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Chapter 1. Introduction

The basic purpose of this tutorial is to guide a user throughSystem-on-Chip design
environment (SCE). SCE helps designers to take an abstractiénal description of

the design and produce an implementation. We begin withed bvierview of our SoC

methodology by describing the design flow and various abistralevels. The overview
also covers the user interfaces and the tools that suppodedsign flow.

We then describe the example that we use throughout thisalitd/e selected the GSM
Vocoder as an example for a variety of reasons. For one, tlcedér is a fairly large
design and is an apt representative of a typical componeanSyfstem-on-Chip design.
Moreover, the functional specification of the Vocoder isielfined and publicly avail-
able from the European Telecommunication Standards UinsgETSI).

The tutorial gives a step by step illustration of using thet8gn-on-Chip Environment.
Screenshots of the GUI are presented to aid the user in usengarious features of
SCE. (Please note that, depending on your specific versithred@ystem-on-Chip Envi-
ronment SCE and your system settings, the screen shots sholis document may be
slightly different from the actual display on your scree@yer the course of this chap-
ter, the user is guided on synthesizing the Vocoder modai fio abstract specification
to a clock cycle accurate implementation. The screenshaach design step are sup-
plemented with brief observations and the rationale for imgklesign decisions. This
would help the designer to gain an insight into the desigegss instead of merely fol-
lowing the steps. We wind up the tutorial with a conclusiod egferences. This tutorial
assumes that the readers of this tutorial have basic kngelefl system design tasks
and flow. In case the reader feels difficulty going followiihgsttutorial, he can always
go to the Appendix A: FAQ (Frequently Asked Questions) atehd of the tutorial to
seek more explanation.

1.1. Motivation

System-on-Chip capability introduces new challenges endasign process. For one,
co-design becomes a crucial issue. Software and Hardwasebaudeveloped together.
However, both Software and Hardware designers have diffetiews of the system and
they use different design and modeling techniques.

Secondly, the process of system design from specificatiorak is long and elaborate.
The process must therefore be split into several steps. @kt éasign step, models must
be written and relevant properties must be verified.
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Thirdly, the system designers are not particularly fond afihg to learn different lan-
guages. Moreover, writing different models and validatthgm for each step in the
design process is a huge overkill. Designers prefer to ersalutions rather than write
several models to verify their designs.

It is with these aspects and challenges in mind that we haneag with a System-
on-Chip Environment that takes off the drudgery of manupktiive work from the
designers by generating each successive model autonhaticabrding to the decisions
made by the designers.

1.2. SCE Goals

SCE represents a new technology that allows designers tareagystem specification
as a composition of C-functions. These are automaticafiged into different models
required at each step of the design process. Thereforerssigan devote more effort
to the creative part of designing and the tools can createstaddr validation and syn-
thesis. The end result is that the designers do not needrionesv system level design
languages (SystemC, SpecC, Superlog, etc.) or even thngditardware Description
Languages (Verilog, VHDL).

Consequently, the designers have to enter only the goldsmfgation of the design and
make design decisions interactively in SCE. The modelsifaukation, synthesis and
verification are generated automatically.
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1.3. Models for System Design

Figure 1-1. System-on-Chip Environment
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The System-on-Chip design environment is showiigure 1-1 It consists of 4 lev-
els of model abstraction, namely specification, archit@stasommunication and cycle-
accurate models. Consequently, there are 3 refinement sipely architecture refine-
ment, communication refinement and HW/SW refinement. Thefsgement steps are
preformed in the top-down order as shown. As showfigure 1-1 we begin with an
abstract specification model. The specification model isned and has only the func-
tional description of the design. Architecture refinemeansforms this specification to
an architecture model. It involves partitioning the desigd mapping the partitions onto
the selected components. The architecture model thustseflexintended architecture
for the design. The next step, communication refinements agstem busses to the de-
sign and maps the abstract communication between comoaoetd the busses. The
resulted design is a timing accurate communication moded fbnctional model). The
final step is HW/SW refinement which produces clock cycle esteuRTL model for
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the hardware components and instruction set specific asgeamtbe for the processors.
All models have well defined semantics, are executable andeavalidated through
simulation.

1.4. System-on-Chip Environment

The SCE provides an environment for modeling, synthesisvalidation. It includes a
graphical user interface (GUI) and a set of tools to fadiithe design flow and perform
the aforementioned refinement steps. The two major compsrarthe GUI are the
Refinement User Interface (RUI) on the left and the Validatitser Interface (VUI) on
the right as shown ifrigure 1-1 The RUI allows designers to make and input design
decisions, such as component allocation, specificatiorpmgpWith design decisions
made, refinement tools can be invoked inside RUI to refine isodibe VUI allows the
simulation of all models to validate the design at each stdigiee design flow.

Each of the boxes corresponds to a tool which performs a fspéask automatically.
A profiling tool is used to obtain the characteristics of thé&ial specification, which
serves as the basis for architecture exploration. The refme tool set automatically
transforms models based on relevant design decisions.stimeation tool set produces
quality metrics for each intermediate models, which canvaduated by designers.

With the assistance of the GUI and tool set, it is relativedgyefor designer to step
through the design process. With the editing, browsing dgdrithm selection capa-
bility provided by RUI, a specification model can be efficlgrdaptured by designers.
Based on the information profiled on the specification, desiginput architectural de-
cisions and apply the architecture refinement tool to deheearchitecture model. If the
estimated metrics are satisfactory, designers can focumimunication issues, such
as protocol selection and channel partitioning. With comioation decisions made, the
communication refinement tool is used to generate the conuation model. Finally,
the implementation model is produced in the similar fashidre implementation model
is ready for RTL synthesis.

We are currently in the process of developing tools for awtting the synthesis tasks
for system level design shown in the exploration engine. flik@rial presents automatic
RTL synthesis. The next challenge is to automatically perfarchitecture and commu-
nication synthesis.
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1.5. Design Example: GSM Vocoder

Figure 1-2. GSM Vocoder
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The example design used throughout this tutorial is the G8kbuer system , which is
employed worldwide for cellular phone network&gure 1-2shows the GSM Vocoder
speech synthesis model. A sequence of pulses is combinbdveitoutput of a long

term pitch filter. Together they model the buzz produced leyglottis and they build the
excitation for the final speech synthesis filter, which imtanodels the throat and the
mouth as a system of lossless tubes.

The example used in this tutorial encodes speech data ceedpsf frames. Each frame
in turn comprises of 4 sub-frames. Overall, each sub-fraased® samples which trans-
late to 5 ms of speech. Thus each frame has 20 ms of speech @raghiples. Each
frame uses 244 bits. The transcoding constraint (ie. badkatk encoder/decoder) is
less than 10 ms for the first sub-frame and less than 20 msdawriiole frame (consist-
ing of 4 sub-frames).

The vocoder standard, published by the European Telecomeation Standards Insti-
tute (ETSI), contains a bit-exact reference implementatibthe standard in ANSI C.
This reference code was taken as the the basis for develtipengpecification model.
At the lowest level, the algorithms in C could be directly sed in the leaf behaviors
without modification. Then the C function hierarchy was cemed into a clean and
efficient hierarchical specification by analyzing deperuiesy exposing available par-
allelism, etc. The final specification model is composed @&®lines of SpecC code,
which contains 73 leaf behaviors.
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1.6. Organization of the Tutorial

Figure 1-3. Task flow for system design with SCE
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The tasks in system design with SCE are organized as shokigume 1-3 Each of the
tasks is explained in a separate chapter in this tutorialvwWestart with a specification
model and show how to get started with SCE. At this level, wi @ working with
untimed functional models. Following that, we will look gtssem level exploration and
refinements, where the involved models will have a quantgatotion of time. Once
we get a system model with well defined HW and SW componentdfadterfaces
between them, we will proceed to generate custom hardwarpracessor specific soft-
ware. These final steps will produce cycle accurate models.

Each design task is composed of several steps like modsisaasdbrowsing, generation
of new models and simulation. Not all these steps are crmighe demo to proceed
smoothly. Some steps are marked as optional and may be dwibiotieng the course of
this tutorial. If the designer is sufficiently comfortabletiwthe tool's result, he or she
can avoid the typically optional steps of simulation andecweidwing.

If the designer is booting from the CD-ROM, the setup is ayegrepared.
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Otherwise, the designer may follow the following steps to ge the demo. Start
with a new shell of your choice. If you are working with a c-Bheun "source
$SCE_INSTALLATION_PATH/bin/setup.csh”. If you are wonlgj with bourne shell,
run "$SCE_INSTALLATION_PATH/bin/setup.sh”. Now run "sgt_demo" to setup the
demonstration in the current directory. This will add sonesvrfiles to be used during
the demo.

Acknowledgment:

The authors would like to thank Tsuneo Kinoshita of NASDAalafor his patience in
going through the tutorial and helping us make it more urtdedable and comprehen-
sive. We would also like to thank Yoshihisa Kojima of the UWssity of Tokyo for his
help in uncovering several mistakes in the tutorial’s text.



Chapter 1. Introduction



Chapter 2. System Specification Analysis

2.1. Overview

Figure 2-1. Specification analysis using SCE
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The system design process starts with the specification ihvadtéen by the user to
specify the desired system functionality. It forms the ihfuthe series of exploration
and refinement steps in the SoC design methodology. Morgibvespecification model
defines the granularity for exploration through the sizeheflteaf behaviors. It exposes
all available parallelism and uses hierarchy to group eeldtinctionality and manage
complexity.

In this chapter, we go through the steps of creating a prapeSICE and initiating the
system design process as highlighted=igure 2-1 The various aspects of the speci-
fication are observed through simulation and profiling. Als® model is graphically
viewed with the help of SCE tools.
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2.2. Specification Capture

The system design process starts with the specification ihvadtéen by the user to
specify the desired system functionality. It forms the infmuthe series of exploration
and refinement steps in the SoC design methodology. Morgibvespecification model
defines the granularity for exploration through the sizehefteaf behaviors. It exposes
all available parallelism and uses hierarchy to group eeldtinctionality and manage
complexity.

In this section, we go through the steps of creating a profe&CE and initiating the
system design process. The various aspects of the speoifiGae observed through
simulation and profiling. Also, the model is graphically wied with the help of SCE
tools.

The models that we will deal with in this phase of system deaig untimed functional
models. The tasks of the system specification, referred teehaviors in our parlance,
follow a causal order of execution. The main idea in thisiseds to introduce the user
to the SCE GUI and to demonstrate the capability of graplyisawing the behaviors
and their organization in the specification model.

10
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Eile Edit Miew Project Synthesis Yalidation Windows Help

Design |Descripti0n |

X conpile | sinuiete | analyze | efne | stel |

[Ready A

To launch the SCE GUI, simply run "sce" from the shell pron(ph launching the
System-on-Chip Environment (SCE), we see the above GUIGIWids divided broadly
into three parts. Firstis the "project management" windawhe top left part of the GUI,
which maintains the set of models in the open projects. Thiglew becomes active
once a project is opened and a design is added to it. Secomélrave the "design
management" window on the top right where the currentlyaddiesign is maintained.
It shows the hierarchy tree for the design and maintain®uarstatistics associated with
it. Finally, we have the "logging"” window at the bottom of {B&JI, which keeps the log
of various tools that are run during the course of the demok&ép logs of compilation,
simulation, analysis and refinement of models.

The GUI also consists of a tool bar and shortcuts for menust@ineFile menu handles
file related services like opening designs, importing meat. TheEdit menu is for
editing purposes. Th¥iew menu allows various methods of graphically viewing the
design. TheéProject menu manages various projects. thesis menu provides for
launching the various refinement tools and making syntriesissions. Thé&/alidation

11
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menu is primarily for compiling or simulating models.

12
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The first step in working with SCE is opening a project. A pobjes associated with
every design process since each design might impose adtiffeet of databases or
dependencies. The project is hence used by the designestiontize the environment

for a particular design process. We begin by seledBrmject— Open from the menu
bar.

13



Chapter 2. System Specification Analysis

2.2.2.1. Open project (cont'd)

Eile Edit Miew Project Synthesis Yalidation Windows

Help

Laok in: |aa’h0mefspeccfdemn.-’

@.

=]

& SCE_Tutarial
=i

B vocodersce

File name: |vocoder.sce

Models File type:  SCE Project Files (*.sce)

=l

| Open |

Cancel |

X compile |

|

Select project to open...

)

A Open file window pops up. For the purpose of the demo, a projectasgpeated. We
simply open it by selecting the project "vocoder.sce" arfildick on Open button on

the right corner of the the pop-up window.

14
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2.2.2.2. Open project (cont'd)

Eile Edit View Emjectlgynthesis Walidation Windows

Design | Descripti

Save A5

Add Design
Becent Projects —

Settings...

X conpile | sinuiete | analyze | efne | stel |

Project Settings

)

Since we need to ensure that the paths to dependencies exetlgoset, we now check

the settings for this precreated "vocoder.sce" projecebgcdingProject— Settings...
from the top menu bar.

15



Chapter 2. System Specification Analysis

2.2.2.3. Open project (cont'd)

nvironment

ect Synthesis “alidation Windows

L IO LY E e
----------------------------------------------------------------- B

Design | Description

Campiler |_

Include path: |srcfcnmm0n

Import path: I_Ioop:srcfclnsed_luop:srcfcudebouk:srcfupdate:srcfprocessing

Liktary path: |

Libraries: I
Defines: |
Undefines: |
Options: I—\.-'
|
_H Compile |!
Help | ok | cancel
3 A
Ready A

We now see the compiler settings showing the import pathhemntodel’s libraries and
the '-v' (verbose) option. Thénclude path setting gives the path which is searched
for header files. Thémport path is searched for files imported into the model. The
Library path is used for looking up the libraries used during compilatidhere are
also settings provided for specifying which libraries tokliagainst, which macros to
define and which to undefine. These settings basically foencémpilation command.
To check the simulator settings, left click on t&amulator tab.

16
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2.2.2.4. Open project (cont'd)

Eile Edit Miew Project Synthesis Yalidation Windows Help
De | MW &0 o] KBy K5 -]

.............................................................................. - ¥

Design

_ Simulator |

Cutput

~ Mo terminal | Enahble logging to file

~ Terminal window

“ External console: |xterm -title %e -e

Simulation command:

ﬁ |ch_unx.inp nodt<bit nodt< && diff -5 srofspeechfiles/nodi<_good. hit nodt< hit
Madels

H Compile |
ﬂl OK | Cancel
4

[Ready

)

We now see the simulator settings showing the simulation ncand for the
"vocoder.sce" project. There are settings available teatdlithe output of the model
simulation. As can be seen, the simulation output may betideto a terminal, logged
to a file or dumped to an external console. For the demo, wetdine output of the
simulation to an xterm. Also note that the simulation comdcharay be specified in the
settings. This command is invoked when the model is val@lafeer compilation. The
vocoder simulation processes 163 frames of speech and thetesimatched against a
golden file. Pres®K to proceed.

17
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2.2.3. Open specification model

vocoder.sce - SoC Environment (on dacite.ece.neu.edu)

We start with the specification that was already capturednasdel. We open this model
to see if it meets the desired behavior. Once the model idat&d to be "golden”, we
will start refining it and adding implementation details toWe open the specification
model for the Vocoder example by selectifide— Import from the menu bar.

18
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2.2.3.1. Open specification model (cont'd)

Import (on dacite.ece.neu.edu x
Look in: |'33/student/jfevold/project/vocoder/ _"l - | | ek || & ﬁil
a. —src
~ip
= SCE_Tutorial
File name: |testbench.sc Open
File type:  SpecC files (*.sc) /| cancel

4

A file Open window pops up showing the SpecC internal representatili?) (8es. The
internal representation files are a collection of data stmes used by the tools in the
environment. They uniquely identify a SpecC model. At timset however, the design
is available only in its source form. We therefore need tot stéh the sources. Select
"SpecC files (*.sc)" to view the source files.

19
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2.2.3.2. Open specification model (cont'd)

Eile Edit Miew Project Synthesis Yalidation Windows

Help

Design

Laok in: |aa’h0mefspeccfdemn.-’

@.

=]

& SCE_Tutarial
=i

P& testhench.sc

File name: |testbench.sc || Open
~I.

Models File type:  SpecC filas (*.5c) — | Cancel |

|

H Compile |

Select design to open... 4

The Open is updated to show the available source files of the GSM Vacddeign
specification. Select the file containing the top hierarchghe model. In this case, the
file is "testbench.sc". The testbench instantiates thegdasnder-test (DUT) and the

corresponding modules for triggering the test vectors amabserving the outputs. To
open this file Left click orOpen.

20
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2.2.3.3. Open specification model (cont'd)

vocoder.sce - SoC Environment (on dacite.ece.neu.edu) -0x
File Edit View Project Synthesis Validation Windows Help

N & nlél;;locu[' K@ X
T ————
Design \namipuon I
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WE]
= W testbench
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W yocoder Vocoder
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¥ Decoder_Homingframe_Test
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Madels | Imports |_:::

* Compile | simuiate | verity | Analyze | Refine | synthesize | snen |

| |Preprocessing. ..
| |Parsing. ..

| |Dumping. ..

| |Done.

i i
Ready 4

Note that a new window pops up in the design management atehasl two

sub-windows. The sub-window on the left shows the Vocodsigitehierarchy. The
leaf behaviors are shown with a leaf icon next to them. Fotaimse, we see two
leaf behaviors: "stimulus”, which is used to feed the testtaes to the design, and
"monitor”, which validates the response. "coder” is the bghavior of the Vocoder
model. It can be seen from the icon besides the "coder" beh#vat it is an FSM

composition. This means the Vocoder specification is cagtuas a finite state
machine. Also note in the logging window that the SoC desiga been compiled
into an intermediate format. Upon opening a source file inedesign window, it is
automatically compiled into its unique internal represdion files (SIR) which in turn

is used by the tools that work on the model.
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2.2.3.4. Open specification model (cont'd)

vocoder.sce - SoC Environment - p - testbench - testbench.sir [read-only]] (on dacite.ece.neu.edu
O File Edit View Project Synthesis Validation Windows Help >ixixI
D HE S o0 XM X [fFizbk:-5t B0
Design |Dewiptlon ” Pame - po - — by
- 8 Ip_analysis LP_Analysis T |reset Ires
— & init LP_Analys... < dtx_mode inb
= seqt LP_Analys... &’L_pn_seed tx out
- az_|sp_1 Az_Lsp & pteh inb
-#Faz 1sp 2 Az Lsp e ins
— & copy1 LP_Analys... & reset_flag inb
: Vad_Lp | r_h ins
&1l seq2 LP_Analys... Fr_| ins
—& no_speech... No_Speec... J M_m_s i
Models [imports | || Hierarchy | Benaviors | Ghannels | I

* Compile | simuiate | verity | Analyze | Refine | synthesize | snen |

| |Preprocessing. ..
| |Parsing. ..

| |Dumping. ..

| | Done.

The model may be browsed using the design hierarchy windavallél composition is
shown with || shaped icons and sequential composition wishaped icons. On select-
ing a behavior in the design hierarchy window, we can see ¢ha\dor’'s characteristics
in the right sub-window. For instance, the behavior "vad has ports shown with yel-
low icons, variables with gray icons and sub-behaviors Witte icons.
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2.2.3.5. Open specification model (cont'd)

Name |y'p3 I
| | p Name
LX) testbench GSM_Voc...
-4 stimulus Encoder_S... & Coder
&1l vocoder Vocoder O [reset
& speech Speechin - dtx_mode
& < serial
& pre pr Source... rocess -’ speech_samp
&+ 8 coder Chart... h | 12Kk2 P txdtx_ctrl
¥ seq Connectivity. .. | 12k... I~ @local_dtx_moc
Zip e halysi - oprm
-] p_ 'lsolale yS:s — a?mal’ flan 1 i
ope Loop 4| e —
Models | Import ] Hierarchy - i R
s | Imports -1 Hiera Behaviors aw I
— Delete |
k-
: Compile |Simulala |Verify |Al1alyze |Haﬁ| Rename shell
Calculate global function statisti
i Calculate channel statistics ... Change Type
| |*#¥% End: Behavior profiling
Writing output file: /home/student/jfe Set As Top-Level loder/vocoderSpec.profiled.sir
Graphs -~ i
Ready v

Before making any synthesis decisions, it is important tdewstand the composition of
the specification model. It is useful because the compaosigally tells us which fea-
tures of the model may be exploited to gain maximum proditgtidaturally, the most
intuitive way to understand a model’s structure is througiraphical representation.
Since system models are typically very complex, it is momevenient to have a hier-
archical view which may be easily traversed. SCE providestch a mechanism. To
graphically view the hierarchy, from the design hierarchpdow, select "coder”. Right
click and selecHierarchy. Notice that the menu provides for a variety of services on
individual behaviors. We shall be using one or more of thas#uie course.
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Chapter 2. System Specification Analysis

2.2.4. Browse specification model

E [=I[Ex]
dation Windows Help
| —— IEFEBe ®
—1| Window Miew
— ol .4
I
D | Mame % |Type
ain 7 db¢_mode i_receiver
P o serial i_sender
[ = Pre_process P speech_samples i_receiver
. C:.’f;alzkz 9 tedte_ctrl i_sender
o B Ip_analysis @ local_dt<_mode bool .
Finit @ prm shart int [57]
I seq1 g reset_flag_1 hool
A az_lsp_1 @reset_flag_2 hoal
W az_lsp_z ¢ speech_frame  short int [160]
M copy? @ 5yn short int [160]
@ vad_lp otbct_val  shortint
=3 | BT P e amn
T = =
py_[TBehaviors | 61| | _|
=
|
Tore,
Ready 7

A new window pops up showing the Vocoder model in graphicahfoAs noted earlier,
the specification is an FSM at the top level with three statgseprocessing, the bulk
of the coder functionality itself and finally post-processi
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2.2.4.1. Browse specification model (contd)

= [=IEix
dation Windows Help
[ X[EFE[ B ®
incow |ew|
EEA — w|a
_D Connectivity ]
] Zoom in Ctrl++ _ | Name |Type
ain 7 db¢_mode i_receiver
Zoom gut Ctrl+- X .
P o serial i_sender
Add level Cirl+A H E prZ—praczekszs o+ speech_samples i_raceiver
Remove level Cirl+R T -_C;.seé?ﬂ O beidts_ctrl i_sender
- = Ip_analysis @ local_dt<_mode bool .
Finit @ prm shart int [57]
I seq1 g reset_flag_1 hool
A az_lsp_1 @reset_flag_2 hoal
W az_lsp_z ¢ speech_frame  short int [160]
M copy? @ 5yn short int [160]
@ vad_lp otbct_val  shortint
- 1 seq? G dmn Ao 4
=
X
(=Igks
Tore,
Ready 7

At this stage, we would like to delve into greater detail of gpecification. To view

the model graphically with higher detail, sel&ew—Add level. Perform this action

twice to get a more detailed view. As can be seenMiesv menu provides features like
displaying connectivity of behaviors, modifying detaivé and zooming in and out to
get a better view.
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2.2.4.2. Browse specification model (contd)

= EE
Fi i i i i dation Windows Help
o _ o i i R
—1| Window M
|| — ol .4
_D Connectivity ]
] Zoom in Ctrl++ _ | Name |Type
ain 7 db¢_mode i_receiver
Zoom gut Ctrl+- X .
P o serial _sender
Add level Cirl+4 H E prZ—praczekszs o+ speech_samples i_raceiver
Remove level Cirl+R T -_C;.seé?ﬂ O beidts_ctrl i_sender
- = Ip_analysis @ local_dt<_mode bool .
Finit @ prm shart int [57]
I seq1 g reset_flag_1 hool
A az_lsp_1 @reset_flag_2 hoal
W az_lsp_z ¢ speech_frame  short int [160]
M copy? @ 5yn short int [160]
@ vad_lp otbct_val  shortint
- 1 seq? G dmn Ao 4
=
X
Tore,
Ready 7

Zoom out to get a better view by selectiWgew—Zoom out
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Chapter 2. System Specification Analysis

2.2.4.3. Browse specification model (contd)

Lim

Window  Wiew

I

|Type
7 dt¢_mode i_receiver
o serial i_sender
o+ speech_samples i_raceiver
1 9 tedte_ctrl i_sender
analysis @ local_dt<_mode bool .
Finit @ prm short int [57]
seql @ reset_flag_1 hool
Faz_lsp_1 @ reset_flag_z bool
faz_lsp_2 @ speech_frame  short int [160]
f copy & 5yn shart int [160]
wad_Ip o baibe_ctrl_val  short int
[ .

_

| 12k2

d J

Scroll down the window to see the FSM and sequential comipasdf the Vocoder
model. Note that the specification model of the GSM Vocodersdaot contain much
parallelism. Instead, many behaviors are sequentiallgweel. This is due to the several
data dependencies in the code. For our implementatioristaisimportant observation.
Since there is not much parallelism in the code to exploggesiup can be achieved only
by use of faster components. One way to speed up is to useadiedlicardware units.

Exit the hierarchy browser by selectivgindow—Close
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Chapter 2. System Specification Analysis

2.2.5. View specification model source code

=I[ES

Eile Edit Wiew Project Synthesis Validation Windows

Help

A
A Delete el

& speech_frame
A Rename @syn

g & batbe_ctrl_val
a8 | G

Change Type

’ — 1
Design |Descr|pt|0n | N [ wame 5 IType
7 dt¢_mode i_receiver
o sarial i_sender
- 7 speech_samples i_receiver
- & code Higrarchy... 7 tectt_ctrl i_sender
| S Connectivity.. @local_dt<_mode  bool
m-Ep— )
A lsolate @ prm shart int [37]
|ﬂrap @ reset_flag_1 hool
@ reset_flag_2 boal

shart int [160
shart int [160
short int

[ SetAs Top-Level 1

Hierarchy J

Graphs

Input: "testhench,si"
Output: <internal representation’
Tumping., . .
Input: <internal representation?
Output ; "testbench,sir"
Tore,

% Complle | sinuite | Analyze | Refne | Synthesize | shel |

Ready

24

We can also view the source of the models conveniently in $OEexample, to check
the source for behavior "coder", just click on the row in therarchy to select it. Then

right click to bring up a menu and click ddource.
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2.2.5.1. View specification model source code(contd)

(=B
=S

File Edit Search Wiew
4 3

=

void main(void)

=
#ifdef PIPED_CODER
pipe
=] i
iost Filter + downscaling *i
i pre_process.main();

{ St Find speech parameters 2
i coder_12k2.main();

S rnsert comfort noise and converd parameters fo serisl bits S
i post_process.main();

felse
fsm
=] i
P filter + downscaling i
| pre_process:

| /* Find speech parameters 2
i ocoder_tzk2:

S Ensert comfort nolse snd conwvert parameters to serisl Bits
| post_process: §

goto pre_process;
i3

=]
H

d fendif

|

[ [Line: 60 Col: T4

Z

i

s

The SpecC Editor pops up containing the source code for the selected behavior
Changes to the source code can be made using the editor.ré¥iewing the source
code, close the editor by selectiRge— Close from its menu bar.
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Chapter 2. System Specification Analysis

2.3. Simulation and Analysis

Once we have captured the specification as a model and brdtreed)h its behavioral
hierarchy and connectivity, we need to ensure that our fipaton is correct. We also
need to analyze our specification model to derive intergsilvservations about the na-
ture of the computation. The check for correctness is donsitlating the model.
Note that the model is purely functional, so the simulationsrvery quickly. This is
also a good time to debug the model for functional errorsthight have crept in while
writing it.

After the model is verified to be functionally correct, we peed to the analysis phase.
For this, we need to profile the model using the profiling toaikable in SCE. The
profile gives us useful information like the about of compiata, its distribution over
the various behaviors in the model and its nature. This mé&dion is need to make
crucial architectural choices as we will see as the demogads.
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2.3.1. Simulate specification model

Chapter 2. System Specification Analysis

=I[ES

File Edit Yiew Emjectlﬁynthesis Walidation Windows

Help

=0
Open...
Design |Descr|pt| €3 Close [rame o |Type
Save ain 7 db<_mode i_recaivar
Save As. P o+ serial i_sender
Add Design ["} ; ELZ;ﬁﬂCZBkZS Er; g;;z:ch_samples ?_receiver
- . cirl i_sender
(el PIEEES b - seq . local_dt<_mode  hool
Setings - B Ip_analysis LF, G obal_tit -
El Finit | @ prm short int [37]
I seq1 LF, g reset_flag_1 hoaol
A az_lsp_1 Az @reset_flag_2 haol
W az_lsp_z ¢ speech_frame  short int [160
M copy & 5yn short int [160
@ vad_lp obaibct_val  shortint
- 1 seq? P e an
=1 1 =
Hierarchy J

mpile_ | Simuate | Analyze | Rene | syntesize | shel |
o Sinuiete | Anslyee | Riefine | Symihesize | Shel |

__ECD

Input: "testhench,si"
Output: <internal representation’
Tumping., . .
Input: <internal representation?
Output ; "testbench,sir"
Tore,

Add Desgign to Project

24

We must now proceed to validate the specification model. Ramee that we have a
"golden” output for encoding of the 163 frames of speech. $pecification model
would meet its requirements if we can simulate it to produceact match with the

golden output. In practice, a more rigorous

validation psxcis involved. However, for

the purpose of the tutorial, we will limit ourselves to onensiation only. Start with
adding the current design to our Vocoder project by selgddroject— Add Design

from the menu bar.
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2.3.1.1. Simulate specification model (cont'd)

ce - SoC Environment

Eile Edit Wiew Project Synthesis Validation Windows

Help

Dz =Ed 8 ve XbEn X[ FF
................ ﬂ

W az_lsp_z
¥ copyt
& vad_Ip
=3 | BT

|~
Hierarchy

& speech_frame

@ EYn
& todt<_ctrl_val
[

Design I Descriptionl [ Nline |Ty [J Mame IType
L {jestance sir -4 tain 7 dt¢_mode i_receiver
D—P o serial i_sender
2 E pre_process Pre 7 speech_samples i_receiver
O & coder_1zkz Lo G tectte_ctrl i_sender
i @ local_di<_mode hool
@ prm short int [37]
1l seq LP| @ reset_flag_1 bool
A az_lsp_1 Az @reset_flag_2 haol

shart int [160
shart int [160
short int

_

% Complle | sinuite | Analyze | Refne | Synthesize | shel |

Input: "testhench,si"
Output: <internal representation’
Tumping., . .

Input: <internal representation?
Output ; "testbench,sir"
Tore,
Ready

24

The project is now added as seen in the project managemeks$pawe on the left in the

GUL.
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2.3.1.2. Simulate specification model (cont'd)

Eile Edit Wiew Project Synthesis Validation Windows Help

[ Name IType
Opern 7 dt¢_mode i_receiver
o7 serial i_sender
Delete Del} & pre_process Pre o speech_samples i_receiver
. _ _
Rename... |- C:.’f;alzkz Eg G tectte_ctrl i_sender
Change Descriptian... - 8 Ip_analysis LF, @ local_dt<_mode bsﬁltl -
i rm short in
Statistics... & init | oF [57]
Il seql LP, @ reset_flag_1 hool
A az_lsp_1 Az @reset_flag_2 haol
W az_lsp_z ¢ speech_frame  short int [160
M copy & 5yn short int [160
@ vad_lp om ot val - shortint
- 1 seq? o e an
U —— |
Hierarchy J

X conpis | Sinuste | anslze | Remne | synvesiz | She |

Input: ‘"testhench.zi"
Output: <internal representation’
Tumping., . .
Input: <internal representation?
Output ; "testbench,sir"
Tore,

[Ready A

We must now rename the project to have a suitable name. Reenghdi our method-
ology involved 4 models at different levels of abstractiés. these new models are
produced, we need to keep track of them. Right click on "&sth.sir" and seled®e-
name to rename the design to "VocoderSpec". This indicates timatctirrent model
corresponds to the topmost level of abstraction, namelgpleeification level. Note that
the extension ".sir" would be automatically appended. Alete that a model may be
made activated, deleted, renamed and and its descriptiaiifistbby right click on its
name in the project management window.
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2.3.1.3. Simulate specification model (cont'd)

Eile Edit Wiew Project Synthesis Vglidatiunlﬂindows Help
|D = [ (=l I é“b OIJ_} = Enahle Instrumentation |a @O
- E Comii i derspec.sir
E Simulate - i [Namen IType
LS e MElEl 7 dt¢_mode i_receiver

Eill simulatian

o serial i_sender

Wiew Log... 7 speech_samples i_receiver
Profile 2 tedte_ctrl i_sender

@ local_di<_mode hool
Analyze & prm shart int [57]
Evaluate @ reset_flag_1 boal
hetrics... @ reset_flag_2 boal

& speech_frame  shortint [16C

Show Estimates

Estimat G syn shart int [160
St gtxdtx cirl_val short int
Analyze RTL s o PR
= 2 S T
Hie @ Stop ]

X conpil | simuate | analyze | Refne | Synthesia | shel |

# sir_rename -i Jhomefpeng jfdemostesthench,sir -0 Jhome/peng jfdeno/VocoderSpec..sir testhench VocoderSeec

Compile A

After the project is renamed to "VocoderSpec.sir", we needampile it to produce an
executable. This may be done by selectifagidation— Compile from the menu bar.
Note that the validation menu also provides for code insamtation which is used for
profiling. Moreover, we have choices for simulating the mpdgening a simulation
terminal, killing a running simulation, viewing the log,qfiling, analyzing simulation
results, model evaluation, displaying metrics and esematc. All these features will
be used in due course of our system design process.

34



Chapter 2. System Specification Analysis

2.3.1.4. Simulate specification model (cont'd)

- SoC Environment

Eile Edit Wiew Project Synthesis Validation Windows Help

| rame |T$" [J Mame IType
-4 tain 7 dt¢_mode i_receiver
D‘P o serial i_sender
a E PrE_process Pre o speech_samples i_receiver
il %‘f;—‘sz Eg 2 tedte_ctrl i_sender
o= Ip_qanalysis LP) @ local_di<_mode hool .
Finit | @ prm short int [37]
I seq1 LF, g reset_flag_1 hoaol
A az_lsp_1 Az @reset_flag_2 haol
W az_lsp_z

& speech_frame  shortint [16C
& 5N short int [16C
gtxdtx cirl_val short int

¥ copyt
& vad_Ip
=3 | BT

U —— T

Hierarchy J

M conpil | simuate | analyze | Refne | Synthesia | shel |

Input: "VocoderSpec. cc

Output s "VocoderSpec,o"
Linking., ..

Input: "VocoderSpec.o!

Output ; "VocoderSpec”
Tore,

[Ready A

Note that in the logging window we see the compilation messamnd an output exe-
cutable "VocoderSpec" is created.
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2.3.1.5. Simulate specification model (cont'd)

E [=I[Bl}]
Eile Edit Wiew Project Synthesis Validation | Windows Help
|D i[ = ﬁ I &S| & | % r Enable Instrumentation |a @O

E Compile =
— Simulate [
hla) —— - | Mame % IType
LS e MElEl 7 dt¢_mode i_receiver
Kill simulation o serial i_sender
Wiew Log... 7 speech_samples i_receiver
Profile 2 tedte_ctrl i_sender
el @ local_di<_mode hool
Aanalyze & prm shart int [57]
Evaluate @ reset_flag_1 boal
hetrics... @ reset_flag_2 boal
Show Estimates @ speech_frame  shor int [160
Estimat & 5N short int [16C
SIS b ctr_val  short it
Analyze RTL s o e amnn
= EES < s
Hie @ Stop |
X conpie | sinuiste | anaiyas | Rem | syrtasie | shel |
-—————————————
Input: "VocoderSpec. cc
Output s "VocoderSpec,o"
Linking., ..
Input: "VocoderSpec.o!
Output ; "VocoderSpec”
Tore,
Simulate A

The next step is to simulate the model to verify whether it t®@&ir requirements or
not. This may be done by selectiglidation— Simulate from the menu bar.
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2.3.1.6. Simulate specification model (cont'd)

=I[ES

i Help

EJ_ frame=147 encoding delay = 0,00 mz

I frame=148 encoding delay = 0,00 ms

— frame=149 encoding delay = 0,00 ms

Ly frame=150 encoding delay = 0,00 mz IT .

m frame=1h1 encoding delay = 0,00 mz ye
frame=152 encoding delay = 0,00 ms e i_receiver
frame=153 encoding delay = 0,00 ms i sender
frame=154 encoding delay = 0,00 mz -
frame=155 encoding delay = 0,00 ms |samples i_receiver
grame=1g$ encoﬂing geiau = g,gg mz | i_sender

rame= encoding delay = 0,00 mg
frame=158 encoding delay = 0,00 ms _mode  boal
frame=159 encoding delay = 0,00 ms shart int [37]
frame=160 encoding delay = 0,00 mz g1 boo
frame=161 encoding delay = 0,00 ms -
Framz=162 encoding delay = 0,00 ms g2 boo
frame=163 encoding delay = 0,00 ms | frame short int [16C
done, 163 frames encoded short int [160
1_wal short int
les =rc/speechfiles/nodtx_good,bit and nodtx,bit are identical TP St 4o
mulation exited with status 0 I
ezz return to continue ..,

X conple | smusts | nsze | Remne | synresz | She |

4 xterm -title VocoderSpec -e /bindsh o . /VocoderSpec srodspeechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
t -z src/speechf iles/nodbx_good.bit nodtx.bit: echo "Simulation exited with status #7" fecho "Press return
to continue ..." :read conficm

[Ready A

Note that an xterm pops up showing the simulation of the Vecsgecification model

on a 163 frame speech sample. The simulation should finisbatty which is indicated

by the exit status being '0’. It can be seen that 163 speechefsavere correctly simu-
lated and the resulting bit file matches the one given wittvtdeader standard. It may be
noted that each frame has an encoding delay of 0 ms. This isaaube our specification
model has no notion of timing. As explained in the methodg|dlge specification is a
purely functional representation of the design and is diwditiming. For this reason,

all behaviors in the model execute in 0 time thereby givingeaooding delay of 0 for

each frame. Press RETURN to close this window and procedeetoext step.
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2.3.2. Profile specification model

= I
Eile Edit Wiew Project Synthesis Validation | Windows Help
| N qu'[ | [ él:; Y ¢ | % - Enable Instrumentation |a @ | o
X E Elatifpe Lsir [read-only]
I == ; -
i Simulate
IDESC”pl 1 T — : ! [Name i |T5"Pe

LS e MElEl - 7 dt¢_mode i_receiver
Eill simulatian = o serial i_sender
Wiew Log... 7 speech_samples i_receiver
Profile 9 tedte_ctrl i_sender
ol @ local_dt<_mode bool
Aanalyze & prm short int [57]
Evaluate @ reset_flag_1 baal
hetrics... G reset_flag_2 hoal
Show Estimates @ speech_frame  shortint [160]
Estimat & 5N short int [160]
Etimate obedb_ctr_val  shortint

— analyze RTL L NP T e

Hic @ Stop |

X conple | smusts | nsze | Remne | synresz | She |

4 xterm -title testbench -e /bindsh -c ,/testhench src/speschfiles/spch_unx, inp nodbx,bit nodbx 22 diff -=
zro/speechf iles nodtx_good,bit nodtx,bit: echo "Simulation exited with status $7" recho "Press return to o
ontinue ,.." iread confirm

Simulation exited. exit status: O

Profile

24

In order to select the right architecture for implementihg thodel, we must begin by
profiling the specification model. Profiling provides us witteful data needed for com-

parative analysis of various modules in the design. It atsmts the various metrics

like

number of operations, class and type of operation, dataagxgdd between behaviors
etc. These statistics are collected during simulationfilirg may be done by selecting

Validation—Profile from the menu bar.
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2.3.2.1. Profile specification model (contd)

vocoder.sce - So0C Environment

Help

| Mame |Ty
-4 Main

il Mame Type

> BT || (%o
M- B pre_process Pre |- dtx_mode i_receive
[ B coder_12kZ Co | serial i_sender

—!59[11 . co -5 speech_samples i_receive
- & lp_analysis LP o berdte_ctrl i_sender
ﬂ;n;tm | - ¢ local_di<_mode hool

A az_lsn_1 Az, = @ prm short int [

- @ reset flag_1 bool

A copyl - @ reset flag_2 boal

% vad_lp - @speach_frame  shortint [
- 1 seq? L ncun shart int T
o — = I

Hierarchy

W az_lsp_z

% Compile | Sinuite | Aralyze | Refne | Synthesize | shel |

Comput.ing statistics for operationsz

Computing statistics for traffic

Comput.ing =tatistics for storage

Annotating statistics to SIR file
Erd 1 Behavior profiling

Ready

24

The logging window now shows the results of the profiling coameh. Note that there
Is a series of steps for computing statistics for individuatrics like operations, traffic,
storage etc. Once these statistics are computed, they aotaded to the model and
displayed in the design window.
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2.3.2.2. Profile specification model (contd)

[=I[Bl}]
Eile Edit Miew Project Synthesis Walidation Windows Help =|=|x
| i p
10 EEae| el
Il -
r Type M Code . Compu.tatlon
[expressions] | [operations]
1 16674 1312353169
- B pre_process ode i_receiver
- 8 coder_12k2 | i_sender
A sen ch_samples i_receiver
2 Ip'_analysis cirl i sender
init r —
M seql | dt<_mode boal _
Faz_lsp_1 shart int [57]
Waz_lsp_z | flag_1 hool
A copyl | flag_2 bool
B vad_lp ch_frame  shortint [160]
Il seq2 shart int [160]
A no_speech = | cti_val  shortint
e Dﬁgi“?g‘fp r_12kz Coder_12k2 163 16004 11564811
@ subfr;mes |process Fost_Frocess 163 359 21017
il £l Lcncnn Fiee Menooas A San 1 acazn |
| I = =~ I -
todals | Imports | Sources Hierarchy | Behaviors I C: | 1 Raw |
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
55 Comput.ing statistics for operationsz A
Computing statistics for traffic
Comput.ing =tatistics for storage
Annotating statistics to SIR file
Erd 1 Behavior profiling
Ready A

It may also be noted that the design management window nowdvagolumn entries
that contain the profile data. Maximize this window and dawlkhe right to see vari-
ous metrics for behaviors selected in the design hieraiidig.current screen shot shows
Computation, Data, Connections andTraffic for the top level behavior "coderCom-
putation essentially means the number of operations in each of thavimas. Data
refers to the amount of memory required by the behaviGmnections indicate the
presence of inter-behavior channels or connection threaghblesTraffic refers to the
actual amount of data exchanged between behaviors. Thesetay also be obtained
for other behaviors in the design besides "coder".
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Chapter 2. System Specification Analysis

2.3.3. Analyze profiling results

= | wocoder.sce - 50C Environment - [Shifi_Signals - YocoderSpec - YocoderSpec.sir’] |Q|E|E
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
Dz g g ve xbn X BEFEE| 8| 0
X (!

