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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 óoptimal fixed instruction set architectureô 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 ógeneral purposeô microprocessor 
designed to meet the demands of todayôs market place may be ill equipped to handle the 
applications of future markets.  We can also argue that the quest for the óoptimal general 
purposeô microprocessor for todayôs 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 ógeneral purposeô microprocessor is 

http://research.microsoft.com/research/EmbeddedSystems/eMIPS/emips.aspx
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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 ógeneral purposeô 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 ógeneral purposeô 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 ñdynamically extensible processorò. 
 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 óExtensionsô 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 ñreconfigurable central processing unitò 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 óExtensionô 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 Extensionôs custom logic implements the blockôs 
functionality more efficiently than a sequence of instructions that reuses the same execution 
units to perform the blockôs 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 
manufacturerôs 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.  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. Double-click the eMIPS Processor installation MSI, emips2.msi.  The óeMIPS Processorô 
installation wizard should appear. 
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Figure 1: eMIPS Processor installation wizard. 

2. Click óNextô button to continue.  The óLicense Agreementô will appear in the installation 
wizard. 

 

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 óNextô button to continue.  The óSelect Installation Folderô dialog will appear. 



DRAFT ς DO NOT REPRODUCE 

16 | P a g e 
 

 

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 
files or just you.  Click the óNextô button to continue.  The óConfirm Installationô dialog will 
appear. 

 

Figure 4: Confirm Installation dialog  

 
5. Click the óNextô button to continue.  The óInstalling eMIPS Processorô dialog will appear. 
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Figure 5: Installing eMIPS Processor dialog 

 
6. Shortly after this dialog appears the UAC dialog will appear for windows to confirm the 
installation.  Please click óYesô to confirm the installation.  Installation will continue. 

 

Figure 6: Installation progress of eMIPS Processor 

 
7. After some time the installation will complete and the óInstallation Completeô dialog will 
appear.  Click the óCloseô button to complete the installation. 
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Figure 7: Installation Complete dialog. 

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

were installed correctly. 

 

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, IO 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. 

2.4.1.1 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. 

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

Next. 

 
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. 

http://xoomer.alice.it/giovanni_busonera/eMIPS/eMIPS.htm
http://www.cygwin.com/
http://www.cygwin.com/setup.exe
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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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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. 

 

2.4.1.2 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 ñbzip2 ïd 
gcc-4.2.0.tar.bz2ò. 

 
Use the TAR utility to extract the files, the command is ñtar xf gcc-4.2.0.tarò. This will take 

some time, there are many files. Eventually the sources should be in the newly created 
directory gcc-4.2.0. 

 
  
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 

http://gcc.gnu.org/
ftp://ftp.gnu.org/
http://gcc.gnu.org/install/
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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. 
 

2.4.1.3 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. 

2.4.1.4 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 
cc1.exe 
cc1plus.exe 
collect-ld.exe 
collect2.exe 
cpp.exe 
cxxfilt.exe 
g++.exe 
gcc.exe 
gcov-dump.exe 
gcov.exe 

ftp://ftp.gnu.org/
ftp://ftp.gnu.org/
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gdb.exe 
ld.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: 

 
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-click on the ñbbtools.zipò zip file and select 
óExtract allô. 
 
2. The Extraction Wizard window should appear. 

 
3. Please click óNextô 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 ñc:\eMIPS_Testsò in these instructions. 

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

 
8. Please click óFinishô 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: 
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2.4.3 Giano 

The latest release of the Giano simulator can be downloaded from the projectôs 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. 
 

2.4.4 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 ïnologo 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. 

http://research.microsoft.com/research/EmbeddedSystems/Giano/giano.aspx
http://research.microsoft.com/invisible/
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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 titled ñAn online scheduler for 

hardware accelerators on general-purpose operating systemsò for instructions on how to install 

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. 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\, 

2. Copy 'mtipli.lib' from C:\modeltech_pe_6.5b\win32pe\ to C:\Program Files 
(x86)\Microsoft Research\Microsoft Giano\modelsim\lib\. 

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

4. In the command prompt type 'nmake',  The files should compile like Figure 9 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\ 

 

Figure 9:  Compiling ModelSim Application Extensions for Giano. 
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5. Copy 'vvp.dll' from C:\Program Files\Microsoft Research\Microsoft Giano\modelsim\bin\ 

to C:\Program Files (x86)\Microsoft Research\Microsoft Giano\bin\ 
6. Create a new ISE project for you simulation. 
7. Copy np.dll, and vpi2g.dll from C:\Program Files\Microsoft Research\Microsoft 

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

project directory. 
9. Modify config.v for simulation as seen in Figure 10.  Uncomment definitions GIANO, 

SIM and TRAKKIES_EN and Comment FPGA.  Also Comment all Peripherals. 

 

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 generating necessary IP CORES. 

 

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. 

 

Figure 12:  Process Properties - Simulation Properties dialog window. 
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14. In the 'Other VSIM Command Line Options' field enter '-pli vpi2g.dll'.  Click 'OK' button 
to continue. 

15. Copy bramXUP.bin, Ml401_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. Open 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 'Ml401_ice2.plx' and the application binary is 'hello.bin'.  
The command prompt should now resemble Figure 13. 

 

Figure 13:  Giano running emulation of board environment. 
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19. Open 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\usart0 -n -s -r'.  The command prompt should now resemble Figure 14.  When you 
do this, a message will appear in Giano: ' giano: Serial line USART0 is now connected 
...'. 

 

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 . 

 

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 Figure 16 and Figure 17. 

 

Figure 16:  ModelSim running eMIPS simulation. 

 

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 Figure 18. 
Click the 'Ignore' Button. 

 

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 Figure 19. 

 

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. Create a new ISE project for your implementation. 
2. Copy config.v, decode.v, and memory_define.v from \Sources\HDL\Definitions\ to the 

project directory. 
3. You should not have to modify config.v for this procedure, however review it to verify 

that it appears like . 

 

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 extension0, select the desired 
extension files from the sources. 

 

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 High 
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Figure 22:  Process Properties - Synthesis Options dialog window. 

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

Pack I/O Registers into IOBs Yes 

 

Figure 23:  Process Properties - Xilinx Specific Options dialog window. 

 
8. Click the 'OK' Button to continue. 
9. 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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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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Figure 25:  Process Properties - Place & Route Properties dialog window. 

 
12. Click 'OK' button to continue. 
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 . 

 

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 Figure 27. 

 

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 
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Figure 28:  Process Propeties - Syntheis Options dialog window for Top. 

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

Pack I/O Registers into IOBs Yes 

 

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 Figure 30. 

 

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 Figure 31. 










































































































































