer generatar

gawk: GMU awk, a pattem scanning and processing language

gec: C compiler upgrade helper

gececore: C compiler

goo-g++: C++ compiler

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

gdb: The GMU Debugager

grep: Search and print textual input for lines which match a specified pattern
groff: GHU troff test-formatting system

gzip: The GMU comprezsion utility

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

libbz2_1: Shared libraries for bzip2 [untime)

libdbd.2: The Sleepycat Berkeley DB Library wd.1 - untime

libdb4.3: The Sleepycat Berkeley DB Library 4.3 - runtime

libexpatl: <ML parser libran written in C (runtime package)

libgdbmd: GHU dbm database routines [runtime)

libiconw2: GMU character set conversion library and uhilities - runtime (1]
libintl2: GMU Internationalization mintime library

libintl3: GHNU Internationalization runtime: library

libintld: GMU Internationalization runtime: librany

libncurses8: Libraries for terminal handling [runtime]

libperel: Perl-Compatible Regular Expressions [runtime library)

libpoptD: Library for parsing cmdline parameters - runtime

libreadlinet: GMU readline and history libraries [runtime)

login: Sign anta a system

md: GMU implementation of the traditional Unix macro processar,

make: The GHU version of the 'make’ utiliby

man: Man, apropos and whatiz

mingw-bzip2: [mingw version) of bzipZ, a high-quality block-zorting file compressor
mingw-libbz2_1: [mingw version) shared libraries for bzip2 [runtime)
mirgw-ntime: MinGt' B untime

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

peil: Larry Wall's Practical Extracting and Report Language

rebase: Utilities for rebasing DLLs to load at alternate addresses

Tur; Start conzole programs with hidden congale

sed: The GNU zed stream editor

tar: & GMU file archiving pragrar

teltk: TCLATE libraries

termcap: Compatibility package for old termcap-bazed prograrms
terminfo: Database for nourses-style terminal handling

tesinfo; Documentation system for om-ling infarmation and printed output
w3Zapi 'Win32 APl 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.

= =] E3
Your group is currently "mkpasswd™. This indicates that
the setc/passwd C(and possibhly setc/group? files should be rebuilt.
Bee the man pages for mkpasswd and mkgroup then. for example. run
mkpasswd -1 [-d] > rsetc/passud

mkgroup -1 [-d] > setc/group

Mote that the —d switch is necessary for domain users.

zandrof Bnsr—bhuild2 ~

2.41.2GCC

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

flegcc-4. 2. 0. tar . bz2. Uncompress this file wusding t
gecc4 . 2. 0. tar.bz20.

= jcygdrive/c/cygwin

g 1z -1 AI
total 43028 =i
Fruxr—xr—x 1 Administrators mkpasswd 44857527 Dec 18 15:27 goc—4.2.8.tar.bz2

landrofMmspr—build2 Acygdrive/c/cyguwin
% bzip2 -d gcc—4.2.8.tar.h=2

Eandrof@nzr—build? scygdrivescscyguin

5 1s —
total 294232
Fruxr—xr—x 1 Administrators mkpasswd 381291520 Dec 18 15:27 gocc—4.2.8.tar

Eandrnf@msr—huild2 seygdrivesc/cyguin

|
Usethe TAR wutility to extract thed.f2i.l0est,artohe Tchai

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 Adninistratorsz mkpassuwd 381291520 Dec 18 15:27 gcc—4.2 . B.tar

androf Bmsr-build? scygdrivesc/cuguin
tar xf gecec—4.2.8_tar

lsandrof@fmspr—build2 scygdrive/c/cyguin
1
ruxr—xpr—x+ 25 sandrof mkpasswd B May 13 2007 gcc—4.2.8
PUXP—XP—X 1 Administrators mkpasswd 3B12915208 Dec 16 15:27 gec—4.2.8.tar
androf@mspr—build2 scygdrive/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.

2.4.1.3Binutils

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.

2.4.1.4GDB

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
g++.exe
gcc.exe
gcov-dump.exe
gcov.exe
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gdb.exe
|d.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
ssgnurdir sWMMLitePublicstools“emips“hin
Uolume in drive E is data
Uolume Serial Number is FC6C-428C
Directory of E:“\MMLitePubhlic:toolssemips:hin
B?/12,2087 @1:19 PH <DIR> . —
2-12-2087 @1:19 PM <DIR> .
6122087 @3:58 PM 2,982,828 addrZline.exe
6-12,2007 @3:58 PHM 1,916,885 ar.exe
6-12/2007 B@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
6122087 @32:59 PH 2.594.757 collect—-1d.exe
P6-12,2087 @3:59 FH 428,968 collect2.exe
P6-12,2087 @3:59 FH 542,239 cpp.exe
P6/12,2087 @A3:59 PH 1,989,142 cxxfilt.exe
4/86/2007 12:43 PM 128,328 cygexpat—@A.d11
P6/12,2087 @3:59 PH 1,873,811 cygwini.dll
P6/20,2087 @1:17 PH 4,264 emips.x
P6-12,2087 @3:59 FH 543,247 g++.exe
P6-12,2087 @3:59 FH 538.585 gcc.exe
p6-12 2007 B@3:59 FM 89.333 gocov—dump.exe
P6/12,2087 @A3:59 PH 215,800 gcov.exe
?/27/2087 A9:13 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
612,207 @3:59 PM 2,508,167 objcopy.exe
6122087 @3:59 PM 2.738.568 objdunp.exe
6122087 @3:59 PM 1,918,341 ranlib.exe
612,207 B@3:59 PM 718,580 readelf .exe
6-12/2007 B@3:59 PH 1,.871.585 size.exe
6122087 B@3:59 PH 1,869,151 strings.exe
6/12,2007 B@3:59 PH 2,588,167 strip.exe
B6/20-,2087 @1:34 FH 416 vssver.scc

27 Filecs) 74,857.528 bytes

2 Dirds)> 165.045.284_ 864 hytes 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.

2.4.2 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
The tools have been compiled with VC8.
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1. Extract the files from the archive. Right-c | i ¢ k bbtoolst B e p &@ and gelect i | e
OExtract all 6.