. [ Mame |Type | Mame Type N Code
Design A - rain [Expre
LR B coder Code Boshin_signals 163

- B pre_process Pre_F P old_exc inout short int [314]
B 8 coder_12k2 Code ¢ old_speech  inout short int [320]
et old_wsp inout short int [303]
G tdt_ctrl out short int
& tefbe_ctri_cur in short int
Al als
B+ B post_process /
-l | =R T - ] | =
Models | Imparts | Sources Hierarchy | Behaviors | Channels | Raw
__E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |
i Computing statistics for operations A
Computing statistics for traffic
Computing statisztics for storage
Annotating statistics to SIR file
End: Behavior profiling
[Ready A

Once we have the profiling results, we need a comparative/sisadf the various be-
haviors to enable suitable partitioning. Here we analyzesitt most computationally
intensive behaviors namely "Ip_analysis", "open_looplesed_loop", "codebook_cn",
"update” and "shift_signals." They may be multi-selectedhie design hierarchy by
pressing CNTRL key and left clicking on them. These pardcbehaviors were selected
because these are the major blocks in the behavior "code2" 1&hich in turn is the
central block of the entire coder. Thus the selected bemagimow essentially the major
part of the activity in the coder. We ignore the pre-proaegsind the post-processing
blocks, because they are of relatively lower importance.
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2.3.3.1. Analyze profiling results (cont'd)

= | vocoder.sce - 50C Environment - [Open_Loop - YocoderSpec - YocoderSpec.sir'] [EEIE
[ Eile Edit ¥iew Project Synthesis Validation Windows Help =|=| x|
N B0 & ve XbB K FEE| s ®
X il
] | |t |Type Mame Type il
A & vain
- coder Code & Open_Loap 11
B+ B pre_process Pre_F et in shart int [4)[11]
- = coder_12k2 Code T max_1 out short int
¢ T0_max_2 out short int
. P T0 min_1 out short int
" Source... n_2 out shart int
¢ Hierarchy... nde in hool
ech in shortint *

: Connectivity...

— out bool

f LmlEiE flag in bool

j Wrap il in short int
Delete Del inout short int

shott int [11]

3 i R
L i short int [11]

. g
E- & post_process f Change Type et it 1441 £
N = ||~ : SetAs Top-Level = =
hodels | Imparts | Sources Hierarchy | Behaviors | Channels |w
raphs " Code... —
__ﬂ Compile | Simulate | Analyze | Refine | Synthesize | Shell | Computation...
: Computing statistics for operations Data... Al
Computing statistics for traffic Hea
Comput ing statistics for storage -
Annotating statistics to SIE file Connection...
End: Behavior profiling Trafiic
Computation graph A

In order to select a suitable architecture for implementimg system, we must per-
form not only an absolute but also a comparative study of traputation require-
ments of the selected behaviors. SCE provides for graphieal of profiling statistics
which may be used for this purpose. After the multi-selettige right click and select
Graphs—Computation from the menu bar.

42



Chapter 2. System Specification Analysis

2.3.3.2. Analyze profiling results (contd)

= | vocoder.sce - 50C Environment - [Open_Loop - testbench - testhench.sit™ [read-only]] [EEIE
']_E|i|e Edit ‘iew Project Svnthesis ‘Yalidafion ‘Window: Help =|=] x|
— = | testhench - Operation Graph |[=1[=[]
i [ : B | @
—| Window Miew Arrange [
B g
ol Operation Profile [ | Mame Tupe
mi Rel. operations
O . & Open_Loop _ .
.c.,..,p.m.,.. o et in shart int [4][11]
- - dbs_mode in hool
M - — e P .. -¢7 p_speech in shart int *
¢+ ptch aut bool
e reset_flag in hool
L . S Rl - TO_max_1 aut short int
P TO_max_2 out short int
@ TO_min_1 out short int
Ll i i . L T0_min_z2 aut short int
o becite_ctr in unsigned kit[5:
o i G wsp inout short int ©
. . . L o apT shart int [11]
& & S }df || F oan2 shart int [11]
o f 3}“# noas bt i 147 /
- o r g = — e
- ~] =
Models [ Imports | Saurces T[T Hierarchy [ Behaviors | Channels Raw |
__ﬂ Compile | Simulate | Analyze | Refine | Shell |
Compuing stalisics 1or operaiions _\
Computing statistics for traffic
Caomputing statistics for starage
Annotating statistics to SIR file

End: Behavior profiling J‘

|I;:eady A

We now see a bar graph showing the relative computationahgity of the various

behaviors in the selected behaviors. Essentially, thehgsppws the number of opera-
tions on the Y-axis for the individual behaviors on the Xsaxdouble click on the bar

for codebook_cn to view the distribution of its various cgterns. Note that we select
"codebook_cn" because it is the behavior with the most caatimmal complexity.

Note that the bars representing the computation for "codkbaon” and "closed_loop™
have two sections. The lower section is filled with red colwd ¢he upper section is par-
tially shaded. Each speech frame consists of four sub-fszame the behaviors "code-
book_cn" and "closed_loop" are executed for each subframentrast to other behav-
iors in the graph, which are executed once. Hence the filletioseof the bar represents
computation for each execution of behavior and the comblat€including the shaded
section) represents computation for the entire frame.
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2.3.3.3. Analyze profiling results (cont'd)

§|m o ISEIE
L i Help =|~| %]
—z|m DIEHEB l .l
—| #indow Miew  Arrange
_D | codebook_cn - Operation Chart U ame Type ol ;tf
~T| | Fel. operations Window  Customize & Update G52
T Computation o ana. aut shart int
[operations] o Ag in short int [11]
FM— - — - o CM_excitation_gain in short int
Raw: o code in short int [40]
[l contron P e inout short int [40]
2M-— - — - lmcess e gain_code in short int
l ALU - gain_pit in shart int
l Other P i_subfr in int
MW -7 mem_err out shart int [10]
- mem_wo aut short int [10]
o 7 reset_flag in kool
. 7 speech_i in shor int [40]
ﬁ“ - synth_i out shortint [40]
|| & o AT bbb e s seicne, - £
. ] | =
Models | Imports Raw I
I . codehook_cn
X compile | Simme T
R T 1 ] T
E anpuung sta'ﬂs TCS T0r OPEranons 5
Computing statistics for traffic
Computing statistics for storage
Annotating statistics to SIR file
End: Behavior profiling J‘
[Ready A

A new window pops up showing a pie chart. This pie chart shdwesdistribution of
various operations likA&LU, Control, MemoryAccess etc. We are interested in seeing

the types ofALU operation for this design. To do this double click on the Alddeen)
sector of the pie chart.
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2.3.3.4. Analyze profiling results (cont'd)

= [Vocoder sce - 50C Environment - [Update - VocoderSpet - Vocoderspec.si] IR
- ) ) ) ) o ) Help w [ %]
— =|vocoderspec - Operation Graph (==
g . Ble
—| Window View Atrange I
= = codebook_cn - Operafion Chart el Name Type o [';f
i Rel.ql::eralions Window Customize & Update G52
Computation b ana aut shart int
[codebaok_cn - Operation Chart [Bkx]|  inshortint[11]
sl - — - — P _gain in short int
Window  Customize in short int [40]
ALU inout short int [40]
B B [operations)] in short int
in short int
Raw: in int
M 1 [l 1t aLu aut short int [10]
out shart int [10]
o in kool
" in shart int [40]
ﬁ“ out shart int [40]
|| & o - £
~l - =
Models [ Imports
C
Compile | Simisme—g o T
? P T 1
i COMpUing statsics 1q i
Computing statistics fi
Computing statistics fi codebook_cn
Annotating statistics t
End: Behavior profiling J‘
[Ready A

A new window pops up showing another pie chart. This pie claotvs the distribution
of ALU operations. It can be seen that all the operations are intgggrations, which
is typical for signal processing application like the Voeadsince all the operations are
integral, it does not make sense to have any floating poins imithe design. Instead,
we need a component with fast integer arithmetic like a D8Rek the distribution of
these integer operations, again double click on the pie.char
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2.3.3.5. Analyze profiling results (cont'd)

§|m T IS
i i Help =|~| %]
T |m I_l_l_b I .l
—| Window view Arange I
- =[couehuak_cn - Operalion Char T2} ame - e
mi Rel.ql:::eralions Window Customize & Update G52
Computation b ana aut shart int
Codehook_ch - Operaion Char [DiER|  inshortint[11]
sl - — - ) ) _gain in short int
Window Customize o ot int 1]
SO S
| N peration Chart “—l—l—t ©o]
ZHI— - — - Window Customize
Int ALU
1 - - [operations] 10]
10]
Raw:
o [l 1ot Avith .
5* . Int Comp 4]D
& o [ wtsnire ([ | /
|| & . m
-1 B ot Logie =
Models [ Imports
C
Compile | SimLers T
A comp T |
E anpuung stahshcs 1] 5
Computing statistics fi
Computing statistics f
Annotating statistics t
End: Behavior profiling codebook cn J‘
[Ready A

A new window pops up showing another pie chart. This pie claotvs the distribution
of the type of integer operations. We can see that the mgjoirthe operations is integer

arithmetic. To view the distribution of the arithmetic opgon types, again double click
on the sector for "Int Arith".
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2.3.3.6. Analyze profiling results (cont'd)

= vocoder.sce - S0C Enviranment - [Update - VocoderSpec - VocoderSpec.sir’] [EEIE
I o ; ; . ; Help <l x]
—= - Operation Graph Dlﬁlmb I .l
—| Window View Arrange I
o = |\codeboak_cn - Operafion Chart =B rame Type n ;tf
i Rel.ql::eralions Window  Customize & Upaate B52
Computation b ana aut shart int
|meration Chart {[==i ] in short int [11]
sl - — - ) ) _gain in short int
Window Customize e et it 7]
= |\codeboak_cn - Operafion Chart ||Q|E|E|‘ ©o]
1
Rl Window QUSTq§|mperatinn Chart | E=ES]
Window  Customize
1M - .
Int Arith
[operations]
o
" Raw:
& 0nt
j ke & I +int /
Wodels | Imports ="=,int B
C Along
_,'nt =~
__ﬂ Compile | S Ltrare—y = leuint
E COMpUing statsics 1q I ——,int 11
Computing statistics fi P !
Caomputing statistics f B it
annotating statistics t [l others
End: Behavior profiling
i codehook_cn
[Ready ]

We can now observe the distribution of arithmetic operatilike "multiplication”, "ad-
dition"”, "increment”, "decrement"”, etc. on a new pie chalbte that 3 quarters of the

operations are additions or multiplications, thus it wobkla good idea to have these
two operations directly supported by a specific hardwarée uni

The combination of visual aids like bar graphs and pie chgistss a good idea of the
nature of intended system. Please close all the pop-up wisittoconclude the specifi-
cation analysis phase.
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Chapter 2. System Specification Analysis

2.4. Summary

In this chapter we looked at how to start with the system gpation and analyze its
characteristics. We were familiarized with the SCE graphiser interface and the pro-
filing, analysis and simulation tools. By means of graphtoals, we were able to tra-
verse the hierarchy of the system specification model. Geaphepresentations also
provided us with information on connectivity between babevin the design. The user
friendliness of these representations allows us to anayzeesign better which would
otherwise be very cumbersome.

Profiling and statistical data about the specification matil gives us interesting hints.
For instance, the nature of computation in the model showbkeisppropriate compo-

nents to consider for the system architecture. Similargharts and bar graphs for the
distribution of computation show us the critical behaviangl their nature. As we move
forward in the system design process, we will have to makegdetecisions at various

stages and such statistical analysis will be of great vdfuiture implementations on

the tool, these analysis results may even be fed to autoneatis to generate optimal

system architectures.
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Chapter 3. System Level Design

3.1. Overview

Figure 3-1. System level design phase using SCE

Specification

Analysis untimed

System level
Design

Architecture
Explo;ation

SW Scheduling/ timed
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Synthesis

Custom HW SW code cycle
generation generation accurate

System design is increasingly being performed at highezléeof abstraction to deal
with a variety of issues. In this chapter, we look at systevelleesign tasks with SCE
as highlighted irFigure 3-1 Firstly, we need to deal with both HW and SW in a sin-
gle model. Secondly, and more importantly, complexity lmees unmanageable. In this
chapter we will look at the system level design phase as shote above figure. This
phase comprises of architecture exploration, seriabp&RTOS insertion and commu-
nication synthesis. Architecture exploration deals wiiming up with a suitable system
architecture and distributing the system tasks in the §ipation onto those components.
Since each component has a single control, we need to gertak tasks in each com-
ponent. Tasks that are mapped to SW can be dynamically sigtedn the processor
by inserting an RTOS model. Finally, we perform communmasynthesis to come up
with a communication architecture and refine the data tearesid interfaces to use the
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Chapter 3. System Level Design

communication architecture. The goal of this phase is toecamwith a model that can
serve as an input to RTL synthesis for HW components and SWrggon for proces-
sors.
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Chapter 3. System Level Design

3.2. Architecture Exploration

Architecture exploration is the design step to find the sydevel architecture and map
different parts of the specification to the allocated systemponents under design con-
straints. It consists of the tasks of selecting the targeifsemponents, mapping behav-
iors to the selected components and implementing corrextisgnization between the
components. Note that the components themselves are indiepeentities that execute
in a parallel composition. In order to maintain the origisaimantics of the specifica-
tion, the components need to be synchronized as necessahjtekture exploration is
usually an iterative process, where different candidatditectures and mappings are
experimented to search for a satisfactory solution.

As indicated earlier, the timing constraint for the Vocodiesign is the real time re-
sponse requirement, i.e., the time to encode and decod@deets should be less than
the speech time. The test speech has a 3.26 seconds dufdterefore, the final im-
plementation must meet this time constraint. In this chapt see how we arrive at
a suitable architecture with keeping this requirement indrand using the refinement
tool.
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Chapter 3. System Level Design

3.2.1. Try pure software implementation

The goal of our exploration process is to implement the gfuastionality on a minimal
cost architecture and still meet the timing constraint. fits¢ approach is to implement
everything in software so that we do not have the overheaddihg extra hardware and
associated interfaces. To accomplish this, we first selpcbeessor out of our compo-
nent database. Thereafter, we map the entire specificatiémthis processor. Once the
mapping is done, we invoke the analysis tool to see if thegesar alone is sufficient to
implement the system.
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3.2.1.1. Try pure software implementation (cont’d)

§| vocodersce - S0C Environment - [Coder - WocoderSpec - WocoderSpec.sir] ||Q|E|E
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
Dz Ed 8 [we[X EESEEIE
X Al
i Marme IType B -
A - A raain
i & Coder
b+ B pre_process SOurce.. bss ¢ dtx_mode
B 8 coder_12k2 Hierarchy... ke - serial
A seql kZ_Seql
E}!I a . Connectivity... =54 G speech_sampl
= Ip_analysis sis 7 terlt_cr
-3 OpEn |00p |solate 4l B -
B & subframes -Wra I @local_d_mod
Fror init | 2O Init — @ prm
'fgr_bgdy‘] Delete Del _Bodyl I @reset_flag_1
B % closed_lo FEEAE nop — @reset_flag_2
AFior_bodyz _Body2 - @ speech_frame
- @ codebook Change Type _CN | - gsun
%!”DE . Set &s Top-Level I @ tedte_ctrl_val
B codeh————1
& wuile_ Graphs ~ | code _gwdter-mkz
B update Update / —mpos _Process /
I [ - ~1_] =
Madels | Imports | Sources Hierarchy | Behaviors | Channels | Raw I

E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |

Computing statistics for operations A
Computing statistics for traffic
Computing statisztics for storage
Annotating statistics to SIR file J‘

End: Behavior profiling

|I:?;eady A

Before we move on, the top level behavior of the design need tspecified. This is
necessary because the specification model may have sonbetest behaviors, which
are not going to be included in the final design. It may be tedahat the project we
are working with involves not only the design-under-test{D but also the behaviors
that drive it. For example, the behaviors "Monitor" and P&tus” are just testbench
behaviors while the behavior "Coder" represents the resigde To specify "Coder" as
the top level behavior, right click on "Coder" to bring up @pibox menu then left click
on Set As Top-Level.
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3.2.1.2. Try pure software implementation (cont’d)

50C Environment - [Coder - Yo er. Q@@
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
Dz g g ve xbB X EFEE]8s| o
| il
. i Mame IType & Eme
Desig
B Codar SECDder
B B o2 process Pre_Frocess - dibe_mode
W B coder TEAS Coger TERE Lo serial
- seqr Coter T2R2 Seg? | speech_sampl
b+ B fp_analsis LP_Anaiists o tedts
— - — . cirl
-8 open_loop Oper_Loop local d mod
-8 subames Subiranes - o /neal_tlemo
A o it Supfames_init - @prm
W or pogyr Supfames_BoayT — @reset flag_1
b & ciosed ooy Cigsed_Loow I~ @reset_flag_2
M o pody 2 Subitaines_Bodvl - @ speech_frame
[ &2 coabook_or Codatock_CN - @ syn
.! ”Oﬁ ook gﬁb ' @ tiibe_ctrl_val
B codebioo o)
— der_1zke
Wit on code Buitd CN Code gw te -
B update Lipgiate / —mpos _Process /
] [ - ~1_] =
Madels | Imports | Sources Hierarchy | Behaviors | Channels | Raw I

E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |

Computing statistics for operations A
Computing statistics for traffic
Computing statisztics for storage
Annotating statistics to SIR file J‘

End: Behavior profiling

|I:?;eady A

As shown in the figure, when the top level behavior "Coder'pisc#fied, the names of

all its child behaviors are italicized to distinguish themorh the test bench behaviors. In
general, any behavior which needs to be tested can be sqb &/&. So, in a generic

sense, the design under test can be identified by the itadidant.
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3.2.1.3. Try pure software implementation (cont’d)

Models | Imports | Sources B ETL Refinement...

§| vocodersce - S0C Environment - [Coder - WocoderSpec - WocoderSpec.sir] ||Q|E|E
[5] Eile Edit ¥iew Emject §ynthesis| Validation Windows Help =|=| x|
N/ 2@ §|;5|.¢) allocate PEs... =N .|
© ofy Show Mariahles
: : IType Al Marme
Descrif Architecture Plugins -
88 architecture Refinement... & Coder
Fre_Frocess —
Schedule hehaviars... o ons gsz‘ri—gwe
Scheduling Flugins = Caa‘erz TEAE Segl o speech_sampl
=2 Scheduling Refinement... LE_Analysis L8 bectte_ctr
Cpen_Loop L local_dbe_mod
Allocate Busses.. Subiranes G nral i
; — @ prm
5 Show Channels Sbiames_imt or
Supfames_BoayT — @reset flag_1
Communication Pluging -~ Cizsed_Laop — @ reset_flag_2
2|2 Communication Refinement... Sutitaimes_Gogy 2 — @ speech_frame
— - [ Codtebood_CN = - @syn
RTL Preprocessing... Mop | g tecltx_ctrl_val
&llocate RTL Units... o Cogetooh | & coder_12kz
) _soae Buite O Codle -
Schedule & Bind RTL... Y —Sipost_process
: (i £ @ v cwencnn £
RTL Plugins = s S| [

Bhnels |

B C Caode Generation...

Raw I

__E Compile | Simulate | Aha

Import Decisions...

el |

Annotating statistics to SIR file

End: Behavior profiling

Comput.:
Comput.: @ S10p
Comput. 17T Torl=rLIc: for =Loraze

A

)

Frocessing element allocation

%

We begin by exploring the available set of components in #italshse. This is required
to select a suitable processor. To view all available coreptsiand select the desired

processor, sele@ynthesis— Allocate PEs... from the menu bar.
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3.2.1.4. Try pure software implementation (cont’d)

= vocoder.sce - 50C Enviranment - [Cader - VaocaderSpec - YacaderSpec.sir] |Q|E|E
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
|F'E Sllocation
Design Mame % IType |Clock |Pr0gram |Data |Instructi0n IData |Char |Cost |Desc
— [ Add.
ode
Copy |
h_sampl
Femove | i
dt<_mod
Parameters...l flag_1
flag_2
Tahles... I h_frame
ctrl_val
| 12K2
rocess
nnnnnn £
-
Models I
armpi
X compil
H A
| | =
Help | QK I Cancel
i 24
[Ready A

Now aPE Allocation window pops up. This window includes a table to display impor
tant characteristics of components selected for the debigaddition, it also provides
a number of buttons (on the right side) for user actions, aschdding a component,
removing a component, and so on. Since we have not allocaiedamponent at this
point, the table has no entry.

To view the component database and select the desired caemipgress the\dd...
button.
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3.2.1.5. Try pure software implementation (cont’d)

[=I[Bl[x]
E Selection
[CREREMEE | Component | Max. clock MIPS | Program Data Instruction | Data
Lk Famo_Ke 460.0 MHz 200.0 64.0KE  B4.0 kB a2 hits  azb
Processor —arD_ky FOGG WAz 3500 64.0 kB 64.0 kB 32 hits d2h
hemaory —ARMI0Z0D 3258 MHZ 1500 64.0 kB 64.0 kB 32 hits d2 b
Custom Hardw -&RMTED TR Mz a0.0 64.0 kB G4.0 kB 32 hits 32k
Contraller —&RME20 250.0 MHz 125.0 64.0 kB 64.0 kE 32 hits 32 h
HIDT_3z2300 TOEG MAZ 50.0 64.0 kB 64.0 kB 32 hits d2h
—Intel _P1 ZOGG MHZ 100.0 64.0 kB 64.0 kB 32 hits d2 b
—Intel_P2 S50.0 MHz 200.0 64.0 kB G4.0 kB 32 hits 32 b
—Intel_P3 BEG.G MHz 450.0 64.0 kB 64.0 kE 32 hits 32 h
HhAIPEEE TOEG MAZ 50.0 64.0 kB 64.0 kB 32 hits d2h
—hIP 564 3588 MHzZ 200.0 64.0 kB 64.0 kB 64 hits B4 b
—Matorola_B5000 208 MHz 20.0 64.0 kB G4.0 kB 32 hits 32 b
—haotarola_B5010 Fo00 MHZ 100.0 64.0 kB 64.0 kE 32 hits 32 h
—hdotarola_Coldfire TEGG MAZ 100.0 B4.0kE 1250 kB 32 hits d2h
—Ultrasparcll 4888 MHz 250.0 64.0 kB 64.0 kB 64 hits B4 b
O 1 | |
Help | (018 I Cancel
A
Ready 4

Now aPE Selection window is brought up. The left side of the windo®dtegories)
lists five categories of components stored in the databdseright side of the window
displays all components within a specific category alondnlieir characteristics. As
shown in the above figure, since tReocessor category is selected on the left side, 15
commonly used processor components are displayed in det#ile right side.

The Component description includes features like maximlookcspeed, measure of
the number of instructions per second, a cost metric, caides,snstruction and data
widths and so on. These metrics are used for selecting theecamponent. Remember
that the profiling data has given us an idea of what kind of comept would be suitable
for the application at hand.
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3.2.1.6. Try pure software implementation (cont'd)

126.0 kB 32 hits

£4.0 kKB 16 hits

TORG MHzZ 126.0 kB 32 hits
TO8.G MHzZ 64.0 kB 16 hits

Caontroller

Now if we go to theMem category, a number of memory components will be displayed
in detail on the right side of the window. If the memory in thegessor is insufficient
for the application, we can add external memory componeats this table.
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3.2.1.7. Try pure software implementation (cont'd)

0C Environment - [Coder - VocoderSpec - Yoo

DspP _S0C_| 3000 MHZ } 16 bits
Processor 3.0 MMz . @ hits

a8 AT . 16 hits
_ i hits
Controller i . 16 hits

Now if we go to theController category, a number of widely used micro-controller
components will be displayed in detail on the right side efwindow.
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3.2.1.8. Try pure software implementation (cont'd)

Frogram

Instruction

858 MHz 16.0 kB

586 WMHzZ

F4A 0 Mz

Caontraller TE6.6 MHZ
356.8 WAz

T8O MHZ

16 hitg

FIEIE]

Feady

Through earlier profiling and analyzing, we found out thaeger multiplication is the
most significant operations in the original specificatiohefiefore, a fixed-point DSP

would be desirable for this design.

Under theDSP category, a number of commercially available DSPs are aysal. These
DSP components are maintained as part of the componemylianal may be imported
into the design upon requirement. Since the Vocoder desigjeg was supported by

Motorola, our first choice is DSP56600 from Motorola.

Left click the "Motorola_DSP56600" row to select it. Theickl OK button to confirm

the selection.
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3.2.1.9. Try pure software implementation (cont’d)

Motorola DSP56600 Parameters (on dacite.ece.neu.e

lﬁ-{mmnmla DSP36600 external bus interface (Port A) (PORTA)
l—Use MAGC TLM:

=

Help r

After clicking OK to confirm the selection in the PE Selection dialog, a newodial
will pop up to allow entering parameters of the allocated dMola DSP. Use the default
parameters, i.e., accept the dialog by clickDy.
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3.2.1.10. Try pure software implementation (cont'd)

= vocoder.sce - 50C Enviranment - [Cader - VaocaderSpec - YacaderSpec.sir] |Q|E|E
File Edit ¥iew Project Synthesis ‘“alidation Windows Help =|=|x
| ¥ p
|F'E Allocation
Design Mame % |Type Clack Program Data Instruction
— [PECEEE totorola_DSPSEEO0  66.4 Mz 320kB  B4.0KB h add... |
nde
Capy |
h_sampl
Remove | i
dts_mod
Parameters...l flag_1
flag_2
Tahles... I h_frame
ctrl_val
| 12k2
rocess
nnnnnn £
-
Madels I
X | Compil
= p
H A
-~ T =
Help | ok | cancel
i 24
[Ready A

Now the PE Selection window goes away and thRE Allocation table has one row
that corresponds to our selected component, which has afypotorola_ DSP56600".
This new component was hamed as "PEQ" by default. To makerng whescriptive for
later reference, it is desirable to rename it.

To rename it, just left click in th&lame column of the row. The cursor will be blinking
to indicated that the text field is ready for editing.
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3.2.1.11. Try pure software implementation (cont'd)

= vocoder.sce - 50C Enviranment - [Cader - VaocaderSpec - YacaderSpec.sir] ||Q|E|E
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
|F'E Allocation
Program Instruction
32.0 kB 64.0 kB g Add... I
nde
Copy |
h_sampl
Remove | i
dt<_mod
Parameters...l flag_1
flag_2
Tahles... I h_frame
ctrl_val
| 12k2
rocess
nnnnnn £
-
Madels I
X compil
i _\
~] T =
Help | || QK Cancel |
= A
[Ready A

We will simply name the component as "DSP" since it is the adgnponent used in
the design at this instance. Proceed by typing "DSP" in tkigfiedd and press return to
complete the editing. Then press B to finish component allocation.
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3.2.1.12. Try pure software implementation (cont'd)

= | wocoder.sce - 50C Environment - [Coder - YocoderSpec - YocoderSpecsir] |Q|E|E
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
Dz B0 s ve xbl X EEE|Gs| 0]
H[ |Type |PE | M e
Desig 1
B & Coder
- B ore_process Pre_Frocess ¢ dtx_mode
o B coder 1ER2 Coder TERE | serial
- seqr Codder T2h2 Seg? | speech_sampl
b+ B fp_analsis LP_Anaiisis | of bectte_c -
-8 open_loop Opesr_Loop | I_dtx d
-8 subames Subitames - o /neal_tlemo
A o it Supfames_init - @prm
W or pogyr Subfames_Body T — @reset flag_1
b & ciosed ooy Cigsed_Logw I~ @reset_flag_2
M o pody 2 Subiraines_Bodpl - @ speech_frame
[ &2 coabook_or Codetock_ N @ syn
'!mﬁb ' gﬁb ' ||| - oot ctri_val
B codebosy (elats)
o coder_12k2
M suile o code  Buid_ O Coge & o
B update Lipgiate —gpos _Process /
M or_end Sugames_End Aill=m s >
Madels | Imports I Sources Hierarchy | Behaviors | Channels | Raw I
__E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |
i Computing statistics for operations A
Computing statistics for traffic
Computing statisztics for storage
Annotating statistics to SIR file
End: Behavior profiling
[Ready A

As mentioned earlier, we will map the whole design to thedekk processor. This is
done by assign the top level behavior "Coder" to "DSP". Liékdn the PE column in
the row for the "Coder" behavior. A drop box containing adted components comes
up. Left click on "DSP" to map behavior "Coder" to "DSP".

It should be noted that any kind of mapping is allowed. Howes#ce we are inves-
tigating a purely software implementation, everythinghe tesign gets mapped to the
"DSP".
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3.2.1.13. Try pure software implementation (cont'd)

Environment - Q@@
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
Dz 8d g va % B iaaEEEIE]
= [ 3[!
i Mame |Type |PE I & Eme
A - rain _
i o/ & Coder
B B o2 process Fre_Frocess - dibe_mode
o B coder 1ER2 Coder TERE | serial
- seqr Coter T2hE Seg? | speech_sampl
b+ B fp_analsis LP_Anaiisis
— - - tete_ctrl
-8 open_loop Cpesr_Loog local d mod
-8 subames Subitanes - o /neal_tlemo
A o it Supfames_init - @prm
W or pogyr Subfames_Body T — @reset flag_1
b & ciosed ooy Cigsed_Logw I~ @reset_flag_2
M o pody 2 Subiraines_ Bodyd - @ speech_frame
[ &2 coabook_or Codetock_ N @ syn
%fmﬁb ' gﬁb ’ ||| - @ bebe_ctr_val
B codebosy (elals)
o coder_12k2
M suils o code  Buid ON_Code g o
B update Lipgiate —mpos _Process /
M or_end Subiames_End Aill=m s >
Maodels | Imports I Sources Hierarchy | Behaviors | Channels | Raw I
__E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |
i Computing statistics for operations A
Computing statistics for traffic
Computing statisztics for storage
Annotating statistics to SIR file
End: Behavior profiling
[Ready A

As we can see now, the descendant behaviors are all highkdighted to indicated that
they are mapped to the "DSP" component.
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3.2.2. Estimate performance

= | wocoder.sce - 50C Environment - [Coder - YocoderSpec - YocoderSpecsir] |Q|E|E
[] Eile Edit View Project Synthesis Vglidationlﬂindows Help =|=| x|
NOe [ [ [ é“l) (e I ¢ B~ Enable Instrumentation f g I .l
Compile
X Mame Type |PE I Al M
Desig ip| {[ g, Emulate Ame
B ]  Open Teminal & Coder
Kill simulation e Frocess ¢ dtx_mode
. Coder TZRE - serial
View Lag.. Coder T2kE Seq? | spaech_sampl
Profile LR Anaiisis | o tudte ctrl
17 Lo, -
Analyze Gperr_Looy | o local_dt<_mod
Subivaines
Evaluate Sebitames_init [~ @ prm
Metrics. . Sbirames_Bogyt - oreseliag 1
n : Ciased_Loog - @reset_flag_2
Show Estimates Subifames_Body 2 — @ speech_frame
Estimate Codaboof_CN - @syn
Mo L g bebe_ctri_val
PR Codeboak —Soacode_r 12k2
@ stop & Bl G tode & nost p_rocess
Cmoro Linaahe - = /
| T—,'rbr_ andf Subiames_End A Nl = =
Madels | Imports I Sources Hierarchy | Behaviors | Channels | Raw I
__E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |
i Computing statistics for operations A
Computing statistics for traffic
Computing statisztics for storage
Annotating statistics to SIR file
End: Behavior profiling
Evaluate A

The next step is to analyze the performance of this architecRecall that we have a
timing constraint to meet. We must therefore check if a puseftware implementation
would still suffice. If not, we will try some other architeceu Now we can estimate the
performance of this pure software mapping by selecWatidation— Evaluate from
the menu bar.
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3.2.2.1. Estimate performance (cont'd)

. [=[Elf]
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
Dz 8d g va % B iaaEEEIE]
. H[ MName & [J MG Type M (;Dde . Computation | Da
A - @ rain [instructions] |[cycles] [ch
Ll : coder |MIIMETSEEES 1 3713 240978763
B B e e dtx_mode i_receiver
B & oo - serial i_sender
_! Lo speech_samples i_receiver
b= - berit_ctrl i_sender
-
& - @local_dt<_mode bool
- @ prm shart int [37]
— @reset_flag_1 hool
- - @reset_flag_2 hool
- @speech_frame  shortint [160]
T = - @syn short int [160]
[ ¢ txot<_ctrl_wval short int
—Sicuder_‘IZkZ Coder_12kZ 163 3611 1457865
L —Sipust_process Fost_Process 163 63 324z
£ T e Menoons 1ea ac 4aec
-1 = -1 T I=
Models | Imparts I Sources Hierarchy [LIAI Raw | DsP I

E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |

leriving raw statistics from SIR file A

Computing weighted statistics

Annotating weighted statistics to SIR file
End: retargetable profiling J‘

|I:?;eady A

As we can see in the logging window, a re-targeted profilingegimg performed. Notice
in the log information that raw statistic generated duringfiing are used here. The raw
statistics are take as an input to the analysis tool thatrgesestatistics for the current
architecture. Since, we know the parameters of the DSP,nhlysis tool can provide a
more accurate measure of actual timing. When that is doagyrtifiled data is displayed
in the design window with the "DSP" tab. Notice that this tals Appeared at the bottom
of the design data. The total computation time is shown im$ssf number of DSP clock
cycles.
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3.2.2.2. Estimate performance (cont'd)

§| vocodersce - S0C Environment - [Coder - WocoderSpec - WocoderSpec.sir] ||Q|E|E
[C] Eile Edit ¥iew Emject Synthesis Vglidationlﬂindows Help =|=| x|
| = [ [ [ = s Ye I 3¢ B » Enable Instrumentation h of, I .l
2 [E Compile -
i MName - T M Code Computation | Da
Desig Descrip|[ | &g, 2imulate ¥p [instructions] | [cycles] [ch
B []-l Open Terminal - 1 3713 240378783
Kill simulation -~ e I_receiver
View Log... ?_send.er
| samples i_receiver
Prafile il i_zender
Gnalyze t<_mode  bool
Evaluate shart int [37]
Metrics.. po-t bool
; Ry_2 bool
el EITEES frame  short int [160]
Estimate short int [160]
Bnalyze RTL rl_val short int
12Kz Coder_12kZ 163 3611 1457865
. sl OCcess Fost_Process 163 63 Jz4z
I T TR @i wenccon Ml Ovcccan 1 ac 171oC
[~ ) =1 T I=]
Models | Imparts I Sources Hierarchy |: Raw | DsP I
__E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |
i leriving raw statistics from SIR file &
Computing weighted statistics
Annotating weighted statistics to SIR file
End: retargetable profiling J
Show estimated values A

The number of computation cycles is a relevant metric foeoletion. However, it must
be converted to an absolute measure of time so that we magtlgiverify if this archi-
tecture meets the demands. To find out the real executionitineems of seconds, we
turn on the option for estimation by selectiwglidation— Show Estimates from the
menu bar.
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3.2.2.3. Estimate performance (cont'd)

& Coder 19933B  3035.7ms10708B 2132B
—O Ireset Ireset

—& dtx_mode i_receiver
- serial i_sender
~¢” speech_samples i_receiver

—c txdtx_ctrl i_sender
~ @local_dtx_mode bool

- oprm short int [57] 1148 0B
- oreset flag 1 bool 2B 08B

— A emmend #lee T b |

Warning: Mo headers for coperations found in: MHop
Calculate global function statistics ...

