Getting Started with the Liberty
Simulation Environment

The Liberty Research Group



Getting Started with the Liberty Simulation Environment
by The Liberty Research Group
Version 1.0p1 Edition



Table of Contents

L (=] = Lo =SOSR i
Typographical conventions used in this DO0K...........ccveirirrinr e i

R 1 153 7= 1 oo ) TSRS 1
Getting the Liberty Simulation ENVIFONMENL..........ccooiiiiiiriireeniee st 1
SOfWANE PrEr@QUISIEES. ....ovcviieeterieteeete sttt ettt bbbt s b e s b e st b ettt se s saene e 1
=LY TP P PP UPRRURTPRPURRRTRON 1

Y 0 TP P PP UUR PR PRPURRRTRON 1

PYINON. ... b e 2

T PSSR 2

INStalling the LSE BUNGIE..........ccoiiiieee e 2
Installing INdividual LSE PACKAJES.........cccoeirieuirieiiriiisienieesees ettt 3
Preparing YOUr ENVIFONMIENL........c.oiiiieeieiere ettt st e e saesbesbeseeseaneenennas 3

2. A First Machine SPECIfiCALION..........cieieeeeiiie e et 4
The Initial SPECITICALION.......coiiii i et s ene s 4
YIS = 11722 11 (o] o OOV PPPTRRN 5
Building and RUNNING @ SIMUIALOL..........cccoiiieie et 7
INSEFUMENTALION. ...ttt s b et se et b e b b e e e e e e e e bt sbe st e be e e e enens 8
(OT0] | L=Todu1 g D = - 8

EVBINTES . e e E e R R e R e e nReenr e 10
Parameters and USEIPOINLS........cc.coiiieieiire s seete st esae s s e s e ssae e s e esse s e seestesseensesseessessesnnessens 10

U1 IS o T=Tod o= LT o TR 11

3. AN LFSR SPECIHICALION......ceeuirieierieieeeiee ettt sttt st e e b et 13
LTSI 0=l To7= 1o o S 13
NEW MOUUIES ... .ottt bbbttt bbbttt et 15
IVIUIEIDOES ...t bbbttt bbbt b ettt 15
Initial Values and Dynamic [dentifierS..........cooiirrininiee s 16
LU= UY=L 16

DYNAMIC IAENEITIEIS....c.ectieceieee bbb 16
EXamMINING the OULPUL.......c.ooiiiitie bbb bbb 16
RUNNING the SIMUIALOL.......c.coviiiie e 16
Control, Data, ENable, AN ACK.........oce ittt sttt et sres 17
(@] 011 0] I =011 ) TP 19
INPUL CONEIOL POINTS.....ccuiiitiireei et 19

OULPUL CONLIOI POINES......eeetiictiieteesieerie ettt b e e b r e sn e 20

Breaking the LOOM. ..ottt 21

U1 IO 0T L= SRS 22
THEXOr_gAtEMOUUIE. ... .ttt b e b ettt ae bbb e 23

o S = T o I = 0 10 ] =1 i o T o OSSR 25
THE SPECIICALION. ..ottt b e bbbt a e b b e 25
Setting UP fOr EMUIALION. ..........ooiieeeceeeee ettt nas 26

(@ V7T = 1L ISy o= Tox 1o o] o 1O 26
EMUIAting INSTIUCLIONS......ccueiiiiiciec ettt e e e e e tesraentesseennesaesnnennens 27
GEettiNg The NEXE PGttt e e te e e sae s e e ntesreentenreeneannas 28
Creating New DyNamicC IdeNTIfIELS........ccvri et 29



RUNNING the SIMUIBLAL. .......cceciiiii bbb 30

LY Fo o TR T LIRSS 31
The Model Of COMPUEATION.........ciriiiririeirteeriee sttt b e b e e b b r e 31

The Module EXecution Life CYCIE.........c.ciriiircrceeeee e 31

Y = T o B T =TT (=] o USSP 32

The Heterogeneous Synchronous Reactive MoC and.LSE.........cccocoiiininininnnenene. 32

ENd Of lIMESTE. ...ttt sb et e s 33

IMOTUIES ...ttt ettt ettt e bt e s b e st eeabe e beesabeeaseebessaeeeaseenbeesaeesaseenbeesbeesnsennbeesreas 33

Leaf Modules to Module INSTANCES..........oociiciecee ettt ettt 33

MOAUIE FUNCHIONS....cctiecie ettt ettt st et sar e et e e beesaeeebeebeesaesenteeneesnneenns 34

HANAIEIS ...ttt ettt st e be e be e s ateebe e beesaeeenbeebeesbessnbeeneesreeenns 35

Declaring Leaf MOAUIES..........couiiieeie ettt sttt 35

Automatic Generation Of SKEIEIOMS........covi i 36

A. Packages Included in the Liberty Simulation Environment............ccccceeceveveeiieneecese e 37
LS 1 0] £ 37
L=z 111 PSR 37

NI ettt b et b et b et beebe e beebe et e ebeeae et e ahe e beebe et e aaeeaeeatesheenbenbeenrenris 37

LSttt ettt ettt e b et e bt e e abe e beehe e beebe et e aheeReebeahe e beebe et e areeaeenbesheentenbeenrennin 37
(oT0 1 =111 o NPT 37

1T 0T 11 o 37
(VALY U= 17 R 37



List of Figures

2-1. LSE COMPIlatioN OVEIVIEW......cccciiieiieieeetisiesieseesaeaeesessestes e sseseeseesessessessessessesessessessessessessensesenses 4
2-2. LSE Visualizer INitial WINOOWS..........cciireiierneeeesese s nees 6
2-3. LSE Visualizer Visualization GEXamPIe 2-L........ccccecveeereeiieserierereeeseseseseeseeseeese e e e seeseesessesses 6
IO AN B o T ] S 14
3-2. Visualization OFEXAMPIE 3-L......oooeee e bbb 14
3-3. 3 wire control SEMANLICS IN LSE.......cccoooiiiiiiirerneree e e 18
3-4. COMDBINALIONAL IOOP. ...ttt et s bbb 18
3-5. INPUL CONLIOI POINT....c.couiiitiieitesetee ettt et b et bbb 20
3-6. OULPUL CONLIOI POINT......oiitiiiteieitetee ettt ettt s s b b 20
4-1. Visualization of the simple 1A64 SPeCIfiCatiQn............cccvrireirrerre e 26
5-1. The Cycle of Computation iN LSE ...t 31

List of Examples

2-1. AFirst LSE SPECITICALION......ciiiiietieieiee sttt st et eeseere st e tese e e e e eneens 4
3-1. A specification for @ 3-bit LESR........ccviiiieieicire st 13



Preface

This book provides an entry point into the Liberty Simulation Environment, guiding users through
installation and some primitive use of the system.

Typographical conventions used in this book

The following typefaces are used in this book:

« Normal text

« Emphasized text

« The name of a program variable

- The name of a constant

« The name of an LSE module

- The name of a package

« The name of an domain class

« The name of an domain implementation
- The name of an attribute in a domain implementation description file
« The name of an emulator

- The name of an emulator capability

« The name of a module parameter

« The name of a module port

 Literal text

« Text the user replaces

- The name of a file

« The name of an environment variable

- The first occurrence of a term



Chapter 1. Installation

This chapter will walk you through the setup and installation of the Liberty Simulation Environment.
LSE requires that you define a number of environment variables and install some packages that may not
currently exist on your machine. This section contains details on what must be done.