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 inside a ZIP archive.

To continue, click Next.

< Back Cancel |

3. Please click 6Nextd 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
fol deMI ®S;. Testsodo in these instructions.

xl

Select a Destination o
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:
c\eMIP'S_Tests|

Browse... |
Password... |

Extracting...

< Back Mext > Cancel

5. Click O6Nextod 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 scre

Extraction Wizard x|

Exraction Complete —r
Files have been successiully extracted from the ZIF archive.

en

Files have been successfully extracted to the following
directory:

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

Press finish to continue.

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

<gak [ Fnmsh | Cancel |

8. Pl ease cl i ck ldeRhe extractionof theoBBToolsifes.

9. The Folder containing the test programs should appear. It should contain twenty-four

files, as follows:
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W C:\eMIPS_Tests H= ES |
File Edit V¥iew Favorites Tools Help | ;:'

o Back ~ 03 - i | ' Search Falders | - | @ Folder Sync

Address | C:eMIPS_Tests 8e

Mame ~ | Size | Type | Date Modified | _attributes |
File and Folder Tasks 2 mcatexe 17KE  Application 120112007 342 PM - A
j Make & new Folder ‘ﬂ bbcat.exe.manifest 1KE MANIFEST File 12/11)2007 342 PM A
Fbbdump.exe 21 KE Application 12/11)2007 342 PM A
2] C\ﬂSh this Foldar to the %) bbdump.exe.manifest 1KE MANIFEST File 12/11/2007 3:42PM A
7 Share this folder Ebbfind.exe 24KB Application 12{11}2007 3:142PM A
‘ﬂ bbfind. exe.manifest 1KE MANIFEST File 12{11}2007 3:42 PM A
Ebbmatch.exe 18KE Application 12/11/2007 3:42 PM I
Other Places 2 ‘ﬂ bbmatch. exe. manifest 1KE MAMNIFEST File 12/11/2007 3:42PM A
Ftbmerge.exe 16 KE  Application 12/11)2007 342 PM A
e Local Disk (C:) [%) bbmerge. exe.manifest 1KE MANIFEST File 12/11/2007 342PM A
D My Documents Ebbrewrita.exe 19KB  Application 12{11}2007 3:42 PM A
J My Computer ‘ﬂ bbrewrite. exe.manifest 1KE MANIFEST File 12{11}2007 3:142PM A
h\} My Hebwork Places ‘ﬂ bbs.dll Z12KB Application Extension  12/11f2007 3:42PM A
ﬂ bbs.dll.manifest 1KE MANIFEST File 12{11}2007 3:42 PM A
[bbselect.exe 20KE  Application 12/11)2007 3:42PM A
Details ~ ‘ﬂ bbselect.exe.manifest 1KE MANIFEST File 12/11)2007 342 PM A
[Fbbsort.exe 18KE  Application 12/11)2007 342PM A
eMIPS_Tests [®] bbsart.exe.marifest 1KE MANIFEST File 12/11/2007 3:42PM A
File FD'def _ [tbuniq.exe 18KB  Application 12{11/2007 3:42PM &
E’ftzg'u%d'f;jﬂ’?ﬁwda‘” December [ bbunig.exe. manifest LKB MANIFEST File 12/11/2007 342 M &
e %] b, i 37KE Application Extension  12/11/2007 142 PM A
‘ﬂ bbwy, dil, manifest 1KE MANIFEST File 12/11/2007 342 PM A
Fmzv.exe 188 KB Application 12/11)2007 342PM A
‘ﬂ M2y, exe.manifest 1KE MANIFEST File 12{11}2007 3:142PM A

2.4.3 Giano

The | atest release of the Giano simulator
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.

2.4.4 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 i 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 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\ml40x directory.

2.4.5 NetBSD for eMIPS

An installation CD image for NetBSD 4.0.1 on eMIPS is available at the project home page.
Please refer to the technical report [108] MSR-TR-2009-41 t i t Areahlinefischeduler for
hardware accelerators on general-purpose operating systemso f or i nstruct. i
and use this operating system for eMIPS.
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3 Building the eMIPS System

3.1 Simulation of eMIPS Core

The following instructions explain how to use Modelsim and Giano to simulate the

eMIPS core and its platform environment. In this setup the hardware core is simulated in
Modelsim. However, since models for objects that make up the hardware platform such as
memories are not available in most cases, Giano is used to emulate these objects in software.
These instructions assume that you have already installed Modelsim and Giano on your
development system. Additionally, you must have selected Modelsim as you default
simulation software in the Xilinx ISE and compiled the simulation libraries. These instructions
assume 32-bit OS. However, for 64-bit OS change bin to bin64.

1.

2.

Copy ‘'veriuser.h and ‘'vpi_user.h’ to C:\Program Files (x86)\Microsoft
Research\Microsoft Giano\modelsim\include\ from C:\modeltech_pe_6.5b\include\,
Copy ‘'mtipli.lib® from C:\modeltech_pe 6.5b\win32pe\ to C:\Program Files
(x86)\Microsoft Research\Microsoft Giano\modelsim\lib\.

Compile Modelsim Application Extensions (*.dll) for Giano. Go to C:\Program
Files\Microsoft Research\Microsoft Giano\modelsim\ and open a command prompt.