##% End: Behavior Analysis

Writing output file: /homes/student/jfevold/project/vocoder/YocoderSpec.analyzed.sir

As seen in the design window, the computation time is in uiltie". As we can see in
the row of behavior "Coder", the estimated execution timé.00 seconds) exceeds the
timing constraint of 3.26 seconds.
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3.2.2.4. Estimate performance (cont'd)

= | wocoder.sce - 50C Environment - [Coder - YocoderSpec - YocoderSpecsir] |Q|E|E
[] Eile Edit ¥iew | Project Synthesis WValidation Windows Help =|=| x|
] Source... 3 [ LB
ﬂlerarchly.l.. Bme 2 .[ I I I Code ICDmputation | Data | He:
Connectivity... -
- 1aain & Cader 1 11.2kE 40163131 us 19312 B
Graphs ~ | e |- dtx_mode i_receiver
Trace... iy E e - serial i_sender
Guality Metrics... & ._cg - speech_samples i_receiver
= o becdbe_ctrl i_sender
&= Show Testhench E;; L o local_dtx_mode bool zE
k2= Shaw Children B @ prm short int [57] 114 B
T customize. | L - @reset_flag_1 bool ZB
3 I @ reset flag_2 hool 2B
B - @speech_frame  shortint [180] 30e
I - @syn shart int [160] Jz0 B
= | otdbe_ctr_val  shortint zE
& coder_12k2 Coder_12kZ 163 108 kB 242975 us 16270 B
—Sipost_prucess Post_Process 1653 02 kB S40us 13108
/ —Sipre_process Pre_Process 164 01 kB ZG6d us 370 B
~l | | = = | | =
Models | Imparts | Sources Hierarchy [LIAI Raw | DsP |

E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |

leriving raw statistics from SIR file A

Computing weighted statistics

Annotating weighted statistics to SIR file
End: retargetable profiling

Views design guality metrics A

We can also view the design quality metrics such as the exectime by selecting
View—Quality Metrics from the menu bar.
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3.2.2.5. Estimate performance (cont'd)

3.04s 9.9kB 11 kB

A Design Quality Metrics table pops up, showing that the estimated execution time
to be 4.02 seconds, which exceeds the timing constrainta 8econds. Therefore,
the pure software solution with a single "Motorola_DSPS&668oes not work. We,
therefore, need to experiment with other architecturegrdceed, clickOK to close the
Design Quality Metrics table.
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3.2.3. Try software/hardware implementation

From what we observed while studying the vocoder specitioatihe design is mostly
sequential. There is not much parallelism to exploit. Whatneed to reduce the execu-
tion time is a much faster component than the DSP we used. $bthe critical time
consuming tasks may be mapped to a fast hardware. In thadidger we will try to add
one hardware component along with the DSP to implement thigaeAs we found out
earlier, one of the computationally intensive and critait in the Vocoder is the Code-
book behavior. We hope to speed it up by mapping it to a custamamare component
and execute the remaining behaviors on the DSP.

72



Chapter 3. System Level Design

3.2.3.1. Try software/hardware implementation (cont’d)

= | wocoder.sce - 50C Environment - [Coder - YocoderSpec - YocoderSpecsir] |Q|E|E
[C] Eile Edit View Project Synthesis | Walidation Windows Help =|=| x|
allocate PEs... =X I .|
3 Show Wariablas
@ T _ IType IN ICode |Computatiun |Data IHez
Design Dleseify  (IEMEENE FLgs B 1112 KB 4016313.1 us 19312 B
B0 Architecture Refinement... . mode i_receiver
Schedule behaviors... rial i_sender
; ; eech_samples i_receiver
Scheduling Pluging - -
auing 8 - t_ctrl i_sender
oioi Scheduling Refinement... al di< mode bool 2B
&llocate Busses... lul shart int [37] 114 B
(@ Show Channels set_flag_1 hool B
o _ et _flag_2 bool 2B
Communication PIGINS 400 fame  shartint [160] 3208
3/ Communication Refinement.. tn shott int [160] 320 E
RIL Preprocessing... ts_ctrl_val shart int 2B
alimEERS FRL Wi der_12k2 Coder_12k2 183 10.3 kB 242378 us 16270 B
prate RIL Cnis... st_process  PostProcess 163 0.2 kB 54.0us 1910 B
Schedule & Bind RTL.. e_process  Pre_Process 164 0.1 kB 2864 us  370E
RTL Flugins - T =]
Models | Imports | Sources [EE RTL Refinement... DSP |
C Code Generatiah... ]
X | Compile | Simulate | Ans R ca el |
H Import Decisions... ™
Derivir le

Comput.: @ S10p

End: retargetable profiling

Annotat IR WeIgnted starlstics o SlR file

Frocessing element allocation

As we did earlier, while selecting the processor, g8ymthesis—Allocate PEs...

the menu bar.

on
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3.2.3.2. Try software/hardware implementation (cont’d)

= vocoder.sce - 50C Enviranment - [Cader - VaocaderSpec - YacaderSpec.sir] |Q|E|E
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
=] FE Allocation
1t Hesz
Mame % IType Clack Program Data Instruction B I £
DsSP totorola_DSPIEEN0 604 Afkz 320 kB 64.0 kB 24 b | add.. i1z B
Capy |
Remove | s B
114 B
zB
Parameters...l B
0B
Tahles... I 320 B
2B
70 B
910 B
370 B
-
Madels I
X | Compil
= p
i iy
-~ T =
Help | ol I Cancel
i )
[Ready A

This time, thePE Allocation table pops up. As we can see, the previously allocated

"DSP" component is displayed. To insert the hardware corappmpressAdd... button
to go to component database.
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3.2.3.3. Try software/hardware implementation (contd)

D3P

Frocessar
remary
Custom Hardwa
Caontroller

100.0

[Ready

In the Custom Hardware category, two general types of hardware components are
displayed. Here we will use the standard hardware desigmavitatapath and a control
unit. Select the "HW_Standard" and pr&3K to confirm the selection.
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3.2.3.4. Try software/hardware implementation (contd)

= vocoder.sce - 50C Enviranment - [Cader - VaocaderSpec - YacaderSpec.sir] ||Q|E|E
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
= | FE Allocation
it Hez
Mame % IType Clock Frogram Data Instructian :‘3?2 BI £
DSP taotarala_DSPSGEEDD 2.0 kB Add... |
PEC Y _Standard 6.0 4B
Copy |
Remave | s B
114 B
ZB
Parameters...l B
320E
Tables... I 320 B
2B
270 B
310E
370B
-
Madels I
orpi
X compil
i _\
~] T =
Help | ok | cancel
i A
[Ready A

Now the "HW_Standard" component is added to @te Allocation table. In the same
way we did for the "DSP" component, we simply rename it to "Hww'tistinguish it.
Notice that for the hardware component, some metrics arébftexor instance, the

clock period may be changed. However, we stay with the cuspeed of 100 Mhz for
demo purpose.
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3.2.3.5. Try software/hardware implementation (cont’d)

= | wocoder.sce - 50C Environment - [Coder - YocoderSpec - YocoderSpecsir] |Q|E|E
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
|F'E Sllocation
1t Hesz
Design Mame % IType Clack Frogram [ata Instruction :‘3?2 BI £
r DSP totorola_DSPEEGEN0 688 Az 320 kB 64.0 kB 2 b add..
L HW_Standard & Hz 5.0 58 J2 8RB 28 h
Capy |
Remove | s B
114 B
zB
Parameters...l B
0B
Tahles... I 320 B
2B
70 B
910 B
370 B
-
Madels I
X compil
H A
-~ T =
Help | I K, Cancel |
)
[Ready A

After we renamed it, preSSK button to complete component allocation.

77



Chapter 3. System Level Design

3.2.3.6. Try software/hardware implementation (cont’d)

Models | Imparts I Sources

Hierarchy

Eehaviors | Channels |

‘=-.I_| =
Raws I DsP I

= vocoder.sce - 30C Enviranment - [Cadebook - VacoderSpec - Yocoder3pec.sir'] |Q|E|E
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
Dz B0 8 9 EHEEEIE)
|Type | FE I [J Mame
-8 coder Coder os5P & Codebook
B B e process Fre_Frocess - T0
W B coder TS Coger TEkE 3 ana
W seq? Coder TEkE Seq ¥ o code
- B o analeis LP_Anaivsis e e
b+ & open_foop Speir_Loog L4 gain_code
o @ subfames Subfames el gain_pit
|- i it Sebirames_ i oo -
- or bogy T Subirames Bogy T B
- & cinsed_loop Ciosed {aop ¢ res2
| @ o poaye Supfames_Body? —cH
- & coaebook_ci Codabaok_CH =y
e
il - @oodel
Cogehook_Seg T L @hib
B coge TOAG Code AT 35bis | areszh
W 5297 Codebook_Seqs £
M st o onde Sl O Cooe

E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |

leriving raw statistics from SIR file

Computing weighted statistics

Annotating weighted statistics to SIR file

End: retargetable profiling

A

J\

[Ready

%

Remember we have already specified the top level behaviomapged all behaviors to
"DSP" in the first iteration. That information is still thea@d we do not have to specify it
again. We only need to map behavior "Codebook" to the "HW"ponent, as suggested

earlier.

Browse the hierarchy tree to locate behavior "Codebookitk3in "Codebook" in the
PE column. Click on "HW" in the drop box to map "Codebook" to "HWrhis would
map the entire subtree of behaviors under "Codebook" tmoubktardware.
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3.2.3.7. Try software/hardware implementation (cont’d)

[=I[Bl[]
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
EHEEEIE)
|Type |PE I il e
Desig
- & comer Coer DS5FP
& B- B pre_process Fre_Frocess & Codebook
B B coger 74 Coder 1248 Rl
J;'seq? Coder 18h2_ Seq? o ana
- B o analeis LP_Anaivsis e code
b8 oper_loop Open_{oop o exc
O+ & subiames SeobiitaEmnes o gain_code
|- i it Sebirames_ i Lo gain_pit
- or bogy T Subirames Bogy T e -
b & ciosed ioop Cigsed Loop o res?
A o poay? Sutiames_Body s [ res
- & coaebook_cr Codehoat_ G e
Nap P y1
C & i vz
Cogehook_Seg T - @rodeb
B code FHAG Code ROFAQ_SSbits I @hih
W 5297 Codebook_Seqs s mnh £
M st o onde Sl O Cooe -1 -
Maodels | Imports I Sources Hierarchy | Behaviors | Channels | Raw | DEP
__E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |
i leriving raw statistics from SIR file A
Computing weighted statistics
Annotating weighted statistics to SIR file
End: retargetable profiling
[Ready A

After the mapping, we will see the subtree rooted at "Cod&baohighlighted in blue

in contrast to the rest behaviors in red that are mapped t¢"DS
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3.2.4. Estimate performance

= | wocoder.sce - 50C Environment - [Codehook - YocoderSpec - YocoderSpec sir'] |Q|E|E
[] Eile Edit View Project Synthesis Walidation | Windows Help =|=| x|
NOe [ [ [ é“l) (e I ¢ B~ Enable Instrumentation f g I .l
Compile
H[ Mame E Type |PE I -\‘[J M
Desig = Simulate Ame
3 Ligh ) Coder DEF
:a Open Terminal - Fre_process &Codebnok
Kill simulation | Coder 122 e To
Vil Coder._12k2_Seq? o ana
LP Analvsis - code
Erofile Open_{oop o exc
Analyze SubFames o gain_code
Subiraines_ it o gain_pit
Evaluate Subpames BodyT _(p% _p
Metrics.. Ciimsed Lo o rase
= Show Estimates Subizmes_Bodys el
Codehoat_ G #n
Estimate fop ] ey
Analyze RTL L5 o y2
Cogehook_Seg T - @rodeb
@ stop A Code 764G IFils L ghib
| | || =T Codebook_Seqs s mnh £
M st o onde Sl O Cooe £ = -
Maodels | Imports I Sources Hierarchy | Behaviors | Channels | Raw | DEP

E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |

leriving raw statistics from SIR file A

Computing weighted statistics

Annotating weighted statistics to SIR file
End: retargetable profiling J

:I:Eualuate A

It may be recalled that we abandoned the pure software ingiiéation because it failed
on meeting the timing constraint. It is now time for us to feif the timing is met by
using the combined software/hardware design. To evalligesoftware and hardware
implementation, go t&alidation— Evaluate on the menu bar.
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vocoder.sce - SoC Environment -

0 File Edit View Project Synthesis Validation Windows

Chapter 3. System Level Design

(on dacite.ece.neu.edu

Help =/ x|

a0 (=)= él”llf)t"I KXol X [Fre-k-2 BS | @
- 2 Name |Type |N |Goda |Gomputatlun |Dala |Marr|r.
& Coder 1 7740 B 1142.3 ms 6878B 21&
D Ireset Ireset
& dtx_mode i_receiver
- serial i_sender
e speech_samplesi_receiver
—? txdtx_ctrl i_sender
I~ @local_dtx_mode bool 2B
- @prm short int [57] 114 B
- @reset_flag_1 bool 2B
L svmnnt flan A bl n D - |
Models | Imports I_::: Raw DSP |HW

¥ Compile | Simuiate | verity | Analyze | Refine | Synthesize | Shell |

Warning: Mo headers for operations found in: MNop
i Calculate global function statistics ...
| |#** End: Behavior Analysis

Writing output file: /homes/student/jfevold/project/vocoder/YocoderSpec.analyzed.sir

i

=

4

As we can see in the logging window, a profiling re-targetethatbSP and HW archi-
tecture is being performed. When it finishes, the profileéddsapresented in the design
window. In order to find out the execution time of the CodeleseCoder behavior in
the hierarchy tree. By clicking on tH2SP tab of the view-pane, information of the DSP
part of "Coder" behavior is displayed. For example, the aiiea time of the software

part on DSP is around 1.14 seconds.
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3.2.4.2. Estimate performance (cont'd)

vocoder.sce - SoC Environment - [Coder - VocoderSpec - VocoderSpec.sir] (on dacite.ece.neu.edu)

& Coder 1 9.1kB 534.3 ms 7854 B
O |reset Ireset

— dtx_mode i_receiver
- serial i_sender
~¢” speech_samples i_receiver

- txditx_ctrl i_sender
~ @local_dtx_mode bool
— eprm short int [57] 114 B
— ereset_flag_1 bool 1B

— A emmend #lee T b |

Warning: Mo headers for coperations found in: MHop
i Calculate global function statistics ...

| |##% End: Behavior Analysis
|Writing output file: /home/student/jfevold/project/vocoder/VocoderSpec.analyzed.sir

To find out the information on hardware side, click tH&/ tab. The view-pane shows
that the execution of hardware part, behavior "Codebodkes$ 0.54 seconds. Since
"Codebook" was executed in sequential composition withrédst of the design, the
latency of the design is the sum of DSP and HW execution tinmégiwis 1.68 (1.14 +
0.54) seconds. Recall that the timing requirement is to e tlean 3.26 seconds for the
given speech data. Therefore, the current architecturerapping are acceptable.
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3.2.4.3. Estimate performance (cont'd)

= | wocoder.sce - 50C Environment - [Coder - YocoderSpec - YocoderSpecsir] |Q|E|E
[] Eile Edit ¥iew | Project Synthesis WValidation Windows Help =|=| x|
Source... b [ X EEE] B @ I .|
Hierarchy... 0
_\ .
Bme | Mame Type M | Code |Computation | D
Connectivity... L | i |—| | B I
= = | : ; & Cader 45kB 54368 ms ¢
Graphs - B B pre_proc - di_mode i_receiver
Trace... o B coer 7. - serial i_sender
Gluality Metrics... W seq7 ¢ speech_samples i_receiver
= - B A o becdbe_ctrl i_sender
EShnw Testhench B 222 e - @ local_db<_mode boal
k2~ Shaw Children [}‘a“’;: L o prm short int [57]
Customize... - I ¢ reset_flag_1 hool
B2 — @ reset flag_2 hool
| & ¢ speech_frame  shortint [160
£ J
= - @syn shaort int [160]
4 I @ trdts_ctrl_wal shart int
—Sﬁcoder_‘IZKZ Coder_12ke 445 kB 334 ms &
—Sipost_prucess FPost_Process
/ —Sipre_process Pre_Process
[ = ] I =
Madels | Imports I Sources Hierarchy | Beha. | q| LRaw | Dsp | Hw |
__E Compile | Simulate | Ahalyze | Refine | Synthesize | Shell |
: leriving raw statistics from SIR file A
Computing weighted statistics
Annotating weighted statistics to SIR file
End: retargetable profiling
Views design guality metrics A

Like we did earlier, we can also view the execution time inBlesign Quality Metrics
table. To do so, seledtiew—Quality Metrics from the menu bar.
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3.2.4.4. Estimate performance (cont'd)

68.1 % 1.14s ...B (0.0 %) ...B (0.0 %)
31.9% 0.53s ...B (0.1 %) ...B (0.0 %)

50.0 % 1.68s 16.9 kB 14.7 kB

As shown in the figure, thBesign Quality Metrics table including a number of design
quality metrics is displayed. It confirms that the total exean time is 1.68 seconds,
same as what we figured out earlier. After reviewing the dquafietrics, click onOK to
close the table.
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Chapter 3. System Level Design

= | wocoder.sce - 50C Environment - [Coder - YocoderSpec - YocoderSpecsir] |Q|E|E
[] Eile Edit View Project §ynthesis| Walidation Windows Help =|=| x|
0 iﬁ-[ EQ [ é' ) allocate PEs... =X I .|
..... 2 Show Yariables
@ T _ me |Type | M | Code | Computation I o
Design Descrig  ArERIECIure Flugins s b= ey 45kB 54368 ms ©
8o Architecture Refinement... o dt<_mode i_receiver
Schedule behaviors... gserial i_sender
) ) speech_samples i_receiver
Scheduling Pluging
E - G tedbe_ctrl i_sender
oioi Scheduling Refinement... @ local_db_mode bool
Allocate Busses.., @ prm short int [37]
(@ Show Channels g reset_flag_1 boal
o _ g raset flag_2 bool
Communication PIUGINS 1| . cheech frame  short int [180]
=/ Communication Refinement.. | g syn shott int [160]
RIL Preprocessing.. @trdts_ctrl_wval  shortint
_ Sﬁcoder_‘IZKZ Coder_12ke 445 kB 334 ms &
Allacate RTL Units...
Sipost_prucess FPost_Process
Schedule & Bind RTL.. S pre_process  Pre_Process
RTL Plugins = T ]
Models | Imports || Sources | BE RTL Refinement... w | Dsp | Hw |
C Code Generatiah... ]
X | Compile | Simulate | Ans R ca el |
4 Import Decisions... _\
il Derivir le
Comput.: @ S10p
AnnotatIrg WelZhted Staclstics to Sik file
End: retargetable profiling J‘
Architecture Refinement A

Now we can refine the specification model into an architeanwdel, which will exactly
reflect the this architecture and mapping decisions. Tmdbeadone either manually or
automatically. As we mentioned earlier, an architectufeeenent tool is integrated
in SCE. To invoke the tool, go t8ynthesis—Architecture Refinement.... The tool
changes the model to reflect the partition we created andralealuces synchronization
between the parallely executing components. Note that we hat decided to map
variables explicitly to components. For demo purposes, Widaave this decision to be
made automatically by the refinement tool. However, it ndedse mentioned that the
designer may choose to map variables in the design as deertails.
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3.2.5.1. Generate architecture model (cont'd)

Architecture Refinement (on dacite. x

A dialog box pops up for selecting specific refinement taskardifiitecture refinement.
By default, all tasks will be performed in one go. Now press3kart button to start the
refinement. It must be noted that the user has an option tosdartdhitecture refinements
one step at a time. For instance, a designer may want to steghatvior refinement if
he is not primarily concerned about observing the memoryireqnents or the schedule
on each component. Nevertheless, in our demo we perforrteak $o generate the final
architecture model.
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3.2.5.2. Generate architecture model (cont'd)

sir [read-only]] =1
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
Dz 8d g va % B iaaEEEIE]
Design [ P
L) B L - Coger Brnain
B8vocoderspec.arch sir AF monitor tonitar @ local_dt
AF stimulus Stimulus o dbx_mod
mserial_bi
wspeech_
b it _ctr
Scader
& manitor
& stimulus
~l [ - ] | =] N =
Models | Imports | Sources Hierarchy | Behawiors | Channels | R Iztlld
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
5
% End of Varisble Refinemsnt L
[Ready A

As displayed in the logging window, the architecture refieamis being performed.
After the refinement, the newly generated architecture mtdeoderSpec.arch.sir" is
displayed to the design window. It is also added to the ctipesject window, under the
specification model "VocoderSpec.sir" to indicate that &swlerived from "Vocoder-
Spec.sir". Please note that, while the architecture refammnly took a few seconds to
generate, a whole new model has been created.
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3.2.6. Browse architecture model

In this section we will look at the architecture model to sems of its characteristics.

0 File Edit View | Project Synthesis Validation Windows Help xlxlx
D& B@ source... Be 0 e XA X
T M =
Design Crart.. [y i:'smmms ||.1 TCoeT _q...l opping | i Name
Eﬁ Vocoder: Sonnectivity... Wyocoder Vocoder ry
er
aphs Speechin
Lm Gr o ) pe o |reset
Trace... & dtx_mode
Motorola ... DSP
Quality Metrics... - serial
=& HW HW_Stand... HW | ®epeech sam
Hierarchy... -~ & serial SerialOut samp
. - txdtx_ctrl
Customize... —& monitor Encoder ... )
) ~Tar_cc__ar_tid
E‘ Decoder_Homingframe_Test )
FTar cc  ar_tid
HW_Standard !
ibar re rhoanhd
ﬁ:_l': Matorola NDSPRREN0 N | K =
Models |Imports | -~ Hierarchy IBehaviurs l Channels l Raw |DSP | HW |
X . i
> Gompie | Simulate | Verity | Analyze | Refine | Synthesize | Shell |
| [Number of channels .................... : &
i . classified as “intern’ .....i0ie. 6 ( 100%)
| |Mumber of interfaces .................. z1
i . classified as '"intern' .......... : 21 ( 100%)
i
View graphical hierarchy chart 4

Since the top level behavior is "Coder", the test bench hehaare not changed during
architecture refinement. Therefore let’s select "Codertlgking in the corresponding
row in the design window. We would like to see how the desigrkéowhen it is mapped
to the selected architecture. To view the hierarchy of the f@oder" behavior, go to

View—-Chart.
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3.2.6.1. Browse architecture model (contd)

= | wocoder.sce - 50C Environment - [Coder - YocoderSpec - YocoderSpec.arch sir [read-only]] |Q|E|E
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
Dz g g ve xbB X EFEE]8s| o
1| Mame |T$"F39 IPE |'J Marme
- A Main
coder Coger & Coder
Motoroia DSPSEE0E |- dit<_mode
HW Standard | cerial
'mpnitor Mpnitur | speech_sar
A stimulus Stimulus L o5 bectt_ctr
= | Coder - YocoderSpec - Spec Hieral| | (@] x Fpar_coc_ T0_
Window  Wiew —par_co_ch_
{rar_cc_ ch_
T Toler par_cc__coc
! oar_cc__coc
1 -
i - @ar_cc_ex;
i - Tar_cc__gail
i —ar_co__gail
I imar_cc__hl_
L 1 |
~_| ! | -
0 iors | channels | Raw I DsP |: | ]
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
i &
% End of VYarishle Ref inement =%
[Ready A

A window pops up, showing all sub-behaviors of the "Codeltidaor. As we can see,

this new top level behavior Coder in the architecture modelamposed of two new

behaviors, "DSP" and "HW", which were constructed and iteseduring architecture

refinement. These behaviors at the top level indicate theepiee of two components se-
lected in the architecture. Note that they are also compisgdrallel, which represents

the actual semantics of the architecture model.
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3.2.6.2. Browse architecture model (contd)

§| vocodersce - S0C Environment - [Coder - VocoderSpec - YocoderSpec.arch.sir [read-only]] ||Q|E|E
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
D2 Hd 8 vwax X[ [FFE] B e 0]
- ]
. i Marme |Type IPE | = MiEE
Design -4 Main
coder Codar 83 Coder
ocoderSpec.arch sir Motorola_D5F56604 |- dix_maode
W Stanaze | cerial
'mpnitor Mpnitur | speech_sar
_ A stimulus Stimulus L o5 bectt_ctr
= | Coder - VocoderSpec - SpecC Hieraf| _|[B]x] | opar cc_To.

Window View | —Ipar_co__ch_

= {rar_cc_ ch_
Connectivity

I Coder -var_cc__coc
Zootm in Cirl++ lopar_cc__coc
Zoom out Ctrl+- H —ihar_Co_ esc

—oar_co_gail

—ar_co__gail

Bemove level Ctrl+R imar_co__hl_ ;
7 1 .

Aoy e wmn
1

Add level Ctrl+a

|

i ] -
| pviars | Channels | Ranys I DsP |: | 1

__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

A

% End of VYarishle Ref inement =%

7
[Ready A

We would now like to see how the "DSP" and "HW" behaviors ars@mnicating.
This will verify if the refinement process was correctly ewtsd. Go to
View—Connectivity to see the connectivity between the "DSP" and the "HW"
components.
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3.2.6.3. Browse architecture model (cont'd)

Chapter 3. System Level Design

[=I[Bl[]
1 window  Wiew Help =|=| x|
— [PE | i
Des Mame
= F & Coder
S D5F |- dtx_mode
HI! - serial
- speech_saf
o bkt _ctr
mepar_cc_T0_
mar_cc_ch
| ovar e ch
| ovar ce coc
L ovar_cc__coc
- var_cc__exc
—par_cc__gail
—Tpar_cc__gail
—Tpar_cc_h1_
LD R
b
k|
=
Ll
[Read

Enlarge the new window and scroll down to view the connefstiof the two com-
ponents. We can see that "DSP" and "HW" components are ctath#wough global
variable channels, which were inserted during the architecrefinement. This is dif-
ferent from the original specification model, where onlylgdbvariables were used for

communication.

After checking the new architecture model, we can close the ypp window and go
back to the design window by selectiigndow— Close from the menu bar.
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3.2.6.4. Rename architecture model
EIEIE

Help =|xf x|
- i Marme |Type |PE | [J MG
Design I A| = rain
m- 12 Vscoserspec.siv coder Coger & Coder
r wéocoderspec.arch.si rl Motorola_DSPSE6HT - dt<_mode
W Stanaze |5 serial
AF monitor Manitar -+ speech_sar
A stimulus Stimulus |5 begibe_ctr
ovar_cc_ T0
avar_cc_ch_

{rar_cc_ ch_
{bar_cc__coc
-{bar_cc__coc
-Ibar_cc__ exc
—oar_co_gail
—ar_co__gail
imar_cc__hl_

Aoy e wmn

=] I - -] -
Madels | Imports | Sources Hierarchy | Behaviors | Channels | Raw I DsP |: | ]

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

A

% End of VYarishle Ref inement =%

l
[Ready A

Like what we did for the specification model, we also changedme of the new model
to be "VocoderArch.sir" in the project window. The renamisgust for the purpose of
maintaining a nomenclature schema and to correctly idetitd individual models.
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3.2.7. Simulate architecture model (optional)

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch sir'] ||Q|E|E
[5] Eile Edit ¥iew Emject Synthesis ‘alidation | Windows Help =|=| x|
| = [ [ [ élﬁ 5 I 3¢ B » Enable Instrumentation h of, I .l
Compile
H[ Marme - |Type IPE |_J MiEE
Design I 1 G, Simulate
o 2] Viocogerspes. sir Cpen Terminal - r & Coder
r e Yocoderarch.sir Eill simulation - Motorols_D5FIE668 ose - diix_made
= HW Standard HIl | serial
View Log.. Manitar
/ k -+ speech_sar
J Profile Stimulus L o8 peib_ctrl
Ahalyze par_cc_ T0_
Evaluate —Ipar_co__ch_
Metrics... —rar_ce_ch_
par_cc__coc
= Show Estimates | par oo coc
Estimate -ar_cc_ exc
Analyze RTL —Char_cc__gail
—ar_co__gail
. Sim imar_cc__hl_ /

[ -
Models | Imparts | Sources

Hierarchy | Behaviors | Channels |

| =
Raw I DSP |:| 1

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

¥ sir_rename -i /home/specc/demo/NVocoderSpec,arch.sir -0 fhone/specc/deno/VocoderArch,sir YocoderSpec Yocod
erArch

Compile 4

This section shows the simulation of the generated ardhitecmodel. If the
reader is not interested, she or he can skip this section anddigectly to
Section 3.3oftware Scheduling and RTOS Model Inser{jpage 96)

So far we have graphically visualized the automatically egated architecture. We
have seen that in terms of its structural composition, thelehaneets the semantics
of an architecture level model in our SoC methodology. H®vewe also need to

confirm that the model has not lost any of its functionalitghie refinement process. In
other words the new model must be functionally equivalenth® specification. We

will validate the architecture model through simulatiorutBirst we need to compile

the model into an executable. To compile the architecturdehto executable, select
Validation— Compile from the menu bar.
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3.2.7.1. Simulate architecture model (optional) (contd)

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] |Q|E|E
[] Eile Edit View Project Synthesis Vglidationlﬂindows Help =|=| x|
| N Erq'I (= I é“b (e I 3¢ E - Enable Instrumentation § g I .l
Compile | I |
Mame Type FE ||
i Marme
Design I 1 &g, __Simulate
o 2] Viocogerspes. sir Open Terminal e Codar & Coder
r e Yocoderarch.sir Eill simulation - Motorols_D5FIE668 ose - diix_made
_ HW Standany HW | e serial
Wiew Log.. Manitar
/ ‘ -+ speech_sar
J Profile Stimulus L o8 peib_ctrl
Analyze par_cc_ T0_
Evaluate —Ipar_co__ch_
Metrics. . mar_cc_ch_
-ar_cc__coc
= Show Estimates | «par cc coc
Estimate -ar_cc_ exc
analyze RTL —Cpar_cc__gail
—ar_co__gail
@ stop omar_cc__hi_ .
= | =)
Madels | Imports | Sources Hierarchy | Behaviors | Channels | Raw I DsP |: | ]
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
i Input: "Vocoderfrch,cc! A
Output ? "VocoderArch,o"
Linking, ..
Input: "Vocoderfrch,o!
Output; "VocoderArch"
Done., JI
Simulate A

The messages in the logging window show that the architeatuvdel is compiled
successfully without any syntax error. Now in order to werihat it is functionally
equivalent to the specification model, we will simulate trempiled architecture
model on the same set of speech data used in the specificalidation by selecting
Validation— Simulate from the menu bar.
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3.2.7.2. Simulate architecture model (optional) (contd)

vocoder.sce - SoC Environment - [Coder - VocoderArch - VocoderArch.sir] (on dacite.ece.neu.edu —0Ox

[ File Edit View Project Synthesis Validation Windows

Help =ixixI

VocoderArch (on dacite.ece.neu.edu —Ox
frame=150 encoding delay = 8,81 ms
Frame=151 encoding delay = 8,81 ms ‘
frame=152 encoding delay = 8,81 ms Mappmg |
frame=153 encoding delay = 8,81 me |
frame=154 encoding delay = 8,81 me
é—g Ve  |frame=155 encoding delay = 8,81 ms
frame=156 encoding delay = 8,81 ms
LE frame=157 encoding delay = 8,81 ms
frame=158 encoding delay = 8,81 ms
frame=159 encoding delay = 8,81 ms -
frame=1E0 encoding delay = 8,81 ms
Frame=1E1 encoding delay = 8,81 ms IDsP
frame=1E2 encoding delay = 8,81 ms
frame=1E3 encoding delay = 8.81 ms IHW
done, 163 frames encoded
Profiler writting files .,
Urite Global Blocks Counter to: Wocoderfirch_bb_counter,prf
Write Function Level Counter to: WocoderArch_frn_counter,prf
Files src/speschfiles/modtx_good.bit and nodtx.bit are identical
Simulation exited with status 0
ir‘ess return to contirue ... p
i

I T oiarola TSP aRniinT 11

f
Models | Imports | ~ ~| Hierarchy |Bahaviurs |Ghannels|

Name

& Coder

O Ireset

e dtx_mode

~ serial

~& speech_samp
P txdtx_ctrl
rar_cc__ar_tid

rDar_cc__ar_tid

Dar ~n  rhoan bl

Raw |DSP | HW

* Gompile | Simulate |Verify | Analyze | Refine | Synthesize | sheil |

% wterm —title Vocoderfrch -2 /bin/sh -c . /VYocoderfrch src/speechfiles/spch_unx.inp nodtx.bi
t nodtx & diff -s src/speechfiles/nodtx_good.bit nodtx.bit; echo "Simulation exite
d with status §7?" jecho "FPress return to continue ..." ;read confirm

Ready

&

The simulation run is displayed in a new terminal window. As ean see, the architec-
ture model was simulated successfully for all 163 frame&spelata. The result bit file
is also compared with the expected golden output given \wghvibcoder standard. We
have thus verified that the generated architecture modehigtibnally correct. In addi-
tion, the simulation of the architecture model shows thatglocessing time for each
frame is 8.81 ms, which was not available when simulatingsgreification model.

It must be noted as before that the testing process requaiirsihtensive execution, but
for the demo purposes we will omit multiple simulations amstjshow the concept. This

concludes the step of architecture exploration.
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3.3. Software Scheduling and RTOS Model Insertion

The next step in the system level design process is theigatiah of behavior execution
on the processing elements. Processing elements (PEsplsangle thread of control
only. Therefore, behaviors mapped to the same PE can onbutxsequentially and
have to be scheduled. Software scheduling and RTOS modgtimsis the design step
to schedule the behaviors inside each PE.

Depending on the nature of the PE and the data inter-depeiedebehaviors are sched-
uled statically or dynamically. In a static scheduling aygmh, behaviors are executed in
a fixed and predetermined order, possibly flattening parte@behavioral hierarchy. In
a dynamic scheduling approach on the other hand, the ordeeeaiution is determined
dynamically during runtime. Behaviors are arranged intteptially concurrent tasks.
Inside each task, behaviors are executed sequentially@SRModel is inserted into the
design. The RTOS model maintains a pool of task behaviorsdgndmically selects
a task to execute according to its scheduling algorithmhis ¢hapter we see how we
make scheduling decisions using SCE.
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3.3.1. Serialize behaviors

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] ||Q|E|E
88 Eile Edit Miew Project §ynthesis| Walidation  Windows Help =|=| x|
0= - eI
Type FE =
Design IDes Architecture Plugins - | I | MName
o 2] Viocogerspes. sir 88 Architecture Refinement... & Coder
; 2 y Schedule behavi Motorsia DSFPSEEEE 5P o dt<_mode
chedule behaviors... W Stamdard oy 5 senal

Scheduling Plugins ~ | Monitar

¢ speech_samples
Stimulus

i bedt_ctrl
&llocate Busses... —@ar_cc_Tg_DSP_[
I ar_cc__ch_ana__|
‘@ show Channels —drar_cc_ ch_ana_ k
Communication Pluging -~ -rar_cc__code_ DS
|& Communication Refinement... orar_cc__code_ HW
—imar_cc_ exc_i_ DS
—rar_cc__gain_code,

oioi Scheduling Refinement...

RTL Preprocessing...

Allocate RTL Units... —@ar_cc_gain_pit_[

Schedule & Bind RTL... —amar_cc__h1_ D3P_

RTL Plugins - SRS £
Models | Imports | Sources B ETL Refinement... Bnnels | Raw | DSP | HW

B C Caode Generation...
el |

X Compile | Simulate | Ana

Import Decisions...

@ Stop

Static and dynamic behavior scheduling 4

To start behavior scheduling, sel&ynthesis— Schedule behaviors from the menu
bar.
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3.3.1.1. Schedule software
| scheduling (on dacite.ece.neuedu) 3

@& Motorola DSP56600 0 DSP
= Wr_pre_process
= wr_coder_12k2

= wr_post_process

A Scheduling window will pop up. This window includes scheduling optidios two
PEs (DSP and HW). We begin by selecting the scheduling algorfor the software.
We can do either static scheduling or dynamic schedulingHersoftware. In case of
dynamic scheduling, a RTOS model corresponding to the tselescheduling strategy
Is imported from the library and instantiated in the PE. TR model provides an
abstraction of the key features that define a dynamic schregdbehavior independent
of any specific RTOS implementation. SCE provides two RTOSetowith different
dynamic scheduling algorithms: round-robin and priorigsbd.
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3.3.1.2. Schedule software (cont'd)

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] ||Q|E|E
95 Eile Edit Mjew FEroject Synthesis Validation Windows Help =|=| x|
Dz 8d g va % B iaaEEEIE]
: == [rvwm o == o
Design | Scheduling [
o 2] Viocosersper. 4 -
- A P | Hw I t<_mode
i i erial
Mame & —Dynamic Scheduling
eech_samples
-2 Maotorola_DSFSE600 purx ot P
B- B pre_process _
- 8 coder_12k2 rcc_T0_DSP_
P # Mone rco_ choana_ [
o+ B [p_analysis r_cc__ch_ana__k

r_cc__code_ Dl

~ Round-rohin v ce__code HW

= r_co__exc_i_ D3
= find iali :
'a; Isp Serialize Tree « Priority based r_cc_ga!n_cpde_
'az_lsp_ Flatten r_co__gain_pit [
Fcopyl Flatten Tree i—EE—T:DiF;—I_ /
b 38 wad_lp 7}4 | s
estore
Models [ imports Wseqz =
: Mo sne Restare Tree ! D3P | HW

_ﬂ Compile | Sitmu

Help | (o]:8 | Cancel |

|

[Ready 4

Behavior scheduling is done by converting all concurrergc&p"par” or "pipe" state-
ments into sequential statements. This conversion is aethiby performing the "seri-
alize" operations on the intended behaviors. For examptjrae that behavior "A" is a
"par" composition of behavior "B" and "C". With a "seriallzeperation, behavior "A"
will be changed to a sequential execution of "B" and "C" byadédtf Another kind of
operations, "flatten” are often performed during behavabresiuling to change the be-
havior hierarchy. Continuing with our example, if behaviBr itself is composed of "D"
and "E" in parallel, a "flatten” operation on "B" removes "BSiin "A" while promoting
its sub-behaviors, "D" and "E" one level up. As the resulhdeor "A" becomes a "par”
composition of "D", "E" and "C". Note that the hierarchy riten among behaviors is
most conveniently represented as a tree, operations ligerieee" and "flatten tree" are
also provided by SCE to serialize or flatten behaviors of drselrecursively.