Getting the Liberty Simulation Environment

The Liberty Simulation Environment software is available for download from the Liberty Research
Group website. Specifically, information about LSE can be found at
http://liberty.princeton.edu/Software/LSE . Follow links on the website to obtain a

tar.gz  archive of the distribution. The file will be nam&8E_bundle- version .tar.gz .Atthe
time this guide was written, the latest available version is 1.0.

Software Prerequisites

In order to build and run LSE from the source distribution provided, your system must have certain basic
programs. In addition to a working C compiler and associated libraries, you will need a working
installation of Java, Ant, Perl, and Python. The distribution was tested using RedHat Linux 9 however it
should work with most Linux distributions and other Unix or similar operating systems. The following
sections summarize what packages are needed, which versions have been tested, and where they are
available.

Java

Version. LSE should work using any implementation of the Java 2 SDK versidm.0, however it has
only been tested using Sun’s Java 2 SDK versions 1.4.1 and 1.4.2.

Availability. The Java2 SDK is available from the Sun J2SE Download Page
(http://java.sun.com/j2se/downloads.html). Both RPMs and other package formats are available at that
URL.

Note: This is not part of the RedHat Linux 9 distribution

Ant

Version. To build LSE, Apache’aint is necessary. Versions 1.5.1 and 1.5.4 have been tested.

Availability. Ant is available in binary and source distributions on the Apache Ant Project website
(http://ant.apache.org). RPMs for Ant are available from the JPackage Project website
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(http://lwww.jpackage.org). If you use this RPMs from this site, make sure you download all of the
following RPMs:

. ant

« ant-optional-full

+ jpackage-utils

+ crimson

« xml-commons

« Xml-commons-apis

Alternatively, you can use an automatic package retrieval tool to access the JPackage repository.
Instructions on how to configure your such tools is provided by the JPackage Project
(http://Iwww.jpackage.org/repos.php). If you use apt-rpm, then, after setup, the following command
should be sufficient for getting ardpt-get install ant ant-optional-full

Note: This is not part of the RedHat Linux 9 distribution

Python

Version. To use LSE, Python version 2.2 is necessary. LSE has been tested using Python 2.2.2.

Availability. Python is available from the Python website (http://www.python.org). Python 2.2.2 is also
part of the RedHat Linux 9 distribution.

Perl

Version. To use LSE, Perl versiop 5 is necessary. LSE has been tested using Python Perl 5.8.0.

Availability. Perl is available from the Perl website (http://www.perl.com). Perl 5.8.0 is also part of the
RedHat Linux 9 distribution.

Installing the LSE Bundle

If you obtained LSE in bundle form, the bundle contains LSE and associated packages from the Liberty
Research Group necessary to use LSE. In addition it provides a script for easy installation. To install LSE
from the bundle, follow these steps:

1. Unpack the archive usingr . Typetar xvzf LSE_bundle- version .tar.gz
2.Change into théiberty  directory by typingcd liberty
3. Install LSE and associated packages by typintstall-LSE
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By default, the install scriptnstall-LSE will install LSE in theliberty  directory where the bundle
was unpacked. If you want to install it elsewhere, replace the command in step 3 with
Jinstall-LSE --prefix= install-prefix

After you have completed the above steps, LSE, the LSE Core Module Library, and the LSE Visualizer
will all be installed.

Installing Individual LSE Packages

If you obtained individual packages for the LSE system(rather than the bundle described above), each
such package will contain installation instructions in a file caldSiTALL . Please refer to those
directions to install those packages.

To successfully install LSE, you should install the packages in the following order:

1. scripts
2.lm4

3. libjava
4.lse

5. visualizer
6. corelib

7. emulib

Installing in this order will guarantee that all inter-package dependences are correctly satisfied.

Preparing Your Environment

Once you have installed LSE, each time you wish to use LSE you must make sure your environment is

appropriately set up. During the bundle install process, thelil@sy-env.csh and

liberty-env.sh were created in the install directory. To set up your environment to use LSE, you
should source the appropriate file for your shedh users should typsource

install-prefix lliberty-env.csh andbash users should typsource

install-prefix lliberty-env.sh

Since this must be done each time you wish to use LSE, it is recommended that you source the
appropriate file in your shell startup script.

Once your environment is set up, you are ready to use LSE.
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The Liberty Simulation Environment (LSE) is a sulite of tools that generates a simulator executable
automatically from a structural system specification. A model is specified by instantiating components
called modules and then connecting these module instances together. Each module instance has a set of
parameters that can control the specifics of its behavior at simulation time.

The generation process of a simulator uses these different pieces of user input (module behavior and
structural specification) in two separate phases of compilation. This 2 phase compilation process is
shown inFigure 2-1 This chapter walks through the construction and use of a simple structural
specification and relies on the core module library to provide modules and their behavioral specification.

Figure 2-1. LSE Compilation Overview

Liberty Simulator Constructor

S LSS LSS Code . o

ystem ¥ Interpreter > Generator p Lxecutable

Description P Simulator
A A

LSS
Component

Component
Runtime

Description Behavior

The Initial Specification

Example 2-1shows a small specification that connects an instance aiaheee module nameden that
generates data to an instance ofshek module naméaole that consumes data and throws it away.

Example 2-1. A first LSE specification

1 using corelib;
2
3 instance gen:source;
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4 instance hole:sink;
5
6 gen.out - >[int] hole.in;

Line 1 in the example code tells the specification compiler (referred to as LSS) to impodréiis
packagecorelib defines a set of very useful basic modules. (More information on the modutessiib
can be found in the Core Module Library Reference.)

Theusing keyword tells LSS to not only import the package, but add all the entities in the package
(such as module definitions, type definitions, etc.) to the current namespace (the semantics are similar to
C++'susing statement).

If we wanted to not include the names in the local namespace but load the package for use, we could
write instead:

import corelib;

In this case, references to things inside corelib would have to have an absolute name, such as
corelib::source , iInstead of jussource . More information on packages and naming can be found in
the LSE Users Manual in the LSS Reference Appendix.

Lines 3 and 4 instantiate tlswurceand thesink module. The syntax for instantiating a module is
instance  instance name : module name;

This will create an instance nametstance name in the system using the module definition named
module name as atemplate for hoimstance name should be built and how it should behave at
simulator run time.

In our example, theourcemodule is a template for an instance that generates some data, antkthe
module is a template for an instance that will consume and discard whatever data is sent to it in a cycle.
Both these modules apwlymorphic This means that instances created from these modules can have any
type on their ports, though the type must be fixed for a given instance.

Line 6 in the specification specifies that that port of thegen instance should be connected to the
port of thehole instance.

A connection automatically forces the types of the two connected ports to be identical (recall that the
sourceandsink modules are polymorphic). The item inside the brackets is a constraint that indicates that
the ports on either side of the connection must have itytp&SS can use this constraint during type
inference to infer the types for thie andout ports of the instancegén andhole ).

The general syntax for making a connection is
instancename.portname - >[ type constraint ] instancename.portname

The[ type constraint ] partis optional and may be omitted. More powerful connection and type
inference features are available. See the LSE Users Manual, LSS Reference Appendix for more details.