In the command prompt type 'nmake’, The files should compile like Figure9 and be
found in C:\Program Files\Microsoft Research\Microsoft Giano\modelsim\bin\. If they
fail to compile you may fall back on those included in \Sources\Modelsim\

=+ Visual Studio 2008 Command Prompt
Setting environment for using Microsoft Uisual Studio 20@8 xB6 tools.
C:“\Program Files {(xB86)>“Microsoft Research“Microsoft Gi “mode 1s im>nmake

Microsoft (R> Program Maintenance Utility Uersiol
Copyright (C> Microsoft Corporation. A1l rights

cd namedpipe && nmake —nologo install

copy sy np.dll ..~binxnp.dll

1 file<s> copied

copy 7y np.lib . \lih\np.lih

1 file¢s? copied.

copy -y np.h ..Nincludesnp.h

1 file<s> copied.

cd g2upi && nmake —nologo install

copy /v wvp.dll ..sbhinswvp.dll

1 file{s? copied.

cd vpi2y && nmake —nologo install

copy /y upiZg.dll .. ~hinwpiZg.dll

1 fileCs> copied.

copy /y vpiZg.lib ..\libvwpiZ2g.lib

1 file¢s? copied.

copy Ay 5.8c.vpi2g.dll ..“\bin%5.8c.vpi2g.d11
system cannot find the file specified.

copy /y 6._Bd_upiZg.dll . \h1n\ﬁ ld vpiZg.dll
system cannot find the file

copy /y b.le.vpiZg.dll . 1n\6 le vpiZg.dll
system cannot find the file ci:

copy #y 6.2c._upi2g._dll 1n\6 2c vpiZg.dll
system cannot find the Fils cified.

copy /vy 6.2g.vpiZg.dll . in%b.2g.vpiZ2g.dll
system cannot find the file specified.

cd vpi2g2 && nmake -nologo install

copy Sy uplZg2 (lll - AbinvwpiZg2 . dll

1 file<s> copied

copy Sy uplZgZ 111) «oNlibhwpiZg2.1ib

1 fileCs) copied

copy -y 5.8¢c. up12g2 dll ..~binsG.8c.upiZg2.d11l
system cannot find the file specified.

copy 7y 6.Bd_upi2g2._d11 . _“binn6.8d_ vpiZqg2 . d11l
system cannot find the file specified.

copy sy 6.le.upi2g2.d1ll ..“hin6.le.uvpi2g2.d1L
system [:annnt find t}le Fils cified.
h1n\6 2c . upi2g2_dll

y: i cifi
copy Ay b. 29 vpiZg2.dll ..\h].n\B 29 vpiZg2.dll
tem cannot find the file specified.
cd vpi2sl && nmake -nologo install
copy Sy up12_‘1 (lll . AbinvwpiZsl.d11
1 file<s> copied
copy Sy uplZ‘.l 11]) ««NlibhwpiZsel. lib
1 file(s) copi
copy -y 5.8¢c. up12"1 dll ..~binnG.8c.upiZsl.d1l
tem cannot find the File specified.
copy /y 6.BAd_upi2s1.dl hin“6.@d _vpiZ2s1.d11
tem cannot find the Fil cified.
copy /v 6.1le.vpiZsl.dl hin“6.le.upiZsl.dll
tem [:annnt find the Fil cified.
copy 7y b 2|: upiZsl. dl hinn6._.2c . upiZs1.d11
specified
copy /vy 6.2g.vpiZsl.dll . \hln\ﬁ 29 vpiZsl.dll
system cannot find the file specified.

IC:“\Program Files (xB6)>\Microsoft Research“Microsoft Giano“modelsim>

Figure 9: Compiling ModelSim Application Extensions for Giano.
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Copy 'vvp.dIl' from C:\Program Files\Microsoft Research\Microsoft Giano\modelsim\bin\
to C:\Program Files (x86)\Microsoft Research\Microsoft Giano\bin\

Create a new ISE project for you simulation.

Copy np.dll, and vpi2g.dil from C:\Program Files\Microsoft Research\Microsoft
Giano\modelsim\bin\ to project directory.

Copy config.v, decode.v, and memory_define.v from \Sources\HDL\Definitions\ to the
project directory.

Modify config.v for simulation as seen in Figure 10. Uncomment definitions GIANO,
SIM and TRAKKIES EN and Comment FPGA. Also Comment all Peripherals.

File Edit View Insert Format Help

el &k #A

PR Rt R L e LY, ~

“define 3IM
‘define TRAKKIES EN

/f define FPGA
A/ define XCV4
‘define XCVS

/*****Platform#‘kﬁ"kﬁ"k1{‘8‘*‘k*‘k*‘k*‘k*'ﬂ'*'ﬂ"k'ﬂ"kﬁ"kﬁ"k1:‘8‘*‘k*‘k*‘k*‘k*#1:'ﬂ"k#*#*#****‘k*‘k*‘k*‘k*#*#*#/

‘define GIANO
// define BEE3
4/ define MLS50x
4/ define HML40x
A/ define SE3I5
‘define LEZ5

JetrtiPeripheral SerUp s FEra e h R A R S R A R R A AR AR A R AR AR AR SR AR AR AR AR AR R F ARG T AN

Ffdefine SRAN EN
Ffdefine DDEAM EN
Ffdefine DDERAMZ EN
f4define DDRAMZ L EN
f4define DDRAMZ B_EN
Ffdefine DDRAMZSF EN
Ffdefine FLASH EN
Ffdefine INTCTE_EN
Ffdefine TSART_EN
Ffdefine TINER_EN
Ffdefine WATCHDOG_EN
Ffdefine GPIo EN
Ffdefine IDE_EN
Ffdefine LCD_EN
Ffdefine P32_EN
Ffdefine VGL EN
Ffdefine ETHERNET_EN
Ffdefine PWENG_EN
Ffdefine ACS7_EN
Ffdefine BRAN EN

A/ define EC_EN
Ffdefine ICAP_EN

For Help, press F1

Figure 10: config.v for simulating eMIPS Core using Modelsim and Giano.
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10.Copy decoder.v, from \Sources\HDL\Simulation\ to project directory

11.Add files to ISE project to build source hierarchy starting with test_environment.v from
\Sources\HDL\Simulation\. Your ISE project should resemble Figure 11, Refer to
Appendix C for eneratin necessary IP CORES.