In our design, for example, to serialize the sub-behavidrbetmavior "seql”, in the
design hierarchy tree, select behavior "seql". Right dacbring up a menu window
and selecSerialize Tree from the menu.
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3.3.1.3. Schedule software (cont'd)

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] ||Q|E|E
88 File Edit ¥iew Project Synthesis Validation Windows Help x| x|

Dz B@ 8 vwae X EEE] B @ | 0]

Design
o 2] Viocosersper. 4 -
el 4 DSP | s I t<_moce
Name &~ Dynamic Scheduling erial
peech_samples
- @ Motorola_DSPSEE00 I~
B- B pre_process _
- B coder_12k2 t_cc_TO__DSP_|
P # Mone rco_ choana_ [
o+ B [p_analysis r_cc__ch_ana__k
A init : r_cc_ code_ DSl
[ Fesedl & REmEHTEE r_ceo__code_ HW
Bt & fincl_az_1 rcc__esc_i_ DS
find 2 o i
Faz lsp 1 ~ Priority based r_cc__gain_code,
'az_lsp_Z r_cc__gain_pit__[
. h1__ DSP
& copyi pieitiie |
b o wad_lp R S m:
Models [ Import Il seq2
(ECTE M sneech und £ DI || (A
] T = EE——

_ﬂ Compile | Sitmu

Help | (o]:8 | Cancel |

|

[Ready A

Now that the two parallel child behaviors of behavior "sed®havior "find_az_1" and
behavior "find_az_2" are converted into two sequential emhs. We can see that be-
havior "find_az_1"is executed before behavior "find_azThis execution order is cre-
ated by the tool. The designer can modify the execution order
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3.3.1.4. Schedule software (cont'd)

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] ||Q|E|E

98 File Edit Miew Project Synthesis Validation Windows Help =|=| x|

Dz B@ 8 vwae X EEE] B @ | 0]

Design
o 2] Viocosersper. 4 B
el 4 DSP | s I t<_moce
Name &~ Dynamic Scheduling erial
peech_samples
- @ Motorola_DSPSEE00
- dt=_ctrl
B+ B pre_process
- B coder_12k2 t_cc_TO__DSP_|
P # Mone rco_ choana_ [
o+ B [p_analysis r_cc__ch_ana__k
A init : r_cc_ code_ DSl
m- Fiseg ~ Round-rohin v oo code_ HW
find_az_z i
E- & ﬂndaz1 LCC_EX-C_I_ES
oz lsp 1 ~ Priority based f_CC__gain_code,
'az_lsp_Z r_cc__gain_pit__[
. r_cc__hl__ DSP_
A copyt
Py PO
b 38 wad_lp S
Models [ Import Il seq2
(ECTE M sneech und £ DI || (A
] T =] EE——————
_ﬂ Compile | Sitmu
. Help | (o]:8 | Cancel |

|

[Ready A

Select behavior "find_az_2". Left click and move behaviondfiaz_2" before behav-
ior "find_az_1". Now behavior "find_az_2" is executed befdned_az_1". In general,

the designer can specify any "par” or "pipe" statements tedheduled and manually
specify the execution order of any parallel behaviors indame level. The remaining
parallel behaviors can either be dynamically scheduledhbyRTOS model or statically
serialized by the tool.

Since we want the tool to schedule all the behaviors autaailftj we restore the execu-
tion order created by the tool. Select behavior "find_azL&ft click and move behavior
"find_az_1" before behavior "find_az_2".
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3.3.1.5. Schedule software (cont'd)

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] ||Q|E|E
95 Eile Edit Mjew FEroject Synthesis Validation Windows Help =|=| x|
D2 Hd 8 vwax X[ [FFE] B e 0]
[E v ]

Design IIZ
o 2] Viocosersper. 4 b
el 4 DSP | s I t<_moce
~Dynamic Scheduling erial
el peech_samples
¥ Serialize dt_ctrl
oder_12k2 Sgrialize Tree PR r—CC—Tg—DSP_[
ost_process - | t_cc__ch_ana__|

ELSIE r_co__ch_ana__k

Flatten Tree . r_cc__code_ DSl

7Rest0re ~ Round-rohin r e code HW

; e T rcc__exsc_i_ DS

estore Tree -

— w  Priorty based r_cc__gain_code]
r_cc__gain_pit__[
r_cc__hl__DEP_
e

-

Models | Imports DEP | HW

_ﬂ Compile | Sitmu

Help | (o]:8 | Cancel |

|

[Ready 4

For our example, since there are not many parallel behawvi@$SP, we statically sched-
ule the behaviors in DSP. In the dynamic scheduling boxk@id selecNone.

Also, we will leave the decision of behavior execution orttebe made automatically
by the tool. In the design hierarchy tree, select behavioottvbla DSP56600". Right
click and selecBerialize Tree.
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3.3.1.6. Schedule software (cont’d)

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] ||Q|E|E
88 File Edit ¥iew Project Synthesis Validation Windows Help x| x|

D2 Hd 8 vwax X[ [FFE] B e 0]

Design
o 2] Viocosersper. 4 -
ne 7 t<_moce
—Dynamic Scheduling erial
peech_samples
di_cirl
- B coder_12k2 r_cc_TO__DEP_
™ e # Mone rco_ choana_ [
- & lp_analysis r_co__ch_ana_ H
|- init : r_cc__code_ DSl
B Fiseq w Round-rohin ' cc__cade HW
—Faz_lsp_1 rcc__exc_i_ DS
A az_lsp_2 .
—:co_ 5]_ w  Priorty based r_cc__gain_code]
B2 Eyl r_cc__gain_pit__[
vad_lp
- Fseq2 il
gint_lpCZ TS
Maodels | | It g_pls_and_intlpc
mpU 2 L_ e crcach nnd i'{ DI nfty
] T ] |
_ﬂ Compile | St
:: Help | oK | Cancel |
24

[Ready 4

As shown in the figure, all the child behaviors of behavior ‘thtola_DSP56600" are
serialized. Behaviors that are modified as a result of seaitdn are marked with a "*"
symbol next to them.
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3.3.1.7. Serialize behaviors in HW

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] ||Q|E|E
88 File Edit ¥iew Project Synthesis Validation Windows Help x| x|
Dz Hd s/[va xR X[ FE] 80
------------ ﬂllm = I.I_Im IDE I I[II
Design £ scheduling ||z
o 2] Viocosersper. 4 -
o p| DR | Hw | o mods
—Dynamic Scheduling erial
peech_samples
Setialize tx_cirl
. r_cc_ TO_ DSP_
Serialize Tree & MNone ¢ oo b ana L
Elatten r_cc__ch_ana_ F
Flatten Tree _ r_co__code_ DSl
- ~w Round-robin ¢ cc code HW
Restore - -
o rcc__exsc_i_ DS
Restare Tree i
- + Priority based r_cc__gain_code,
r_cc__gain_pit__[
r_cc__hl__ DSP_
=
Models | Imports DEP | HW
] | = 1

_ﬂ Compile | Sitmu

Help | (o]:8 | Cancel |

|

[Ready 4

The next step is to serialize behaviors in HW. Since custordvware can only be stati-
cally scheduled, the dynamic scheduling box is disable#iiat Click and selecHW in
the Scheduling window. In the design hierarchy tree, select behavior "Hén8ard".
Right click and selecEerialize Tree.
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3.3.1.8. Serialize behaviors in HW (cont'd)

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] ||Q|E|E
g8 Eile Edit Miew Project Synthesis Validation Windows Help = |=| x
oo £ 1= L Eroj 2y al il gelp
Dz g g ve xbB X EFEE]8s| o
X
eduling
o 2] Viocosersper. 4 b
A DsP I 8B | t<_mode
] —Dynamic Schedulin erial
Marme A Y g
. T peech_samples
= ar wr_codebook 2 tx_cirl
o Ear_init_codebook I r_cc_TO__DSP_
| @ ar_ch__T0__DSP__Hw & # Naone r_ce_choana L
MFar_ch__ch_ana_ DSP__HY £ r_cc__ch_ana_ F
MFar_ch__code_ DSP_ HW £ r cc__code_ DS
@ ar_ch__exc_i_ DSP__HW £ w Round-robin oo code  HW
A ar_ch__gain_pit__DSP__HW ¢ b oo ewc i DS
Far_ch__h1_ DSP__HW £ . d
|_@Far cb__resz_ DSP__HW 2 ~ Frinrity hased f_Cr__gain_code,
L ar_ch__xn__DSP__HW 2 r_cc__gain_pit_L
A ar_ch__yl_ DSP__HW £ r_cc__hl_ DEP_ ;
L ar_ch__ye_ DSP__HW £ %
[ ]
Models [ Imports G- & codehook g DSP | HW
Fisenl CJs
| | = —]
__H Compile | Sitmu
. Help | Ok | Cancel |
24
[Ready 4

As shown in the figure, all the child behaviors of behavior "H8Yandard" are serialized.
Click OK button to confirm the scheduling decision.
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3.3.2. Generate serialized model

B C Caode Generation...

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch sir'] ||Q|E|E
88 File Edit Miew Project §ynthesis| Yalidation  Windows Help =|=| x|
N | @@ S| |  Alocatepes.. =N .|
== Gf Shaw Mariahles ]
: : |T$"P9 IPE | 7| Mame
Design IDes Architecture Plugins -
m- 12 Vscoserspec.siv 92 architecture Refinement.. Coger & cCoder
N A, ) Motorola_DSFPSE6HE 858 e dt<_made
NE Schedule behaviors... HW S W & serfal
Scheduling Plugins | nonitor | speech_samples
=% Scheduling Refinement... Stimulus L5 pdltx_ctr
Allocate Busses.. —Crar_cc__T0__DSP_
—ibar_cc__ch_ana_ [
‘@ iy CEmiEle —rar_cc__ch_ana__k
Communication Pluging -~ —{ar_cc__code_ DEI
2|2 Communication Refinement... —rar_ce__code_ HW
5 —imar_cc_ exc_i_ DS
RTL Preprocessing... | ovar_ce__gain_code
Allocate RTL Units... - amar_cc__gain_pit__I
Schedule & Bind RTL... —amar_cc__h1_ D3P_ /
RTL Plugins - SRS
Models | Imports | Sources B ETL Refinement... Bnnels | Raw | DSP | HW

X Compile | Simulate | Ana

Import Decisions...

el |

@ Stop

Scheduling Refinement

)

Once the scheduling decisions have been made, we can refiaecthitecture model to
reflect the changes. A software scheduling and RTOS modeittian tool is integrated
in SCE. The tool will generate the model to reflect the schadwlgorithm we selected.
In case of dynamic scheduling, a RTOS model is inserted hreaesign and behaviors
are converted into tasks with assigned priorities. To irvike tool, go tdSynthesis
menu and sele@cheduling Refinement.
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3.3.2.1. Refine after serialization

= | wocoder.sce - 50C Environment - [Coder - YocoderArch - YocoderArch si] ||Q|E|E
98 File Edit Miew Project Synthesis Validation Windows Help =|=| x|
FFE[ 8]0
[
Type PE E
- [ | 4P I | Mame
Design IDesc". -4 Main
m- 12 Vscoserspec.siv coder Coger & cCoder
e Motorola_DSFPIE6HE OEF o db<_mode
HW Stanaa HW | o senal

Monitar ¢ speech_samples

= i bedt_ctrl
—dar_cc_ TO_ DSP_
Top level: | Coder _il amar_cc__ch_ana_ [
—drar_cc_ ch_ana_ k
|—Tasks —rar_cc__code_ DSl

-heduling Refinment

I Static scheduling —mar_cc__code_ HW
I RTOS refinement orar_cc__exc I DS
—rar_cc__gain_code,
—rar_cc__gain_pit__[
—amar_cc__h1_ D3P_

Start Cancel PP e
[ _Cancel |

~ ] =

Models | Imports | Sources Hierarcf——semrewmr =TT = Raw | DSP_| HW

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

Freparing refinement... 4

A dialog box pops up for selecting specific refinement tasksd&ault, all tasks will be
performed in one go. Press tB¢art button to start the refinement.

It must be noted that the user has an option to do the refinetasd one step at a time.
For instance, a designer may select only static schedulimg or she is not concerned
about observing the dynamic scheduling behavior on the coiept.
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3.3.2.2. Refine after serialization (cont'd)

[=[Elf]

D Eile Edit Miew Project Synthesis Validation Windows

Dz 8g g » IsEEEEIE]

=l AR TS

|

Design
o 2] Viocogerspes. sir
+H

MName

Coder & rain
kdanitar @ local_dt
Stimulus O oitx_mod
mserial_bi
wspeech_
O Exets_cir
Scader
& manitor
& stimulus

nn

Vocoderarch.sche

| - 1 |

~I
Madeals | Imports | Sources Hierarchy | Behaviors | Channels | Raw I IZ: | 1

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

=% End of RTOS Refinement *%

kriting output SIR file "/home/specc/demoNVocoderArch,sched,sir",,

. done,
RTOS refinenent successfully completed,

W
Y.

The logging window shows the refinement process. After theement, the newly gen-
erated serialized model "VocoderArch.sched.sir" is digpt to the design window. It
is also added to the current project window, under the agchitre model "Vocoder-
Arch.sir" to indicate that it was derived from "VocoderArsh®".

[Ready
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3.3.2.3. Refine after serialization (cont'd)

[=I[Bl[]
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
Dz 8d g va % B iaaEEEIE]
X !
- [ T |Mame
ign 1
3 Vocogerspec.sir Coger & rain
E—EEVocoderArch. i AF monitor kdonitar @ local_dt
g :|"-,-"|:||::|:||:1Er.-"-".r|_: 1sched sir 'Stimb”us Stimulus b dt_mad
mserial_bi
wspeech_
[ E-dt_ctr
Scader
& manitor
& stimulus
~I I -~ | | || R -
Models | Imports | Sources Hierarchy | Eehaviaors | Channels | :I HW I;lé]
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
: A
=% End of RTOS Refinement *%
Writing output SIR file "/homesspecc/demo/VocoderArch,sched,zir", ., done,

RTOS refinenent successfully completed, ".’I

|I:?;eady A

As we did for previous models, we change the name of the ssztharchitecture model
to "VocoderSched.sir" in the project window.
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3.3.3. Simulate serialized model (optional)

= | wocoder.sce - 50C Environment - [Main - YocoderSched - YocoderSched sir'] ||Q|E|E
[C] Eile Edit ¥iew Emject Synthesis Vglidationlﬂindows Help =|=| x|
| = [ [ [ élﬁ 5 I 3¢ B » Enable Instrumentation h of, I .l
B Compile T
Mame - Type il
Desgr {=mn s ————
o 2] Vocogerspes. sir Open Terminal - Coder Brnain
B30 VocogerArh sir 4 Kill simulation s honitor @ local_dt
) Stimulus ot mod
Yiew Log... i
mserial_bi
Erofile wspeech
Analyze it _ctr
Evaluate Sscoder
Metrics... 8?mpmt0r
& stimulus
Show Estimates
Estimate
Analyze RTL
@ :iop
.l I = | | || R -
Models | Imports | Saurces Hierarchy | Behawiors | Channels | Raw I L. | ]
ompile imulate halyze efing ynthesize e
X compile | Simulate || Anal Refi Synth Shell
i ¥ sir_rename -i HhomeHspeccfdemo.ﬂ"ocﬂ:ﬂerﬂrch‘Sched,Sir -o /homnesspecc/deno/NocoderSched =i Vocoderfrch Yoo
oderSched
Compile

)

This section shows the simulation of the generated model.thé reader
is not interested, she or he can skip this section and go thireto
Section 3.4Communication Syntheqjgsage 113)

Serialization refinement is now complete with the generatiba new model. However,
we also need to confirm that the model has not lost any of itstiomality in the re-
finement process. In other words the new model must be furadtioequivalent to the
architecture model.

We will validate the serialized architecture model throsghulation. But first we need
to compile the model into an executable. To compile the Baed architecture model to
executable, go t¥alidation menu and selec€ompile.
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3.3.3.1. Simulate serialized model (optional) (cont'd)

= | wocoder.sce - 50C Environment - [Main - YocoderSched - YocoderSched i ||Q|E|E
23 FEile Edit Miew Project Synthesis Validation | Windows Help =|=| x|
| = [ [ [ é“o e I 3¢ B » Enable Instrumentation h of, I .l
Compile I
Mame Type FE |
1 H - Simulate — | | Mame
E—Q Vocogerspes siv Open Terminal - Codar &Main
EFEE Vimcoderdri s Eill simulation [ Mpnitor @ local_dt
nin ) Stimulus ot mod
Wiew Log... o
mserial_bi
ez wspeech
Analyze b bt _ctr
Evaluate Scader
Ietrics... 8"’”_””””
& stimulus
Show Estimates
Estimate
Analyze RTL
@ :iop
I - ] -

~I
Madeals | Imports | Sources Hierarchy | Behaviors | Channels | Raw I IZ: | 1

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

Input: "VocoderSched.,cc" A

Output s "VocoderSched,o"
Linking, ..

Input: "VocoderSched.,o"

Output ; "VocoderSched"

Done., JI
4

Simulate

The messages in the logging window shows that the refined Ineodempiled success-
fully without any errors. Now in order to verify that it is fetionally equivalent to the
architecture model, we will simulate the compiled modello&$ame set of speech data
used in the specification validation. GoValidation menu and sele@imulate.
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3.3.3.2. Simulate serialized model (optional) (cont’d)

VocoderSched (on dacite.ece.neu.edu -0x

frame=150 encoding delay = 10,28 ms

frame=151 encoding delay = 10,28 ms
frame=152 encoding delay = 10,28 ms
frame=153 encoding delay = 10,28 ms

frame=154 encoding delay = 10,28 ms ) [J
frame=155 encoding delay = 10,28 ms Mapplng

frame=156 encoding delay = 10,28 ms Name
frame=157 enceding delay = 10,28 ms

frame=158 encoding delay = 10,28 ms

Type

frame=153 encoding delay = 10,28 ms H

frane=150 encoding delay = 10.28 ne oc... & Main
frame=161 encoding delay =
frame=162 encoding delay =
frame=183 encoding delay =

e

0,28 me
done, 163 frames encoded

Profiler writting files ..,
Wirite Global Blocks Counter tol VocoderSched_bb_counter,prf
lirite Function Level Counter to! VocoderSched_fn_counter prf
Files src/speechfiles/nodtx_good.bit and nodtx.bit are identical
Simulation exited with status 0
iress return to continue ...

= Nop_HW

< — ] S
i
Models | Imports _"'I/ Hierarchy IBehaviors IGhannals I Raw |D$P ||-|w |

0,28
0,28 s t @dtx_mode bool
&1testbench GSM_

A

Compile | Simulate

Verify |Analyze lF{afine |Sy|1thasize ‘Shall |

d with status 37" ;echo "Press return to continue ..." ;read confirm

Ready

The simulation run is displayed in a new terminal window. Asean see, the serialized
architecture model was simulated successfully for all 1@Bnks of speech data. The

% wxterm -title VocoderSched -e /binfsh -c ./VocoderSched src/speechfiles/spch_unx.inp nodtx.
bit nodtx &% diff -s src/speechfiles/nodtx_good.bit nodtx.bit; echo "Simulation exite

4

result bit file is also compared with the expected golden aiugiven with the Vocoder
standard. We have thus verified that the generated refine@lrsofdinctionally correct.

Note that the execution time for each frame now becomes 1fi&8Recall that the
execution time was 8.81 ms for each frame before the softaareduling is performed.
The increase of execution time is reasonable since the ca@may in the previous model

is removed by the software scheduling.
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3.4. Communication Synthesis

Communication synthesis is the second part of the systeehdgwnthesis process. It re-
fines the abstract communication between components imth&ecture model. Specif-
ically, the communication with variable channels is refimg an actual implementa-
tion over wires of the system bus. The steps involved in thosgss are as follows.

We begin with allocation of system buses and selection opbot®cols. A set of system
buses is selected out of the bus library and the connectbfityhe components with
system buses is defined. In other words, we determine a bhisesttire for our design.

This is followed by grouping of abstract variable chann&lse communication between
system components has to be implemented with busses insteadtiable channels.
Thus these channels are grouped and assigned to the chasem dyusses. Once this
is done, the automatic refinement tool produces the reqbuwedrivers for each com-
ponent. It also divides variables into slices whose sizbessame as width of the data
bus. Therefore that each slice can be sent or received usgnguis protocol. The entire
variable is sent or received using multiple transfers oféhglices.
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3.4.1. Select bus protocols

) - VocoderSched - VocoderSched.sir] (on

v.b—?

& Motorola_DSP566!

% xterm -title Vocoder Sched sro/speechfiles/spch_unx.inp nodtx.
bit nodtx && di - rood.bit nodtx.bit; echo "Simulation exite
d with status 37" jech . ogread confirm

Simulation exited, exi p&

As explained earlier, we begin by selecting a suitable busfw system. Note that in
the presence of only two components, one bus would sufficezeMer, in general the
user may select multiple buses if the need arises. Bus &lboces done by selecting
Synthesis—Allocate Network from the menu bar.
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3.4.1.1. Select bus protocols (contd)

A Bus Allocation window pops up showing the bus allocation table. In the ngtwo
allocation window there will be three tabBusses, CEs, and Connectivity. In the
Busses tab, by default the "Motorola_ DSP56600 PortA" bus will begent. This is
the required bus. Rename this bus to "Bus0" by left clickiagrt0" and typing "Bus0."
Note that the architecture chosen for the design has an ropabe selection of busses.
More often that not, the primary component in the designatiest the bus selection
process. In this case, we have a DSP with an associated busk#s sense for the
designer to select that bus to avoid going through the oeelloé generating a custom
bus adapter. Click th€onnectivity tab to allocate the bus.
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3.4.1.2. Select bus protocols (contd)

Network Allocation (on dacite.ece.neu.edu)

The Connectivity tab shows that the hardware element has one port, PortAllalalea
Set PortAO of "HW" as "Slave on "Bus0" by clicking the menu antHW" "Port0" and
selecting slave. CliclOK to confirm your changes.
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3.4.2. Map channels to buses

Chapter 3. System Level Design

EI=ES
[] File Edit View Project Synthesis ‘Validation Windows Help =|=] x|
N 1@ &8 |0 a| X EiaEEEEE
. E[ Mame |Type |F'E IElus | [J - Type
Design
) Vocoderspec.si e & Coder
EEVDCDdErPJC Moforsia DEPSEEGRT D5F - dt<_mode i_tecaivel
HW_ Standard HIW - serial i_sender
Mpnitor ¢ speech_samples i_receivel
Stimulus - et _ctrd i_sender
—Imar_cc_ TO_ DSP_ HW _CH_shoi
—iar cc_ ch_ana_ DSP__HW _CH_shai
—@mar_cc__ch_ana_ HW_ D3P _CH_shol
—Imar_cc__code_ DSP__ HW _CH_shoi
—Imar cc_ code_ HW_ DSP _CH_shaoi
HIpar_cc__exc_i_ DSP__HW _CH_shoi
I ar_cc__gain_code_ HW__ DSP _CH_shal
—Ipar_cc__gain_pit_ DSP__HW  _CH_shal
—Irar_cc_ hl_ DSP_ HW _CH_shoi /
SO— = S — P
Waden| | Impnr;ld Hierarchy | Behaviors | Channals | Raw | DsP | Hw

n to continue L.,." fread confirm
Simulation exited, exit status: 0

ﬂ Caompile | Simulate | Analyze | Refine | Synthesize | Shell |

% xterm -title VocoderSched -2 Abindsh -c | AocoderSched src/speechfiles/spoch_unx, inp nodibx.bit nodtx zs d
iff -z sroc/speechfiles/nodtx_good,bit nodbx,bit: echo "Simulation exited with status $#7" :echo "Press retur

[Ready

|

Once the bus allocation has been done, we need to group theelb@f the architecture
model and assign them to the system buses. Recall that indhigezgture model, we had
communication between components with abstract variatdamels. We now have to

assign those variable channels to the system bus.

Expand the design hierarchy window and scroll to the rigHirtd a new column entry

Bus.
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3.4.2.1. Map channels to buses (contd)

= | wocoder.sce - 50C Environment - [Coder - YocoderSched - YocoderSched sir’] |Q|E|E
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
N H@ &8 |»a| X X EEE B s e
—5'[ Mame [ Type TPE [Bue || Narme Typs
Design A - 4 ain
B 2] ViocoserSpec. sit & Coder
B2 vocoderare filomla_DSPS6660 O5P[ | - dbc_mode i_teceivel
HW_Stanaan Hit - serial i_sender
AF monitor - Maonitar - speech_samples i_receivel
AF stimulus Stimulus Lo tuctte_ctr i_sender
—Ipar_cc_ TO__DSP__HW _CH_shoi
HIpar_cc__ch_ana_ DSP__HW  _CH_shal
—Irar_cc_ ch_ana_ HW_ DSP  _CH_sho
—Irar_cc_ code_ DSP_ HW _CH_shoi
—@mar_cc_ code_ HW_ D3P _CH_shoi
—Imar cc_ exc_i_ DSP__HW _CH_shoi
rar_cc__gain_code_ HW__ D3P _CH_shol
T ar_cc__gain_pit__DSP__HW  _CH_shol
—Tmar_cc__hl_ DSP__HW _CH_shoi /
< ] = i -
Models Impnrslé Hierarchy | Eehaviaors | Channels | Raw | D3P | HW

__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
: # xterm -title NocoderSched -e Ahindsh -c |, AocoderSched src/speechfiles/spch_unx, inp nodbx.bit nodbx 22 d
iff -= srocdspeechfiles/hodtx_good.bit nodbx,bit: echo "Simulation exited with status $7" fecho "Press retur

n o to contimue L, ." fread confirm
Simulation exited. exit status: O

[Ready A

Like component mapping, bus mapping may be done by assigaimgple channels to
buses. However, to speed things, we may assign the top lexglanent to our system
bus. Since we have only one system bus, all the channels avithdipped to it. This is
done by left clicking in the row for the "Coder" behavior undlee bus column. Select
the default "Bus0" and press RETURN.
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3.4.3. Generate communication model
- VocoderSched.sir*] (on dacite.ece.neu.edu) PI=F 4

| x|

= {3 VocoderSpec.sir
#-22VocoderArch.sir
L=vocodersched

&HW_Standard
Lo |Hw_standard

% xterm -title Vocoder Sched sro/speechfiles/spch_unx.inp nodtx.
bit nodtx && di - rood.bit nodtx.bit; echo "Simulation exite
d with status 37" jech . ogread confirm

Simulation exited, exi p&

Now that we have completed bus allocation and mapping, we pnageed with net-
work refinement. Like architecture refinement, this procaswomatically generates a
new model that reflects our desired bus architecture. Tokmvbe network refinement
tool, selectSynthesis— Network Refinement from the menu bar.
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3.4.3.1. Generate communication model (cont'd)

[ vocoder.sce - SoC Environment - [HW_Standard - VocoderSched - VocoderSched.sir] (on dacite.ece.neu.edu) | — O X
[l File Edit View Project Synthesis Validation Windows Help xlxlx
D2 B@ & EE=k-32 B 0 0o XbB K

al= 8=

j
CUCMM[  Network Refinement (on dacite.ece ]l
Design : Name
IiHQv:::c:e:utl.svrSJ::nrec,s!r [ Tasks $HW Standard
é—”‘b‘ oderArch.sir ' |Channel grouping L iisi e
WL ‘ocoderaren. © |HW_Standard
a3V ocoderSched 7' Data conversion
' CE insertion
| System packet size |1 byte
~ Optimizations
' Flattening and packeting
E’:ﬁ}f Erm——| | ¥ Aligned transactions N I
Models | Imports |:,j Hierard | = \essage merging Raw |DSP | Hw |
= —
* Compile | simulate | Verity |/ ,
Help | Start Cancel |
A4

Preparing refinement... 7

A new window pops up giving the user the option to perform easi stages of the
refinement. The user may choose to partially refine the modbbwt actually inserting

the bus, and only selecting the channel refinement phasewidy, he can play around
with different channel partitions. Likewise, the user ntigbant to play around with

different bus protocols while avoiding "Inlining" them smtomponents. This way he
can plug and play with different protocols before genemtine final inlined model.

By default all the stages are performed to produce the fin@lnsonication refinement.
Since we have only one bus, and hence a default mapping, wieroall three stages

and left click onStart to proceed.
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3.4.3.2. Generate communication model (cont'd)

ed.comm.sir [read-anly]] =1
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
Dz B@ 8 va X EEE] B @ | 0]
[
: |T$"F39 IPE |Elus ' Mame
Design rH 4 Main
o 2] Vocogerspes. sir b+ Dl coder Coder Bl & rain
@29 vacoderarch sir ¥ monitar honitor @ local_dt
. VocoderSched.siv M stimulus Stimulus T ot<_maod
212y ooodersched comm 5 Il Motorola_DSPSEBEO0_BF Coserial_bi
wspeech_
O tedt:_ctr
Scader
& manitor
& stimulus
I -] -
Models | Imports | Sources | Hierarchy | Behaviors | Channels | Raw I IZ: | 1
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
i Cleaning up wariable channels from the design ... 2
Writing SIR file "/honedspecc/denoVocoderSched,.comnm,=ir". ..,
Communicat ion ref inement successfully performed,
[Ready A

During communication refinement, note the various taskagpperformed by the tool
in the logging window. The tool reads in channel partitiog®ups them together, im-
ports selected busses and their protocols, implementablarchannel communication
on busses and finally inlines the bus drivers into respectiveponents. Once commu-
nication refinement has finished, a new model is added in thjegirmanager window.

It is named "VocoderArch.comm.sir". Also note that we havees design management
window on the right side in the GUI.
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3.4.3.3. Generate communication model (cont'd)

§| vocodersce - S0C Environment - [Main - YocoderSched - YocoderSched.comm.sir [read-only]] ||Q|E|E
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
Dz g g ve xbB X EFEE]8s| o
X I
; B
- I -| | Mame
Design
m- 12 Vscoserspes.siv Coger & rain
@29 vacoderarch sir ¥ monitar honitor @ local_dt
FFES v ocodersched sir M stimulus Stimulus @dbs_mod
R w— Il Motarala_DSPSEE00_BF v serial_hi
Cipen pspeech_
Delete Del O ixdte_ctr
codar
Cpen Input &
REN TR & manitor
Becreate & stimulus
Bename...
Change Descriptian...
Statistics..
~l | - -] -
Models | Imports | Sources | Hierarchy | Behaviors | Channels | Raw I IZ: | 1

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

Cleaning up wariable channels from the design ... 2
kriting SIR file "/homesspeccddenoVocoderSched.,.comnm,=ir", ..

Communicat ion ref inement successfully performed,

i

|I:?;eady A

We now need to give our newly created communication modedsomable name. To do
this, right click on "VocoderArch.comm.sir" in the projectanager window and select
Rename from the pop-up menu. Now rename the model to "VocoderN&t.si
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3.4.3.4. Generate communication model (cont'd)

vocoder.sce - SoC Environment - [Coder - VocoderNet - Vocod

_1 File Edit View Project Synthesis Validation ‘ Windows

D=/ HE & P55 BD - Enale mstrumentation
||| Name Compile
E—ESign - 14 Main ;i muTatE.- -
:f_ Er:?ndersjuec. sir | g testbe T |
oo VocoderArch.sir . Open Terminal
355V ocoderSched S Myoe  Kill simulation
=+ VocoderNet PR
Geperate Trace Statistic
» n::: Verify Transformation...
& Decoder Profile
| =|||| THW_Standi  Analyze
Models | Imports I : Hierarchy E Evaluate

Metrics...

Simulate | Verify

% silr_rename -1 Jhomesstudents J-
Jtevoldsproject/vocodersVocaodert

GCompile Analyz

" Show Estimates

Estimate

Analyze BTL

@ Stop
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Simulate the resulting network model of the design by selgct
Validation— Compile. Upon completion, selectalidation— Simulate to validate
its correctness.
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3.4.3.5. Generate communication model (cont'd)

_| File Edit View Project

Ne @ 3| zE=E
__________________________________________________________________________________________________________________ ﬂ[ —
[N
Design
9 L8
£l VocoderSpec.sir
é‘EEVDEDdETﬂrEh.SiT
ﬁﬂiﬂiVncnderSched

-+ VocoderNet

| ™

|
Models | Imports ~| Hi

-

.
| Gompile |Simu|ate |‘u"eri

Assign communication link pa

Architecture Plugins =5cod
oo Architecture Refinement...

Schedule behaviors... ':1%_

Scheduling Plugins ~ fpe

== Scheduling Refinement...

Allocate Network...

@ Show Channels

Network Plugins

&2 Network Refinement...

Assign Link Parameters... t} t

cod

Communication Plugins -~

als Communication Refinement...

RIL Preprocessing...
Allocate RTL Units... ==
Schedule & Bind RTL...

RTL Plugins -

B RTL Refinement...

55 C Code Generation... A
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After network refinement, synthesis of communication infelags segment of the sys-
tem has to be done to complete the communication designgsoEer this, we start by
setting parameters for all comunication links in the syst8electSynthesis—Assign
Link Parameters.
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3.4.3.6. Generate communication model (cont'd)

| vocoder.sce - SoC Environment - [Coder - VocoderNet - Vococ

_1 File Edit View Project Synthesis Validation Windows

D Bl & [FEatz G0 oo XBR| ]
.................................................................................................................. ﬂ[
I Namea Tune
Design
VocoderSpec.{ gusp
IﬂEEVD{:ﬂ-derAr{:
ék“i“ivm; oderd Link Start Addre End Addreg [V ocde
c link D... 0x8000 0x8000
DSP Ox00010 OxJFFF |j" H.-"ﬂ
|
Models | Imports
X : :
/| Gompile | Simu Help

|ﬁead=_,r 127
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The Link Parameter dialog come up with one tab for each busdrsystem. In the Link
Parameters dialog, address maps and synchronization misoisfor every channel and
every PE interface on the busses have to be defined. On "Based6¢t theStart address

of "c_link_DSP__HW" to be a value between 0x8000-0xFFFF thednterrupt to be
"MasterintA" from the drop down menu. Finally, cli€BK to accept and confirm the bus
parameter definition.
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3.4.3.7. Generate communication model (cont'd)

Architecture Plugins ¥ ococ
_1 File Edit View Project oo Architecture Refinement...

N80 8 FEE  soguotonaios.. K
[|Ni scheduling Plugins -~ ype
Design cuing 9 —
Loy erSpec.sir T &% Scheduling Refinement...
I%FEE VocoderArch.sir Allocate Network...

-5%VocoderSched| || | B Show Channels

-+ VocoderNet

Network Plugins

52 Network Refinement. ..

Assign Link Parameters...
cod

Communication Plugins -

| 3z Communication FiefinementhJ

| ™

Models | Imports 1| Hi  RIL Preprocessing...

&
Allocate BRTL Units... B

GCompile | Simulate |‘u"eri P
Schedule & Bind RTL...

x

RTL Plugins -~

B BRTL Refinement...

55 C Code Generation... A

Communication link refinemei - 129
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SelectSynthesis— Communication Refinement to invoke the final communication
refinement tool.
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3.4.3.8. Generate communication model (cont'd)

| vocoder.sce - SoC Environment - [Coder - VocoderNet - Vococ

_1 File Edit View Project Synthesis Validation Windows

DN B[S F=t-x B¢ 0 0o XbBE[ X
__________________________________________________________________________________________________________________ ﬂ [ .
||| Name Type
Design |
T -4 Main
1 VocoderSpec.sir by
pethancrh  (SSKA
=-88VocoderArch.sir
—4
I£l-ﬂi35"u"l::h::cl-l::ierSJ::he-t:i 4 Output model
-+ VocoderNet ~ Transaction-level model
“ [Pin.arcurate model]
~Optimizations
—{ | I Flattening and interrupt hc
— & Deq
| =|| THW_3
|
Models | Imports | = | Hierarch Help ‘ ‘ Start ‘

X :
Compile |Eimu|ate |Veriﬁ_.r |Ana|1.r;:e ‘Fieflne Synthesize |E

Preparing refinement...
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The dialog that pops up provides the option either to geaaa&in Accurate Model
or aTransaction Level Model of the design. Accept the default option of generating a
PAM and clickStart to proceed.
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3.4.4. Browse communication model

§| vocodersce - S0C Environment - [Coder - YocoderSched - YocoderSched.comm.sir [read-only]]

EEE
[] Eile Edit ¥iew | Project Synthesis WValidation Windows Help =|=| x|
CREEES KXo X[ FEE][Be 0
Hierarchy... | | I | | 1
LIl Mame Type PE |Bus =
s Connectivity.. [ & an Ll MName
B3 Vocoder,  Graphs | & cCoder
E-33voce  Trace.. -l l;l_onitlor —gdix_mod
iy _ _ stimulus T L carial
Quality Metrics.. Il Motorola_DSPSEE0N_BF | speech_
E Show Testhench i bedt_ctr
k2= Show Children - @Busi_A
T —— - @Busd_D
ustamize... L & Bus_M
— ¢ Busl_nk
— @ Busi_ny
— @ Inir_Bus
— & D3P
LB Hw
| ] -
Models | Imports | Sources | Hierarchy | Behaviors | Channels | Raw I IZ: | 1
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
i Cleaning up wariable channels from the design ... 2
Writing SIR file "/honedspecc/denoVocoderSched,.comnm,=ir". ..,
Communicat ion ref inement successfully performed,
Views graphical hierarchy

%

Like we did after architecture refinement, we browse throtigghcommunication model
generated by the refinement tool. We have to first check whétieesemantically and
structurally representing a model as described in our Sothodelogy. To observe the
model transformations produced by communication refingm&a need a graphical
view of the model. This is done by left clicking to choose ti@otder" behavior in the
design hierarchy window and selectiwgew——Chart from the menu bar.
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3.4.4.1. Browse communication model (contd)

3=|Coder - VocoderCamm - SpecC Hierd| _|[B]/x] il BEH
Window Eiewl ion  Windows Help =|=| x|
Connectivity g; ||E|E tS::H% @ I .l
————| Coder 1
Zoom in Cirl++ |Type |PE |Elus = MR
Zoat out Cirl+-
Cs 4l | | & coder
Add level Cirl+& - Wonitor o dtx_mode
Remove level  Ctr+R us Stimulus | sorial
7
i | DSP5EE00_BF _Cpspeech_sampm,
1 G beette_ctrl
L o Busl_A
L o Busl_D
= @Busl_MCE
I~ @ BusO_nRD
= @ Busl_n¥R
— @ Intr_Busd_HW
& D3P
L8 Hw
I = 1 | ) | =
Models | Imports | Sources Hierarchy | Behaviors | Channels | Raw | DSP_| HW

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

¥ sir_rename -i /home/specc/demo/NVocoderArch,canm,sir -0 fhomne/specc/denoNVocoderConn,sir YocoderArch Yocod
erComnn

[Ready

)

A new window pops up showing the model with DSP and HW comptméfie have
to observe the bus controllers generated during refinenrehtree added details to the

model. Hence, we sele®iew— Add level from the menu bar to view the model with
greater detail.
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3.4.4.2. Browse communication model (cont'd)

[=[Elf]
=l AR TS

Window  View |

mioll ==

I
Connectivity Tl Mame Type
Zoam in Cirl++ _ $Cuder
Zoom out Crl+- e dtx_mode in boal

e new_frame in event
¢ serial out unsig
e serialhits_ready out even
¢ speech_samples in bit]1 2:
P tedibe_ctrl out unsi

Add level Ctrl+a

Eemove level Cirl+R

— @Bus0_A hit[15:0]

- @Bus0_D hit[23:0]

— @Busi_MCS event

— ¢ BusO_nRD hool

— ¢ Busl_n¥R boal

= @ Intr_Busl_HwW  event

& DsP Behaviol
@i oo

|

Writing IR file "home/sahdidemo/YocoderArch.commsir... Done.
| | Communication refinement successfully performed.

[Ready

In the next level of detail, we can now see the interrupt hant80_HW _handler" be-
havior added in the master to serve interrupts from the HWesl&@o view the actual
wire connections of the system bus, enlarge window and seieev— Connectivity
from the menu bar.
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3.4.4.3. Browse communication model (cont'd)

[=[Elf]

Window  Miew

=lol | ]

|

Writing SIR file “/homessabdi/demo’y ocoderdrch.comm.sir.. Done,
Communication refinement successfully performed.

[Ready

The wire level detail of the connection between componeats@w be seen in the
window. Note that the system bus wires are distinguishedbgrgboxes. Hence we see
that the bus is introduced in the design and the individuaimanents are connected
with the bus instead of the abstract variable channels. Gereing the hierarchical
view further, we can see the drivers in each components.€ltiegers take the original
variables and implement the high-level send/receive nustlising the bus protocol.