Visualization
The LSE system has a visualizer that can be used to view a specification (though not edit it visually).
Save the text ifexample 2-1to a file namedirstspec.Iss . To view the specification ikExample 2-1
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typevisualizer firstspec.lss on the command line. You should see two windows that are
similar to those irFigure 2-2

Figure 2-2. LSE Visualizer Initial Windows

v alize (= B % | + | fhome/nvachhar/tfirstspec.lss =
File View documents s =
::::DE[E H@.’&
5 using corelib;
9 5 Module Library
& 3 file.. f instance gen:SOUrCE;

@ O3 file: fhome frivachhar/libery share flse instance hole:sink;

@ O3 file: fhome/rvachhar;libertyfshare/ modiib 4en.out —=[int] hale.in;

By clicking on the second icon from the left on the tool bar in the window that shows the source code,
you should see a dialog box where build messages appear. After clicking ok, a window which shows a
picture of the specification will appear. The visualization of the specification is shofigume 2-3

Figure 2-3. LSE Visualizer Visualization of Example 2-1

?@ Canvas Scaling L

> Layers: -
© O Instances: H

© 1 Connedtions: H
;g gen hole

out ]: { in

1]

[o]

The blue boxes in the figure are the module instances, the grey boxes are the ports. The line connecting
theout port to thein port shows the connection.
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More information on using the visualizer can be found in the Visualizer Manual and by typing
visualizer -h

Building and Running a Simulator

To build this specification, at the command prompt tigabuild firstspec.lss

The Is-build script should send output similar to the following to the screen:

Is-build==> creating directory machines
Machine output directory is .../machines/firstspec
Is-build==> echo $CFLAGS

Is-build==> /bin/rm -fr .../machines/firstspec/valid_machine

Is-build==> /bin/rm -fr .../machines/firstspec/database/SIM_domain_info.py
Is-build==> somedir/lss -0 .../machines/firstspec -m ...

Processing Instance gen

Processing Instance hole

Performing Type Inference

Type Inference complete

Is-build==> touch valid_machine

To link this specification to form an executable simulator, tigaknk firstspec.lss . The
output will be:

Machine directory is .../machines/firstspec

Output directory is ...

Is-link==> find .../machines/firstspec/MODULES -name *.0 -print
Is-link==> Writing linker file

Is-link==> g++ -g

There may be a warning regarditigpnam_r . The warning may or may not appear on your system. If it
appears it is ok, if not, that's fine too.

At this point there should be a file in the current directory calleith . This program is the built
simulator binary. Ruixsim by typing./Xsim on the command line. This should yield the following
output:

LSE: Simulator has no more timesteps at time 1/0
CLP: Error -1 returned from LSE_sim_engine
Finish time: 1/0

The output above is from the LSE simualtor framework saying that the simulator has reached a steady
state at timel/0 but no module instance indicated that simulation should end (usually an error, though in
this case, this is the correct behavior for the system.) In the time output, the number before tife

number of cycles. The number after the slash is the number of phases. In this release of LSE, each cycle
has 1 phase and thus the number should always be 0.
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In general, a simulator is built by typirig-build filename , followed byls-link filename
TypingIs-build -h andls-link -h will give more options and instructions on using these
commands.

Instrumentation

To examine why simulation terminates after cycle 0 (causing the error in cycle 1), as discussed in the
previous section, we need to instrument the simulator to see what data is transmitted on the connection
from the port nameth to the port namedut. This section will describe how to do this.

To begin, add the following code ®xample 2-1

1 collector out.resolved on "gen" {

2 decl = <<<
3 #include  <stdio.h >
4 >>>;
5 record = <<<
6 if (LSE_signal_data_known(status) &&
7 ILSE_signal_data_known(prevstatus)) {
8 printf(LSE_time_print_args(LSE_time_now));
9 if(LSE_signal_data_present(status)) {
10 printf(": %d\n", *datap);
11 } else {
12 printf(": Nothing sent\n");
13 }
14 }
15 >>>;
16 }
Now, rebuild thefirstspec.lss file with the added code and relink it. Running Xsim should yield the

following output:

0/0: Nothing sent

LSE: Simulator has no more timesteps at time 1/0
CLP: Error -1 returned from LSE_sim_engine
Finish time: 1/0

We see that the last three lines are the same error as before. This is not suprising since instrumenting the
simulator should not alter its behavior. However, there is an additional outp@/@inélothing sent

An examination of lines 8 and 12 reveals the source of this additional output. The printf on line 8 is
outputting thed/0 and the printf on line 12 is outputtingNothing sent . The next few sections
explain what the code above is doing and why the output is what it is.
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Collecting Data

Line 1 starts a declaration for a data collector. Bheresolved specifies which information this
collector wishes to monitor. In this case, the collector is monitoring changes on the status of signals on
theout port on the instancgen. The last item before thgis a string that tells which module instance to
monitor.

The general syntax for a data collector is

collector eventname on instancename  {
collectorbody

h

Within the curly braces is the body declaring what the collector does. Line 2 assignsgdtzith&eld of

a collector, a string that can include whatever C header files are needed by the code in the rest of the
collector. In this case we includgdio.n  for printf . The characters enclosed4rx < and>>> are

also strings (in the LSS language) but they can span multiple lines and have special properties if they
contain a substring that begins with and ends with} . More information is available in later chapters

and in the LSS Reference Appendix of the Users Manual. For now, we can consider this a simple string.

Line 5 assigns, to theecord field of the collector, a string that contains code that will be run each time
the status of theut port changes on instangen. This code inot LSS code, but instead, code in LSE’s
behavioral specification language (BSL) which is used to specify runtime behavior of leaf module
instances (as opposed to hierarchical module instances which are composed from other modules) and
other entities, such as data collectors.

The BSL is an augmented subset of the C language. Most "normal” C code is permissible. In addition to
normal C, additional data types, LSE API calls, and macros are available for use.

In the above collector, the record code on line 6 first checks to see if the datd sigoat is known.

Thestatus variable contains the status of all signals onahbeport for this call of the record code of

the collector. If the data signal value is known, line 7 checks to see if the data was known last time the
record code was invoked by inspecting the status irpteestatus . This prevents the body of the if
statement, lines 8-13, from being executed more than once, since the only time the previous and current
status can be different is the first time the data signal becomes khown

The next few lines, lines 8-13, create the output the first time in a cycle that the data signal is known.
Line 8 prints out the current simulation cycle. Since the time data type is opaque in LSE, there is a
special macrol, SE_time_print_args( timevar ) that will generate the correct arguments for a call to
printf to print any variable that stores simulation tih8E_time_now is a variable, globally available to
any BSL code, that has the current simulation time.

Line 9 checks to see if any data was sent this cylcle. In general, the data signals in LSE can have an
unknown value, and 2 known valu@sSE_signal_something andLSE_signal_nothing > If the

gen instance sent data on its output this cycle, line 10 is invoked and the data is printed. Otherwise, line
12 is invoked, producing the output seen earlier.

Based on this discussion, we see thatg&e instance is outputting no data in the Oth cycle. Since the
simulator reported an error saying that simulation had reached a steady state with no instance signaling
the end of simulation, we also know that tien instance will never generate new data
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Collectors also have two additional fields calleil andreport . The code for thénit  field is called
at simulator startup to initialize and data collection mechanisms. The coderigptive field is called
once the simulation finishes and can be used to report any statistics collected usepgthe field in
the collector.

Events

Each instance in an LSE specification may eswiéntghat can be used hyata collectordo compute
statistics. There is a set of standard events for every module, and a set of module specific events for an
instance that is specified in the module declaration. The data collector in the previous section used
porthname .resolved event. This is a system defined event on each instance that has a port named
portname .

Each event in the system defines a tuple of data that will be sent to collector’s record code each time the
event fires. For theesolved event, the following data with the listed type is sent:

int porti

LSE_signal_t status
LSE_signal_t prevstatus
porttype * datap

Theporti parameter is an integer specifying the port instance index. Port instances are discussed in the
next chapter. In this exampperti  is 0, since there is only one connection to the port. Jthris

variable contains the status of data arrival on the port instance (as discussed earlier and discussed in more
detail in the next chapter). Theevstatus  variable contains the status of the port instance the last time

the collector code was called. THetap variable is a pointer to the data sent. INSLL if the data

signal value for the port instance is unknown.8E_signal_nothing

More information on collectors can be found in the next chapter.