S Eo b tow Fom Smro foes Dmb ebw Luow b -Ex
RET. : X oo - BRAQ(A RS FRIPEL)S
o 5 Do Crerviw ~
[ — - CLER Rloe o e
] e i i A oA ° 3 Propect Fle: s s Parses trors: o trors
g) el Je ! s Module Name: ez ol Implementation State: =
Heardy Target Device: I L “Ervors:
. o 3 e =
& 2 & et awarins Desion Gosk sonced s ot
’ aser eczages 3 stk iochad) E rants:
= e | e Desian strateay oot i Trang Constramt
E ( esiOu \ptswrl s LEDlserial st | ) o Enirament: “Final Timing Scare:
el = [4] e oo s (1., Soures DLt Topimengs_cies v1 )
- = (1) b~ 1580, . Wsources HEL Cors T SANTopATISA.Y) i
(5] sk, 1. e oA St o J - Detated Ragarts I @
5 (8 - et | Smrcach o st it - == = — -
o [ — o T T T
e L Sevehess nagort
« Taedbwin Rt
P ) tobrocesees Furre i ; 0 Rapart
[ Pracesses ost_emoormant Pk ot et
o= B Mokt smiko ) posonn [oe—
a B Simdots bebeimal Model [ monese eport | Perepym—r——
X Gegn Fropertes .
Eratie Mescage Fherir pton oot
o Cptiond Dasin Sumiiey Centints
] Shom Clock Repart
O sttt Secondary Reports =]
Shaw Wit
H ot Regort Name |status. Generated
Date Generated: 12{17/2010 - 13512
B st | 2 Do [ s |0 s = 58 esin Bute bfoCentar T usign Smary =]
Consde woex
§ THFO: O LComp | Lee: 1574 — Lincacy vork -
o Line 27
" 1ame 4z
“ line 43
ka.y" line 27
Analyzing Verilog file \
- Analysing Verilog file \
asecthme - Include file found: 'Ex/Fb v Line 19
Loowpileri1S7 - Analying Verileo file \"E:/FFGA/sRIPS/fpun side/sMIFSVZ/Sources/ ML/ Top/Secial € LED/serial_led_svitch.™ into libracy vark
ajectBgmt:g56 - Parsing design hierarchy completed successfully
g Design Summry/Report Viewsr...
L -
(8 corsole | @D Errors | Ay Wamins | & Find in Fies Resubs

Figure 11. ISE Project after adding source hierarchy.

12.In the Simulation View, select test_environment.v in 'Hierarchy' pane.

13.Right-click on 'Simulate Behavioral Model' and select 'Process Properties’ in the
'Processes' pane. The 'Process Properties - Simulation Properties' dialog window will
appear.

© : Process Properties - Simulation Properties X

Category Switch Name Property Name: Value:

e -dir Compled Library Directory J<language’>/<simulator > [.)
Display Properties

Ignore Pre-Compiled Library Warning Check. O

Generate Verbose Library Compilation Messages

Use Custom Do File O
Custom Do File
Use Automatic Do File

Custom Compile File List

)

Gther YSIM Command Line Options plivpizg.dll

Other YLOG Command Line Optiars

Gher WCOM Command Line Options

Simulation Run Time 10000

Simulation Resolution

Use Explicit Declarations Only
Use Corfiguration Name O
Configuration Name Defaul
Log All Signals In Simulation O

Praperty display level: Display switch names

Figure 12 Process Properties Simulation Properties dialog window.
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14.1n the 'Other VSIM Command Line Options' field enter '-pli vpi2g.dil'. Click 'OK"' button
to continue.

15.Copy bramXUP.bin, MI401_ice2.plx, and Ml.bin from \Sources\Giano\ to a simulation
directory.

16.Copy application binary a simulation directory. For our example it is 'hello.bin' from
\Sources\Giano\.

17.0pen a command prompt in the location of your simulation directory.

18. Start running the board environment software emulation in Giano using the following
command in the command prompt: 'giano.exe -Platform <platform configuration file

(*.plx)> DDRAM::PermanentStorage <application binary (*.bin)>'. For our example the
platform configuration file is 'MI401_ice2.pIx' and the application binary is 'hello.bin'.
The command prompt should now resemble Figurel3.
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Figure 13: Giano running emulation of board environment.
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19.0pen another command prompt in the location of serplexd.exe. You may copy
serplexd.exe from \eMIPS Tests\ to simulation directory.

20. Start a console session using serplexd.exe using the following command: 'serplexd.exe
\\.\pipe\usartO -n -s -r'. The command prompt should now resemble Figurel4. When you
do this, a message will appear in Giano: ' giano: Serial line USARTO is now connected

Visual Studio 2008 Command Prompt - serplexd.exe \\.\pipelusartO -n -5 -r

Setting environment for using Microsoft Uizuwal Studio 20098 x86 tools.