We have thus seen that the structure of communication motleWs the semantics of
the model explained in our methodology. We may complete toevéing session by
selectingwindow—-Close from the menu bar.
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3.4.5. Simulate communication model (optional)

§| vocodersce - S0C Environment - [Coder - YocoderComm - YocoderComm.sir'] ||Q|E|E
[5] Eile Edit ¥iew Emject Synthesis ‘alidation | Windows Help =|=| x|
| = [ [ [ élﬁ 5 I 3¢ B » Enable Instrumentation h of, I .l
B Compile I
Type PE |Bus B
Design I Simulate | I | | Name
o 2] Vocogerspes. sir Open Terminal & cCoder
@29 vacoderarch sir Kill simulation ; e db<_mod
EH-EE Y ocoderSched.sir I Stimulus o serial
e oS £ Log.. bF | h
.|« WocaderComm.sir speech_
[Efiliz Lo bealb_ctr
Analyze — @Busl_A
Evaluate — @Busl_D
Ietrics... ~ @ Bush_M
— ¢ Busl_nk
Show Estimates | o BusO_nt
Estimate — @ Inir_Bus
analyze RTL _gDSP
LB Hw
@ :iop
~ | Ll -] -
Models | Imports | Sources | Hierarchy | Behaviors | Channels | Raw I IZ: | 1

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

¥ sir_rename -i /home/specc/demo/NVocoderSched ,comm,sir -o Ahomedspecc/denoNocoderConm,=ir YocoderSched Yoo
oderComnn

Compile 4

This section shows the simulation of the generated commatioit model. If
the reader is not interested, she or he can skip this sectimh go directly to
Section 3.55ummarypage 140)

As a direct analogy to the validation of the architecture eipde have a step for val-
idating the communication model. The newly generated mbdslalready been ver-
ified to adhere to our notion of a typical communication modé must now verify

that the communication model generated after the refinemetess is functionally
correct or not. Toward this end, the model is first compilelisTis done by selecting
Validation— Compile from the menu bar.
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3.4.5.1. Simulate communication model (optional) (cont'd )

§| vocodersce - S0C Environment - [Coder - VocoderComm - YocoderComm.sir] ||Q|E|E
[5] Eile Edit ¥iew Emject Synthesis ‘alidation | Windows Help =|=| x|
| = [ [ [ = s Ye I 3¢ B » Enable Instrumentation h of, I .l
| Compile 1
Type PE |Bus | |
Design I Simulate | I | | Name
m- 12 Vscoserspes.siv Open Terminal a & Coder
@29 vacoderarch sir Kill simulation [ honitar e db<_mod
FHEE Y ocoderSched s I Stimulus o serial
Ry Log.. BF Lo
.|-WocoderCon speech_
Brailz Lo bealb_ctr
Analyze — @ Busl_a
Evaluate - @Busl_D
Metrics.. ~ @ Bush_M
— ¢ Busl_nk
Show Estimates | o BusO_nt
Estimate — @ Inir_Bus
Analyze RTL _gDSP
LB Hw
@ :iop
=~ I —| -] -
Models | Imports | Sources | Hierarchy | Behaviors | Channels | Raw I IZ: | 1

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

Input: "VocoderComm,cc" 4

Output? "VocoderComm,o"
Linking, ..

Input: "VocoderComm,o!

Output.; "VocoderComnm"

Tane. JI
4

Simulate

The model should compile without errors and this may be oleskin the logging win-
dow. Once the model has successfully compiled, we must pbiesimulate it. This is
done by selectinyalidation— Simulate from the menu bar.
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3.4.5.2. Simulate communication model (optional) (cont'd )

3= | vacoderComm ||g||:|||)(I |Q@®

frame=147 encoding delay = 19,89 ns Help lelil
frame=143 encoding delay = 19,89 ns
frame=149 encoding delay = 19,89 ms
frame=150 encoding delay = 19,89 ms T
Frame=151 encoding delay = 19,89 m= FE |Bus ||/
frame=152 encoding delay = 19,89 ms MName
frame=153 encoding delay = 19,83 ms -
frame=154 encoding delay = 19,89 ms Birsld &Maln
frame=155 encoding delay = 19,89 ms GO0 wrap D5P @ local_tbs_mode
frame=156 encoding delay = 19,89 ns - T
frame=157 encoding delay = 19,89 ms Ed Hi v dt<_mode
frame=153 encoding delay = 19,83 ms I serial_hits
frame=159 encoding delay = 19,89 ns
frame=160 encoding delay = 19,89 ns Crspesch_sample
frame=161 encoding delay = 19,89 ms T it _ctrl
frame=162 encoding delay = 19,89 ms S;nger
frame=163 encoding delay = 19,89 s &monitor
done, 163 frames encoded &Stimulus
Files src/speschfilessnodty_good.bit and nodtx,bit are identical
imulation exited with status O
ress return to continue L.,

I -~ -] -

Models | Imports | Sources Hierarchy | Behaviors | Channels | Raw | DSP | Hw

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

% xterm -title NocoderComm -e /bindsh -o |, AocoderComm srod/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm

[Ready A

An xterm now pops up showing the simulation in progress. Noée simulation is con-
siderably slower for the communication model than for theha@ecture and communi-
cation model. This is because of the greater detail andtsteiadded during the refine-
ment process. Also, it may be noted that the execution timericoding each frame
goes up to 19.89 ms from 19.77 ms, which we had for the moderbebmmunication
synthesis. This is because communication synthesis egplae abstract untimed trans-
actions with detailed, timed bus protocols, which introelsioon-zero communication
delay. However, the execution time is still well within th@ @&s constraint for encoding
each frame.

With the completion of correct model simulation, we are derth the phase of com-
munication synthesis. Our new model now has two componemisected by a system
bus. The model is now ready for implementation synthesis.
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3.5. Summary

In this chapter, we covered the system level design phaserahethodology. With the
rise in level of abstraction in system specification, it idomger feasible to start designs
at cycle accurate level. Instead, the specification shoellgradually refined to derive a
cycle accurate model. We saw three major steps in the systerhdesign and synthesis
process.

Architecture refinement took in the system specification eh@d input. Based on the
profile of the specification, we chose the appropriate corapteto implement the de-
sired system. We also delved into design space explorayicedking a purely software
solution. When the software solution turned out to be infdaswe added a HW com-
ponent to meet the real-time constraint of the design. Weeagdsnonstrated the power of
automatic refinement to quickly come up with models and atalthem, thereby greatly
enhancing design space exploration. In the future, we wilklat how to automate the
decision making process, so that the tool can propose amabpsiystem architecture
based on system constraints and available components.

Architecture refinement was followed by software schedutimd the RTOS insertion
step. Although, for this demo, we did not need to insert an@RTit is a feature avail-
able in SCE. It allows for inclusion of useful task schedgladgorithms for dynamic
scheduling. We also provide for static scheduling of tagkbath HW and SW.

The final major step of system level design is communicatyorresis. We showed how
the designer can use the database of a variety of bus modssstruct a communica-
tion architecture for the design. Once the communicati@higgcture is complete, the
designers can assign abstract data transfers to a comrtianicaute in the architecture.
Using automatic refinement in SCE, we showed how the desam#d quickly produce

a bus functional communication model and see if it fits théesysrequirements. This
bus functional model serves as an input to the tasks of cusidfrgeneration and SW
code generation, which are described in the next two chalptéhe future, we would

like to enhance the capabilities of our tool to perform awtimcommunication syn-
thesis, whereby the tool can generate a good communicatbitecture and still meet
system specification constraints.
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4.1. Overview

Figure 4-1. Custom hardware generation using SCE

Specification

Analysis untimed

System level
Design

Architecture
Explo+ration

timed

SW Scheduling/
RTOS
]

Communication
Synthesis

Custom HW SW code cycle
generation generation accurate

In this chapter, we look at custom HW generation step as igigtdd inFigure 4-1 The
bus functional model derived from the system level desigasphmust now be used to
generate custom hardware for HW components. In this phai&losynthesis, our goal
is to generate an RTL model that can be fed into industry stahslynthesis tools. In this
chapter, we will deal exclusively with behaviors mapped ¥ ldomponents and show
how a cycle accurate model is derived from a bus functional on

First, super finite state machine with data (SFSMD) will beeyated from the commu-
nication model. Each super state in SFSMD corresponds teia bimck in communica-
tion model and will have only data flow information. The cahfiow information will
be described among super states of the behavior. Supes sta&SMD will be split
into multiple states during RTL synthesis.
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Second, the RTL units for the custom hardware are allocatedyet some informa-
tion like number of operations, number of variables and neindf data transfers in the
SFSMD for the RTL allocation, the designer has to run RTL gsialtool.

Third, scheduling and binding is done by designer or by tobhe scheduling and bind-
ing information will be inserted into the SFSMD model.

Finally, the SFSMD model with scheduling and binding infation is refined into a
cycle-accurate FSMD model by RTL refinement tool. The refiaentool will also ger-
erate a cycle accurate model in hardware description layegiigke Verilog and Handel-
C. The cycle accurate model in Verilog HDL can be used as itppgbmmercial logic
synthesis tools like Synopsys Design Compiler. We also igeé@dhe cycle-accurate
model in Handel-C which can be fed into Celoxica Design Kit.
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4.2. RTL Preprocessing

In our design methodology, RTL design is modeled by Finitge&SMachine with Data
(FSMD) which finite state machine model with assignmentest&ints added to each
states. The FSMD can completely specify the behavior of bitrary RTL design.

In this tutorial, we use an intermediate representatiopestinite state machine with
data (SFSMD), where each state may take more than one cyegetute. The SF-
SMD will be automatically refined into cycle-accurate FSMieaRTL scheduling and
binding.
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4.2.1. View behavioral input model

§|animnment- [Build_Code - WocoderComm - VocoderComm.sit] |[=I[ml[>
£2 File Edit View | Project Synthesis Validation Windows Help =|=] x|
Source.. 3 X[EFE]S e | o]
Hierarchy... I
- prme |T5.'pe |F'E |Elus &l Marne
Design Connectivity. . C @ i
B [ Vcoder,  Graphs — | m W eoger Coder Bust & Build_Code
#33oco Trace.. D.SP Motorsis_D5P366... DSP & cod
B ) : B HW HW Stamdard wrsp HW o7 codvec
e Gluality Metrics... B A HW_Standant HI &h
|%—|g Show Testbench B & W codebook AR_WR Codebook S in
= _ b+ B ar i codetock AR_INIT_Codebook i
tz:: Shows Children B 8 codebaok Codetook % sign
Customize... B seqr _ Cotebook_Seq7 Y
B code 1AS Code T4 3abis
Car fr &
Set_Sign
Cor i
Sagrefi THAT —
&
Codebook_Seqs /
-l | L 1 I~ | -
Models | Imports | Sources Hierarchy | Behaviars | Channels | :I HW I}l -]

..ﬂ Campile | Simulate | Analyze

| Refine | Synthesize | Shell |

Wiews source

)

Before we show how to generate SFSMD, we take a look at howt inpdel of custom

hardware design. Select the behavior "Build_Code" by lletking on it. We can take a

look at the behavioral input model by selectiviggw— Source from the menu bar.
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4.2.1.1. View behavioral input model (contd)

|menmem-[8uild_(:ode - YocoderComm - YocoderComm.sir]

[

|
Mad

File Edit Search Miew

behavior Build_Code (in wordi6 codvec[ml,

Bi

fin Wordlg sign[L_SUBFR],
{out Word16 cod[L_SUBFRI,
fin Word1g hIL_SUBFRI,
iout Word1s y[L_SUBFRI,
fout WordlE indx[101)

void main(void)

=[]

Int i, k;

Word16 j, track, index, _sign[NE_PULSE], code[L_SUBFRI, indices[10];
Int p0, p1, p2, p3, p4, P2, b6, p7, P8, p3I;

Word3z s;

for (i =0; i < L_CODE; 1++)
H

codel[i] = 0;
for (i =0; 1 € NE_TRACK; i++)
{

indices[il = -1;

for (k = 0; k € NE_PULSE; k++)

i

! /% read pulse position */
i = codvec[k];
At read sign *
1 =signlil;

t el 1+ €4 oo —

=18

M

1

£

—

-

[Line: 21 Col: 1 AE

[Read

)

The SpecC Editor window pops up showing the source

"Build_Code".

code for behavior
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4.2.1.2. View behavioral input model (contd)

§|mwld_cwe - YocoderComm - YocoderComm.sir] |[=I[ml[>
£z File Edi jew  Proj nthesi alidation Window, i | x|
= | build_coc cC Editor Q@IX
File Edit Search Miew —
- for (k = 0; k € NE_PULSE; k++) &
Desi =l 1 |
-1 St read pulse position */ pde
E i = codvec[k];
At read sign i
i = sionlil; ec
index = mult (i, 6554); F* index = possSs i
S Erack = pos¥S 4
track = sub (i, extract_1 (L_shr (Lot (index, 5), 1)));
if (3 > 0)
= i
codeli] = add (codeli], 4096);
_signlk] = &192;
3
else
S|
codeli] = sub (codeli], 4098);
i _signlk] = -2192; —
=~ index = add (index, 8); il
Mod H JA
A c if (indices[track] < 0)
i g s —
indices[track] = indesx;
else
=] {
H i R A P e L+ L% o % fuh ] /
"-I—' -
= ILine: 56 Col: 10 A=
[Read

)

Scrolling down the window, we can see that the behavior cadddops and conditional
branch constructs. Therefore, our RTL synthesis tool halsatadle these constructs.
Close theSpecC Editor window by selectind-ile—Close from its menu bar.
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Chapter 4. Custom Hardware Design

§| vocodersce - S0C Environment - [Code_10i40_35bits - VocoderComm - YocoderComm.sir] |[=I[ml[>
£2 File Edit Wiew Project §ynthesis| Validation  Windows Help =|=] x|
N @@ S|  Alocate pEs.. Ba 0
: Show Yariahles I
@ |T5.'pe IPE |EIL-’_J M
Design architecture Plugins - ElillE
M- 13 Vpeodkrspec st B2 architecture Refinement... Coder Bu & Code_10
[efe] ; Motorois_ DSPS0GEE_ wrag D5F —
B Vocoderaretsir Schedule behaviars.. ol S @ cn
55 ViseogierSoted siv Scheduling Plugine HW_&MJQW_WP o o cod
L8|2 Lsecodertoms, = - otat ' h
sg scheduling Refinement.. 2054 AF_WA_Comebook L
= | codelaok AR_INIT_Codebonk &
Allocate Busses... o Codebook _d)x
5 Show Channels ’, e ebooﬁ =l L oﬁgde\
Communication Plugins - A ¥ - - odn
8|2 Communication Refinement., |S6_sigw Set Sign - gdnZ
— - car i Cor fr - @inds
RTL Preprocessing... search THEG Search THAG | E gipos
Allocate RTL Units. . build_coge  Buid_Coge | e pos_r
i ar &g -
Schedule & Bind RTL.. z Coebook_Seq? / - grr_ /
] T T RTL Plugins = s < B
Madels | Imports | Sources  [EE RTL Refinement.. Bnnels | :I Hi I: | ]
C Code Generatian... ]
X compile | Simulate | &na F © Co el |
Import Decisions...
@ Stop
RTL preprocessing A

Now, we will show how to generate super finite state machinin \wata (SFSMD).
To demonstrate the features of the our custom hardware esisthool, we will use
a particular behavior called "Code_10i40_35bits". Browse hierarchy in the design
hierarchy window and select behavior "Code_10i40_35bW#& will be demonstrating
RTL design exploration with this behavior in the rest of tinapter.

In the SCE, the step of generating the SFSMD from the behahiilgput model is called
RTL preprocessing, which is necessary for RTL synthesid. RfEprocessing can be
invoked by selectingynthesis— RTL Preprocessing from the menu bar.
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4.2.2.1. Generate SFSMD model (contd)

§|ﬁcuﬂer.sce - S0C Environment - [Code_10i40_35hits - VocodarComm - WocoderComm sir] |[=I[ml[>
£% File Edit Wiew Project Synthesis Validation Windows Help =|=] x|
N d@ 8/va x N aEEIEEIE
____________________________________________________________________________________________ HI J [
. Mame |T5.'pe IPE |EIL - Mafie
Design A Main
- £2) Viscoerspec sir o I coder Coder = & cCode_10
8O |ocoderred si LZ.SP Matorala_OSFPIGEGE_Wrsp 05F - en
B35 VocogerSahed si '-_HW HW_ Standam_wisgm U & cod
(TR — 9 AW HW Standard HW L eh
|5 VocoderComn. B B ar Wy codebook AR WA Codebock L prm
b B o i codetook AR_INIT_Codebonk e
| RTL Preprocessing Loy
- d
Behavior: | Cade_10i40_35hits (H) | OEE Bl
@
Clock period: - g@udnz
- gind<
I Keep original behavior — 0.
- @ipos
I Start | Cancel | [~ @ Pos_r
- @t
: £ R
-l | = | | = _-.IJ =
Models | Imports | Sources Hierarchy | Behaviars | Channels | :I HW Illé
._ﬂ Compile | Simulate | Analyze | Refine | Synthesize | Shell |
Prepating preprocessing.. A

An RTL Preprocessing dialog box pops up for selecting the behavior and its clock
period. Select "Code_10i40_35bits" as the behavior to leerpcessed and leave the
default clock period of the behavior as 10 ns. Note that tleekcperiod here is used
only for generating a simulatable FSMD construct in Spet@oés not mean that each
state in the SFSMD model will eventually take 10 ns to execute

In the dialog box, the optioKeep original behavior means that the original behav-
ior definitions for "Code_10i40_35bits" and its sub-belasiwill be preserved in the
model. Their instances, however, will be replaced by theeggied SFSMD behavior
instances in the hierarchy.

Now click Start to begin preprocessing.
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4.2.2.2. Generate SFSMD model (cont'd)

§|ﬁcuﬂer.sce - S0C Environment - [Main - YocoderComm - YocoderComm fsmdl.sir [read-only]] |[=I[ml[>
W File Edit Miew Project Synthesis Validation Windows Help =|=] x|

FEEEIC

Do ud &[®o[xXmB qf

I
i ' Mame
Design
- 12 Vocogkrspes st Btain
B B2 Uscogerdms.sir @ local_dt
B35 VcoaerSohed sir O dt+_mod
H-5|8 ViscodierComm sir v serial_hi
v ocoderComm, Qpen hspeech_
= SPSAEON_BF Chbecite_ctr
Delete Del Sicader
i itor
Open Input i40 Gomoni
stimulus
Becreate 8;
Bename...
Change Description...
Statistics. ..
[
=l I = (= I | = =
Models | Imports | Sources | Hierarchy | Eehaviars | Channels | Rawr I E: | /

5 Compile | Simulate | Analyze | Refine | Synthesize | Shell |

*% pehaviorichannel}: Set_Sign_FSHD
Writing SIR file "/homesspecc/demosVocoderConm, feedl, =ir", .,

Tore,

a

[Ready A

Note that RTL preprocessing step generates new SFSMDs fab®ehaviors in the
behavior "Code_10i40_35bits", as seen on the logging winddso note that a new
model "VocoderComm.fsmd.sir" is added in the project managindow. This new
model contains SFSMD behaviors mapped to HW component,hvdan be seen in
the design hierarchy tree.

Again, we must give our new model a suitable name. We can ddothiight clicking on
"VocoderComm.fsmd.sir" and selectifRename from the pop up menu. Rename the
model to "VocoderFsmd.sir".
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4.2.3. Browse SFSMD model

§| vocodersce - So0C Environment - [Build_Code_FSMD - VocoderFsmd - WocoderFsmd sir] |[=I[ml[>
W File Edit Wiew Project Synthesis | Yalidation Windows Help =|=] x|
Allocate PES... 18 @ | .|
A Show Yariahles I
@ | Type 2l
Design Architecture Plugins - ElillE
E—Q Vipcoderspes i 8o Architecture Refinement... Codar & Build_Code,
ag ; Motoris_ DSPI06GE W
B Vocoderaretsir Schedule behaviors.. T Speient o cod
B35 VcoaerSohed sir Scheduling Plugine HW_,S}‘aﬁdam_mp & codvec
BH2|2 VocoderComim. = - AR &7 h
P oo Scheduling Refinement . | S WL SO9ER0R AA_WE Cogebook & ind
R - B ar i cogebook AR IMIT_Cogatosk Jra
Allocate Busses... - B codebook Codehonk d)ﬂgn
[}
@ Show Channels Bseg? Coqenook_Seqt Y
B code 1OiAT Ciocte TOMER 358is
Communication Pluging -~ W cor i x Cor & % FSMD
218 Communication Refinement... M set_sigra Set_Sign_FSMo
— : W cor & Cor B FSMD
RTL Preprocessing... MW search THAR Search 1HAR FSMOD
llocate RTL Units... v 5 '
] g 8 &g FSAMD
Schedule & Bind RTL..
— B segl Codebook_Seqlé /
] T RTL Plugins - T =]

-] L
Models [ Imports | Sources  EE RTL Refinement... jors_| Channels | :I HW I:l /

B5 © Code Generation...
el |

=zir -o Jhomesspecc/deno/NocoderFend,=ir VocoderComm Yoco

X compile | Simulate | &na

Import Decisions...

% sir_rename -i fhome:
derFznd @ Giop

RTL scheduling and variable & operator binding 4

Select the behavior "Build_Code_FSMD" from the hierarckyddt clicking on it. The
generated SFSMD leaf behaviors may be viewed by seleSymghesis— Schedule
& Bind RTL from the menu bar.
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4.2.3.1. Browse SFSMD model (cont'd)

B
> x|
Cycle Dest inat.ion Operat ion ISour'ce 1 |Source 2 |
L.Sa o |4 |o -} i = codvec[k] .
Design 4 ; - ienl1]
J = =zignli
) Voo - i = 1 (i. GBE4) oo
EE L.sa 2 4 |o 4 index = nult .J., cod
Lsaz |a o _\} _tmp_5 = L_mult {index. G} codvec
Lsad |d o _\} _tmp_d = L_shr (_tmp_5, 1} h
Lsas a0 [ -} _tmp_3 = | extract_l1 (_tap_d ) ind
Lsae a0 [ -} track = =ub (i, _tmp_3} slgn
Lsaz |u [ -} _status_ = * i 0 y
if _status_
£
goto 510z
3
elss
£
= goto 511z -
Models I 3 4_,W Llé
A Compil
: 4 =ir bmm Yoco
derfs
QK | I Cancel
4
[Ready A

TheRTL Scheduling & Binding window pops up showing all the states in the behavior
"Build_Code_FSMD". It also shows all statements for theesd state in the right-
most column. We can go inside each state by clicking on thesponding circle in the
left-most column. In this screen shot, state S9 is seletiedcan see all assignments
with operations and state transitions derived from "if'tstaents.

Left click on Cancel to close RTL Scheduling & Binding window.
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4.2.4. View SFSMD model (optional)

§| vocodersce - S0C Environmant - [Build_Code_FSMD - VocoderFsmd - VocoderF smd.sir] ||=||E||Z
W File Edit View | Project Synthesis Validation Windows Help =|=] x|
| mmue. xn X[ FEE]S < 0]
Hierarchy... BT |
L | Mame Type B
- Connectivity... | Mame
EESTHN - -4 Main
EQ Vocoger,  Graphs - - I cozer Coder & Build_Code,
Trace.. DSP Motorois_ DSPS06GE_ W & cod
o : 1AW HW_ Standaed wrap o codver
Gluality Metrics... B @ AU HW Standzed &h
G |%—|g R — B 3 Wy codebook AR WA Codebook o ek
= b+ B o i codebook AR_INIT_Codebook .
tz:: Shows Children B Codetoon gmgn
Customize... Cogebosk_Seqi ¥

Ciocte TOMER 358is
Cor fr_x FSMD

Sef_Sign_FSMD
Cor b F5MD
45

Codebooh_Seqe

-~

| L= ]

Models | Imports | Sources |

Hierarchy | Eehaviors | Channels |

'i'lJH_wu;_

derFamnd

ﬂ Compile | Simulate | Analyze | Refine | Synthesize | Shell |

¥ =ir_rename -i Shomesspecc/demoVocoderComm,femdl,=ir -0 Jhomesspecc/demo/VocoderFend,=ir VocoderLComm Yoco

Wiews source

)

We browsed through the newly created model in REL Scheduling & Binding
window. In addition, we can also view the source code of thedehoNote
that if reader is not interested, she or he can skip this @ecto go directly
Section 4.2.55imulate SFSMD model (optiondhage 155)

Select behavior "Build_Code_FSMD" by left clicking on iteWiow take a look at the
source code to see if the RTL preprocessing tool has coyrgetherated the SFSMD

model. Do this by selectingiew— Source from the menu bar.
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4.2.4.1. View SFSMD model (optional) (contd)

|'vacoder.sce - S0C Enviranment - [Build_Code_FSMD - VocaderFsmd - YocoderFsmd sir] =izl

File Edit Search Yiew

=

behavior Build_Code_F5MD(
in short int codvec[10],
in short int signl401,
out short int codl[401,
in short int h[401,
out short int v[401,
out short int indx[101)

el

void main(void)

short int _signl101;
unsigned bit[0:0] _status_;
short int _tmp_11;
short int _tmp_12;
int _tmp_14;

short int _tmp_15;
int _tmp_17;

int _tmp_18;

short int _tmp_19;
int _tmp_2;

=] short int _tmp_20;
short int _tmp_21;
int _tmp_23;

int _tmp_25;

short int _tmp_26;
short int _tmp_28;
int _tmp_29;

short int _tmp_3;
short int _tmp_30;
int _tmp_31;

int _tmp_33;

<|;'|?|:1; int  tmn 34: 74
=] -

[ Line: 4408 Col: 1)

Reay

The SpecC Editor window pops up showing the source code for behavior
"Build_Code_ FSMD".
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4.2.4.2. View SFSMD model (optional) (contd)

|Mr.sce - S0C Environment - [Build_Code_F3KD - YocoderFsmd - YocoderFsmd.sir]

=I[Bl]

| YocoderFsmd.si - SpecC Editor

File Edit Search Yiew

int s;
short int track;

miol |||

Fsmd(10u)
H

m

L_52_0: _status_ =1 <« 40;
if (_status_)
H

goto 53;

=] else

goto 54;

53:

L_53_0: codeli] = 0;
L_S3_1: i++ ;

=

£

=

[Line: 4418 Cal: 25 A

Reay

The behavioral input model is changed to the SFSMD model @ldbk period 10 ns.
Scroll down the window to find loops and conditional branchstoucts in the behavioral
input model are changed to state transitions. Still, eaatie $tas a lot of assignments and

operations, which have to be scheduled and bound.

Close theSpecC Editor window by selecting-ile— Close from the menu bar.
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4.2.5. Simulate SFSMD model (optional)

§| vocoder sce - S0C Environment - [Build_Code_FSMD - YocoderFsmd - YocoderF smd sir] |[=I[ml[>
W File Edit Wiew Project Synthesis Vglidationlﬂindnws Help =|=] x|
Ne B | @H{) € | 3¢ B - Enable Instrumentation § ¢fy | .l
............................................................................................................................................... s Compile il
= Type =
Design Simulate | Marie
Hﬂ_g Vipcoderspes i Cpen Terminal - Codar SiBuiId_Code,
B B2 Uscogerdms.sir Kill simulatian [ Motorots_ OSPSEEGE_ M & cod
B35 VcoaerSohed sir : HW_Stanaan_wrag & codve
s , WIS L. HW Standznd
BF2|2 Vocodertomm sir - ' h
PP ——— Brofile - codebook AR WH Codebook A indx
&% ocoderF smd sir anal " coqebook AR _INIT_Cogebook i
Analyze poebook Codebhock sign
Evaluate E seq? Codebook_Seq? &y
Metrics.. Loge TR Ciocte TOMER 358is
— _ Cor 1 % FSMO
Show Estimates Sel_Sign_FSMO
Estimate Cor fi FSMD
Search THAG FSMD
Analyze BTL ) I se it
@ siop &g FSAMD
— = Codebooh_Seqs /
=l | == I = | =N =
hodels | Impars | Sources | Hierarchy | Behaviors | Channels | :I Hw' |: |
..E Campile | Simulate | Analyze | Refine | Synthesize | Shell |
: ¥ =ir_rename -i Shomesspecc/demoVocoderComm,femdl,=ir -0 Jhomesspecc/demo/VocoderFend,=ir VocoderLComm Yoco
derFamnd
Compile /

For demo purposes, we will skip the SFSMD generation of traiker behaviors as-
signed to HW component. Even this partially refined modetisialy simulatable. To
show this, first compile the model by selectiglidation— Compile from the menu
bar.

If reader is not interested, she or he can skip this sectiongdo directly
Section 4.2.8Analyze SFSMD modgbage 158)
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4.2.5.1. Simulate SFSMD model (optional) (cont'd)

|Vncuaer.sce - S0C Environment - [Build_Code_FShD - YocoderFsmd - YocoderF smd.sir] |[=I[ml[>
W File Edit Wiew Project Synthesis Vglidationlﬂindnws Help =|=] x|
Ne B | @H{) € 3 E - Enable lnstrumentation § ofy | .l
3 Compile I I
= Type B
Design Simulate | Mame
- 12 Vocogkrspes st Open Terminal - Codear & Build_Code,
B B2 Uscogerdms.sir Kill simulatian [ Motorots_ OSPSEEGE_ M o cod
55 ViseogierSoted siv - HW Standan_wrap & codve
BH2|2 Vocodertomm sir e R - HUL Standznt & h
2 . Erafile - coqebook AR WA Codebosk i
el - il cogelook AR_INIT_Codebook e
Analyze paetook Codehonk s1n
Evaluate E seq? Codebook_Seq? &y
Watrics.. Loge TR Ciocte TOMER 358is
- : W cor i x Cor f1_ ¥ FSMO
D EFEEe M set_sign Set Sign_FSME
Estimate W cor i Cor i FSMD
M seqrch 14T Search 14T FEAMD
Analyze RTL . 7
@ stop qrp & p_FEMO
T R eyl Codebooh_Seql /
] I == I = | =
Models | Imports | Sources | Hierarchy | Eehaviors | Channels | :I HW Illi
..E Campile | Simulate | Analyze | Refine | Synthesize | Shell |
i Input: "VocoderFamd,.cc" Kl
Output ; "VocoderFsmd,o"
Linking. ..
Input: "VocoderFsmed,.o"
Output; "VocoderFsmd"
Tore, J
Simulate 4

Note that the SFSMD model compiles correctly into execadbbocoderFSMD" as
seen in the logging window. We now proceed to simulate the ehbg selecting
Validation— Simulate from the menu bar.
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4.2.5.2. Simulate SFSMD model (optional) (cont'd)

§| vocodersce - S0C Environment - [Build_Code_FSMD - VocoderFsmd - VocoderFsmd si] |[=I[ml[>
i Help |~ x|
N frame=147 encoding delay = 17,09 me
B frame=148 encoding delay = 17,05 ms i I
—| |fram==143 encoding delay = 17,05 ms Type - Nate
O [frame=150 encoding delay = 17,05 ms
frama=101 encoding delay = 17,05 ms p
E frame=152 encoding delay = 17,05 ms Coger SFEIwId_Coda
frame=153 encoding delay = 17,05 ms Motorsis_O5F566GE_W o cod
frame=104 encoding delay = 17,05 ms HW Standand wrap & codvec
frame=155 encoding delay = 17,05 ms HW Standa &h
frame=156 encoding delay = 17,05 ms -
frame=157 encoding delay = 17,05 ms AR_WE_Codebook G i<
frame=158 encoding delay = 17,05 ms AR_IMIT_Codebook &sign
frame=153 encoding delay = 17,09 ms Codefoak
frama=160 encoding delay = 17,05 ms Codebook_Seq? Cﬁ]y
frame=161 encoding delay = 17,09 ms Y :
frame=162 encoding delay = 17,05 ms Ccideg mxi%ﬂi?xm
frame=163 encoding delay = 17,06 m= i 7*L
Sett Sigrr_ F5ME
done, 163 frames encoded Cor B FEMD
Search_ 164G FSMD
Files srcdspeechfiles/nodtx_good.bit and nodtx,bit are identical =
imulation exited with status 0 LE :
reszz return to conkinue L, ., C{j{_FlSﬂﬁ?
Codebook_Seql /
=] I =M= I = | =
Madels | Imports | Sources | Hierarchy | Behaviars | Channels | :I H I:l -

5 Compile | Simulate | Analyze | Refine | Synthesize | Shell |

4 wterm -title VocoderFamd -e /bindsh —o | /ocoderFamd srodspeechfiles/spoch_unx, inp nodbtx,bit nodbx aa  dif
t -z srodspeschf iles/nodbtx_good . bit nodtx,.bit: echo "Simulation exited with statuz #7" fecho "Press return
to continue ..." :read conficm

[Ready A

The simulation window pops up showing the progress and sstgecompletion of sim-
ulation. We are thus ensured that the SFSMD generation stepaken place correctly.
Also note that we can perform the SFSMD generation on anyviehaf our choice.
This indicates that the user has complete freedom of delwitogone behavior at a time
and testing it thoroughly. Since the other behaviors areghtdr level of abstraction, the
simulation speed is much faster than the situation whenritieenodel is synthesized.
This is a big advantage with our methodology and it enablesgbaimulation of the de-
sign. The designer does not have to refine the entire desgimidate just one behavior
in RTL.

In this simulation, we see the delay per frame in the SFSMDehdecreases to 17.05 ns
from 19.89 ns compared to the communication model. Becadestate in the SFSMD

model is artificially assigned a 10 ns clock period even tlatigas a lot of assignments
and operations to be split into multiple states by schedudimd binding.
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4.2.6. Analyze SFSMD model

§| vocodersce - SoC Environment - [Code_10i40_35hits - WocoderFsmd - ¥ocoderFsmd. sir] ([ =I[3l[x
W File Edit View Project Synthesis Vglidationlﬂindows Help =|=] x|
Ne B | @H{) €| 3¢ B - Enable Instrumentation § ¢fy | .l
3 Compile © I
= Type o
Design Simulate ! MName
W13 VocoerSpec si Cpen Terminal = Coder & cCoue_10
B8 UoeoderaAret.sir Kill simulation I= Motoroia_DSPSE665_W L en
-5 VocogerSoted sir - HW_Standam_weap Lo cod
B3| VoeaderComm. si = MW Standard pre
P T——— Brofile - Lofehook AR WA Codaposk Lo pr
v ocoderFsmd.sir . - it comebook AR_INIT_Codeback &
analyze baebook Codebook s
Evaluate Codebo 7y
Ietrics... Lo s || I~ @ code:
. Cor iy FSMD modn ]
Show Estimates Set_Sign_FIMD L odnz
Estimate Cor i FSMD - g inds
Searh_TOIAG_FSMD L inos
Aanalyze BTL 2 Budy_Code FSMD gppu .
@ stop e LN & FEMD L
— 8 seql Codebook_Seqs / or 1
-1 I = =T T = | =
Models [ Imports | Sources | Hierarchy | Behaviors || Channels | ] Hw
| o 104
._ﬂ Compile | Simulate | Analyze | Refine | Synthesize | Shell |
: % wterm -title VocoderFamd - /bindsh -o |, /ocoderFsnd src/speschfilesdspoh_unx, inp nodbx,bit nodbx sa  dif
f -z srcsspeechfileshodtx_good,bit nodtx,bit? echo "Simulation exited with status $7?" :echo "Press return
to continue .." :resd conficm
Callect RTL stafistics

)

Once the SFSMD model is generated, we need to allocate RTlpaoemts. For al-
location, we need to get some statistical information ongiesThe statistical infor-
mation contains the number of operations for functionat aocation, the number of
live variables for storage unit allocation and the numbedata transfers for bus allo-
cation and the number of operations in critical path in edates These kind of useful
information can be obtained by performing RTL analysissFiwwe select the behav-
ior "Code_10i40_35bits", of which we want to get the statadtinformation. The RTL
analysis is performed by selectivglidation—Analyze RTL from the menu bar.
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4.2.6.1. Analyze SFSMD model (contd)

Environment - Q@E
W File Edit View Project Synthesis Validation Windows Help =|=] x|
D2 g 8/ve xXbE X EE| 8¢ 0
x I
- i Laame |Type A ET
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RTL analysis tool goes over all sub-behaviors in the behrd@ode 10i40_35bits", and
generates their statistical information for the allocatio
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4.2.6.2. Analyze SFSMD model (contd)
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RTL scheduling and variable & operator binding

In order to look at RTL analysis result for the behavior "BuiCode FSMD", select
Synthesis— Schedule & Bind RTL from the menu bar.
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4.2.6.3. Analyze SFSMD model (contd)
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The RTL Scheduling & Binding window pops up showing the statistical information
for the selected behavior. From left to right in the left panfethe RTL Scheduling &
Binding window, it shows number of operation®gerations column) in each state,
number of variablesWariables), number of data transfergransfers), number of oper-
ations in critical pathDelay), and power dissipatiorPower).
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4.2.6.4. Analyze SFSMD model (contd)

=|\vocoder.sce - S0C Enviranment - [Build_Code_FSMD - VacoderFsmd - YocaderFsmd.sir] [EI=ES
A E| RTL Scheduling & Binding D B eedsiEs
|D = I : ) A1l ;
________________________________________ State | Operations | Yariahles |Transfers | Delay | Power I | Cycle Destinat
@50 ol 3 0 ooons 000w || fLsao [ [ 4 b ke
Design @s oy | 4 2 000ns  0.00W A i
: : Lsal 4 o R | e
= Eved| @32 || | 4 3l 1oons] 100w s 4 [puid_Code
=28 | |@s3 |l | 4 sl 1oons) 100w SEE N — cod
| (@54 ol 2 ooons ooow | |52 5 TP B codvec
@s5 | 10 4 sl 1oons] 100w Lsad |d [0 5 -tee |Eh
@s5 | | 4] 7 k00 ns | 200w Lsas [4 [7 3 -tee [[Findx
@s7 iy | 4 Z  000he  0.00DW Leoe 0 [ 4 trad sign
(SN | il | 4 s 1oons] 100w —— — 1 ¥
Lsaz 4 [0 —statu
(e W o R || /
I - =
@510 [mult,C_mult,_shr extract_sun,-j 1.00nsi 1.000W
e | “H W Tl 100ns] ] 300w
@s1z] N 6]l 1.00ns] 100w
@313 ol | 3 000ns  0.00W
[eRr] | S 0 12 R ns 00w
@s1s Il ) s oons] zoow
] @315 | 4] 6l 1.00ns] 100w =
Models | @317 | kY | 12l 100ns] 100w L I’ |
@s: 1l ' | 15 R ns| 400w =
| [ armpil @s19] N | Y | 12 10ons] t00w
| =] |@s20] il | 4] 6l 1.00ns] 100w -
s be| [@521] 11 4| 2 100ns] 100w
sexx o @ sz [ IIEGE iE B : W .00 ns[ 000w
(il | (@ TFEY | 1 Y | A 1nnnst 1nnw A RI—— =
*% bt
*xww ] Help | Ok | Cancel J
wwww ]
2 /
|Ready A

Moving the mouse over the bars in the graph gives us detailsdnmation on each
category. For instance, if we put the mouse over@perations column in each state,
the operations which are executed in the state will be shdwenhult, L_mult, L_shr,
extract_|, sub and > in state S9.
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4.2.6.5. Analyze SFSMD model (contd)
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If we move the mouse over théariables column in each state, the variables which are
live at the end of the state will be shown like code, i, indexlices, k, and track in state
S9.
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4.2.6.6. Analyze SFSMD model (contd)
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If we move the mouse over thigansfers column in each state, the data transfers hap-
pens at the state will be shown. In state S9, the number oftraadfers is 15 and the
number of write transfers, 8.