Parameters and Userpoints

Example 2-1is not particularly interesting since the simulation does not do much of anything. In this
section, we will modify the behavior of the source instance via parameters to generate more interesting
behavior.

Modules can declare parameters for their instances. These parameters can be set by the user to customize
the behavior of a particular instance. In particular, LSE supports an unusual type of parameter called a
userpoint A userpoint parameter declares, on the instance, a BSL function whose body is the value of

the userpoint. The value of the userpoint is simply a string that is valid BSL code for a function body.

Thesourcemodule defines a userpoint parameter called create_data which contains code to create the
data that will be output each cycle by the module. We will get the source module to output the current
cycle number on each simulator clock cycle. The code to do this is shown below.

1 gen.create_data = <<<

2 *data = LSE_time_get_cycle(LSE_time_now);
3 LSE_sim_keep_alive(LSE_time_construct(1,0));

10
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4 return LSE_signal_something | LSE_signal_enabled;
5 >>>;

Building and running the specification with this line added gives the following output:

0/0:
1/0:
2/0:
3/0:
4/0:
5/0:
6/0:
710:
8/0:
9/0:

© O ~NO U~ WNPEFO

And the simulation needs to be terminated with an interrupt signal (i.e. asimgol-C). The next few
paragraphs explains what is happening.

Line 1 assigns a string to tleeeate datgparameter of thgen instance.

The function whose body this parameter defines has several argumentatd hargument is used in
the function body defined above. It is a pointer to the data value that is to be output. Line 2 sets this value
to the current cycle number (chopping off the phase).

The return value of this function is used ggn to determine what the output port status should be. Here,
the status will always beSE_signal_something (discussed earlier), andE_signal_enabled

This second value is a value for the enable signal on the output port. This tells all consumers of the data
that it is ok to latch this data at the end of cycle. More information about the enable signal will be
discussed in the next chapter.

In the original code, the default value for this parameter was used (since no override was specified). The
default code simply returnsSE_signal_nothing ORed withLSE_signal_disabled . This explains

why no data was sent in cycle 0. Also, since this function outputs constant data, the simulator error
message now also makes sense.

Line 2 in the code above is there to avoid this error message (which, with lines 1 and 3, would be a
genuine error). It tells the simulation framework to keep the simulation running for one more cycle, since
thegen modules output will change, even though none of its inputs changed (trivially, since it has no
input ports). We need this line because theate datgparameter changes the default constant output
behavior of thesourcemodule. This line would not be needed if the output of$barcemodule were

only based on its inputs.

The simulation continues forever since the signal values never stabilize and no instance sets the
LSE_sim_terminate_now  variable toTRUE Setting this variable tdRUEalways terminates simulation

at the end of the current timestep. However, when using emulation, the simulation may terminate earlier.
(This is discussed further in a later chapter).

11
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Full Specification

Notes

The full listing for the final code built up in this chapter is shown below. All the calls made in BSL code
in the above configuration are documented fully in the LSE API reference manual.

1 using corelib;

2

3 instance gen:source;

4 instance hole:sink;

5

6 gen.create_data = <<<

7 *data = LSE_time_get_cycle(LSE_time_now);

8 LSE_sim_keep_alive(LSE_time_construct(1,0));

9 return LSE_signal_something | LSE_signal_enabled;
10 >>>;

11

12 gen.out - >[int] hole.in;

13

14 collector out.resolved on "gen" {

15 decl = <<<

16 #include  <stdio.h >

17 >>>,

18 record = <<<

19 if (LSE_signal_data_known(status) &&

20 ILSE_signal_data_known(prevstatus)) {
21 printf(LSE_time_print_args(LSE_time_now));
22 if(LSE_signal_data_present(status)) {

23 printf(": %d\n", *datap);

24 } else {

25 printf(": Nothing sent\n");

26 }

27 }

28 >>>;

29 }

1. As we will see in a later chapter, each connection in LSE carries 3 signals. A primary data signal and

an enable and ack signal used for abstracting and providing default control semantics.

2. ltisillegal, according to LSEs semantics, for a signal value to go from unknown to known and back

to unknown again within the same clock cycle. Each signal can get at most one value per cycle. The

framework will automatically reset the valuemkvstatus  to unknown for all signals at the start
of each cycle.

3. ltis alsoillegal for a signal to transition from nothing to something or vice-versa in a given clock
cycle.

4. This could also be a bug in tlurcemodule in which it fails to inform the framework that it will
generate new data next cycle, even though none of its inputs (no inputs, in this case) changed this
cycle. However, theourcemodule does not have this bug.
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Chapter 3. An LFSR Specification

This chapter presents a walk through of a simple 3-bit linear feedback shift register (LFSR) to reinforce
the concepts above and to introduce some additional features of LSE. In the next chapter a simple
microprocessor model is assembled using an emulator for the IA64 instruction set.

The Specification

Example 3-1shows the specification for a very simple 3-bit linear feedback shift register (LFSR) that
will be discussed in this chapter.

Example 3-1. A specification for a 3-bit LFSR

1 using corelib;

2 include "xor_gate.lss";

3

4 instance bit0 : delay;

5 instance bitl : delay;

6 instance bit2 : delay;

7 instance xor : xor_gate;

8 instance bitl _tee : tee;

9

10 bitO.initial_state = <<< *nit_id = LSE_dynid_create();
11 *init_value = 1;

12 return TRUE; >>>;
13 bitl.initial_state = <<< *init_id = LSE_dynid_create();
14 *init_value = 1;

15 return TRUE; >>>;
16 bit2.initial_state = <<< *nit_id = LSE_dynid_create();
17 *init_value = 1;

18 return TRUE; >>>;
19

20 bit2.out - > bitl.in;

21 bitl.out - > bitl_tee.in;

22 bitl_tee.out[0] - > Xor.in0;

23 bitl_tee.out[1] - > bit0.in;

24 bit0.out - > Xor.inl;

25 xor.out - > bhit2.in;

26

27 collector STORED_DATA on "bit2" {

28  decl= <<<

29 #include <stdio.h >

30 >>>,

31

32 record= <<<

33 printf(LSE_time_print_args(LSE_time_now));

34 printf(": bit2=%d\n", *datap);

35 >>>;

36 }

37
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38 collector STORED_DATA on "bitl" {
39 decl= <<<

40 #include  <stdio.h >

41 >>>,

42

43 record= <<<

44 printf(LSE_time_print_args(LSE_time_now));
45 printf(": bitl=%d\n", *datap);
46 >>>)

47 }

48

49 collector STORED_DATA on "bit0" {
50 decl= <<<

51 #include <stdio.h >

52 >>>;

53

54  record= <<<

55 printf(LSE_time_print_args(LSE_time_now));
56 printf(": bit0=%d\n", *datap);
57 >>>,

58 };

59

60

The LFSR inExample 3-1when clocked, moves bits from the higher order state elements (delay2 being
the MSb) to the lower order state elements. The outputs of the lower-order two bits are xor-ed together
and the result is fed back into the most significant bit Siegre 3-3.

Figure 3-1. A 3-bit LFSR
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A visualization of this configuration is shownRigure 3-2
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Figure 3-2. Visualization of Example 3-1
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New Modules

The first thing to notice in this configuration is that the it uses a set of new moduleslieldeandtee
modules are from the standard module library (and are fully documented in the Core Module Library
Reference, along with theourceandsink modules). Theor_gatemodule is actually a module
composed of modules frooorelib.