E:~FPGA~eMIPE~fpga_side~eMIPSv2:Simulation~GianoXzserplexd_exe ““_“pipesusartB@ —n
-5 -

11il]l HOT attempt to use the HIC

11ill talk to a BigEndian client <mips.ppc....>

11il]l exchange un—encoded data ['raw’ model.

GetCommStated? failed on “~.“pipe~usart@d C(x1>

SetCommEtated? failed on ““._.“pipesusartB (1)

SetCommT imeonts(> failed <x12>, dignoring..

Console Thread ...

Figure 14: Serplexd.exe console session connected to Giano.

21.Right-click on 'Simulate Behavioral Model' and select 'Run All'. This will compile the
simulation binaries and launch ModelSim. A Modelsim GUI should appear like .

77 ModelSim PE VLOG 6.5b
Fle Edt View Comple Smulste Add Stuctre Tooks Layou: Window Help

-SB & iBE o> aEs ] el R‘]Kﬂﬁj'g;“ FE e R L b S H - H Ia(-gqr«;\%Jrﬂﬂ W H @;L“B‘
B e | 3 i SRR m«zggﬂ f‘Jtayuut simalare vl

& sm FEE - - .. GER
[instance [pesign uni: < Desinunit eype usbiy | elvare _____________________ ofvae _______fed oo _____ ______________________________________ |-
e ) # c 1
& #ALWAYSEZ?I test_enwiro... Process
& #asSIGNEIZI test_enwiro. . Process
4
& #ALWAYSEZT0 test_envin. ., Process
& #ASSIGN#IZI test_envin. ., Process
@ #ALWAYSEZTE test_enwiro. . Process
& #ALWAYSEZE test_enwiro. . Process
o emips_platf... Module +ace=,
& f dbm DB_MONITOR Madle: +ate=.,
=Faf ol abl Miode: +ate=.,
& #ATSIGNELS gbl Process
& #ASSIGNEA4 gbl Frocess
& #ATSIGNFIS gkl Process
& #ATSIGNEAE abl Process
& #INITIALE4E abl Process
@ #INITIALESE gbl Process e
& FINITIALES4 bl Process 4 Processes (Active) Hd x|
[ #vsim_capacity# Fareign +ace=... | [w{name [Type (Fitered) [state [order [Parent Path

| ~|
& s

A Transcript + ] x|

User Guide for more information.

§ WARNING: Behavieral models for independent clock FIFO configurations do not model synchronization delays. The behavioral models are functionally correct, and will represent the behavior of the configured FIFD. See the FIFD Generator
User Guide for more information.

# WARNTNG: Behavieral models for independent clock FIF0 configurations do not model synchronization delays. The hehavioral models are functionally correct, and will represent the behavior of the configured FIFO. See the FIFD Generator
User Guide for more information.

# WARNING: Eehavieral models for i clock FIFD cenfigurations do not medel synchrenization delays. The behavioral models are functionally correct, and will represent the behavior of the configursd FIFQ. See the FIFD Generator
User Guide for more information.

# WARNING: Behavieral models for independent clock FIF0 configurations do not model synchronization delays. The hehavioral models are functionally correct, and will represent the behavior of the configured FIFD. See the FIFD Generator
User Guide for more information.

# WARNING: Behavieral models for independent clock FIFO configurations do not model synchromization delays. The hehavioral models are functionally correct, and will represent the behavior of the configured FIFD. See the FIFD Generator
User Guide for more information.

i 2> j

uow: 1us Deka: 3 s eest_environment

5.

Figure 15: ModelSim GUI loaded with eMIPS.
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22.At the ModelSim command prompt type ‘run -all' to start the simulation.

23.The simulation will hit a break point when the system has finished resetting and is
initialized. At the ModelSim command prompt type ‘run -all' again to resume the
simulation

24.You will start to see a trace of the instructions being executed in both the ModelSim
command prompt and the Giano emulation as seen in Figurel6 and Figurel?.

(7] ModelSin PE VLOG 6.5b
Be Edt Yew Comle

e Al Teansoit Took Layout Wiedwe teb

rEES R WMol 8 [T a/mimi SEL@A
§odm e LT Hunn® HEeBEe WD HOM | m| A | ek Bimulace -
For # x| $aobees # ) x| [)/PSv2iScurces i Core TISAG Coprocessor (2 HAx

"linstance - re a
e s — =

@ rassianees

& Processes (activs) ##x 1854
"lame TType (Fhovec) [state Crder | Forert Fath -| 1855 endcase

iE (D)
1861 begin
1862 tlbstate <= 2'bD;
t1b_elr <= 1'b0;
1664 Randonreg <= 6'b111111;

& #ASSIGNRIS obl
@ rassIGHRS okl
@ #assIGNRIS ok
& #ASEIGHR4E ch
B NI 245 oh

B o e e S o o
o

iy = SRR
M vy [ B Memary | s

[Mow: 257,769,750 s Dok 1 sim:eest_snrormentjemipslecisalcpO FALWATS#1319

Figure 16: ModelSim running eMIPS simulation.