Left click on Cancel to close theRTL Scheduling & Binding.
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4.3. RTL Allocation

RTL allocation is one of important steps for custom hardwaesign. It is to select
number of RTL components for the design, while meeting wariconstraints. For RTL
allocation, we need to get a statistical information on tesigh.

The statistical information contains the number of operagifor functional unit allo-
cation, the number of live variables for storage unit altamaand the number of data
transfers for bus allocation and the number of operatiotisarcritical path in each state.
These kinds of information can be obtained by performing Rnalysis.
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4.3.1. Allocate functional units
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RTL unit allocation A

After we produce a valid SFSMD model during preprocessieg sthe next step is to
allocate RTL components for HW part of the system. The atiooawill be guided by
RTL statistical information. To perform the allocation|esg Synthesis— Allocate
RTL Units from the menu bar.
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4.3.1.1. Allocate functional units (contd)
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An RTL allocation window pops up just like for components dusses. left click on
Add to see the include units from the database into the design.
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4.3.1.2. Allocate functional units (cont'd)

Precision =
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|_H88.Uy' )

A RTL Unit Selection window pops up for RTL unit selection. There are various <cate
gories for the RTL components listed on the left-most colubett click on "Functional
Unit" to see the functional units and their parameters inriglet-most column. In this
tutorial, we will select 3 functional units: "L_unit" and pounit” for saturated arith-
metic operations and "alu"” for the other operations. Toteda alu, left click on "alu”
and click onOK to add it toRTL Unit Selection window.
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4.3.1.3. Allocate functional units (contd)
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A new property box for the alu component pops up and showsdhggurable parame-
ters. In case of alu, bit width is the configurable paraméteit click on OK to use the
default value of 32 bits.
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4.3.1.4. Allocate functional units (contd)
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The allocated alu component will be shown in REL Component Allocation window.
Left click on Name column of the allocated alu to rename it to ALUL.

We may repeat the last procedure to allocate more RTL comysfi®m the database.
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4.3.1.5. Allocate functional units (contd)
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In this way, we can allocate an "L_unit" and an "op_unit" aadame them to ALU2
and ALU3 respectively.

All desirable functional units for hardware implementatibave now been selected.
However, we also need storage units like register files andong Left click onAdd.
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4.3.2. Allocate storage units
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Left click on "Register File" to see the various registerdiknd their properties. Left

click on "RF" to select register file and click ddK to add it toRTL Unit Selection
window.
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4.3.2.1. Allocate storage units (cont'd)
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A new property box for RF component pops up and shows the amalide parame-
ters. In case of RF, address width and size of register fileelsas bit width are the
configurable parameters. Left click on "Address width" tawbe 4 bits to 5 bits.
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4.3.2.2. Allocate storage units (cont'd)
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Since the address width is changed to 5 bits, the allowedeaddpace is 32 words. Left
click onsize to change 16 words to 32 words.

Left click on OK to add RF to RTL allocation.
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4.3.2.3. Allocate storage units (cont'd)
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The selected RF component will be shown in L Component Allocation window.
Left click on Name column of the allocated RF to rename it to RF1.
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4.3.2.4. Allocate storage units (cont'd)
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For the purpose of this design we will need 3 register filesedgym RTL synthesis.
To add more register files in the allocation table, simplytloitk on Copy by 2 times.
This is a useful way to replicate components for large sizliedations.

Now, we have allocated 3 register files. In the similar way,oma allocate a memory
component.
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4.3.2.5. Allocate storage units (cont'd)

= TEx
W File Edit Wiew Project Synthesis Walidation Windows Help =|=] x|
RTL Component &llocation
Design "
|i|-lfocc Type Width | Precisiof Datatype | Size uild_Code,
@.gg alu_3z 32 hits i 1 words cod
L_unit_32 32 hits 1 words codvec
op_unit_32 3Z hits 1 words h
RF_3Z_32_%4 3E hits i 32 words indx
RF_32_32_5 32 hits i 32 words sian
RF_32_32_% 32 hits i 32 wards 8
mem_32_Z36_8 3& bits i 236 words ¥
1 =
hodels Iﬂ iy I |
X compil
: Chel
Mary
Writin
Ouit]
Parang
Dore ,
[Ready A

In the "Memory" category, we select the "mem" type memosysite is 256 words, and
then its address width is 8 bits. Also its bit width is 32 bits.

We are now done with storage unit allocation and we have tale busses for data
transfers between storage units and functional units.dliekk on Add to add more RTL
components.
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4.3.3. Allocate buses
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Left click on "Bus" to see its properties in the left-mostwwin. Left click on "bus" to
select the bus and pre€x.
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4.3.3.1. Allocate buses (contd)
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A new property box for bus component pops up and shows thegroafile parameters.
In case of bus, bit width is the configurable parameter. Likdk@on OK to add bus to
RTL allocation.
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4.3.3.2. Allocate buses (contd)
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The selected bus component will be shown infRie. Component Allocation window.
Left click on Name column of the allocated bus to rename it to BUSL1.
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4.3.3.3. Allocate buses (contd)
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For the purpose of this design we will need 6 buses to perfofin $/nthesis. To add
more buses in the allocation table, simply left click@apy by 5 times. This is a useful
way to replicate components for large sized allocations.
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4.3.3.4. Allocate buses (contd)
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We are now done with RTL component allocation. Left click@K to save the alloca-
tion information in the model.
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4.3.3.5. Analyze allocated SFSMD model
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Ne B | @l @y € | 3¢ B - Enable Instrumentation | ¢ | .l
3 Compile | I
= Type o
Design Simulate MName
W13 VocoerSpec si Cpen Terminal = Coder & cCoue_10
B8 UoeoderaAret.sir Kill simulation I= Motoroia_DSPSE665_W L en
-5 VocogerSoted sir : HW_Standam_weap Lo cod
aa . izt Liaig).. HW_ Standznt
B3| VoeaderComm. si - i h
Py T— Brofile - Lofehook AR WA Codaposk Lo pr
& VocoderF: aral - init_coqebook AR WIT_Coqebook s
fnalyze baehook Cogebook e
Evaluate Codebook Seqt 7y
etrics... £ o =l | @ code
_ Cor f1_ & F5 - edn ||
Show Estimates Set_Sign_FIMD L odnz
Estimate Cor i FSMD - g inds
Searh_TOIAG_FSMD L oipos
Aanalyze BTL Budy_Code FSMD | opos 1
@ stop o FSVD L -
— Codebook_Seqs / or 1
1 I = =T I = = =
Models | Imports | Sources | Hierarchy | Behaviors | Channels | :I HW I}lﬁ
ampile imulate nalyze efine ynthesize @
X compile | Simulate | Anal Refine | Synth Shell
i Checking parameters, .. Done, &)
Mangling name to "bus_32".,., Done,
Writing SIR file,,.
Output; "Ahome/specc/ ,sce/rt.l/shus_32 ,=ir"
Parameterized design successfully generated,
Dore .,
Callect RTL stafistics A

Before scheduling and binding, we may check how RTL allacatwill affect perfor-
mance, area, and power in the design. To do so, we can go ovear&lysis again. we
select the behavior "Code_10i40_35bits", for which we warget the statistical infor-
mation. The RTL analysis is performed by selectifalidation—Analyze RTL from
the menu bar.
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4.3.3.6. Analyze allocated SFSMD model (cont'd)

Environment - [Code_10i40
W File Edit View Project Synthesis Validation Windows Help =|=] x|
N ag 8)|vax B aEEIEEIE
x il
- i Laame |Type | Name
Design -4 Main
e £ VocoerSipec sir L | Pt Codar & cCoue_10
BF38 Vocogerarei.sir DSP Motarsia_DSPSEGEG_M L cn
BFG3: VreaderSohed sir ;_H W HW_ Sandan_wrag ¢ cod
o ) 9 AW HW_Stangsrd &
al|z VocaaerComin. - =i h
—l— OC - . m sl m 8 AW cogebook AR WA Codaposk Lo prm
derf B B 3¢ it codebook AR_INIT_Codebook o
B B codebook Codebook RS
Codebook_Seq T =y
de THAT 35k I @ codey
modn ]
Set_Sign_FSMED - @dnz
Cor i FSMD L g indx
Search_1E46_FEMD L oipos
Buiid_Code_FSMO | o pos_r
a p FSMO & Pos
Codebook_Seql Al re" |
-1 I = (= T = = =
Madels | Imports | Sources | Hierarchy | Behaviors | Channels | :l HW |: |
._ﬂ Compile | Simulate | Analyze | Refine | Synthesize | Shell |
| p— calculating critical path delay Al
#=#xx caloulating power
#% pehavior: Set_Sign_FSMD
==xx caloulating critical path delay
#=x%x% caloulating power
|
i Writing SIR file "/homesspecc/demoVocoderFemd,rt1Stats, =iv", ., /
|Ready A

RTL analysis tool will go over all sub-behaviors in behavi@ode_10i40_35bits", and
generate the more accurate statistical information wighhtélp of allocation informa-
tion.
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4.3.3.7. Analyze allocated SFSMD model (cont'd)

| wocoder.sce - SaC Environment - [Build_Code_FSMD - VocoderFsmd - YocoderFsmd sir’] ([ =I[3l[x
W File Edit View Project §ynthesis| Walidation  Windows Help =|=] x|
allocate PES... 18 ® | .|
Show Mariahles I
@ | Type W
Design Architecture Pluging - Cl
E—Q Vpcoderspes sir B0 Architecture Refinement. . Coder &»Build_Code,
[e]e] ; Motorois_ DSFIEGRE_ 1
O-B8 Vecoderarets.sir Schedule behaviors.. - - of cod
B335 VrcoderSohed siv . _ HW_ Standart_wisp ¢ codvec
B 212 VocoderCom, - eauling Plugins = bk ;”)‘;}’ﬁgﬁfg ' &h
PP cici Scheduling Refinement... S/ SOXen00 LW LOgenos i
L I B s i cogebook AR INIT_Cogebosk i
Allocate Busses... F B cogediood Codebook e #lgn
[ ]
{3 Show Channels Boegr Codetiook_SeqT ¥
B code roan Codfe TOfA0 Fobids
Communication Pluging .~ W cor v x Cor & % FShD
2|8 Communication Refinement... M st sigr Set Sigrn FSME
— : W cor & Cor i FSMD
RTL Freprocessing... Search THAR FEMO
Allocate RTL Units.. v il : L%
; qp & FSMD
Schedule & Bind RTL... B seqo Codebook_Seqe ;
] T RTL Plugins - T =] ] I=]
Models | Imports | Sources [ BTL Refinement... iors | Channels I :I Hw I:l ]
C Code Generation... ]
X compile | Simulate | Ana facca ell |
i Import Decisions. . il
#=x% calculating critic
##x% caloulating power @ Si0p
#% pehavior: Set_Sign_Form
==xx caloulating critical path delay
#=x%x% caloulating power
|
i Writing SIR file "/homesspecc/demoVocoderFemd,rt1Stats, =iv", ., /
RTL scheduling and variable & operator binding A

Now, we will look at RTL analysis result because we allocddd. components for the
design by selectin@ynthesis— Schedule & Bind RTL from the menu bar. Choose
the behavior "Build_Code_FSMD" from the hierarchy.
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4.3.3.8. Analyze allocated SFSMD model (cont'd)

%m S0C Environment - [Build_Code_FSMD - YocoderFsmd - YocoderFsmd.sir [read-only]] (] =0]
d
_| State Operatinnsl VariablesITransfers |De|ay Power '\_[J Cycle Dest inat ion I Operz ||
Al [@so 0 3 0 0.00 ns 0.0 MW Lsgo o b2 i = —
@51 ol ¢ z| 2.00 ns 7.7 mw Lot |4 [ 2 J =
@sz | il il siens 6.8 mw e b A oex = wpipel
@s3 | i sl siEns 32.5 mw == —
Q54 ol ¢ 2] 2.00ns 7.7 mw L5334 p 7 " B i S
@55 | d sl 616ns 6.8 mi Lggd |4 b o -twd =0 L
@s6 i ey | 4 Tl 1z3ens 36.7 mw Less |0 [ 3 _twe3 = | extr
Qs7 oy | 4 | 2.00 ns 77 W Leoe U [ 4 track = =
@ss | il sl Biens B.6 mw — — -
Ls37 |4 [o -status_ | =
O sl R mw / :
@310 i B 1zl 1z76ns] 1460 mw i
SEl | Il 0 v 1z7enel E01zmw | {
@1z i B sl 91Ens 50.4 miw goto
@513 ol ¢ 3 2.00 ns 28.3 mw 3
@314l ] B 12 1 48 ns B4.1 W oles
@s15 Il s sl 1692 ns 98.8 mwW c
H| |©@s16 il AT 35.1 mw woto | |=
@317 il s 12l Fiens] o 10Emw ; -
| 1@ +H0 B 15 .05 nsl | 1093 mw |4]
| |@s13 il 1zl Fiensl | 1mEmw —
o
Al [@sz0 i Y sl 7iEns 351 mw |
| |@se A :ll  siEns B.5 mw
| |©@szz o B .l osne]EEDD W
|| |©3zs 1 R | sl sEns B.5 mw
@524 ' IE|  EENALTE 120mW [ e i =
Help | ok | cancel
R )

TheRTL Scheduling & Binding window pops up showing all the states in the behavior
"Build_Code_FSMD". In the left-most columns, we can seedhgmated delay and
powers for each state. For example, state S9 will take 41s80 execute and consume
180.0 mW.
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4.4. RTL Scheduling and Binding

The most important steps during RTL synthesis are scheglalial binding. Scheduling
is to decide the start time of operations in a design. Bindirig map operations to func-
tional units (function binding) and to map variables to ag® units (storage binding),
and to map data transfers to buses (connection binding).t®dee interdependence
of scheduling and binding, the order of these steps may leeciminged to get better
design.

In our RTL design methodology, we provide manual schedudimg) binding for the de-
signers to make decision for scheduling and binding. Butuabscheduling and binding
takes too much time for the designers to do and is tedious mod@one task. We will
provide automatic scheduling and binding tools by RTL phsgi

Note that if reader is not interested in how to do manual sched
ing and binding, she or he can skip this section to go directly
Section 4.4.5chedule and bind automaticallyage 200)
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4.4.1. Schedule and bind manually (optional)

§|animnmem - [Build_Code_F5MD - VocoderFsmd - YocoderFsmd sir] ([ =I[3l[x
| RTL Scheduling & Binding
State  Oper Variati Transfq Delay |P0wer "'_[J Cycle Destination | Operat.ion |Sour‘ce 1 ISDu‘ —
@50 ol = 0 000ns oomw||fLsao B o 4 i = codveclk]
@s1 o] ¢ 2| zoons oomw| ([T ga 1 i A J = signli] -
@s2 | 1l 4 sBersns oomwi S = Tndex = milt (i, e5sd ||
@33 10 4| 5| e16ns] zoomw —— ! - : o
@sa ol 4 2| zoons oonw|||[LBEF G e (5 Lomle fndes £
@ss | 10 4| sBetens ocomw||/[LS8d F o 5 teed = Lshr _tmp_5, |
@z | 2 4| 7Wz3zns] zoomw L5955 |F 5_-} _tmp_3 [ = extract_l _tmp_d)
=7 ol 4 z| zoons 0.0mw Lzag F [ 2 track = sub {i, _tmp_
@ss | 1 4] sl siens oomw — — e = 5 ,
sl ¢ 2 IEEEsREnaay| (=22 7% - - 17 )
Oswi Tl sl 12 B2.76 ns 00D mw (= i —status.
@s11ll s s0 17 276 ns 400 mw L
@s12] 1] 5] s s6ns] cnomw goto 510z
@z13 o] 4| 3| zoons| zoomw 1
@z14] s sl 2 ssns] 200 mw olee
@s15] 2 5] 9 Eozns| Boomw :
@s16] 1l 4] el 716ns] z0omw zoto S11: =
@17 1 al 1zl 7a8ns] oo mw
2 ([@s1cl s 0 15 Bos ns Goomw 5 -
@z19] 1 al vzl 7aensl Boomw '
@s20] 1 4| &l 7aens] zoomw -
@z 1 4 2] 616ns  00mwW
©szz D B = B 5.6 ns 2000 W
@s23] 1B 5B 616ns  00mw|A
-] | - | I
M ok | cancel —/'
[ =0

SCE allows for the designer to manually schedule and bindgerations. However,
this is a tedious task and can be done by automated tools. formpeautomatic
scheduling and binding, the designer can skip the manual atel go directly to
Section 4.4.5chedule and bind automaticallyage 200)

If RTL Scheduling & Binding window is not open yet, we have to open it again by
selectingSynthesis— Schedule & Bind RTL from the menu bar. Choose the behavior
"Build_Code_FSMD" from the hierarchy.

we will show how to specify control step for each statemerat state. IIRTL Schedul-

ing and Binding window, we select "S9" to do manual scheduling and binding. In the
right side panel of th&®TL Scheduling & Binding window, left click on the right side

of the label "L_S9 0". This activates ti@ycle column for "L_S9_0". We can specify
the control step for it. In this way, we can specify contrapsfor all statement in the
state S9.

Note that if reader is not interested in how to do manual seched
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ing and binding, she or he can skip this section to go directly
Section 4.4.5chedule and bind automaticallyage 200)
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4.4.1.1. Schedule and bind manually (optional) (cont'd)

§|ﬂcoﬂer.sce - SoC Environment - [Build_Code_FSMD - YocoderFsmd - YocoderFsmd sir] ([ =I[3l[x
| |= | RTL Scheduling & Binding ||zﬁ
- State  Oper Variati Transfq Delay |P0wer &) Cycle Destinat.ion | Operat.ion |Sour‘ce 1 ISDu‘ —
Al |@so 0 3 0 ooons oomw|({|Lsa0 B o 2 i = oodveck]
@s1 o] ¢ 2| zoons oomw| ([T ga 1 4 J = signli] -
ox| B¢ umm o lEELE o T o
©sa 0 . 4 ZI Z:DD :2 D:D :W E " ﬂu.biﬁdihg _\; _tmp_5 = L_mult tindex. & |1
@ss | 1 4] sleiens oomw 5 Unithinding 13 _ewpd (=1 Lshr (tmp_8,
@s6 | 2z 4| 7232 ns] 200 mw| || [_g__Eull binding 4 tme3 = extract.l (_tmp_d)
57 o] ¢ 2| zoon:  00mw e = - i
888 | 1 = 4 3|| 6asns 0.0 mw| ||l 7 crack = {.l’ -
sl ol 2 NN ieamw| || === 15 —stetes- = 7 .
@s10] 1 51 12 276 nsA00n mw |- i —status.
@s11ll s s0 17 276 ns 400 mw L
@s12] 1] 5] s s6ns] cnomw goto 510z
@z13 o] 4| 3| zoons| zoomw 1
@z14] s sl 2 ssns] 200 mw olee
@s15] 2 5] 9 Eozns| Boomw :
@s16] 1l 4] el 716ns] z0omw zoto S11: =
@17 1 al 1zl 7a8ns] oo mw
4 @z <l 50 s B0.0 mw : -
il |@s13] 0 4l 1zl B0.0 mw '
|| [@s20] 10 4] el 716nsf 200mw o
| l@sz1] 1R 2 2] 616ns  00mwW
| |@sez D R -2 W 516 ns (2000 mW
| lsea]l A sW Bi6ns 00 mw|i
1= | [~ | =
Help | Qk. | Cancel '/l
1 A
P 4

To perform manual binding for operations in the state Shtradjck on Label, "L_S9_2".
It will pop up a menu for the binding options. Seléatll binding.
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4.4.1.2. Schedule and bind manually (optional) (cont'd)

|mce - SoC Environment - [Build_Code_FSMD - YocoderFsmd - YocoderFsmd sir] ([ =I[3l[x]
= RTL Scheduling & Binding [
State  Oper Variati Transfq Delay |P0wer | a :le Dest ination | Operat.ion |Source 1 |Sol
@s0 0 3 0 000ns 0.0m¥ Lsso [p 2 i = codvec(k]
@51 ol 4 2| zoons 00w ||| 551 [ 2 J = =sign[1]
Os2 | 1 . 4 | 3 I B18ns 0.0 m¥ index = L 1t (1.
@33 10 4| 5| e16ns] zoomw | =
@s4 ol 2| zoons oomw|||{Lsaz [ 4 = = =
@ss | 10 4] 3leiens nomw = _f:]| SIS
@z | 20 4| 7Wz3zns] zoomw _ E :
@s7 offl & 2| zoons oomw|| |83 | 3 ~tme5 = Hndex-
@3 | 1 4| sQeiEns oomw Lssd [[« = —tmp_4 =| Lshr {_tme_5,
m el sl 23 IR s00 m Lses | - _twp_3 = | extract_L _tnp_4
@s10] 1 51 2 W26 nsfinnn mw Lss6 |fp = track = =ub (i, _tnp,
@s11l sl 50 17 Eere nsidn I [T | |—— % ciotis - 5 .
@sz1z] 10 6] el otens zoomw| |[E=22E F 12 - - “ !
@s13 o] 4| 3| zoons] zoomw if —status_
@z14] 3 sl 2 s ns] 200 mw {
@s15] 2| 5] 9 Eoznsl Boomw goto 510;
@z16] 1 4| &l 76ns] zoomw 1
@7 10 41 B0.0 mw olee
SR Yl N B0.0 mw c
@z19] 1 al vzl 7aensl Boomw aoto S11;
@s20] 10 4| &l 7aens] zoomw
@z 1 4 2] 616ns  00mw 3
©szz D B = B 5.6 ns 2000 W
@sz23] 1Bl sl e1Ens oomw
SLTYAREN -l el EiE e nnmw | S I 1=
Help | Ok | Cancel
4

™

Each columnin a statement in right side of the window is nopagxied to allow manual
binding. We will bind a function call, mult@peration column), to "ALU3". To do so,
left click on 2nd blank row of th@peration column. Then pull-down menu pops up
and shows all functional units which can perform functiofl nault. In this case, one
possible functional unit, "ALU3" is shown in the pull-dowremu.
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4.4.1.3. Schedule and bind manually (optional) (cont'd)

§|animnmem - [Build_Code_F5MD - VocoderFsmd - YocoderFsmd sir] ([ =I[3l[x]
|| =] RTL Scheduling & Binding [
| | state Oper Variati Transfq Delay | Power | g [J :le Destination | Operat ion |Sour‘ce 1 |SDu‘
Al |@s0 ol = 0 000ns 0.0mW L530 |0_-} i = codveclk]
@51 ol 4 2| zoons 00w ||| 551 [ 2 3 = =sign[i]
Os2 | 1 . 4 | 3 I B18ns 0.0 m¥ g index = i Lt ti,
@33 10 4| 5| e16ns] zoomw = =
@34 o ¢ 2| zoons 00 mw Lsaz B < S 23 s o =i
@s5 | 1 4] sleiens oomw —‘:| E—
56 :l 3 7 l2.32 nsf 20.0 mw -
88? I 0 = N | ; | U0 e 00 mi L5a3 |3_-}p_5 = L_mult findex. T
@zt | 10 4| sleiens oomw| | [Lssd [« S 4 = Lshr (_tmp_5. .
m el s N z: RN AE00R | || [l sas F ez -3 = | extract_l {_tmp_d)
@s10] 1 51 2 W26 nsfinnn mw L ooc |5_'{ Py - h (1, _twp_
@s11l sl 50 17 Eere nsidn I [T | |—— % - - 5 .
@s1z| 1l 5| ofotensfeoomwf =S r (3 stetes |- !
@s13 o] 4| 3| zoons] zoomw if —status_
@z14] 3 sl 2 s ns] 200 mw {
@s15] 2| 5] 9 Eoznsl Boomw goto 510;
@z16] 1 4| &l 76ns] zoomw 3
@7 10 41 B0.0 mw oles
2l [@s1:l s < B0.0 mw c
Il |@s13] 1l 4l 1zl 706 ns] B0 mw aoto 510
| |@sz0] 10 2| el 716n:] 200mw
| l@sz1] 1R 2 2] 616ns  00mw 3
| |@sez D R -2 B 516 ns /2000 mW
| |@s23] "B 30 516n: 00mw
1| =zl 4 IR el EiE e nnmw | S I 1=
Help | Ok | Cancel
ﬁ 4

We will bind a target variable indeXDestination column) to RF1[7]. To do so, left click
on 2nd blank row of th®estination column. Then pull-down menu pops up and shows
all storage units In this case, four storage units such asMME "RF1", "RF2" and
"RF3" are shown in the pull-down menu. Click on "RF1" to selé&F1".
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4.4.1.4. Schedule and bind manually (optional) (cont'd)

§|Mnmem - [Build_Code_F5MD - VocoderFsmd - YocoderFsmd sir] ([ =I[3l[x]
| RTL Scheduling & Binding
| | state Oper Variati Transfq Delay |P0wer | g [J :le Destination | Operat ion |Sour‘ce 1 |SDu‘
Al |@s0 ol = 0 000ns 0.0mW L530 |0_-} i = codveclk]
@51 ol 4 2| zoons 00w ||| 551 [ 2 3 = =sign[i]
Os2 | 1 . 4 | 3 I B18ns 0.0 m¥ index = i Lt ti,
@33 10 4| 5| e16ns] zoomw = =
@sa o] 4 2| zoons oomw| || |L_sa2 |2_-}Eﬂ?|—?]| T = =i
@s5 | 1 4] sleiens oomw —‘:| E—
56 2 4 7 W2.32 ns| 200 mi -
88? I 0 = N | ; |.2.DD ne 0.0 M L5932 IB__} _tmp_5 = L_mult findex. T
@zt | 10 4| sleisns oomw| | [Lssa [« = —tme_d = Lshr (_tmp_5. .
m el sl 23 IR s00 m Lses | - _twp_3 = | extract_l _tmp_4}
@s10] 1 51 2 W26 nsfinnn mw L ooc |5_'{ Erack - h (1, _twp_
@s11l sl 50 17 Eere nsidn I [T | |—— % - - 5 .
@s1z| 1l 5| ofotensfeoomwf =S r (3 stetes |- !
@s13 o] 4| 3| zoons] zoomw if —status_
@z14] 3 sl 2 s ns] 200 mw {
@s15] 2| 5] 9 Eoznsl Boomw goto 510;
@z16] 1 4| &l 76ns] zoomw 3
@17 1 40 120 716 ns[ Boomw oles
2 ([@s1cl 4 0 15 B0 ns[ Goomw c
Il |@s13] 1l 4l 1zl 706 ns] B0 mw aoto 510
| |@sz0] 10 2| el 716n:] 200mw .
| l@sz1] 1R 2 2] 616ns  00mw 3
| |@sez D R -2 B 516 ns /2000 mW
| |@s23] "B 30 516n: 00mw
1| lm=zal 4 I el EiE e nnmw | S I 1=
Help | Ok | Cancel
e =]

For storage unit binding, the address of the variable in teenory should be specified.
Left click on right side of the 2nd row oDestination column. Specify the memory
address to 7 for variable "index". The -1 in address field fonemory is default value
which means that the address for the memory is not bound yet.
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4.4.1.5. Schedule and bind manually (optional) (cont'd)

l[=I[3lx]

=|\vocoder.sce - S0C Enviranment - [Build_Code_FSMD - VacoderFsmd - YocaderFsmd.sir]
| RTL Scheduling & Binding
- State | Oper{ Varial Transfi Delay & Cycle Destination I Operation ISDur‘ce 1 |Source 2 |
Al |@so of s 0 0.00 Lsaofp o 3 i = codveclk]
o= o 4 2| 2o Loat I |—1 . 3 = sign(i]
852 I 1 = 4|| 3= B.15 incdex = it i, |6554}
53 1 4 5| 616 = = =
£
©@s¢ ol 4 2| zooffifisen F [ EETE S A olrer afil{ 4
@3z | 1 4| 3l es S = =1
D=6 2 4 7232 -
@s7 I 0 = 4 l 5 |.2.DD L5323 |k |3 -} _tmp_5 = L_mult {index, 5»
OSS | 1 . 4| 3. 616 = |4 -} _tmp_4 = L_shr {_tme_5. 1)
m 5 . 3 . 23 - Ls95 IF |5 -} _tmp_3 = | extract_l {_tmp_d)
@s 1 . i I 12 .2-?E B & track = sub (i, _tmp_ 320
@s11ll s sl 7z Ls96 by
. v - .
@s1z| 1l 5| oo | =Rt F [ stetes I . ©
@513 0 l 4 | 3 I 200 if _status_
@14 3 sl 1z lss {
@s15] 2zl 51 slBe: goto 510z
@z16] 1 4| &) 78 3
@s17] 1l 4l 12l 7as olos
3l [@s1zl s 0 15 s c
il |@s13] 1l 4l 1zl 78 aoto 5L
|| |@sz0] 10 4] &l 7ae
| l@sz1] 1R 2 2] 518 3
|| |@522 IEE K] st W a6
I lszs]l (EE 3 W 616 |4
11 = | - 1 |
Help | Ok | Cancel
=

Likewise, source variable, "i" is bound to RF2[3].
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4.4.1.6. Schedule and bind manually (optional) (cont'd)

§|animnmem - [Build_Code_FSMD - YocoderFsmd - YocoderFsmd.sir’] ([ =I[3l[x]
[=[RTL scheduling & Binding [
: State Oper Warial Transfi Delay -\_[J Cycle Destination I Operat ion ISDur‘ce 1 |Source 2 |
@s0 0.00 Lsaofp o 3 i = codveclk]
@51 2| 2.00 Lot 13 3 = Sign[i]
@5z | l 3l 618 — i o = It i 6554}
@3 | 18 4| s 618 e &
B4
822 | = j| gll 2102 tes-2 4RFL "‘] m Riz_ [z -‘-]
Q56 z 4 7 2.3z I
057 I D= 4| 2| 500 L5323 |k |3 -} _tmp_5 = L_mult {index. 5)
@ss | 10 2| 3)es Lssa |F [+ |5 ~tme_4 =| Lshr (toe_5. 1)
m 5 . 41.8 Ls95 IF |5 -} _tmp_3 = | extract_l {_tmp_d)
@sto] 1l ol 1227 | Loos | b2 track = ok (1, _twp_3)
@s11)] 3 50 "Wz ——— v ctatie - 5 . o
@s1z| 1l 5| cWos| =2 F [ 3 - - 17 )
@513 i l 4 | 3 I 200 if _status_
@14 3 sl 1z lss {
@s1s5] 2| 5] B2 goto 510z
@z16] 1 4| &) 78 3
@17 10 4l 12| 7.16 oles
2 [@s1sl <[ ¢ s :
il @3] 10 4l 12| 718 ot 511z
|| |@sz0] 10 4] &l 7ae
| l@sz1] 1R 2 2] 518 3
|| |@s22 I K] 52 | 5.6
I lszs]l (EE 3 W 616 |4
1| = | = ] I
Help | QK. | Cancel
ﬁ _ Z

So for, we performed functional unit and storage unit bigdie can specify more
information on binding, such as ports of the functional @mt storage unit and buses
for data transfers. For the output port binding of the fumaél unit, left click on the 1st
row of theOperation column which will show all output ports in ALU3 unit.
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4.4.1.7. Schedule and bind manually (optional) (cont'd)

=|\vocoder.sce - S0C Enviranment - [Build_Code_FSMD - VacoderFsmd - YocaderFsmd.sir] ([ =I[3l[x]
| |= | RTL Scheduling & Binding [
: State | Oper{ Varial Transfi Delay 3 [n Cycle . I]estinat.ion I Operat ion ISDur‘ce 1 |Source 2 |
@s0 ol = 0 0.00 Lsaofp o 3 : = CfoVBCFk]
@s1 o] ¢ 2| zm Leat f [r 3 J = signli]
852 I 1 = 4|| 3= B.16 incdex = it . |6554}
53 1 4 G 6.8 =l result - =l
@s« ol 4 z| zoof|l|sse B2 Ae 2 e 2 o[ 3
@ss | 10 4| 3lles =t _,:J —:—"IH _,‘Jl
@z ] 2 4| Wz :
O ol o el ew||[EWS PR g et 2l G D
@ss | 1 2] sllsis Lssa |F [+ |5 —tme_4 = {_tmp_5, 1)
m 5 . 3 . 23 - Ls95 IF IS_-} _tmp_3 = | extract_l {_tmp_d)
@s10 1 . i I 12 .2-?E B LS96 I IE'_-\; track = =ub (i, _tmp_3)
@s11ll s sl 7z = I?—_\ “etatue. - 5 5 a
@s12] 1] 5] s sis S / _
@513 0 l 4 | 3 I > 100 if _status_
@14 3 sl 1z lss {
@s15] 2zl 51 slBe: goto 510z
@z16] 1 4| &) 78 3
@17 1 al z) 78 olos
3l [@s1zl s 0 15 s c
il |@s13] 1l 4l 1zl 78 aoto 5L
|| |@sz0] 10 4] &l 7ae
|l l@s21] 0 & 2l 616 3
|| |@s22 I K] 52 | 5.6
I lszs]l (EE 3 W 616 |4
= T = ] T
Help | Ok | Cancel
g 4
===

For the input port binding of the functional unit, left click the 3rd row of th€pera-
tion column which will shows all input ports in ALU3 unit.
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4.4.1.8. Schedule and bind manually (optional) (cont'd)

=|\vocoder.sce - S0C Enviranment - [Build_Code_FSMD - VacoderFsmd - YocaderFsmd.sir] ([ =I[3l[x]
| |= | RTL Scheduling & Binding [
- State | Oper{ Varial Transfi Delay '\_[J Cycle Destination I Operat ion ISDur‘ce 1 |Source 2 |
Al |@s0 0 3 0 0.00 Ls3o |F |0 3 i = codveclk]
@31 o 4 2| 2o Lsa1 I |—1 . 3 = sign(i]
@szz| 10 4 aleas index = mlt . G554
853 | 1 = 4| 5II B.16 I_-\ ] result - =l
54 o ¢ 2| =m0 Lsaz [F 2 505 5 B RF2 B
O 1B e 2Lew Al i
@s6 : s 7 232 Anzer cko ourA
@s7 I 0 = 4 l 5 |.2.DD LS93 I |3 -} _tmp_5 =| L_mult {index, 53
@sa | 1 . 4| 3. GG LS9 4 & |4 -} _tmp_d = L_shr {_tmp_5. 1}
m 5 . 3 . 23 - Ls95 IF IS_-} _tmp_3 = | extract_l {_tmp_d)
@s10 Tl sl 1zl Lsae Im IE'_-\ track = zub (i, _tmp_3)
@s11)] 3 50 "Wz ——— { .
@s1z| 1l 5| ofos| =22 F [ st IS ’ . ©
@513 0 l 4 | 3 I > 100 if _status_
@14 3 sl 1z lss {
@s15] 2zl 51 slBe: goto 510z
@z16] 1 4| &) 78 3
@17 1 al z) 78 olos
3l [@s1zl s 0 15 s c
il |@s13] 1l 4l 1zl 78 aoto 5L
|| |@sz0] 10 4] &l 7ae
| l@sz1] 1R 2 2] 518 3
|| |@s22 I K] 52 | 5.6
I lszs]l (EE 3 W 616 |4
= T = ] T
Help | QK. | Cancel
g 4
==

In this way, we can select write port for the write storaget (IRF1[7]) and read port for
the read storage unit (RF2[3]).
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4.4.1.9. Schedule and bind manually (optional) (cont'd)

% codersce - S0C Environment - [Build_Code_F5MD - YocoderFsmd - YocoderFsmd sir =3
vacod ] [=1E3]
| |= | RTL Scheduling & Binding [
- State | Oper{ Varial Transfi Delay '\_[J Cycle Destination I Operat ion ISDur‘ce 1 |Source 2 |
Al |@s0 0 3 0 0.00 Ls3o |F |0 3 i = codveclk]
@31 o 4 2| 2o Lsa1 I |—1 . 3 = sienli]
@szz| 10 4 aleas index = mlt i, G554
@33 | 1 = 4| 5II 618 d — result =
54 ] 4 2| 200 Lsa 2z | |z 3
Sul B o Gpev | 1 As ileee ol 3
@6 | 20 4] 7MWz B2 e — =1
@s7 0 . 4 2| 500 LS93 I |3 -} = L_mult {index. 5
@ss | 1 2] sllsis Ls9d |F [+ YEusa =| Lshr (_tme_ 5. 1)
L 59.5 |& |5 -} BUSEH = | extract_1 {_tmp_d
Oswi (BN REY ERGH o ey & IE—_\BUSE - s (i, _twp_3)
@s11ll s sl 7z - {
’ & _status_ = ¥ J 0
@s1z| 1l 5] ofos| =22 F 3 _
@513 0 l 4 | 3 I > 100 if _status_
@14 3 sl 1z lss {
@s1s5] 2| 5] B2 goto 510z
@z16] 1 4| &) 78 3
@17 1 al z) 78 olos
3l [@s1zl s 0 15 s c
il |@s13] 1l 4l 1zl 78 aoto 5L
|| |@sz0] 10 4] &l 7ae
| |@sz1] 10 4 2061 3
|| |@522 IEE K] st W a6
I lszs]l (EE 3 W 616 |4
= T = ] T
Help | QK. | Cancel
ﬁ _ Z

For the bus binding, left click on the 1st row of tBeestination column which shows
all allocated buses. For target variable "index", "BUS35e$ected for write.
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4.4.1.10. Schedule and bind manually (optional) (cont'd)

§|Mnmem - [Build_Code_F5MD - VocoderFsmd - YocoderFsmd sir] ([ =I[3l[x]
- State | Oper{ Varial Transfi Delay 4 [J Cycle Destination I Operat ion ISDur‘ce 1 |Source 2 |
Al |@so of s 0 0.00 Lsaofp o 3 i codveclk]
o= D= 4| :2|I 2.00 Lsat IF |—1 3 3 signli]
Gsz2 | 1H 4] SHE16 index nult . 5554
Os3 1l 4] sheis | Bus3 4| result o musz =
Os4 off 4 z| 200 L3z B et onk R Rz s
@ss Y] AL — | - o =1
56 : s 7 232 Anzer cko =
88? D= 4| ! |.2_uu Loz [ 4 ws L_molt {index, 57
@ss | 1 2] sllsis Lssa |F [+ |5 —tmp_d4 L_shr (_tmp_B. 1)
m g . g . 23 - Ls95 IF |5 -} _tmp_3 = | extract_l {_tmp_d)
@s10 1 . 6 I 12 .2-?E ~ LS96 I IE'_-\; track = =ub (i, _tmp_3)
@s11ll s sl 7z oo I?—_\ “etatue. - 5 5 a
@s12] 1] 5] s sis / _
@513 0 l 4 | 3 I 200 if _status_
@14 3 sl 1z lss {
@s15] 2zl 51 slBe: goto 510z
@z16] 1 4| &) 78 3
@s17] 1l 4l 12l 7as olos
3l [@s1zl s 0 15 s c
il |@s13] 1l 4l 1zl 78 aoto 5L
|| |@sz0] 10 4] &l 7ae
| l@sz1] 1R 2 2] 518 3
|| |@522 IEE K] st W a6
I lszs]l (EE 3 W 616 |4
11 = | - 1 |
Help | Ok | I Cancel
=

In this way, we can perform all binding in tHRTL Scheduling and Binding window.
However, manual binding takes too much time and is an emamg task. An easier
alternative is to use automatic scheduling and bindingstool

Left click on Cancel. Otherwise, the scheduling and binding information will ine
serted and then used by automatic scheduling and bindirlg. thanay generate an
incorrect RTL model.
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4.4.2. Schedule and bind automatically

taodels | Imports | Sources [ RTL Refinement...