As mentioned before, the state elements of the LFSR are modeled Oglthanodule instances. This
module takes data coming in on its in port and stores it. The data stored in the previous cycle is output
this cycle (the actual behavior of this module is a bit more complex, but those details will be described
shortly). Thebitl_tee  module fans out the output bft1 to the input ofit2 and the xor gate. The
definition of thexor_gatemodule is included by line 2. A discussion this module appears later in this
chapter.

Multiports

The next unusual thing to notice is that that port of thebitl_tee  instance has multiple connections
made to it (this is clearly visible ifigure 3-2 These multiple connections are made by lines 22 and 23.
Notice that these lines specify an array like index forabeport of the instance.

Each port in LSE is actually an array of port instances called a multiport. The size of this array is called
thewidth of the port and is denotgabrtname .width . Each port instance behaves as described in the
previous chapter. In fact, in the previous chapter, most of the time the word port was used, it is more
correct to say port instance. Each reference to the pdtkample 2-Icould have hadd] attached after

the name of the port, and the specification would be equivalent.

In this example, Theitl_tee instance of theeemodule takes any data on the input port instance and
sends it to all the output port instances, in this acasg0] andout[1]. The behavior ofeemodule

instances is more complex if the width of timeport is greater than 1. This behavior is documented in the
Core Module Library Reference.

If the index on the port is omitted, LSS will infer an index for the port automatically. The indexes will be
assigned in increasing order, based on the order in which expressions containing the port reference are
evaluated. Details are in the LSS reference appendix of the Users Manual. Making more than one
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connection to a single port instance is illegal. Also, mixing implicit and explicit indexing for a given port
is illegal.

Initial Values and Dynamic ldentifiers

Instances of theelay module have a parameter calli@itial_statethat contains code that can define the
initial state for the instances. By default, the state elements start out holding no data, and thus will output
LSE_signal_nothing . Given that the delay elements are connected in a sequential loop, this means
that no delay element will ever get data (Given t8E_signal_nothing s thexor_gatemodule will
OUtpUtLSE_signal_nothing ).

Initial Value

The code on lines 10-12 initializes the value of the bit2 to TRUE. (The delay elements store booleans
since, as we will see, theor_gateinstances only accepboleanon its ports.)

Theinitial_stateuser point has two argumenisit_id  andinit_value . Theinit_value argument

is fairly straight forward. It is a pointer where the user specified code should place the initial value. The
init_id  argument will be explained in the next section. The code should reRiEif there is an

initial value,FALSE otherwise.

Dynamic ldentifiers

In addition to the the data signal, ack signal, enable signal (recall that discussion of ack and enable was
deferred earlier), and data value, each message sent on a port instance also has a dynamic identifier. This
dynamic identifier is created by certain instances and passed from input to output on most other
instances. The specific behavior is dependent on the module. It can be used for a variety of purposes
during simulation. For example, a common use is to have a dynamic identifier for each dynamic
instruction executing in a processor.

The*init_id = LSE_dynid_create(); statement on line 10 creates a new dynamic identifier that
will be output with the initial value. Further discussion of the dynamic identifier is deferred to a later
chapter that makes use of the construct. For now, it suffices to know that it exists and must be present if
the data signal isSE_signal_something

Examining the Output

Lines 27-58 are collectors that output the value of each bit every time a new data element is stored (even
if the new and old value are the same). This is done usingTi@RED_DATA&vent on the delay element

which occurs every time a new data element is stored. The record code is passed the port instance in
porti , the stored dynamic identifier id , and the stored data valuedatap which is a pointer to the

data.
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Running the simulator

Following the earlier procedure, this specification can be compiled into an executable simulator using
Is-build Ifsr.Iss andls-link Ifsr.Iss . Running the simulator, we get the following output:

Unknown port status at time O
==== Dumping port status ====
Instance bitO:
Port in:
global : dYeUaU,
Port out:
global : dYeUau,
Instance bitl:
Port in:
global : dYeUaU,
Port out:
global : dYeUau,
Instance bitl_tee:
Port in:
global : dYeUaU,
Port out:
global : dYeUaU, dYeUaU,
Instance bit2:
Port in:
global : dYeUaU,
Port out:
global : dYeUaU,
Instance xor.gate:

Port inO:

global : dYeUau,
Port inl:

global : dYeUaU,
Port out:

global : dYeUaU,
CLP: Error -3 returned from LSE_sim_engine
Finish time: 1/0

Control, Data, Enable, and Ack

The output seen above is an error message from the simulator framework complaining that at the end of a
cycle, certain signal values failed to resolve (i.e. change it signal_unknown ). Recall that, in

LSE, each port instance carries three signals, data, enable, and ack. All signals can have the value
LSE_signal_unknown . Each signal has two additional states; for data these are

LSE_signal_something or LSE_signal_nothing , for enable SE_signal_enabled  or
LSE_signal_disabled , and for ackLSE_signal_ack andLSE_signal nack . If datais
LSE_signal_something then there is an associated dynamic identifier and possibly a data value.

17
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In the above output dY indicates that the data signal on the port instance was
LSE_signal_something , dN means that the data waSE_signal_nothing  , anddU means
LSE_signal_unknown . Similar rules apply for enable and ack, except with the prefixda
respectively. Thus, we see that all the enable and ack values are unknown.

The data and enable signal travel from output port instance to input port instance. However, the ack
signal flows from the input port instance to the output port instance. These signals are used by the
modules (in their default behavior) to create pipeline like back pressure.

In the configuration above, this means thdiii6 has data antit2 refuses to accept new data, then,
bito  will also refuse new data.

The mechanism through which this is achieved is illustrated for the general caiggiie 3-3

Figure 3-3. 3 wire control semantics in LSE

Module A output input Module B
data Computation
"o T e |
il nliienlis ) v
Internal State

When module instance A transitions data fro8E_signal_unknown to LSE_signal_something
module instance B decides whether or not it can accept this data. If it can, it sen8lE afignal_ack

to module instance A. Usually, module instance A then routes ack back to enable. Alternatively, if
module A simply forwarded data from another port ontmitput port, then it may send the ack signal
to that port and route the enable signal from that podutput. If enable isSLSE_signal_enable

module instance B updates its internal state using the datgan.

By default, the control signal handling of instances of the delay module is as follows. If the delay
element is empty, it will unconditionally sen&E_signal_ack  onin[i] (where iis some port instance).
If the delay element is full for port instance then the delay element send3E_signal_ack if its

out[i] portinstance hatdSE_signal_ack andLSE_signal_nack otherwise. The enable signal on port
instanceout|i] is the same as the ack signal.

Thebitl_tee instance will AND its output port instance ack signals together us8&) signal_ack
as logical TRUE, andSE_signal_nack as logical FALSE (any unknown ack signal causes an
unknown output ack signal). The instance simply fans out the incoming enable signghte
behaves in a similar fashion, but passes the ack through and ANDs the enables.

An analysis of the specification then shows that we have a data dependence loop in the computation of
the ack signals. This means that the ack signals cannot resolve, and neither can the [Eigaiée3-4
shows one of the loops on the visualization of the specification.

18



Chapter 3. An LFSR Specification

Figure 3-4. Combinational loop
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Control Points

Each module instance has a system defined user point parameter per port (not port instance) called a
control point. The code for this user point is free to change the status of any signal before it leaves or
reaches the module (depending on whether the signal is an output or input signal). The only restriction is
that the data value itself cannot be changed (thougtsaén signal_something can be changed to an
LSE_signal_nothing ). This section will describe these control points and how to use them to break

the combinational loop described earlier.