Bf f £ FAA44

BffFfAA30

BEfEFAAT4

BEEFFOA28

BffffAA3c

Bf £ £ £0040

BffFfaa44

Bff££0030

Bff£FAA34

BffFFAA38

BEf££@A3c

Bf £ faa40

Bf £ £ £A044

Bff££AA30

Warning{48 BffFfAA34
1 ning{49 BEff£AA38
BEEFEOA3C

Bf £ 08468

Bf £ £ £AA44

BffFfAA30

BEfE££AAT4

Bf£££0A38

Uarning{56 BffFfAA3c
Yarning<57. Bf { £ £@040
i i BffFfaa44
Bf£££0030

BffEFAAT4

Warning{6l ibhi BffFfAA38
Yarning<62 ihi BEff£AA3c
i ibi Bf£F£OB40

Bf fffaA44

Bff££AA30

BffFfAA34

BEff£AA38

ar Bf£££A@3c
Warning{6? ibhi Bf £ faa48
Yarning<?@. ihi Bf f £ £AA44
Warning(71 ihi BffFfAa48
Warning(72 Bf f f fAAdc
Yars Bf £ £ £0850
1 Bffffaas4
Bff £ £AA58

BEfEF£OALC

Bf £ ffAA6H

Bff£FAA64

BffFfAR68

Bff f fAA6C

Bf £ ££0870

Uarning: Bf £ FFAR74
Yarning<83 i Bf £ £ £0A78

Figure 17: Giano running eMIPS simulation.
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25. After the bootloader has initialized the system, the simulated core will jump to the
application code. Before it does 'RootBus' dialog window will appear like in Figurel8.
Click the 'Ignore' Button.

?‘/‘ Access bo a non-existant memary

&bort | Retry Ignore |

Figure 18 RootBus dialog window.

26.The ModelSim command prompt will print 'PLI Timeout', print ‘Giano Timeout' and hit a
break point. Type 'run -all' to continue the simulation.

27.Eventually, the output of the application will begin to appear in the serplexd console
session. For this example, it will resemble Figurel.

e+ Visual Studio 2008 Command Prompt - serplexd.exe \\.\pipelusart0 -n -s -r
E:~FPGA~eMIP5~fpga_side~eMIPSvZ2 Simulation~GianoXserplexd.exe ““.“pipesusartl —nll
i

-8 —p
1Hill MOT attempt to use the HIC

1/1ill talk to a BigEndian client {mips.ppc....2»
1ill exchange un—encoded data [‘raw' model.
GetCommState{? failed on ““_.“pipesusart@ (1)
SetCommStated? failed on “~.“pipe-usart@d C(x1>

SetComml imeouts<> failed {x1), ignoring..
Console Thread ...
HiMom? =p=B000H7a8

Hello, This dis a Simulation

TEST PASSED SUCCESSFULLY

Figure 19: Serplexd.exe console after application completed.

28.When the application has completed, the eMIPS core will reset and hit a break point.
To run the simulation again, you may type 'run -all' again.
29. At any time to terminate the simulation, click 'Simulate->Break’ from the menu.

3.2 Implementation of eMIPS for XUP Hardware Platform

The following section describes how to build the configuration file for the XUP V5 board.
It is possible to port this design to other boards however that is the beyond the scope of this
guide.
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3.2.1 Implementing Non Partial Reconfigurable Version

These are instruction for building a configuration file for an eMIPS processor that does

not have the capability for dynamic partial reconfiguration. This type of build is good if you do
not require this capability as well as for debugging of new modules.

1.
2.

3.

Create a new ISE project for your implementation.
Copy config.v, decode.v, and memory_define.v from \Sources\HDL\Definitions\ to the
project directory.
You should not have to modify config.v for this procedure, however review it to verify
that it appears like .

File Edit Wiew Insert Format Help

Dl &L # & By

/i define SIM
/7 define TRAKKIES EN

‘define FPGA
F/odefine ECV4
‘define HCVE

ll."ﬁ'1‘1€ﬂ'*Plat_formffﬂ'ﬁ'*ﬂ'ﬁ'1‘1€ﬂ'ﬁ'1‘1€ﬂ'ﬁ'*ﬂ'ﬁ'1‘1€ﬂ'ﬁ'1‘1€ﬂ'ﬁ'*ﬂ'ﬁ'1‘1€ﬂ'ﬁ'1‘1€ﬂ'ﬁ'*ﬂ'ﬁ'1‘1€*ﬁ*#****ﬁ*#*ﬁ*#****ﬁ*#*f

Jidefine GIANO
// define BEE3
“define MLS5O0x
ff define HML40x
/4 define S¥3S5
‘define LXZS

fErE R rPEripheral SECuprdt a A R A A R R R T AR R AR A A R R AR S AR AR AR AT ARG AR AR A AT EA TS

‘define SRAM EN
/7 define DDRAM EN
/¢ define DDRAMZ EN
// define DDRAMZAL EN
/# define DDRAMZE EN
‘define DDRAMZSF_EN
‘define FLASH EN
‘define INTCTE_EN
‘define USART _EN
‘define TIMER _EN

/7 define WATCHDOG_ EN
‘define GPIC _EN
‘define IDE_EN

/¢ define LCD_EN

// define P32 _EN

/f define WGA EN
‘define ETHERNET_EN
‘define PURMG_EN

// define ACO7_EN
‘define BRAM EN
‘define EC_EN
‘define ICAP _EN

5 o~
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J|For Help, press FL TR

Figure 20: config.v for implementation.

4. Add files to ISE project to build source hierarchy starting with emips_platform.v from

\Sources\HDL\Top\Platform\. Your ISE project should resemble Figure 21,

Refer to
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Appendix C for generating necessary IP CORES. For extensionO,

extension files from the sources.
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Figure 21. ISE Project Navigator after source hierarchy is assembled.