§| vocodersce - 50C Environment - [Code_10i40_35hits - VocoderFsmd - YocoderFsmd.sir] ([ =I[3l[x
W File Edit Wiew Project Synthesis | Walidation  Windows Help =|=] x|
D @[S0  AlocaepEs. B0
G Show Variahles I
i i |Type T [ Mame
Design Architecture Pluging -
W13 VocoerSpec si B2 architecture Refinement... Coder & Code_10
oo ; Motorsia_ DSPSE6ET 14 i
O-B8 Vecoderarets.sir Schedule behaviars... W Staint - Fen
W55 VpcodkrSohed sir Scheduling Pluging HW_&E"‘?;*'M_WP 7 cod
813 VocagerComm. = = ! Staind o
g ocoderComn Il Scheduling Rafnament ar wr comebook AR_WR_Codebook L pm
Wvocodert Jiaks T LB ar vkt coaebook AR_INIT_Cogebook ot
Allocate Busses.. I B codebook Cogebocs _(,Ox
{8 Shaw Channels a’bo . Lo Eodex
Cammunication Pluging Cor f1 % FSMD | @ dn
212 Communication Refinement... Ser_Sign_FSM0 — @dnZ
== : Cor # FSMD L o incx
RTL Freprocessing... Search THAG FEMO | o ipos
Allocats RTL Units... Build_Loge_f SO | o pos_r
o FSVD -
Scheduls & Bind RTL . nggmm Saqz mor |
=] T RTL Plugins ™ 4 scrtl_bind | T =R E

2 scrl_sched pls

By C Code Generation..

el |

X compile | Simulate | Ana

Import Decisions... il
#=x% calculating critic
##x% caloulating power @ Si0p
#% pehavior: Set_Sign_Form
==xx caloulating critical path delay
#=x%x% caloulating power
|
i Writing SIR file "/homesspecc/demoVocoderFemd,rt1Stats, =iv", ., /
|Ready A

As already discussed, manual scheduling and binding takesntich time for a designer

to do and also is an error-prone task. We will now perform deifieg and binding with
the help of tools which implement scheduling and bindingoatgms. In our design
flow, an automatic decision making tool for system-leveigiess called a "Plug in". For
RTL scheduling and binding, we call "RTL Plugins" by selagtSynthesis— RTL

Plugins—scrtl_bind from the menu bar. Before that, we have to select a behavior

"Code_10i40_35bits".
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4.4.2.1. Schedule and bind automatically (contd)

§|ﬂcoﬂer.sce - SoC Environment - [Code_10i40_35hits - YocoderFsmd - YocoderFsmd. sir] ([ =I[3l[x
W File Edit View Project Synthesis Validation Windows Help =|=] x|
el s ve ¥ | X EFE=] B | 0]
- ]
- i Mame |Type T Mame
Design & Main
W13 VocoerSpec si - Dl coer Coder & Code_10
BF38 Vocogerarei.sir b 125:" Matorsis_ OSPSEEET 1 ¥ cn
-5 VocogerSoted sir = A HW_Standam_wiap L co
g2 i p————t | Starndan L h
malE e ] T Syninesis s Coebook AN
DvocoderFsmd sir } IT Cogebook i
—Flugin - %
Feleent
harme: scrl_hind bsooh_Seql 'y
Diescription: o TOE0 35 [ @code
RTL scheduling and hinding Ak FSMO I gdn |
Sign_FSMD L g dnz
A FEMD - g inds
Behavior: | Code_10i40_33hits (HW) _iI lot 7080 FEMO | o ipos
- o | _Come_F3io L o pos 1
= Clock period: |1D ns ¢ || Famo G pos_|
bbook_Segld / e /
-l | More == | II Start Cancel | I = || d =
taodels | Imparts | Sources | A :I il I;l;
X | Compile | Simulate | Analyze | Refine | Synthesize | Shell |
Preparing scHl_bind... 4

An RTL Synthesis dialog box pops up. In the middle of the dialog box, a pull-dow
list is available to select the desired behavior. The defaehavior in the list is the

one that is highlighted in the behavior hierarchy tree. Far demo, select behavior
"Code_10i40_35bits (HW)" from the list. By default, the ckaperiod of the behavior is

10 ns. Now click on Start to begin "scrtl_bind".
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4.4.2.2. Schedule and bind automatically (contd)

[=[B]x]

W File Edit View Project Synthesis Validation Windows Help =|=] x|

N g slloa kbl Q[ EFE| 8 ¢ 0

S0C Environment - [Code_10i40_35hits - YocoderFsmd - YocoderF smd.sir

q H[ L\Jame |T5:'FIE! . _[J Mame
DISEE) -4 Main
e £ VocoerSipec sir L | Pt Codar & cCoue_10
BF38 Vocogerarei.sir DSP Motarsia_DSPSEGEG_M L cn
-5 VocogerSoted sir ;_% W HW_Standam_wiap L co
aj . HW HW_Standan
513 LfocerComm_sxr M- B ar wr codetook AR WA Codebosk gh
—ViBCarEF - B a7t cooebook AR INIT_Codebook T prm
o B cogetook Codebook e
Codetook_Seqt =y
i o I @ codey
Cor & % F5 B - @dn
Set_Sign_FIMD - gunz [T
Cor b FSMD L oindx
Search_ 1040 _FEMD L ipos
Budy_Code FSMD
a p FSMO G Rnsr
Codebook_Segé Al re" |
~l | sl I | = -] =
Madels | Imports | Sources | Hierarchy | Behaviors | Channels | :l Hiw IL'A

E Compile || Simulate | Analyze | Refine | Synthesize | Shell |

#=x% calculating pouwer
Writing SIR file "/home/specc/demo/VocoderFend,synthesized, sir”, ..

Done ,

1’

|Ready A

Note that "scrtl_bind" annotates scheduling and bindirigrmation into SFSMDs for
all 6 sub-behaviors of the behavior "Code_10i40_35bitsSeen in the logging window.
The tool finally generates the SFSMD model for the behaviad& 10i40_35bits".
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4.4.2.3. Browse scheduling and binding result (optional)

2|2 Communication Refinement...

searcl 1T
I

todels I Impars | Sources  [@ BTL Refinement...

= | vocoder.sce - 50C Environment - [Build_Code_FSMD - VocoderFsmd - VocoderFsmd sir [read-only]] (=T
W File Edit ¥iew Project Synthesis | Validation Windows Help =|=|x|
Dz B@[ 8|0  Alctepss. B3 0
2o G Show Variables
: : |Type 7| e
Design Architecture Plugins - HW_Siandzrd Wiap
- 12 Viscoderspec sir B8 Architecture Refinement... HW_Stanaar & Build_Cade,
o B3 VocogerArs sir Schedule behaviors 450k AR WA _Cogebook & cod
i : =€ | coaebaok AR_IMNIT_Codabook o cod
ot of VFCo@erSoied siv . . codvec
@_Elg P — Scheduling Plugins - fok Codabaok h
a8 8. : 7 Codebook_Seq ¥ .
oig: Scheduling Refinement... e 7oA e 7GAR G5t A inds
allocate Busses... Gor fk Cor_t_x_FSMD & sign
set_sign Set Sign_ FSD Sy
3 BT cor fi Cor_fi FSMO
Communication Plugins -~ a i

Searchr 14T FSME
B 7]

& p FSMD

qr
RIL Preprocessing... 4 Cocebook_Seql
allocate BTL Units. b cogehook AR_SYMNC Codebook
— honitar
Schedule & Bind RTL... Stimulus
] T RTL Plugins - T

Bhhels I

B5 © code Generation...

X compile | Simulate | Ana
i Import Decisions...

el |

@ Stop

RTL scheduling and variable & operator hinding

|

To check the scheduling and binding result generated byl "dind"”, we have to go
over to RTL Scheduling & Binding window again by selectinynthesis—RTL
Scheduling & Binding from the menu bar. Before that, we have to select a behavior

"Build_Code_ FSMD".

If the reader is not interested in details of the schedulimd) lBinding results, she or he

skips this section and go directBection 4.RTL Refinemer(page 206)
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4.4.2.4. Browse scheduling and binding result (optional) ( cont'd)

[ =TES

_[xk

Destination Operat ion | Source 1 ISDurce 2
L_59_0 i = cadvec[k]

20
Lsat F 1 J = =ignli]
Lgon Im & index = mult (i, 6554 2
L st = Mo hinding _tmp_5 = L_mult {index. 5}
g Unithinding “tme 4 |=| L_shr {_tmp_5, 1)
_tmp_3 = | extract_L {_tmp_d)

||
| —
[y
[[n
0
=
i

_| State Operationsl
| |©@s0
o|| |@s51
| |@s2
Osa
D54
@ss
@ sk
Q@s7
@ s8

@1 |l
@1z
@s13
@141
@s1s
@s16]
@7]
@s1: [l
@s19]
@szo]
@s21]
©s2c
@sz3] 1
T =

Help | Ok | Cancel

el A

Retmy

track = =ub (i, _tmp_33

_status_ = > J 0

if _status_

goto S10;

else

zota S511: =

£
T

e A R P R = BT =T SR B o R
L

s

In theRTL scheduling and Binding window, Cycle column shows the control step of
each statement. To see the binding information, we activaliebinding by selecting
Full binding in the binding pop-up menu.

204



Chapter 4. Custom Hardware Design

4.4.2.5. Browse scheduling and binding result (optional) ( contd)

E SIS
_| State | Operations |'\ _[J Cycle Dest inat ion Operat ion ISource 1 |Sourc:e 2 I -
| |@so 0 LS9 o | |O -} i = codvec[k]
o|| @31 ] L3l |1__} d = signli] B
ElREEN 1 index = nult {i. 6EG4) e
(OEEN | 1 | Bus3 | | resule o Buss =]
82‘5‘ I 10 L2 F L 9% Ok -}] s o|rre S -"J
@s6 . 2 inport a.kb — | outE
@s7 0 _tmp_5 = L_mult {index . 2}
oss | ] |, BUS3 ves  —i| BUS4 |
" Ls93 F B Ve Sl -“] Az afrrr R -"J
@10 I 1 inport a.b — | cutA
@sn . 3 Ls9.4a |m |3 -} _tmp_d = L_shr {_tmp_5. 1)
O 512 I 1 L5935 |- |4 _} _tmp_3 = | extract_l (_tmp_d?
8813 . L L6 IF |5 -'} track = sub (i, _tmp_3)
s14 3 =27 :
@515 . 5 Ls37 I |2 -'} _status_ = ¥ g o]
= @516 I 1 if _status_ |
@7] 1 i
—| [@s1: 1l 4 goto 510; L
| @313 1 3 —
i @520 I 1 else
||l |@s21 ] 1 c
@szz _D goto S11:
®sus | /
F— o~ }
Help | Ok | Cancel
N =
et Y

This is the scheduling and binding result for the L_S9 2 an89. 3 statement. The
statement L_S9 2 is scheduled control step 1 relative tettre of state S9. The func-
tion call "mult" is performed by ALU3. The variable "indexh istatement L_S9 2 is
bound to RF1[2] which stores the result of the function catult" through the bus
"BUS3".

Left click on Cancel.
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4.5. RTL Refinement

So far, we performed allocation, scheduling and binding bfalw information is an-
notated into the SFSMD model. Then the SFSMD model shoulefiged into cycle-
accurate RTL model, which is represented by finite state machith data (FSMD).
The cycle-accurate model will reflect all scheduling anddiiig information.

Basically, this step will split the state to the multipletstareflecting scheduling infor-
mation. Now each state will take exactly one clock periodedqrm.

The RTL refinement tool can generate cycle-accurate FSMDetsaal various hardware
description languages such as Verilog HDL and Handel-C ohitadh to SpecC. The
Verilog HDL model will be used as input for commercial logigwhesis tool like Design
Compiler from Synopsys. Also the Handel-C model will be fetbiCeloxica Design Kit
to generate gate-level netlist.
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§| wocodersce - S0C Environment - [Code_10i40_35hits - YocoderFsmd - YocoderFsmd.sir [read-only]] |Q|E|E
W File Edit Miew Project §ynthesis| Validation Windows Help =|=| x|
10 iﬁ-[ (= a] [ =R Allocate PEs... B @ I .|
G Show Yariahles ]
. . Type_ [ | ame
Design Architecture Pluging -
o 2] Vocogerspes. sir B0 Architecture Refinement... Cloeter & code_10
Qo i T —,
&-88 Vf?‘?ademmﬁﬁ” Schedule behaviors... H;og & en
B8 e ogerSohed sir e enegulng Bl ;. Lo cod
BH-518 VssadrTomn. Eheguling Flugins o T j’g"—ﬁ L cf*h
' WA oioi Scheduling Refinement... FOTeso0! - - rm
- ind_codebook AR, &
Allocate Busses... (e Gt _Oox
5 Show Channels eq? Codebe B ngde\
Communication Fluging - _,r » — - @dn
2|2 Communication Refinement... - sst_sigr Set Sy  @dn2
== - W cor B Car & - gincdx
RTL Preprocessing... L searcr 1Gi4G Searc L ipos
&llocate RTL Units... : b coe Buitd_{ | opos_r
i L &g F -
Schedule & Bind RTL... seq2 e / - grr. /
T RTL Plugins 53 T & oo "'"“/
Maodels | Imports | Sources | [@ RTL Refinement... Channels | :I HW I}lﬂ
C Code Generation... -
__E Compile | Simulate | Aha & - 2l |
Import Decisions..
@ Stop
RTL refinement 4

We refine the SFSMD model to a cycle-accurate model by sag8inthesis— RTL
Refinement from the menu bar.

The refinement step will split the state into multiple state#ecting the scheduling
information. Also, each state will take exactly one clockipe to execute.
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4.5.1.1. Generate RTL model (contd)

§| wocodersce - S0C Environment - [Code_10i40_35hits - YocoderFsmd - YocoderFsmd.sir [read-only]] |Q|E|E
W File Edit Miew Project Synthesis Validation Windows Help =|=| x|

Dz @ 38 ve XeB KEFEE8s| e

= ]
= X 3
; — X IType 7 | ame
Design
E—QU&?&?&W&M&S& Behavior:  Code_10i40_35hits (HW) _II Cogar 87(30[19__10
B30 VocogerArh sir Clock periog: e en
B8 VipoodierSctied sir Outout st o cod
818 VocomerTomms | [0 Pdt SHE ' h
o= ~ (1) No binding - rm
~ (2) Storage binding —gx
- .
~ [3) FU & storage binding | o code
(4] Bus, FU & storage binding - @dn
- @ung
F Keep atiginal hehavior I gindx
— Translation — @ipos
= Generate Yerilog output: [~ @ pos_r
- @
|fh0mefspeccfdem0.-’\fucoderRTL.v| Cosebo) ¢ e s
T - 1] =)
Models | Imports | Sources F) Catmetz el oz ] Hw |: |
Ifhomefspeccﬁdemo!CudeJDi4D_35bits.hcc =
X compile | Simulate | &nal
II Start Cancel |
|

Freparing refinement...

)

TheRTL Refinement dialog box pops up showing us all options which can be used for
the refinement tool. At the top of the dialog box, a pull-dowat is available to select
the desired behavior to be refined. The default behaviorasotie that is highlighted

in the behavior hierarchy tree. For our demo, select "Co@glQL 35bits (HW)" from

the list then left click orStart to begin RTL refinement. Notice that like in the earlier
refinement phases, we have options for partial refinemepssihe user might avoid
some binding steps if he wants to look at intermediate modé$® note that we have
selected a clock period of 10 ns, corresponding to the spie@at cgustom hardware unit.

It may be recalled that while selecting the hardware compgmee specified a hardware
component with clock speed of 100 Mhz, which imposes a clasiod of 10 ns.

The RTL refinement tool can generate cycle-accurate FSMDefrindarious hardware
description language such as Verilog HDL and Handel-C initemdto SpecC. The
Verilog HDL model will be used to be input of the commerciatjilo synthesis tools
such as Design Compiler from Synopsys. Also the Handel-Cenall be fed into
Celoxica Design Kit to generate gate-level netlist. In ttésno, we will generate SpecC
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RTL and Verilog HDL model for the design.
Change the output file name for the Verilog HDL model to "VoedeITL.v".
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4.5.1.2. Generate RTL model (contd)

0C Environment - [kain - YocoderFsmd - Wi Famd.ill sir [rea (] =0]
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
D2 00 [0 xR X FFE| Be 0
’ il Mame
Design
o 2] Vocogerspes. sir & rain
B-38 Vocoderari sir : Moritol @local_dt
-3 VocoderSahed s pe A stimulus Stirmulu b dbe_mod
o3 : —4¥ Build_Code ; i
ala - wserial_hi
BH-2|2 VacodeTamn sir @ Build_Code_FSMD -
L@ Cor h hspeech_
E@vocoderFs|(Il |4 cor_h_FsmMD et _ctr
| Cor_h_x Scader
|4 Car_h_x_FsMD & manitor
A L_unit_32 o stimulus
&+ Il Motorola_DSPSEE00_BF —
—AFQ_p
4 G_p_FSMD
—AFRF_32_32 5
A RF_32_B4_B
| 4F Search_10i40 /
=l T = T | - 1] =
Models | Imports | Sources | Hierarchy | Behaviors | Channels | Raw I IZ: | 1
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
| |#* behavior: Set_Sign_FSHD 3
*#%% calculating critical path delay
*#%% calculating pouwer
MWriting SIR file "/homesspecc/denoNocoderFsmd,rtll,sir", ..
1
i Done ., /
Ready A

Note that the RTL refinement step generates a new RTL mod@ $ub-behaviors of
the behavior "Code_10i40_35bits", as seen in the loggimglaw. Also note that a new
model "VocoderFsmd.rtl.sir" is added in the Project mamagadow.
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4.5.1.3. Generate RTL model (contd)

= |vocoder.sce - SoC Environment - [Main - YocoderFsmd - YocoderF smd.fl sir [read-onl =|3l|x
=| ¥
Eile Edit ¥iew Project Synthesis Walidation Windows Help =|=| x
Elle E L Eraj L al pul Help
Dz 0d 8 ve [ xbB X[FE| G0
X I
" =
- I MName
Design
o 2] Vocogerspes. sir & rain
B30 VocogerArh sir g local_dt
S Liocoaersohied sir _ T dibe_mod
BH-2|2 VacodeTamn sir :gu!:g_goge FSMD T serial_bi
i ui ode
- VocogierFame siv & Cor h - hspeech_
= 0 c0d o ki - b bt _ctr
i vocoderF D
QOpen Scader
Delete Dal | FSMD & manitor
4 o stimulus
Open Input | DsPses00_BF :
Becreate
D
Rename...
— s
Change Description... 4 6
Statistics... ti4l0 /
=] | T | - ] -
Models | Imports | Sources | Hierarchy | Behawiors || Channels | Raw I L. | ]

i L e ) g =4 e

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

##x% caloulating critical path delay =

*x#% caloculating power

Writing SIR file "/homesspecc/demos/VocoderFemd,rtl, =ir", .,

Darne, 1
i /4
[Ready A

Like before, we must give our new model a suitable name. Wealoghis by right click-
ing on "VocoderFsmd.rtl.sir" and selectigname from the pop up menu. Rename the
model to "VocoderRTL.sir".
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4.5.2. Browse RTL model

= | wocoder.sce - 50C Environment - [Build_Code_RTL - YocoderRTL - YocoderRTL sir'] |Q|E|E
File Edit ¥iew Project Synthesis | Walidation Windows Help =|=|x
| ¥ p
10 iﬁ-[ EQ [ é' ) allocate PEs... =X I .|
Show Yariahles I
@ | Type [
Design Architecture Plugins - ame
o 2] Vocogerspes. sir 88 Architecture Refinement... Circter & Build_Code,
B85 Vocoderarmt.sir Schedule behaviors Motoroia_DSPSE600_un o cod
B8 e ogerSohed sir S - HW Standar_weap o codvec
IJﬂ_Elg S Scheduling Plugins - HW Skandar o h
_- Veiors, oias acheduling Refinement... -""’”—‘?9?’9999"’ AR_WE_Codebook P indx
| ar_ it codebook AR_INIT_Codeboos o
LEREEEE  siocate Busses.. cogeback Codebook Oos'gn
[ ]
5 Show Channels e Comenoot_Seqi s
- B coge 7040 Cogle 0740 35800s
Communication Pluging -~ Cor & 5 BT
2|2 Communication Refinement... Set Sign RTL
== Cor i ATE
RTL Preprocessing...
Allocate RTL Units...
Schedule & Bind RTL... = Cotebook_Seq2 /
] T RTL Plugins = T B _=-.IJ ]
Models | Imports | Sources | E@ RTL Refinement... s | Channels | :I HW I: | A

B C Caode Generation...
el |

r -o fhonedspecc/denoocoderRTL ,=2ir VocoderFsmd Vocoder

X Compile | Simulate | Ana

Import Decisions...

% sir_rename -i fhomed:
RTL @ Stop

RTL gcheduling and variable & operatar binding 4

In order to look at RTL model for the behavior "Build_Code LRT select
Synthesis— Schedule & Bind RTL from the menu bar.
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4.5.2.1. Browse RTL model (contd)

=|vocoder.sce - 30C Enviranment - [Build_Code_RTL - VocaoderRTL - YocaderRTL i) [EEE
| RTL Scheduling & Binding
State Oper{ Vari4 Tranl Delay | Power I [J Cycle Destination | Operat ion |Source 1 |SDL
@so 00 0 000ns  0.0mW bus1 = RFO[1]
@51 i ol 1 fons] 103 mw L s9.0 r— |0 -‘; bus0 = codveclbus1]
@sz2 W ol s a4mw RFOLO] = busz0
©@s3 M ol R Es 0 mw [ | oot
@34 o ol 1 [lons] 103 mw

@ss W ol s 94mw
@ W o s a3mw
@z [l ol B szsmw
@s7 o ol 1[ons] 103 mw
@ss W ol s 94mw
m.u o z Bl ns| 2.3 miw
@591 1 oy R 5w
@592 ol s R G35 mw
@z W o] 2R 241 mw
@s94 W ol 2B S0amw
@s95 0 ol Sismw
@s10 o oS Bl sl 700 mw
@z [l o] 2R S61 mw
@s10_2 o o 3BT ns| 534 mw
@sn o e IEEEEE 1118 mw I
@s0 [l ol: B sednw
@s11_2 o o] s T nsl 283 mw
@s12 0 ol 38 sl 462 mw
@s122r [l o s 94 mw

(Y2 n o s R e on s e | S I =

Help | Ok | Cancel
2 -

Eady A

In the right-most column of thRTL Scheduling and Binding window, some states are
split to multiple states. For example, state S9 is split ttaées, S9, S9_1, ..., S9_5. Note
that the delay of these states is less than 10 miay in the right-most column.

Left click on Cancel.
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4.5.3. View RTL model (optional)

§| vocodersce - SoC Environment - [Build_Code_RTL - YocoderRTL - YocoderRTL sir) |Q|E|E
[C] Eile Edit view | Eroject Synthesis Validation Windows Help =|=| x|
De|a_swee. K X EEE] B @ | 0]
Hierarchy. .. B
Cnnnectiiit _H[ hame IType [J MName
Design = i -4 Wain
B3 Vocoder,  Graphs - o I coger Coger & Build_Code
®-38vece. Trace.. 1252 » ﬁ;jogfa}ﬂgﬁﬁm_w gcod
FEE L ; 7 - LSS WER codvec
.IJﬂ-—-" Quality Metrics.. BE@ AW HW Stadiand “n
“ |§—|§ Show Testhench B o W codebook AR_WR Coepock S inet
= __ b+ B ar init codebock AR_INIT_Codeboos o
e Show Children - B codebook Codebook i sign
Customize... Coebook_Seq? Y
Code_10/40_35bits
Cor i K ATL
Set_Sigin ATL
Cor & ATL
Sead TG RTE
£ AT
&
Codfaboof_ Seql 7|
] I == T =] ] =)
Models | Imports | Sources | Hierarchy | Behaviors | Channels | :I Hiw I: | ]
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
: ¥ sir_rename -i /home/specc/demo/NVocoderFand,rt.l,sir -0 /homedspecc/deno/VocoderRTL ,sir YocoderFsmd Vocoder
RTL
Wiew source 4

We now browse through the newly created model in the Desigralechy window. Note
that the type of the instance "build_code" has now changédudd Code RTL" after
RTL refinement.

Select the behavior "Build_Code_RTL" by left clicking on\iYe now take a look at the
synthesized source code to see if the RTL refinement tool tbiasatly generated the
RTL model. Do this by selectingiew— Source from the menu bar.

If the reader is not interested, he or she may skip this sediiogo directly to
Section 4.5.4/iew Verilog RTL model (optionafpage 217)
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4.5.3.1. View RTL model (optional) (contd)

‘vocodersce - SoC Environment - [Build_Cade_RTL - YacaoderRTL - YocoderRTL. 5ir"]
oderRTL si - SpecC

File Edit Search Miew

EEIES]
[=I[AXljep == x|

ol s

|
o

behavior Build_Code_RTL(
in short int codvec[10]1,
in short int signl401,
out short int cod[401,
in short int h[401,
out short int v[401,
out short int indx[101)

void main(void)

bit[31:0] BUST;
bit[21:0] BUSZ2;
bit[31:0] BUS3;
bit[31:0] BUS4;
bit[31:0] BUSS;
bit[31:01 MEMI[256];
bit[21:0] RF1[32];
bit[31:01 RF2[32];
bit[31:0] RF3[321;
unsigned bit[0:0] _status_;

fsmd(10u)
i

L_51_0: BUST = 0;
RF1[0T = BUST;
goto 52;

i

Lo

5|

ame

¥ Build_Code|
o cod

P codvec
#h

o incix

o sign
&y

o [,

£

F

=]

[Line: 4432 Col: 1 A

Retmy

)

The SpecC Editor pops up showing the RTL code for behavior, "Build_Code_ RTL.
Scrolling down the editor window shows several functionldeations in this behavior.
It is to be noted that these declarations correspond to tiaifins implemented for the
allocated RTL components. Also, we can observe a FSMD aactsivith 10 ns clock

period.
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4.5.3.2. View RTL model (optional) (contd)

coderRTL.5i - &
File Edit Search Miew

§| wocoder.sce - S0C Environment - [Build_Cade_RTL - YacaoderRTL - YocoderRTL. 5ir"]

[FEIE

(=[]

3
59:

i

BUSZ = RF1[1];

L_S9_0: BUS1 = codvec[BUS2];
RF1I0] = BUST;

goto 53_1;

H

mlol [

§9_1:

=] i

BUS2 = RF1[01;

BUS4 = RF1[0];

L_59_2: BUS3 = mult(BUS4, £554);
RF1[2] = BUS3;

L_59_1: BUS1 = sign[BUS2];
RF2[01 = BUST;

goto S9_2;

H

59_2:

g i

BUSZ = RFz[01;

BUS4 = RF1[2];

L_59_7: _status_ = BUSZ > 0O;
L_59_3: BUS3 = L_multiBUS4, 5);
RF3[01 = BUS3;

goto 53_3;

H

|

S9_3:

i

BUSZ = RF3[0];

L_59_4: BUS1 = L_shr(BUSZ, 1);
RF2I01 = BUST;

goto 59_4;

k4

-

£

F

-

Line: 4432 Col: 1 |

| AR TES

ame

¥ Build_Code|
o cod
P codvec
#h
o incix
o sign
&y

o [,

)

Scrolling down further shows the assignments for the state&ables. Recall that the

RTL synthesis produced 112 states. These states are enachbme from 0 through

111. Note the final assignment (S_EXIT = 111). Further okeeowxs of the generated
code show read/write operations on the register files. Fetairce, RF1 is the register

file written in the statement RF1[0] = BUS1; as shown in st&e S
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4.5.4. View Verilog RTL model (optional)

[SEIET
=l AR TS

L=

| marvin.ics.uci.edu/ho peccidema

Build_Code_FSHD(clk, rst,

_start_, _dore_, codvec, sign, cod. h. y, indx):

[0:0] elk:

................. [0:0] pat: BlE [J

[0:0] _start_: o i
[0:0] _done_: -
Hgg% g?g:?c; & Build_Code
[15:0] cod: 1 P cod
[:[lgéot])]h; P codvec

0] y:

[15+0] ikdxt ol
15:0] cod: P indx
15:0] us i
15:0]  indx: CS)SIgn
&y

21307 RF1[0:31]:
21:0] RF2[0:31]:
F1:0] RF3[0:31]:
[31:0] MEML[0:255]:
21z0] BUSL:

21:0] BUS2:

31:0] BUS3: .
21:0] BUS4:

Z1:0] BUSE:
31:0] BUSE: /
0:0] _status_: -

B:0] state: - 'ﬁJHW I-;l;

I
[T T T e TR TR TR TR TR TR}

(R LR R R R R R R iv]
000 = @ T e RS
[ =R= =R = L RN TV

3 44,1 4
[Ready A

Check out the Verilog code generated in the file VocoderRTLhis code is generated
by the RTL refinement tool. The designer may go the shell amadha his favorite editor
to browse through the generated Verilog code.

If the reader is not interested, she or he can skip this sedtogo directly to
Section 4.5.55imulate RTL model (optionalpage 219)

Note that the Verilog code has corresponding modules for B-b&haviors of
Code_10i40_35bits.
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. - . b}
4.5.4.1. View Verilog RTL model (optional) (contd)
=W SB[
- Help =|~| %]
10 " BUSZ = RFL[L]:
== RFL[0] = BUSL: e
— BUS1 = codvec[BUSZ]: il
Des state = 6911 B ame
exl & Build_Cade
TRFLL2] = BUSE: W ¢ cod
BUS2 = RFL[0]4 ¢ codvec
BlS4 = RFL[0]: h
RF2[0] = BUSL:
BUSL = sign[BUSZ]: o incis
BUSE = mult(BUS4, BS540
state = §9 2 &S'Qn
'y
g9 2:
RF3[0] = BUS3Z:
BUS2 = RF2[0]:
BUS4 = RFL[2]:
BUS3 = L_nult{BUS4, 5):
_status_ = BUSZ:0:
59 3: o
RF2[0] = BUSL:
BUSZ = RF3[0]: /
—— BUSL = L_shr{BUS2, 1): =
\:’1? state = 59 4+ — 'ﬁJHW I |/
59 4: —_——
= RF3[0] = BUSL: '
2 BUS2 = RF2[0]:
- BUSL = extract_1{BUSZ):
ztate = §9.5
59 5
RF1[3] = BUSL:
BUS2 = RFL[0]:
BUSZ = RF3[0]:
BUSL = sub(BIG2, BUSE):
: 267,29 4z
[Ready )

In the Verilog code, we use "case" construct to representbSM states are defined by

parameter construct. If *_start_" signal is activated, EBb&gins to execute and then if
FSMD reaches state S_EXIT, "_done_" signal is asserted SMLCFwill end to execute

and will wait for the next entry of execution.
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4.5.5. Simulate RTL model (optional)

= | wocoder.sce - 50C Environment - [Build_Code_RTL - YocoderRTL - YocoderRTL sir'] ||Q|E|E
[C] Eile Edit ¥iew Emject Synthesis Vglidationlﬂindows Help =|=| x|
D i«[ =] ﬁ I =) |° u I S [t = Enahle Instrumentation o I .l
Compile I I
Type B
Design | Simulate Name
|¢_‘|_ Q Vioeoaerspes. sir Open Terminal - Coer 87 Build_Code
B8 VocoderAmi.sir Kill simulation s Mistoroia_OSPIEEEHT_wr o cod
S Liocoaersohied sir - AW Standan_weap & codvec
i . View Log.. MW Standant
BH-2|2 VacodeTamn sir — &#'h
- ViocoderEsm s Profile ey AR_WE_ Codabaok S indx
: i codebook AR_INIT_Codeboos o
& VocaderRTL sir Analyze book Codebook stan
Evaluate ag Codebook_Seq T Py
Metrics.. ode_ 15149 Cogle_ 10145 35bits
- : W cor i % Cor fr_x ATL
show Estimates set_sign Set_Sign_ATL
Estimate W <o Cor fi ATL
\WF searciy TOi40
Analyze RTL o
@ :iop
T o™ s Codfaboof_ Seql 7|
1 | == I = = =
Madels | Imparts | Sources | Hierarchy | Behaviors | Channels | :I Hw I: | :
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
: ¥ sir_rename -i /home/specc/demo/NVocoderFand,rt.l,sir -0 /homedspecc/deno/VocoderRTL ,sir YocoderFsmd Vocoder
RTL
Compile A

Now, we have to create an executable for the generated FSM@eInty selecting
Validation— Compile from the menu bar.

If reader is not interested, she or he can skip this sectiongdo directly
Chapter E=mbedded Software Desi¢page 223)
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4.5.5.1. Simulate RTL model (optional) (cont'd)

= | wocoder.sce - 50C Environment - [Build_Code_RTL - YocoderRTL - YocoderRTL sif |Q|E|E
File Edit ¥iew Project Synthesis ‘alidation | Windows Help =|=|x
| i p
| = [ [ [ =) =:|l) e I 3¢ B » Enable Instrumentation h of, I .l
Compile I 1
Type B
Design M simulate LEE
|¢_-|_ Q Vocogerspes sir Open Terminal - Coer 87 Build_Code
B8 VocoderAmi.sir Kill simulation s Mistoroia_OSPIEEEHT_wr o cod
S Liocoaersohied sir - HW Standan_weag & codvec
i . View Lag.. HW_Standant
WHE|2 VocodeeTomr i - o h
LW VocoderFame sir Profile ehook AR_WE_ Codabaok S indx
- it codebook AR_INIT Codebook e
i v ocoderRTL. sir Analyze ok Codebook sign
Evaluate ag Codebook_Seq T Py
Metrics.. oo AT Coge_10148_35bits
- : W cor i % Cor fr_x ATL
ehimy [Exlligitzs set_sign Sef_ Sign_ATL
Estimate Cor_f_ATL
Analyze RTL
@ siop & AT
T = e Codfaboof_ Seql 7|
] I == T =] ] =)
Madeals | Imports | Sources | Hierarchy | Behaviors | Channels | :I Hi I: | 1
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
i Input: "VocoderRTL ,cc” A
Output: "VocoderRTL 0"
Linking, ..
Input: "VocoderRTL,.o"
Output ; "VocoderRTL"
Done., JI
Simulate A

Note that the RTL model compiles correctly generating thecetable VocoderRTL
as seen in the logging window. We now proceed to simulate thdemby selecting
Validation— Simulate from the menu bar.
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4.5.5.2. Simulate RTL model (optional) (cont'd)

[=I[Bl[]
frame=147 encoding delay = 18,12 ns Help lelil
frame=143 encoding delay = 18,12 ns
frame=149 encoding delay = 18,12 ns
frame=150 encoding delay = 18,12 ms T
frame=151 encoding delay = 18,12 ns ITVPE (nl
frame=152 encoding delay = 18,12 ms MName
frame=153 encoding delay = 18,12 ms -
frame=154 ehcoding delay = 18,12 ms ey & Build_Code,
frame=155 encoding delay = 18,12 ns Matorata GECSEGOE Wi & cod
frame=156 encoding delay = 18,12 ns iy -
frame=157 encoding delay = 18,12 ms ﬁw—g&wﬁ&g—mp & codver
frame=152 encoding delay = 18,12 ms L oiandaa cf‘h
frame=159 encoding delay = 18,13 ns AR W Codabook o inde
Frame=1E0 encoding delay = 18,13 m= AR_IMIT_Codeboot .
frame=161 encoding delay = 18,13 m= Codebook Cps'Qn
frame=162 encoding delay = 18,12 ns o
frame=163 encoding delay = 18,12 ns C{?&fefwaﬁ_Squ ) y
Coge TOi8a 3abits
done, 163 frames encoded Cor i K ATL
) ) ) ) ) ) Sel Sige AT
Filez srcdspeechfiles/nodtx_good,bit and nodtx,bit are identical Car b ATE
imulation exited with status 0 T
ress return to continue L., Search 10idd H
‘— L e &
| ‘ ‘ B segs Cogatock_Segs /
- I = = I = | =
Madeals | Imports | Sources | Hierarchy | Behaviors | Channels | :I Hi I: | 1
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
: % xterm -title NocoderRTL -& /hindsh -o |, AocoderRTL srcdspeechf ilesdspch_unx, inp nodbx,bit nodtx 2a  diff
-z =rc/speechfiles/nodbx_good.bit nodbtx,bit: echo "Simulation exited with status $7" recho "Press return to
continue L.." iread confirm
[Ready A

The simulation window pops up showing the progress and ssb@agecompletion of
simulation. We are thus ensured that the RTL refinement sispgdken place correctly.
Also note that we can perform the RTL refinement on any behafiour choice. This
indicates that the user has complete freedom of delvingantobehavior at a time and
testing it thoroughly. Since the other behaviors are at &dndevel of abstraction, the
simulation speed is much faster than the situation whenritieenodel is synthesized.
This is a big advantage with our methodology and it enablesgbaimulation of the de-
sign. The designer does not have to refine the entire desgimidate just one behavior
in RTL.

In this simulation, we see the delay per frame in RTL modelgases to 18.13 ns from
17.05 ns compared to SFSMD model. Because each state in 8Md3model is split
into multiple states by scheduling and binding.
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4.6. Summary

In this chapter we showed the task of custom HW design for gf@biors mapped to

HW component. We started from a bus functional model of tistesy and isolated the

behaviors that we want to implement in HW. These behaviodeoment a series of

transformations to arrive at a FSMD style model that canesasvinput to industry stan-

dard logic synthesis tools. Besides, generating the Spemfels, SCE is also capable of
generating HW models in standard HDL like Verilog and Har@eivhich can be used

by the Celoxica Design Kit.