Control point parameters are set as if they were parameters of a port. The following syntax sets a control
point:

instance . portname .control = <<< ... >>>;

Input Control Points

Control points on input ports have the following parameters

porti
The port instance for which the control point is being invoked. All statuses reported refer to the
signals for this port instance.

istatus
A status variable that contains the status for the incoming data signal, incoming enable signal, and
outgoing ack signal.

ostatus

A status variable that contains the status for the data signal and enable signal that will be seen by the
instance, and the ack signal produced by the instance.
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The return value of the code specifies the status for the data and enable signal the instance will see and
the ack signal that will be sent out on the particular port instance. This is illustratégure 3-5

Figure 3-5. Input Control Point
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<= signals affected by return value

Output Control Points

Control points on output ports have the following parameters

porti
The port instance for which the control point is being invoked. All statuses reported refer to the
signals for this port instance.

istatus
A status variable that contains the status for the data signal and enable signal coming from the
instance and outgoing ack signal coming in on the port.

ostatus

A status variable that contains the status for the outgoing data signal, outgoing enable signal, and
the ack signal that will be seen by the instance.

The return value of the code specifies the status for the ack signal the instance will see and the data and
enable signal that will be sent out on the particular port instance. This is illustrakéglire 3-6
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Figure 3-6. Output Control Point
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Breaking the Loop

Since control points can alter the status of a signal, we can fill in a control point such that it breaks the
circular dependence. The following code does exactly that.

1 bit2.in.control = <<< return LSE_signal_extract_data(istatus) |
2 LSE_signal_extract_enable(istatus) |
3 LSE_signal_ack; >>>;

Line 1 above defines a control point for timeport onbit2 . The code on lines 1-3 builds a status value
for the data, enable and ack signals. The data and enable signal are just passed through (via the
LSE_signal_extract calls), and the ack status is unconditional8E_signal_ack . In general port
status values are built up by bitwise ORing individual data, enable, and ack statuses.

Since the ack signal fdiit2 .in no longer depends on the ack signaliia .out, we have broken the
combinational loop. Always outputtingSE_signal_ack  will yield the behavior desired because of the
overall topology and functionality of the blocks.

Building and running this configuration gives the following output. Once again, simulation must be
terminated with an user interrupt.

0/0: bit0=1
0/0: bitl=1
0/0: bit2=0
1/0: bit0=1
1/0: bit1=0
1/0: bit2=0
2/0: bit0=0
2/0: bit1=0
2/0: bit2=1
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Full Code

Below is the full text of the example code.

using corelib;
include "xor_gate.lss";

instance bit0 : delay;
instance bitl : delay;
instance bit2 : delay;
instance xor : xor_gate;
instance bitl tee : tee;

bit0.initial_state <<< *init_id = LSE_dynid_create();
*init_value = TRUE;
return TRUE; >>>;

<<< *init_id = LSE_dynid_create();
*init_value = TRUE;
return TRUE; >>>;

<<< *init_id = LSE_dynid_create();
*init_value = TRUE;
return TRUE; >>>;

bitl.initial_state

bit2.initial_state

bit2.out - > bitl.in;

bitl.out - > bitl_tee.in;

bitl_tee.out[0] - > Xor.in0;

bitl_tee.out[1] - > bit0.in;

bit0.out - > Xxor.inl;

xor.out - > bit2.in;

bit2.in.control = <<< return LSE_signal_extract_data(istatus) |

LSE_signal_extract_enable(istatus) |
LSE_signal_ack; >>>;

collector STORED_DATA on "bit2" {

decl= <<<
#include <stdio.h >
>>>;

record= <<<
printf(LSE_time_print_args(LSE_time_now));
printf(": bit2=%d\n", *datap);

>>>;

3

collector STORED_DATA on "bit1" {
decl= <<<

#include  <stdio.h >
>>>;
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record= <<<

printf(LSE_time_print_args(LSE_time_now));
printf(": bitl=%d\n", *datap);

>>>,

5

collector STORED_DATA on "bit0" {
decl= <<<

#include <stdio.h >
>>>;

record= <<<

printf(LSE_time_print_args(LSE_time_now));
printf(": bit0=%d\n", *datap);

>>>]

h

The xor_gate Module

In Example 3-1recall that line 2 included a file that defined tter_gate module. This section describes
how to build this module.

The following is the text in the xor_gate.lss file.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

module xor_gate {

using corelib;

inport inO:boolean;
inport inl:boolean;
outport out:boolean;

instance gate:combiner;

gate.inputs={"in0","in1"},
gate.outputs={"out"};

gate.combine = <<< *out_id=in0_id;
*out_data = (*in0O_data) ~ (*inl_data);

*out_status = LSE_signal_something; >>>;

if(in0.width != inl.width) {
punt( <<<inO.width (${in0.width}) must equal inl.width (${inl.width}).
}

if(in0.width != out.width) {
punt( <<<inO.width must equal out.width. >>>);

}

>>>);
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25

26 LSS_connect_bus(in0,gate.in0,in0.width);
27 LSS_connect_bus(inl,gate.inl,in1.width);
28 LSS_connect_bus(gate.out,out,out.width);
29 }

Line 1 opens a declaration for a new module usingntbhdule keyword. The syntax for this declaration
is:

module modulename {
modulebody

h

Line 2 imports the modules icorelib into the local module name space. (this is so that the module can
be used even if the user of this module does not impamlib).

Lines 3-5 define the ports of the module. Here, there are two input padtandinl, and one output
port, out. These ports requingooleanvalues for inputs. More information on port declarations can be
found in the LSS reference appendix in the Users Manual.

Line 8 instantiates theombiner module which is a very flexible module that can be used for many
functions. Instantiating a module within a module definition means that each time the defined module is
instantiated the submodule is also instantiated. In general modules that have submodules are called
hierarchical modules.

Line 10-11 define the ports on tkembiner module. Most modules have a predetermined set of ports,
however, theeombiner module allows the ports of instances to be defined based on a parameter. Lines
13-15 define the I/O function, which is simply an exclusive-or of the data values. More information on
the operation of the combiner module can be found in the Core Module Library Reference.

Lines 17-23 checks to make sure that the width of all ports match. This is because the desired behavior of
this module is to act as an array of xor gates when more than one port instance per port is used. As a
result, non-matching widths will lead to unconnected ports for the gate, which results in undefined output
values.

Lines 26, 27, and 28 connect the outer module’s ports tgdle instance’s ports.
LSS_connect_bus( output , input , width , type ) is a builtin LSS function that is equivalent to
the following LSS code:

var i:int;
for(i=0;i <width ;i++) {

input [i] - >[type ] output [i;
}

Note that using this function implies explicit indexing on the ports. Alsotype parameter is optional.

Hierarchical modules can also have parameters. More information is available in the LSS Reference
appendix of the Users Manual.
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This chapter describes using an LSE emulator in a machine specification by building a very simple
specification that executes IA64 code. It treats I1A64 operations like individual instructions (i.e.
unbundled). Detailed information on emulators is available in the User Manual. Information on the
functions used in the existing modules can be found in the API Reference Manual.

Note: This specification is not really structural (i.e. it does not resemble the hardware). This is to
simplify the example and avoid having to have all the actual instruction fetch logic modeled. It does,
however, demonstrate how to use the emulator in a specification and suggest a true structural model.

The Specification

The following code is a specification for an abstract machine that will run arbitrary 1A64 code. An
explanation of the new concepts follows the listing.