5. In the Implementation View, select emips_platform.v in the 'Hierarchy' pane.

6. Right-click on 'Synthesize' in the 'Processes' pane and select 'Process Properties'. The
'Process Properties - Synthesis Options' dialog window should appear.In the 'Synthesis
Options' category, make the following changes:

Optimization Goal

Speed

Optimization Effort

© = Process Properties - Synthesis Options El

Cateqory

Hilinx Specific Options

High

Switch Mame
-opt_mode
—opt_level
-poweer
-iuc
-uc
-lso
—keep_hierarchy
-netlist_hierarchy
~glob_opt
-rtlview
_read_cores
-sd
-write_timing_ronstraints
-cross_clock_analysis
-hierarchy_separator
-bus_delimiter
-slice_utilization_ratio
-bram_utilization_ratio
-dsp_utilization_ratio

-case

set -xsthdpini
-verilog2001
-vlgincdir
-generics
-define

Property Name
Optimization Goal
Optimization EFfort
Power Reduckion

Use Synthesis Constraints File
Synthesis Caonstraints File
Library Search Order
Keep Hierarchy

Metlist Hierarchy

Global Optimization Goal
Generate RTL Schematic
Read Cores

Cores Search Directories
Write Timing Constraints
Cross Clck Analysis
Hierarchy Separatar

Bus Delimiter

LUT-FF Pairs Utilization R.atio
BRAM Utilization Ratio
D3P Utilization Ratio

Case

‘Work Direckory

HOL I File

Werilog 2001

Werilog Include Directories
iGenerics, Parameters

Werilog Macros

©ther %57 Command Line Options

Yalue

‘Speed v‘
|High v
O

Mo

As Optirized
AllClocknets
‘fes

O
i

<>
100
100
100

Maintain
IPSwziDebug/Working_MLS0x xSt

O 3

@
[

Property display level: Display switch names

Apply
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Figure 22. ProcessProperties - Synthesis Optionsdialog window.

7. In the "Xilinx Specific Options' category, make the following changes.

Pack 1/0 Registers into IOBs Yes

% Process Properties - Xilinx Specific Options

Category Switch Mame Property Name Walug

Synthesis Options -inbuf Add [/C Buffers

HOL Options

Wil Specific Options -max_fanout Max: Fanout 100000 v
-bufg Murnber of Clock Buffers 32 £
-reqgister _duplication Register Duplication
-equivalent_register_removal Equivalent Register Removal
-register_balancing Reqgister Balancing Mo v
-move_first_stage Move First Flip-Flop Stage
-move_lask_stage Move Last Flip-Flop Stage
-iob Pack I/ Registers inko I0Bs s
-lc LUT Combining Mo v
-reduce_control_sets Reduce Control Sets Mo v
-slice_packing Slice Packing
-use_clock_enable Use Clock Enable Auto v
-use_sync_sek Use Synchronous Set Auto v
-use_sync_reset Use Synchronous Reset Auto v
-optimize_primitives Optimize Instantiated Primitives D

Property display level: |Advanced v Display switch names Default

[ [e]4 1 [ Cancel ] [ Apply I [ Help I

Figure 23: Process Properties Xilinx Specific Options dialog window.

Click the 'OK' Button to continue.

Right-click on 'Implement Design' in the 'Processes' pane and select 'Process
Properties’. The 'Process Properties - Translate Properties’ dialog window should
appear.

10.In the 'Map Properties' category, make the following changes.

© ®

Placer Effort Level High

Placer Extra Effort Continue on Impossible
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B Process Properties - Map Properties

Lategory Switch Hame
Translate Properties “al
Map Properties
Place & Route Properties
Post-Map Static Timing Report Propg |+
Post-Place & Route Static Timing Re
Simulation Model Properties

¥

-lagic_opt
-register_duplication
-global_opt

-retiming
-equivalent_register_remaval
E

-nkd

-u
-ignore_keep_hierarchy
-cm

~detail

-ir

pr

-

e

bp

-poer

-activityfile

-k

&3

Property Hame Value
Placer Effort Level High v
Placer Extra Effart Continue on Impossil %
Starting Placer Cost Table (1-100) 1 £
Combinatarial Logic Optimization O
Reqgister Duplication OFf 3
ilobal Optimization Off -
Retiming
Equivalent Register Removal
Ignore User Timing Constraints |:|
Timing Mode Performance Evalust
Trim Unconnected Signals
Allows Logic Optimization Across Hierarchy [
Optimization Strategy (Cover Mode) Area -
izenerake Detailed MAP Report O
Use RLOC Constraints es b
Pack [0 Registers/Latches into I0Bs off w
Maximum Compression |:|
LUT Cambining Off ~
Map Slice Lagic into Unused Block RaMs ]
Power Reduction O

Power Activity File
Enable Multi-Threading OFf "
Dther Map Command Line Options

Property display level: |Advanced v | [v] Display switch names

=

Figure 24: Process Properties Map Properties dialog window.

11.In the 'Place & Route Properties' category, make the following changes.

Place And Route Effort Level (Overall)

High

Extra Effort (Highest PAR level only)

Continue on Impossible
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Process Propertie:

- Place & Route Properties

Lategory Switch Mame
Translate Properties ¥
Map Properties
Place & Route Properties ol
Post-Map Static Timing Report Prog | v
Post-Place & Route Static Timing Re .
Simulation Model Properties ®
-nkd
-poer
-activityfile
Ruld

Property Name
Place And Route Mode
Place & Route EFfort Level {Overall)

Walug

High -
Continue on Impossible ~
O
O
O
Generate Post-Place & Route Simulation Model [
|
O

Extra Effort {Highest PAR level only)
Ignore User Timing Constraints
Timing Mads

Generate Asynchronous Delay Report

Generate Clock Region Report

Generate Post-Place & Route Power Report
Power Reduction

Power Activity File

Enable Multi-Threading OFf
Other Place & Route Command Line Options

Property display level: Display switch names

Apply

Figure 25. Process Propertis -

12.Click 'OK' button to continue.

Place & Route Properties dialog window.