We also saw various advantages of working with SCE during Byiithesis. The envi-
ronment and language allow the user to concentrate only erbehavior if he or she
needs to. That is, the designer may choose to perform cyaewrate implementation
of a critical behavior and keep the remaining behaviors aghdr level of abstraction
for fast simulation. The RTL synthesis process itself aidire designer to perform the
scheduling and binding steps manually. However, we alsastidhe automatic RTL
synthesis capabilities. The designer is free to tweak théhggis results and generate a
new model at any time.
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5.1. Overview

Figure 5-1. SW code generation with SCE

Specification

Analysis untimed

System level
Design

Architecture
Explo+ration

timed

SW Scheduling/
RTOS
]

Communication
Synthesis

Custom HW SW code cycle
generation generation accurate

In this chapter, we look at software code generation as ightdd inFigure 5-1 The
bus functional model derived after system level designaosta behavioral hierarchy
of tasks mapped to SW components. Since the SpecC code isnadtial input for
generating the processor’s instruction-set specific cogeneed to produce C code that
can be compiled for the processor. In this phase we use thee®\fafion tool to flatten
the hierarchical SpecC code and produce C code. We thusecsttabldesigner to use
an off the shelf processor with C compiler and produce cyctaiete SW for it. The
instruction set simulator for the processor can be used imuoation with the SpecC
simulator to perform cycle accurate simulation of both HVd &W.
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5.2. SW code generation

sce - So0C Environment - [Motarola_DESPSEE00 - YocoderBTL - YocoderRTL.sit] IQIEIZ
BEA File Edit View Project Synthesis ‘Validation Windows Help =|=] x|
N @ & vae [ XbB K EEE| 3| 0
X |l
- ][ iame IType 7| Name
Design - hain
13 VscoserSpes.sir W coder Coder & Motorala,
EE Voeoeerdred sir - D5F Motorois DEPSEEEE weap o ar_cc
BHES: ViocoaierSohed sir =555 - ¢ ar_ce
@'EE F T —— M intr Bust HW _fandier lhandier o ar co
T ’ 2 AW HW_ Standard_ wrap e ar_cc
JF maonitor rAonitar e -
A stimulus Stimulusg L Ar e
¥ Build_Code o ar_co
| @ Build_Code_FSMD ||| Fearee
4 Cor_h P ar_cc
& Cor_h_FSMD o ar_co
& Cor_h_x o ar_ce
4 Cor_h_#_F3MD | ar o
- L_unit_32 | o ar oo
&+ Bl Motorola_DSPSEE00_BF -
L #a e ar_cc
wL_p / e |
S — = I - _--IJ -
hodels | Imparts | Sources | Hierarchy | Behaviors | Channels ]DSP I: | :
__ﬂ Compile | Simulate | analyze | Refine | Synthesize | Shell |
[Ready A

Once we are done with HW and have obtained a RTL model, we wilegate soft-
ware for the DSP. For our design example, we need to generatd€ for behavior
"Motorola_DSP56600" and all its child behaviors. We stgrsblecting behavior "Mo-
torola_DSP56600" in the design hierarchy tree.
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Chapter 5. Embedded Software Design

= | wocoder.sce - 50C Environment - [Motorola_DEPSEBO0 - YocoderRTL - VocoderRTL sit] |Q|E|E
BEA File Edit ¥iew Project §ynthesis| Walidation Windows Help =|=| x|
10 iﬁ-[ EQ [ §|”|'¢) allocate PEs... =X I .|
3 G Show Yariahles
. . [Type W viame
Design Architecture Plugins -
E—Q Vocoderspac. sir B0 Architecture Refinement... Codter &Mutnrola_
oo ; Motoraia DSPSE6GE wrs i
B B8 Vocogerami sir Schedule hehaviars... i oar_cc
B8 e ogerSohed sir e enegulng Bl Lo ar_ce
BFE|2 VscoderTomt. EheEUTing Flugins o (50 HW fardier ﬁj}’?w;r s i ar_cc
B Vooogerss, Sia Scheduling Refinement . M SRART_ WS L cfrar ce
| onitar -
LEREEE  eitocate Busses.. Stimulus —g Ar_co
o ar_ce
5 Show Channels o | e ar co
Communication Pluging -~ o ar_co
3/ Communication Refinement... o ar_ce
: o ar_cc
RTL Preprocessing... e ar o
Allocate RTL Units... 00 o | e ar_co
Schedule & Bind RTL... - P ar_cc .
AT i e
T RTL Plugins = ] I=]
Madeals | Imports | Sources  [EE BTL Refinement... | Channels | ] DsP I: | 1
C Code Genetation... ]
X compile | Simulate | ﬁna% — |
H Import Decisions...
@ Stop
C code generation 4

To generate C code for behavior "Motorola_DSP56600", $&8gnthesis—C Code

Generation... from the menu bar.
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5.2.1.1. Generate C code (cont'd)

= | wocoder.sce - 50C Environment - [Motorola_DEPSEBO0 - YocoderRTL - VocoderRTL sit] ||Q|E|E
BEA File Edit ¥iew Project Synthesis Walidation Windows Help =|=| x|
[z Ed 8 [we(x EESEEIE
[
IType A Mame
Design
m- 12 Vscoserspes.siv Coger & motorola,
B2 Lcoderdreh si iMiotoroia_DSPS66GT_wap i ar_ce
B VocoderSehed sir Lleigice / o ar_cc
BFE|2 Vocoder ot | = s o ar_cc
- VocoderFs o ar_cc
RSl [ Behavior: | Motorola_ DSPSEE00 (DSF) | —g ar_cc
o ar_cc
C code fils: I
|a’h0me.-’speccfdemDIMotorola_DSF'SEEDD.c i ar_ce
C header file: 7 ar_ce
o ar_cc
|fh0mefspeccfdemofMotorola_DSF'SEEDD.h Lo ar_ce
I Keep original hehavior o ar_co
o ar_cc
/ T |
T T I stat | cancel = [l = |
Models | Imports | Sources ) ] It [}ld

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

Freparing code generation... 4

A dialog box pops up for the user to input the name of the C anddedefile of the
generated software. Now press tl&art button to start the C code generation process.
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5.2.1.2. Generate C code (cont'd)

Chapter 5. Embedded Software Design

0C Environment - [Main - YocoderRTL - 4 JerRTL.c sif] =1
File Edit ¥iew Project Synthesis ‘“alidation Windows Help =|=|x
| i p
Dz g g ve xbl X EFEE]8s| o
5[ — T
Design L
m- 12 Vscoserspes.siv Coger & rain
E“EE VornoerAred sir 'mpmtor Mpnitur @ local_dt
O 555 VocoderSeted sir A stimulus Stimulus Cooib_mod
BH-2|2 VacodeTamn sir —:gu!:g_goge ESMD Tvserial_bi
= - Ui ode
oI ViscogerFamd siv | @corn - hspeech_
Lil s Y ocoderRTL. si —'CDI’:h_FSMD [ tadt=_ctr
M VocoderRT AF Cor_h_x sicodgr
| Cor_h_x_FSMD & monitor
— A L _unit_32 | & stimulus
% Motorola_DSFEEEOD
Il Motorola_DSPSEE00_BF
—Fa_p
& G_p_FsMD
A RF_32_32_5
L FRF 32 B4 6 /
] I == T =] ] =)
Maodels | Imparts | Sources | Hierarchy | Behaviors | Channels Raw I E: | ]
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
i ++++  Summary of Software Generation ++++ A
-- 17 gzlobal varisbles are gensrated in C
-- 45 global functions are generated in C
-- 95 hehaviors are implemented in C
-- 0 channels are implemented in C
Code generation successfully completed, -,’I
[Ready A

As displayed in the logging window, the software generat®heing performed. The
newly generated software model "VocoderRTL.C.sir" is thgpd to the design window.
It is also added to the current project window, under the RTddet "VocoderRTL.sir"
to indicate that it was derived from "VocoderRTL.sir"
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5.2.1.3. Generate C code (cont'd)

0 Environment - [Motorola_DSPSERD0_C oderRTLC - ¥ =1
[] Eile Edit Wiew Project Synthesis Validation Windows Help =|=| x|
Dz g g ve xbB X EFEE]8s| o
H[ Mame |Type IPE |Ell A [J
Diesign I 1 & grvian
o 2] Vocogerspes. sir 1l coger Coder B
@_gg Vocoderdrei sir DEP Motormis_ DSPSEEEE wrap DEF
B8 e ogerSohed sir T"'F' T ﬁ w7
B)a . Wty Bush HW_famdier ihanater
EELE_V;‘CO@@WWS#' ; E- = AW MW Standam_ wrap HW
Vocoderfsmad sir . & monitor Waonitar
m-BE v ocoderRTL sir A stimulus Stimulus
VocoderRTLC. sir |4 Build_Code
|4 Build_Code_F3MD =
¥ Car_h
& Cor_h_FSMD
A Cor_h_x
|4 Cor_h_x_F3MD
A L_unit_32
% Motorola_DSFSERO0
Il Motorola_DSPSEE00_BF 7|
== =
Models | Imports | Sources | Hierarchy | Behaviors | Channels

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

¥ sir_rename -i /home/specc/demo/NVocoderRTL ,c.sir -o fhomedspecc/denc/NVocoderRTLE ,sir YocoderRTL VocoderRTL
C

[Ready

)

Like in the previous sections, we need to change the desigrena follow the same
naming style in this tutorial. In the project window, seldeisign "VocoderRTL.C.sir".
Right click and seledRename... Change the design name to "VocoderRTLC.sir"
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5.2.2. Browse and View C code

| marvin.ics.uci.eduhome/speccidemo

[=[Elf]

File Edit Seftings Help

=l AR TS

Etruct C_Motorola_DSPSEE00

short int TO;

short int ch_anal[10];
short int code[407;

short int exc_i[407;
short int gain_code;
short int gain_pits

short int h1[40];

bool local_dtx_mode;
short int prm[57];

short int resZ[40];

bool reset_flag 1;

bool reset_flag 23

zhort int speech_frame[160];
short int sun[1607;

short int twditx_ctrl_wval;
short int xn[407;

short int yl[40];

short int y2[40];

struct  Coder_12k2 coder_12k2;
struct  Post_Process post_processs
=truct  Pre_Process pre_process;

15

void Closed_Loop_Segl_main{struct Closed_Loop_Segl #This)

WATTFORCD)

(#(This-»p_h1)) = (short int #)(&({This->h1));

(x(This->p_exc_i)) = (x(This-»p_exc)) + (x(This->i_subfr));
(#{This->p_speech_i}) = (#(This-»p_speech)) + (*(This->i_subfrl);

void Compute_CH_Excitation_Gain_main{struct Compute_CH_Excitation_Gain #This)
3258,1 47%

e
O Wespper

D5F

Al

|PE |BusJ_IJ

=

=

5

W

o

%

Check out the C code generated in the file "Motorola_DSP5@&600his code is gen-
erated by the software generation tool. The designer mayp ¢jeetshell and launch his

favorite editor to browse through the generated C code.

The code generation process converts the SpecC descriftiasks into ANSI C code.
The main idea is that we convert the behaviors and channelCirstruct and convert
the behavioral hierarchy into the C struct hierarchy. ialea defined inside a behavior
or channel and ports of behaviors are converted into datalraeswof the corresponding
C struct. Finally, functions inside a behavior or channel @snverted into global func-
tions with an additional parameter added representingehavior to which the function

belongs.
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5.2.3. Simulate C model (optional)

-~
Maodels | Imports | Sources |

= | wocoder.sce - 50C Environment - [Motorola_DSPSEGO0_C_Wrapper - YocoderRTLC - YocoderRTLC sir'] [EEE
[5] Eile Edit ¥iew Emject Synthesis ‘alidation | Windows Help =|=| x|
N [ [ [ élﬁ 5 I 3¢ B » Enable Instrumentation h of, I .l
Compile I
|Type IPE |EILJ_J
Design Simulate
E—Q Vocogerspes siv Open Terminal - Coaer Fir
o-8 Vocoderdrch sir Kill simulation - -
B8 VipoodierSctied sir View Log i
|Jﬂ-§|§ Vasoderam ir = s HW fravndier handier
) Profile HW_Standanyd weap AW
- VocogierFame siv = Manitar
B ocoderRTL sir Analyze Stimulus
W ocoderRTLC S Evaluate
Metrics. . = i
Show Estimates
Estimate
Analyze RTL
. Stop EEDD
T T rrerere—eor i 00_BF /
| = =

Hierarchy | Behaviors | Channels

__E Compile | Simulate | Analyze | Refine

| Synthesize | sheil |

C

¥ sir_rename -i /home/specc/demo/NVocoderRTL ,c.sir -o fhomedspecc/denc/NVocoderRTLE ,sir YocoderRTL VocoderRTL

Compile

)

So far we have finished the C code generation. However, we rasd to confirm
that the generated C code is correct for the design. In otleedsvthe C code must
be functionally equivalent to the SpecC model. The simafatstep is optional,
so if the designer is not interested in it, he or she may skignd go directly to

Section 5.3nstruction set si

mulatiofpage 233)

We will validate the generated C code through simulatiort.fiBst we need to import C
code into the design and compile the model into an executdbleompile the C code

model to executable, go t¥alidation menu and selecCompile .
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5.2.3.1. Simulate C model (cont'd)

= | wocoder.sce - 50C Environment - [Motorola_DSPSEEO0_C_Wrapper - YocoderRTLC - YocoderRTLC sir] |Q|E|E
[] Eile Edit View Project Synthesis Vglidationlﬂindows Help =|=| x|
| = [ [ [ = s Ye I 3¢ B » Enable Instrumentation h of, I .l
Compile 1
|Type IPE |EILJ_J
Design Simulate
LS Q Vocogerspes siv Open Terminal - Coaer Fir
@_gg Vocoderdrei sir Kill simulation [ Motormis_ DSPSEEEE wrap O5F
B35 Voo oderSehed s View Lo i o
I —— Log.. 58 HW Aandier ihandier
_- Lf’ocoa’erFs.ma’ s Brailz e i
’ haonitor
R ocoderRTL sir Analyze Stirmulus
WocoderRTLC Evaluate
Metrics. . = i
Show Estimates
Estimate
Analyze RTL
@ siop EEDD
[ e 600_BF /
| = =
Models | Imports | Sources | Hierarchy | Behaviors | Channels
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
i Input: "VocoderRTLC ,cc" A
Output? "VocoderRTLC 0"
Linking, ..
Input: "VocoderRTLC,.o"
Output.; "VocoderRTLC"
Done., JI
Simulate A

The messages in the logging window shows that the C code nsdempiled success-
fully without any syntax errors. Now in order to verify thati$ functionally equivalent
to the previous model, we will simulate the compiled modelioe same set of speech
data used in the specification validation. GoVtalidation menu and selecSimulate .
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5.2.3.2. Simulate C model (cont'd)

EEE
belp xlx| x|
frame=147 encoding delay = 18,12 ms
-] frame=142 encoding delay = 18,12 ms 7 I
—| |Fram==143 encoding delay = 18,12 ws pe I FE |Bl B
D frame=150 encoding delay = 18,12 ms
]E frama=101 encoding delay = 18,12 ms o .
frame=152 encoding delay = 18,12 ms
frame=153 encoding delay = 18,12 ms totia_ DSPSEE0E_ Wiy D58
frame=154 encoding delay = 18,12 ms :
frame=155 encoding delay = 18,12 ms o
frame=156 encoding delay = 18,12 ms
frame=157 encoding delay = 18,12 ms ffﬁaﬁkian{_u¢ap AW
frame=158 encoding delay = 18,12 ms niar
frame=153 encoding delay = 18,13 ms ulus
frama=160 encoding delay = 18,12 ms
frame=161 encoding delay = 18,12 ms -
frame=162 encoding delay = 18,12 ms
frame=163 encoding delay = 18,12 ms
done, 163 frames encoded
Files srcdspeechfiles/nodtx_good.bit and nodtx,bit are identical
Simulation exited with status 0
Press return to continue ...,
|| £
=T =
Models | Imports | Sources | Hierarchy | Behaviors | Channels

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

# xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm

[Ready A

Like in the earlier cases, a simulation window pops up. Theusation result is correct
and we have thus verified that the generated C code is furatiyosorrect.
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5.3. Instruction set simulation

= | vocoder.sce - 50C Environment - [Motorola_DSPEEBE00_C_Wrapper - VocoderRTLC - VocoderRTLC sit] [EEIE
[0] Eile | Edit ¥iew Project Synthesis Validation Windows Help =|=| x|
cieN | @ | K X EEE] B e | 0
: Citl+ QN e [
E[ Mame |Type IPE |E|l a1
De €3 Close Cirl+ | 1 & @ an
Reload Cirl+R I coder Coder B
B 055 Motorods DEPSEERE Wwrap LEF
Reload All = =
& Save Ctrl+3 | M ity Bust HW_fandier thangler
Save As ) 2 HIW HW Standsd_ wrag AW
= eEls ) AF manitor konitar
&l save Al BrRTL sir A stimulus Stimulus
|- Euild_Code
Import... -
p L & Build_Code_FSMD -
Expart... |4 Cor_h
& Brint Cirl+F A Cor_h_FSMD
_ i Cor_h_x
Froperties... A Cor_h_x_FSMD
Statistics... —@FL_unit_32
- B & Motarola_D 3P 56600
BN (A1 - &+ Il Motorola_DSPS6E00_BF /
M Exit cri+G 1 = s
MOTels [ Tmpofs || Sources | Hierarchy | Behaviors | Channels
X compile | Simulate | analyze | Refine | Synthesize | Shell
= p Y Y
| |z xtern -title WocoderRTLC -e /binfsh -c |, AocoderRTLC srosspeechf iles/spoh_unx, inp nodbx,bit nodtx 2s  dif
f -z sroispeechf iles/nodtx_good,hit nodtx,bit: echo "Simulation exited with status $7" :echo "Press return
to continue ,,." rread confirm
Simulation exited, exit status: O
Import design A

After we generated C code for the DSP, we compile the C coadeD@P’s instruction
set and import the instruction set simulator (ISS) for thetddola DSP56600. To start
importing, selecFile—Import from the menu bar.
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5.3.1. Import instruction set simulator model

= | wocoder.sce - 50C Environment - [Motorola_DSPSEEO0_C_Wrapper - YocoderRTLC - YocoderRTLC sir] [EEE

[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|

X EEE] B @ | 0]

|Type IPE |EILJ_[J
Design
o 2] Vocogerspes. sir Coder B
B-38 Vocoderari sir Matorola DSPSGEGE_wrs) D5P

FR3E psoad =

B-512 144
o3 . AU
- Laak in: |_q;’h0mefspeccfdem0.-’ ﬂ ﬁll_
L .. [7 wocoderarch.2 sit [7 wocoderarch.sir [7 vocoe
[ vocoderarch.ana.sir [ vocoderComm.anasir [ vocac |
(R SCE_Tutorial [ ] “ocoderArchins sir [7 wocoderComm fsmd.in.sic ] Yococ
Cddoc [7 vocoderarchschedinsiv (] VocoderCommfsmd.sir ] Vocoo
Cfigures [7 vocoderarch sched sir [7 vocoderComm.ins sir [7 vococ
Cdsrc [ wocoderarch.schedtmpsic ] VocoderCamm sir [ wacoe
1 | =
File name: | | Open | 7|
~ =
Models | Imports || File type:  SIR files (*.sir =y Cancel |
A= T

__E Compile | SimulEEe—[~AIEyZe | Relne | oyfnesize || enem |

# xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm

Simulation exited. exit status: O

Select design to import..

Select directory "IP" from the file selection menu by doubédtlclick.
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5.3.1.1. Import instruction set simulator model (cont'd)

= | wocoder.sce - 50C Environment - [Motorola_DSPSEEO0_C_Wrapper - YocoderRTLC - YocoderRTLC sir] [EEE
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|

| “Jzl= tS::|;§|@ ) I .l

[
|Type IPE |EILJ_J
Design
o 2] Vocogerspes. sir Coder B
B30 VocogerArh sir 055

FR3E psoad =

B2 v HIk
- Laok in: |3 /homesspeccidemadP/
L
5
L& s

File name: |Dsp|ss.sir | Open 7|
FT—— | e P

Models [mports || Fie type:  SIR files (i) =y Cancel |

A

__E Compile | SimulEEe—[~AIEyZe | Relne | oyfnesize || enem |

# xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm

Simulation exited. exit status: O

Select design to import..

Inside directory IP, select "Dsplss.sir" and Left click Open.

The SIR file contains the instruction set simulator for ouosdn DSP. The behavior
loads the compiled object code for the tasks that were mafpB&P and executes it
on the instruction set simulator.
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5.3.1.2. Import instruction set simulator model (cont'd)

od SoC Environment - [O (] =0]
File Edit ¥iew Project Synthesis ‘“alidation Windows Help =|=|x
| i p
Dz g g ve xbB X EFEE]8s| o
- H[ Mame Type 3l
Diesign I 1 & grvian
o 2] Vocogerspes. sir 1l coger Coder
83 Viocoderari.sir AF monitor Monitar
S Liocoaersohied sir A stimulus Stimulus
BH-2|2 VacodeTamn sir A Build_Code
) |4 Build_Code_F3MD
oI ViscogerFamd siv @ cor b
R ocoderRTL sir L& Cor_h_FSMD
ocoderRTLC sir

L _unit_32

R % Motorola_DSPSEE00

&t Il Motorola_DSPa6EO0_BF

_'@_p

M G_p_FsSMD

—FRF_32_32_5 /
= 1 I =

Models | Imports | Sources | Hierarchy | Behaviors | Channels

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

# xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm

Simulation exited. exit status: O

[Ready

)

Once "Dsplss.sir" is imported, we can notice behavior "3§jlas a new root behavior
in the design hierarchy tree. This is because behavior "88phas not been instantiated
yet.
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5.3.1.3. Import instruction set simulator model (cont'd)

§| vocodersce - S0C Environment - [Motorola_DSPSEE00_wrap - YocoderRTLC - YocoderRTLC 5ir") |Q|E|E
[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
0= X

H[ Marme Type |P A [J
Design I A -4 raain
o 2] Vocogerspes. sir 1l coger Coder

B30 VocogerArh sir

SOUFGE...
oS58 Vo odterSehed it : H_Standan 2
IJﬂ_Elg Ve e 2 AF manitor Monitor Hierarchy...
el o A stimulus Stimulus - -
- VocogierFame siv | @ Euild_Code Lonnectivity...
wHEE Y ocoderRTL sir |4 Euild_Code_FSMD Isolate
L erR Tl ¥ Cor_h Wrap
¥ Cor_h_F3mD I
L@ cor_h_x Delete Del
M Cor_h_#_F3SMD Rename
B+ Il Deplss
L@ L_unit_sz Chhetiigie Ttz
-2 hotorola_DSPSEE00 Set As Tap-Level
pr
I Motorola_DSPEEE00_BF Graphs -
Fa_p —— | 7
== I =
Models | Imports | Sources | Hierarchy | Behaviors | Channels

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

# xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm

Simulation exited. exit status: O

[Ready 4

In the design hierarchy tree, select behavior "DSP". Ridick@and selectChange
Type.

237



Chapter 5. Embedded Software Design

5.3.1.4. Import instruction set simulator model (cont'd)

§| vocodersce - S0C Environment - [Motorola_DSPSEE00_wrap - YocoderRTLC - YocoderRTLC 5ir") |Q|E|E

[] Eile Edit ¥iew PEroject Synthesis Validation Windows Help =|=| x|
EHEEEIE)

i Marme Type | ST
Diesign I 1 & grvian
o 2] Vocogerspes. sir 1l coger Coder
B30 VocogerArh sir Oy 055 kAntnrnla MEPEERNN wran
-5 VocoderSahed s W Dsplss
WHE|2 VocodeeTomr i AF monitor Motorola_DSPSEEO0_wrap

stimulus T
oI ViscogerFamd siv ) éﬂ Id_Code

@—EVDCDUEYRTL.SH | & Build_Code_FSMD
i VocoderRTLC sir 4 Cor_h
¥ Cor_h_F3mD |
i Cor_h_x
A Cor_h_x_FSMD
b+ Il Dsplss
¥ L_unit_3z
- & Motorola_DSPS56EI0
Il Motorola_DSPSEE00_BF
[ﬁ!@_p /
L = I =
Models | Imports | Sources | Hierarchy | Behaviors | Channels

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

# xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm

Simulation exited. exit status: O

[Ready 4

The type of behavior "DSP" may now be changed by selectindE&p

By doing this, we have now refined the software part of ourgiesd be implemented

with the DSP56600 processor’s instruction set. Recall ttatsoftware part mapped to
DSP has already been compiled for the DSP56600 processtin@aodject file is ready.

As mentioned earlier, the new behavior will load this objiet and execute it on the
DSP’s instruction set simulator. Thus the model becomeskatgcle accurate.
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5.3.2. Simulate cycle accurate model

= | wocoder.sce - 50C Environment - [Dspl55 - YocoderRTLC - YocoderRTLC sir'] ||Q|E|E
[C] Eile Edit ¥iew Emject Synthesis Vglidationlﬂindows Help =|=| x|
3 D E'fs-I = ﬁ I é“b e I 37 [t = Enahle Instrumentation o I .l
: Compile Tope |P I [J
Design Simulate
E—Q Vircodarspes. sl Open Terminal
o83 vocoderArhsir Kill simulation
S Liocoaersohied sir View L Hl_Standard_wrap H
oo ) e Manitar
BH-2|2 VacodeTamn sir Stimulus
- VocogierFame siv ez
=-BE Y ocoderRTL. sir Analyze D
derk Evaluate
Metrics. . —
Show Estimates
Estimate
a00
Analyze RTL 500 BF
@ siop |D_wrap
L = =-—F £
| = I -
Models | Imports | Sources | Hierarchy | Behaviors | Channels

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

# xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif

f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm
Simulation exited. exit status: O

Compile

)

We now have the clock cycle accurate model ready for vabaatiVe begin as usual
with compiling the model by selectingalidation— Compile from the menu bar.
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5.3.2.1. Simulate cycle accurate model (cont’d)

= | wocoder.sce - 50C Environment - [Dspl55 - YocoderRTLC - YocoderRTLC sit] |Q|E|E
File Edit ¥iew Project Synthesis ‘alidation | Windows Help =|=|x
| i p
| = [ [ [ = s Ye I 3¢ B » Enable Instrumentation h of, I .l
Compile 1
Type |P 31
Design Simulate
ﬁr_‘|— Q Vocogerspes siv Open Terminal - Coer
B8 Vocogierari sir Kill simulation f- j
S Liocoaersohied sir view Log Hl_Standard_wrap H
BH-2|2 VacodeTamn sir — g?;&tlirs
oI VocoderFsma sir Brailz
R ocoderRTL sir Analyze D
WocoderRTLC Evaluate
Metrics. . —
Show Estimates
Estimate
600
Analyze RTL 500 BF
@ siop |D_wrap
[T === £
-~ | = | =
Models | Imports | Sources | Hierarchy | Behaviors | Channels
__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
i Input: "VocoderRTLC ,cc" A
Output? "VocoderRTLC 0"
Linking, ..
Input: "VocoderRTLC,.o"
Output.; "VocoderRTLC"
Done., JI
Simulate A

The model compiles correctly as shown in the logging windde. now proceed to
simulate the model by selecting@lidation— Simulate from the menu bar.
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5.3.2.2. Simulate cycle accurate model (cont’d)

coderRTLC ' “g I
Help =|=| x|

European digital cellular telecommunications system T
12200 bitsds speech codec for Type | =3 Y

enhanced full rate speech traffic channels

Codar

Bit-Exact SpecC Simulation Code - encoder

Yersion 1,0 j
March 13, 1939 HW_Standamd_ weap H

ronitor
Stimulus

IT¥: disabled

Input speech file: =rc/speechfiles/spch_unx,inp
Output bitstream file: nodtx,bit

SPOEG: Loading file ‘dsp,.cld’ ...

SPHEE: Running., .. =
SPOEE Cucle 42277

FF T OO T O _ Do SO0 0 _ WO

Fa_p /

| =
Models | Imports | Sources | Hierarchy | Behaviors | Channels

__E Compile | Simulate | Analyze | Refine | Synthesize | Shell |
: # xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return

to comtinue L,." :read conficm

)

[Ready

Like in the earlier cases, a simulation window pops up. Th& Dr&truction set simu-
lator can be seen to slow down the simulation speed consilgerghis is because the
simulation is being done one instruction at a time in contiathe high level simulation

we had earlier.
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5.3.2.3. Simulate cycle accurate model (cont’d)

= | wocoder.sce - 50C Environment - [Dspl55 - YocoderRTLC - YocoderRTLC sit] ||Q|E|E
[C] Eile Edit ¥iew Emject Synthesis Vglidationlﬂindows Help =|=| x|
i ::|° e I 3¢ B » Enable Instrumentation § ¢ I .l
Compile |Type |P I [J
Design Simulate
E—Q Vocogerspes siv Open Terminal - Coer
-8 Vocoderdrch sir Kill simulation r- F
o YocoderRTLC
S Liocoaersohied sir yr— Lo Hl_Standard_wrap H
oo ) e Manitar
BH-2|2 VacodeTamn sir Stimulus
oI ViscogerFamd siv ez
=-BEY ocoderRTL. sir Analyze D
Exaluate
Metrics. . —
Show Estimates
Estimate
a00
Analyze RTL 500 BF
@ siop |D_wrap
[ ===F £
| = I -
Models | Imports | Sources | Hierarchy | Behaviors | Channels

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

# xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm

[Ready A

It may take hours for the simulation to complete. The simatatnay be killed by se-
lecting Validation—Kill simulation from the menu bar.
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5.3.2.4. Simulate cycle accurate model (cont’d)

= | wocoder.sce - 50C Environment - [Dspl55 - YocoderRTLC - YocoderRTLC sit] ||Q|E|E
[O] Eile | Edit Wiew Project Synthesis Validation Windows Help =|=| x|
CirieN 6 | 3¢ By ([ | & B s |0
Citl+0 [
— : H[ Mame Type |P 3l
De €3 Close Ctl+ | A & gmain
o Reload Cirl+R I coger Coder
mElEe] Al HW Standzm_ wesp
& Save CHl+5 | AF manitor honitar
Save A ) A stimulus Stimulus
=5 i | & Build_Code
ﬁ Save Al BrRETL.5ir I & Build_Code_F5MD
=0detRT L4 Cor h
Iport. @ Cor_h_FSmD I
Export... & Cor_h_x
Print Ctrl+P A Cor_h_x_FSMD
S& : - L_unit_3z
Properties.. B & Motorola_DSPSE600
Statistics... &+ I Motorola_DSPSEEO0_BF
= A k-Motorola_DSPSEE00_wrap
| Recent Files = —.'_G_p /
] Exit Cirl+3 I_l | | -
Models [ Tmpords | Sodrces | Hierarchy | Behaviors | Channels

E Compile | Simulate | Analyze | Refine | Synthesize | Shell |

# xterm -title NocoderRTLC -e /bindsh o |, AocoderRTLC sro/speechfiles/spoh_unx, inp nodbx,bit nodbx aa  dif
f -z sroc/speechfiles/nodtx_good,bit nodtx.bit: echo "Simulation exited with status $7" recho "Press return
to comtinue L,." :read conficm

Quit (Ctrl+@) A

The demo has now concluded. To exit the SoC environmenttdieject— Exit from
the menu bar.
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5.4. Summary

In this tutorial, we performed the SW synthesis task aftet Rynthesis of HW. Note

that these two tasks are orthogonal and may be done in any ¥vdeshowed C code
generation for the behaviors mapped to SW component. Thisiseful feature of SCE,
since we can generate C code which can be compiled onto acggsor to generate
assembly. The code can then used for an instruction set a&iantb run on a cycle-

by-cycle basis with the RTL HW. All these built in featuresSEE allow the designer
to move across abstraction levels even for parts of a deSiga flexibility and design

capablity that is thus provided to the designer is enormous.
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In this tutorial we presented the System on Chip design naetlogy. The SoC method-
ology defines the 4 models and 3 transformations that bringitial system specifica-
tion down to an RTL-implementation. In addition to valigatithrough simulation, the
well-defined nature of the models enables automatic mofiakraent, and application
of formal methods, for example in verification.

The complete design flow was demostrated on an industriahgtn example of the
Vocoder Speech encoder.We have shown how SCE can take éicgigmi model and

allow the user to interactively provide synthesis decisidn going from specification
to RTL/Instruction-set model for the GSM Vocoder, we notkdttcompared to tradi-
tional manual refinement, the automatic refinement process gs more than a 1000X
productivity gain in modeling, since designers do not neegkwvrite models.

Table 6-1. Vocoder Refinement Effort

Refinement Step |Modified Lines Manual Automated
Refinement Refinement
Spec -> Arch 3,275 3~4 months ~1 min.
Arch -> Comm 914 1~2 months ~0.5 min.
Comm -> RTL/IS 6,146 5~6 months ~2 min.
Total. 10,355. 9~12 months. ~4 mins.

To draw the conclusion, SCE enables the designer to use Iltheifiog powerful advan-
tages that have never been available before.

1. Automatic model generation.

New models are generated Byutomatic Refinemenf abstract models. This means
that the designer may start with a specification and simpéydesign decisions to
automatically generate models reflecting those decisions.

2. Eliminates SLDL learning.

SCE eliminates the need for system-level design languagdse learnt by the
designer. Only the knowledge of C for creating specificatsorequired.

3. Enables non-experts to design.

This also enables non-experts to desigystems. There is no need for the designer

245



Chapter 6. Conclusion

to worry about design details like protocol timing diagrathosy level interfaces etc.
Consequently,software developers can design hardwarel hardware designers
can develop software

4. Supports platforms.

SCE is great forplatform based designBy limiting the choice of components and
busses, designers may select their favorite architectuetteen play around with
different partitioning schema.

5. Customized methodology.

SCE can also becustomized to any methodologs per the designer’s choice of
components, system architecture, models and levels afealtisin.

6. Enables IP trading.

SCE simplifies|P trading to a great extent by allowing interoperability at system
level. With well defined wrappers, the designer can plug dag with suitable IPs

in the design process. If an IP meets the design requiremirgtsdesigner may
choose to plug that IP component in the design and not wolytagynthesizing or
validating that part of the design.
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1.Whatis SCE ?

SCE is an acronym for System-on-Chip Environement. It issagieenvironement
based on a model refinement methodology. The environmerdistsrof several
tools and user interfaces to help the designer take a furadtgystem specification
to its cycle accurate implementation with minimal effort.

2. What are the supported platforms for SCE ?

SCE 2.2.0 beta is currently supported on Linux RedHat 7.8.aublic distribution
of the operating system is included on the CD-ROM. SCE haslaen tested for
RedHat 8.0 and SuSE 8.2 distributions of Linux. Other platfowill be supported
in the future as the need arises.

3. What is the level of expertise needed to design with SCE ?

SCE is designed with the goal of allowing even non-experfgetform system de-
sign. A very basic knowledge of SW and HW design, equivaleattundergraduate
degree in computer engineering, is required to work with SCE

4. \What is the difference between behavior and model ?

A model is a description of the design in a machine readabia ftike SpecC).
There may be several models used in a system design eff@selinodels capture
the design with varying levels of abstraction. A behaviogontext of SCE, is a unit
of computation. A model is made up by a hierarchy of behawoas communicate
with each other using variables or channels.

5. What are the models that | need ?

In SCE, the designer may start with only a specification motleis model cap-
tures the functionality of the design without any implenagiun details. As we go
through the design process, various models with greateleimgntation details are
generated automatically using the built in tools in SCE. @kseigner only needs
to guide the model generation with decisions. The four prynmaodels in the SCE
methodology are Specification model, Architecture modein@unication model
and Cycle-accurate model. The designer may choose to staramy model as per
his or her choice.

6. What do | need to do with all these models ?
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Each of the models need to be compiled to generate an exézutaice they are
compiled, they need to be simulated to make sure that theik wanrectly. The
designer may choose to view the models in graphical form ttetstand and verify
the implementation details added as a result of refinemém specification model
also needs to be profiled to get useful data for making arcthital decisions.

7.How do | get a cycle accurate model of my design ?

The designer may start with any of the system level modetaghathe specification
model, the architecture model or the communication modéh e help of design
decisions, SCE will generate subsequently refined modelseoflesign. The final
model generated after RTL refinement and SW compilationlveil& cycle accurate
model of the design.

8. Why is profiling relevant ?

Profiling is performed to gather useful data about the speadibn. It gives both a
guantitative and a qualitative measure of the computatiside each behavior or a
set of behaviors. This information is used to choose thet tighe and number of
components for the system architecture.

9. How do | discover the "computationally intensive" behaviors in my model ?

A straightforward approach is to produce bar charts for daah behavior in the
model. For a reasonably complex design, the designer cathadgerarchical na-
ture of the behaviors to display comparision between coitgpbghaviors. Behav-
iors with low computation may be eliminated. For a behaviathvinigh compu-

tation, the designer can display its child behaviors andrsoTtie author of the
specification model can also supply this information uptfremce he or she would
be well conversant with the model.

10.Why should | evaluate an architecture before refinement ?

Most designs have constraints on execution time. The aadite exploration phase
requires the designer to come up with the best set of comperiand the distri-

bution of computation over them) to meet this constrainte @ray would be to

generate the architecture model and then simulate it. Shisie consuming if the

designer has to go over several architectural choices.ugtiah of a model is a
static analysis feature that allows the designer to cheek irchitectural choice
meets the design constraints.

11.1f my architecture model simulation shows an encoding delapf "0.0ms", what
did | do wrong ?
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This may be because the specification was not profiled befoaechitecture model
was generated. Profiling generates information that allakekitecture refinement
to insert the appropiate delays for the target component.

12.Can I refine any behavior in a model ?

The behavior which is set as the "top level" of the design issatered for archi-
tecture and communication refinement by the tools. Typic#lie behavior repre-
senting the design under test (without the testbench) igsstite "top level" behav-
ior. However, for RTL refinement, the designer may chooseréiqudar behavior
mapped to HW. This will allow the designer to examine only @ieliesting part of
the design without having to simulate the entire model atecgccurate level.

13.Why do | need to rename all the generated models ?

Renaming is done to avoid overwriting of models during exgion. Automatically
generated models are read-only for the same reason. Rematamgives a suitable
name to the model so that it can be easily recognized in thegqir@indow.

14.1 want multiple busses in my design. How do | map channels to bsses ?

The design example in the tutorial has only one bus. The ahiofor mapping
all channels to one bus is to map the top level behavior to lthat In case of
multiple busses, sele&ynthesis— Show Channels after allocating the busses.
This would expose all the channels between the componenisidual channels
can then be mapped to respective busses.

15.Can | use point to point wire connections instead of busses imy design ?

Busses in SCE represent generic connection elements. dsshje to have point
to point connections between components. This can be damgysby including
such a point to point protocol in the protocol library andesging it during com-
munication synthesis. During channel mapping the designest take care to map
channels between only the relevant components to the pmipbint "connection
element.”

16.Why do | need to do RTL preprocessing ?

Preprocessing is needed to generate a super finite statenaanhdel of the de-
sign, which serves as an input to RTL refinement. The pregsicg step splits the
behaviors into super states, with each super state comgiadia basic block.

17.Why does RTL scheduling and binding display work only for led behaviors ?

During preprocessing each leaf behavior under the seldmhdvior for HW im-
plemetation is converted to a super FSM. Displaying only suger FSM at a time
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avoids overcrowding in the display and state name conflicts.
How do | know which RTL units to choose ?

The designer chooses the RTL units that can perform the tipesarequired in
the model. RTL analysis gives statistical information oa trumber and type of
operations in each super state. Structural constraintgoaifower bound on the
number of units. For example, if a unit with 3 inputs and 1 otip allocated, then
atleast 4 busses must be allocated for feasible binding.

How do | view source code generated by SCE ?

The SpecC source code for the behavior definition can be seditking on the be-

havior in the hierarchy tree and selectiviggw—— Source. The code for the behav-
ior instance can be seen by right clicking on the instanceeraichy and clicking

Source. However, SCE also produces C, Verilog and Handel-C filascesthese

files do not show up in the hierarchy, they have to be openedtreadty from a shell

using standard editors.

What is the current status of SCE ?

SCE is currently a demo version that works for select exampiethe future, it will
be enhanced to a prototype tool.

What other features are planned in the immediate future for SCE ?

In the immediate future, we plan to expand the libraries wmtire components, IPs
and bus protocols. Improvements are planned for commuaicaynthesis frame-
work to handle complex communication architectures. Thesso work planned
for OS targetting and generation of RTOS models.
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