1 using corelib;
using LSE_emu;

var emu = LSE_emu:create("inst0","LSE_lIA64", ") : domain ref;
add_to_domain_searchpath(emu);

include "ia64_emulate.lss";
include "ia64 _npc.lss";

© 0N O~ WNDN

10 include "ia64_newid.lss";

11

12 instance pc:delay;

13 instance emulateinstr:emulate;

14 instance getnextpc:npc;

15 instance makenewid:newid;

16

17 pc.initial_state = <<<

18 LSE_dynid_t myid,;

19 LSE_emu_addr_t addr;

20

21 *init_id=LSE_dynid_create();

22 addr=LSE_emu_get_start_addr(1);
23 LSE_emu_init_instr(*init_id,1,addr);
24 *init_value = addr;

25

26 return TRUE;

27 >>>;

28

29 pc.out - >[LSE_emu_addr_t] emulateinstr.in;
30 emulateinstr.out - > getnextpc.in;
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31 getnextpc.out - > makenewid.in;

32 makenewid.out - > pc.in;

33

34 pc.in.control = <<< return LSE_signal_extract_data(istatus) |
35 LSE_signal_extract_enable(istatus) |
36 LSE_signal_ack; >>>,

Setting up for Emulation

Lines 3-6 set up the specification to use a single emulator for all modules. Line 3 states that the
specification will be using the LSE emulator interface. Line 5 instantiatesrain(i.e. an LSE

extension mechanism). This line states that an emulator domain shall be created Wit tremulator

with nameinst0 . The third argument;" specifies additional command line arguments for the emulator.
The IA64 emulator doesn’t need any beyond what will be specified on the built simulatsiris)(
command line.

The emulator domain adds a set of types and API calls that can be used within instances that are part of
that domain. Line 6 specifies that the |A64 emulator domain instance created on line 5 should be added
to the domain search path. This means that every instance created below this level will be part of the
IA64 domain (unless the domain search path is cleared and reset at some lower level in the hierarchy).
More information on domains can be found in the Users manual and the Internals Manual.

Overall Specification

Lines 8-10 include definitions of custom modules. These specificitions will be discussed in the following
sections. This section describes what the overall specification is supposed to do.

The specification above executes IA64 programs. It does this using a module instance to store the
program counter, a module instance to emulate the instruction, an instance to get the next program
counter, and an instance to create a unique dynamic identifier for each instruction. These module
instances arpc, emulateinstr  , getnextpc , andmakenewid , respectively. The specification is
visualized inFigure 4-1
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Figure 4-1. Visualization of the simple IA64 specification
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The PC is initialized with an initial address and dynamic identifier for the instruction. Line 21 creates the
identifier. Line 22 gets the starting address of the program via an emulator API call (documented in the
Users Manual). Line 23 initializes the created identifier with the information for the instructiaiuiat
(LSE_emu_addr_tin the 1A64 emulator is a number that indicates the bundle address and the operation
within the bundle.) The address is also stored as the initial value qftineodule.

This dynamic identifier and address are passed terth#ateinstr instance which emulates the
instruction. Thegetnextpc  module then uses the dynamic identifier and emulator to generate the next
program counter valuenakenewid then creates a new dynamic identifier for the address and this is then
stored inpc.

Emulating Instructions

Theemulatemodule is a hierarchical module constructed for this configuration. The definition of this
module is shown below:

module emulate {
instance emulate:converter;

1

2

3

4 inport in:’a;
5 outport out:’a;
6

7

8

LSS_connect_bus(in,emulate.in,in.width);
LSS_connect_bus(emulate.out,out,out.width);
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19
20 }
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if(in.width !'= out.width) {
punt(“in.width and out.width must match");

}

emulate.convert_func = <<
LSE_emu_dofront(id);
LSE_emu_doback(id);
LSE_emu_docommit(id);
return data;

>>>;

Theconvert module can be used to convert data from one type to another. In this case, the module is
used to execute emulator code to emulate the instruction without actually converting the data. (This
module is documented in the Core Module Library Reference.)

Line 15-17 in the above configuration calls three emulator APIs to emulate the instruction. The first call
does the "front end" work, such as decoding the instruction and fetching operands. The next call does the
"back end" work, actually executing the instruction using the fetched operands. The third call commits
the results to the emulators architectural state. Different break downs and API calls are available for
instruction execution. They are described in the User Manual.

Line 18 just returns the incoming data, thus the incoming address is the same as the outgoing one.

Getting the Next PC

The following is the declaration of thgpc module.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17 %

module npc {

instance npc:converter;

inport in:’a;
outport out:’a;

LSS_connect_bus(in,npc.in,in.width);
LSS_connect_bus(npc.out,out,out.width);

if(in.width != out.width) {
punt(“in.width and out.width must match");

}
npc.convert_func = <<<

return LSE_emu_dynid_get(id,next_pc);
>>>;
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Line 15 makes an emulator call that will get the next program counter value given a dynamic identifier
for a valid program instruction. The PC obtained for branches is the correct PC since the instruction has
already been emulated. Dealing with the case where the next PC or branch target is needed when the
instruction is not fully emulated is discussed in the Users Manual (this can occur when modeling a
perfect branch target buffer, for example).

Creating New Dynamic Identifiers

Thenewid is a hierarchical module that creates a new dynamic identifier for an instruction given an
address. The definition of this module is below.

1 module newid {

2 instance idgen:source;

3

4 instance makenewid:combiner;
5

6  inport in:LSE_emu_addr_t;

7 outport out:'a,;

8

9  if(in.width != out.width) {

10 punt(“in.width and out.width must match");
1}

12

13 LSS_connect_bus(in, makenewid.in, in.width);
14 LSS_connect_bus(makenewid.out, out, out.width);

15

16 LSS_connect_bus(idgen.out, makenewid.newid, in.width, none);

17

18 idgen.create_data = <<< *data = NULL;

19 return LSE_signal_something |

20 LSE_signal_enabled; >>>,
21

22 makenewid.inputs = {"in","newid"};
23 makenewid.outputs = {"out"};

24

25 makenewid.combine = <<<

26 *out_id = newid_id;

27 *out_data = *in_data;

28 *out_status = in_status;

29 LSE_emu_init_instr(*out_id, 1, *in_data);
30 >>>

31 }

This module works by using sourcemodule instance calledgen to create dynamic identifiers. The
combiner then takes this dynamic identifier and the incoming address and initializes the dynamic
identifier with instruction information for the instruction at the incoming address.
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On line 16, we see that the data type for ifgen .out port has data type none. This means that the
connection will only carry a dynamic identifier and no data value. This is consistent with the use of the
sourcemodule as a source of dynamic identifiers.

Line 29 initializes the dynamic identifier with the incoming address. Notice that this is the same call
made to initialize the PC value earlier.

Running the Simulator

A simulator is built from this specification environment usisguild  andlis-link  as was done
before. Typing/Xsim , however, gives the following message:

LSE: A program name is required when there is one emulator

IXsim  <options > [ [(--|binary)] <program options  >]
-c|--cleanenv Clean all environments
--script: <file > Script file to run

-i Enter interactive mode
NOTE: No program options or binary can be set on the command
line if interactive mode or a script is used.

Simulator options (prefix with ‘--sim:’)
waitdebugger Enter debugger infinite loop

Domain instance LSE_lIA64 options (prefix with ‘--dom:LSE_IA64:")

debugload Print debug messages when loading
tracesyscalls Trace system calls
Typing ./Xsim wc /etc/passwd will produce output like the following, if there is a statically

linked 1A64 binary ofwc (the UNIX word count utility) in the current directory:

50 86 2387 /etc/passwd
Finish time: 63616/0
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This chapter gives an overview of information that will be useful when building new leaf modules. Users
are encouraged to examine the source code of existing modules to get a feel for how this is done using
this chapter to understand any peculiarities or seemingly extraneous code. This chapter is only intended
to be a useful reference, not a pedagogical device.

Warning

The constructs and interfaces specific to writing leaf modules may change in future
LSE releases. We will try to preserve compatibility or provide scripts to automate
updates to custom code, however we make no promises.