13.Right-click on 'Generate Programming File' in the 'Processes' pane and select Run'.
The design should begin to build. This can take up to an hour. When it is complete it

should appear like .
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Figure 26: ISE Project Navigator after design implementation is complete.
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3.2.2 Implementing Partial Reconfigurable Version

The following instructions are for building an implementation of the eMIPS processor
that utilizes the Partial Reconfiguration feature of the Xilinx FPGA. These instructions assume
that you have acquired a license for the Xilinx Partial Reconfiguration flow.

1. Synthesize the Top.

a. Create a new ISE project for your implementation.

b. Copy config.v, decode.v, and memory_define.v from \Sources\HDL\Definitions\ to
the project directory.

c. Add files to ISE project to build source hierarchy starting with emips_platform.v
from \Sources\HDL\Top\Platform\. Replace tisa.v and memory_peripherals.v
with tisa_black _box.v and memory_peripherals_black_box respectively. Your
project should resemble Figure27.

B2 ISE Project Navigator (M.63c) - E\FPGA\eMIPS\fpga_side\eMIPSv2\Buil d\Synthesis\Top\top.xise - [Design Summa

~

emips_platform_mis0x_mac1

(1] | view: @ {8} mplementation O 1 Simuation
] | Herarchy,

g 8

top.xise

erips_platform_miS0x_act

xcSvbeL 10621136
15 12.2

Balanced

i Default (unlacked)

& top
(= £F xcSvix110t-2FF1136

Detailed Reports 5]

sHDL|Top|TONbuf: )
req (1}, L ASourcestHDL|TopHlGYjobufS_reav)

7~
g
z

& E ?
rPTcewwn | | ¢

ost-PAR, Static Timing Report

138 88 v

Bitgen Report

‘ Secondary Reports [;l‘

‘ Report Name Status General ted ‘

Date Generated: 12/20/2010 - 10:35:03

[ start | 8 pesgn |1 Fies |IDY Libraries =] 15E Design Suite InfoCenter T Design summary <]l
Console

08X

<
[E] console |@ Erors | L\ wamings | 86 Findin Fies Results

Figure 27: ISE Project for synthesis of Top.

d. Right-click on 'Synthesize' in the 'Processes’ pane and select 'Process
Properties’. The 'Process Properties - Synthesis Options' dialog window should
appear.In the 'Synthesis Options' category, make the following changes:

Optimization Goal Speed

Optimization Effort High

42| Page




DRAFTE DO NOT REPRODUCE

Process Properties - Synthesis Options
Lategory Switch Name Propetty Name Yalue
5 -opt_rnade Optimization Goal ‘Speed v‘

HOL Options

¥ilinx Specific Options -opt_level Optimization EFfart ‘High v‘
-pOWEr Pawer Reduction |:|
-iue Use Synthesis Constraints File
-uc Synthesis Canstraints File D
-lso Library Search Order D
-keep_hierarchy Keep Hierarchy Mo -
-nietlist_hierarchy Metlist Higrarchy As Optimized hd
-glob_opt: Global Optimization Goal Alllockhets v
~rthview Generate RTL Schematic s -
-read_cores Read Cares
-=d Cores Search Directaries

-write_kiming_constraints Write Timing Constraints

-cross_clack_analysis Cross Clock Analysis O

-hierarchy_separatar Hierarchy Separatar | -

-bus_delimiter Bus Delimiter < -

-slice_utilization_ratio LUT-FF Pairs Utilization Ratio 100 &

-bram_utiization_ratio  BRAM Ltilization Ratio 100 &

-dsp_utilization_ratia D5P Ukiization Ratio 100 &

-case Case Maintain ¥
“Work Directory IPSvziDebug/\Warking_MLS0x/ st D

set sthdpini HOL INI File [

-verilogzo01 “Werllog 2001

-vlgincdir werilog Include Directories

-gQenetics Genetics, Parameters

-define Werllog Macros

©Other ¥5T Command Line Optians

Property display level: Display switch names

Apply

Figure 28. Proces Propeties- Syntheis Options dialog window for Top.

e. In the "Xilinx Specific Options' category, make the following changes.

Pack 1/0 Registers into IOBs Yes

% Process Properties - Xilinx Specific Options

Category Switch Mame Property Name
Synthesis Options -iobuf Add [J0 Buffers
HOL Options
¥ilinx Specific Options -max_fanaut Max Fanout
-bufg Mumber of Clock Buffers
-reqgister _duplication Register Duplication

-equivalent_register_removal Equivalent Register Removal

-register_balancing Register Balancing

-move_first_stage Move First Flip-Flop Stage

-move_lask_stage Move Last Flip-Flop Stage

-iob Pack I/ Registers inko [DBs w
-lc LUT Combining w
-reduce_control_sets Reduce Control Sets Mo v
-slice_packing Slice Packing

-use_clock_enable Use Clock Enable Auto v
-use_sync_sek Use Synchronous Set Auto v
-use_sync_reset Use Synchronous Reset Auto v
-optimize_primitives Optimize Instantiated Primitives D

Property display level: Display gwitch names

[ [e]4 1 [ Cancel ] [ Apply I [ Help I

Figure 29: Process Properties Xilinx Specific Options dialog window for Top.
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f. Click the 'OK' Button to continue.
g. Right-click on 'Synthesize' in the 'Processes' pane and select Run'. The design
should begin to build. This can take a few minutes. When it is complete it should

appear like Figure30.

Figure 30: ISE Project for Top after synthesis has completed.

2. Synthesize the TISA
a. Create a new ISE project for your implementation.
b. Copy config.v, decode.v, and memory_define.v from \Sources\HDL\Definitions\ to
the project directory.
c. Add files to ISE project to build source hierarchy starting with tisa.v from \
\Sources\HDL\Core\TISA\Top\. Your project should resemble Figure31.

44| Page















































































































































































