The Model of Computation

To understand what a leaf module is doing, an understanding of the requirements the LSE framework
imposes is essential. Most of these impositions are based on the model of computation (MoC), and thus
this chapter describes the MoC.

The Module Execution Life Cycle

LSE builds cycle oriented simulators. That means that there is a global cycle (timestep) count and in each
timestep the module instances are expected to compute their outputs from their inputs. Once this
computation is complete, state is updated, the timestep counter incremented, and the process repeated.
This is shown irFigure 5-1
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Figure 5-1. The Cycle of Computation in LSE

Initialization

Start of
timestep

HSR
Evaluation

Reset
Signals
to Unknown

End of
timestep

Start of Timestep

In the start of a timestep phase of execution, the framework sets the value of every signal to
LSE_signal_unknown . Once this occurs, each module instance is required to examine its internal state
and resolve any output signal (data, enable, or ack) that can be set without regard to input value. For
example, sincsink module instances always sen®E_signal_ack  on any input port instance,

regardless of other signal values, th&F_signal_ack should be set at the start of timestep.

The Heterogeneous Synchronous Reactive MoC and LSE

Within a timestep, LSE uses a heterogeneous synchronous reactive! (H&#RI of computation. This

MoC requires that each component in a system compute a monotonic function to generate its outputs.
However, the partial order on which the function is monotonic is defined by the particular
implementation of the MoC, not the MoC itself.
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In LSE, each module instance must compute a monotonic function on the partial order of data, enable,
and ack signals. The partial order is defined as follows:

« LSE_signal_unknown < LSE_signal_ack

« LSE_signal_unknown < LSE_signal_nack

« LSE_signal_ack is not comparable toSE_signal_nack

« LSE_signal_unknown < LSE_signal_enabled

« LSE_signal_unknown < LSE_signal_disabled

« LSE_signal_enabled is not comparable tbSE_signal_disabled

- LSE_signal_unknown < LSE_signal_nothing

« LSE_signal_unknown < ((LSE_signal_something ,data_and_id value )

« LSE_signal_nothing is not comparable tql(SE_signal_something ,data_and_id_value )

+ (LSE_signal_something  ,data_and_id_value ) is not comparable to
(LSE_signal_something  ,data_and_id_value ) ifthe data_and_id_value fields do not
have the same value.

This partial order is equivalent to the following rules:

- Asignal cannot go from a known value to an unknown value within a timestep.

- ltis illegal to change the data value or dynamic identifier value within a timestep once the data signal
value isLSE_signal_something

. ltisillegal to transition a signal from one known value to another known value within a timestep (i.e.
LSE_signal_ack toLSE_signal_nack )

Within the HSR evaluation phase of execution, each module instance’s code may be executed multiple
times.

End of timestep

In the end of timestep phase of execution, instances use the results of the HSR phase to update their
internal state.

Modules
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Leaf Modules to Module Instances

A leaf module consists of an LSS file and a tar file. The LSS file tells the LSE framework about the 1/0O
interface of the module and what code the module’s tar file provides for simulation.

The tar file usually contains a single file with tblen extension (though it is possible to have more files.
The internals manual covers some of these details.) This file contains code in the behavioral specification
language (BSL) that specifies module instances run time behavior.

When a module is instantiated, the LSE simulator builder will create a copy of the module’s code
(contained in the tar file) corresponding to that instance. That copy of the file will see the parameter
values and user point code for that particular instance.

Module Functions

Modules define the following functiorts

void init (void );

This function is called during the initialization phase of the simulator and can be used to initialize
any state. It is illegal to attempt to set port instance values here.

void phase_start (LSE_time_t  skipped_steps );

This function is called during the start-of-timestep phase. The module must output any output
values which can be determined independent of its input in this function.

The skipped steps argument tells how many timesteps have elapsed in which the scheduler could
determine no activity was possible. This means that if the lastiimse_start  was called was in
time step 20/0 and the skipped_steps is 10/0 thgg, time_now will be 30/0 on the current call.

void phase (void );

This function is called to generate outputs during the HSR phase of execution. This function may be
called one or more times. Between calls to this function, none, one, or more than one signal value
may have resolved. This function is guaranteed to be called at least once if there is an input change
for the instance. Further, if a given input signal value is unknown in a particular invocation of this
function, a subsequent call is guaranteed (unless there are handlers defirtbe. Saetion called
Handlerg.

void phase_end (void );

This function is called during the end-of-timestep phase. The module must update any state based
on the inputs this timestep. Note that it is illegal to look at input port values using API calls in this
function unless the input port is markedependent . Seethe Section calle@®eclaring Leaf

Modulesto see how to mark a port independent.
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void finish (void );

This function is called after all simulation terminates so the instance can perform any needed
cleanup.

Handlers

LSE provides an alternative to tipaase function for module instance computation in the HSR phase. A
module instance can declare that a particular port is handledhaadler. The handler function is then
declared using theANDLERmacro. This is shown below:

void HANDLER( porthame ,int porti) {
/* Code to handle portname instance porti */

}

When a port is declared to have a handler, resolution of any signal on any port instance of that port need
not cause an invocation of the phase function. However, any status change on the port WILL cause at
least one invocation of the corresponding handler.

Declaring Leaf Modules

To declare a leaf module, one still uses thedule keyword. However, leaf modules always set the

system definechr_file variable to specify where to find the code for the module. Leaf modules may

not have sub-instances. The tar file will be searched for on the module search path (the same path used to
find Iss files.)

The following listing shows all the parameters being set to a particular value and explains their function.

module modulename {
inport  portname : type ;
tar_file = filename ;
portname .handler = TRUE; 0

portname .independent = TRUE; O

phase = TRUE; O
phase_start = TRUE; 0O
phase_end = TRUE; O

reactive = FALSE; a

0 Flag that tells the LSE framework if this port has a corresponding handler.
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Flag that tells the LSE framework if this port is independent.
Flag that specifies if instances havprase function.
Flag that specifies if instances havprase_end function.

Flag that specifies if instances havptase_start  function.

O o oo d

If TRUE module instancegnly generate outputs in response to input changes.

Automatic Generation of Skeletons

LSE has a script calleld-create-module that will automatically create a skeleton for a module.
TypingIs-create-module -h will explain how to use the script.

This script will create create a directory and stub files for a new leaf module in the first directory
specified in the.IBERTY_SIM_USER_PATHA colon separated list of places to find modulelib
directories). Thas-build  script will also causéss to search for modules in these directories.

To use a module created with this script, you must first install it. To do somgle install to
install the module in the first directory in théBERTY_SIM_USER_PATH To make sure that
specifications get any updates made to the source of a new module, make sumnéakeurnstall
before building a specification.

1. Edwards, Stephen. The Specification and Execution of Heterogeneous Synchronous Reactive
Systems. PhD Thesis. University of California at Berkeley, 1997.

2. Note that the function names should be declared usinguihemacro. So, to definmit(void)
one would daFUNC(init,void)
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Appendix A. Packages Included in the Liberty
Simulation Environment

This chapter will describe the modules that are built during installation.

scripts

This package provides the scripts needed for global configuration. The main steptis which can
be used to set up the environment.

javalib

This provides a collection of java packages bundled for convenience. These packages are used by the
Iss compiler and theisualizer

Im4
This package provides a modified version of the m4 macro preprocessor. It is used to take the BSL code
and transform it into C for compilation.
Ise
This package contains the LSS interpreter and the framework code required to build simulators.
corelib
This package provides modules in the Core Module librawyelib is provided by this package.
emulib
This package provides the LSE emulators. As of this release, the IA64 emulator is the only working
emulator.
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visualizer

This package provides the LSE visualizer.
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