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Assignment 3

1. Setup and simulate a SpecC model of the MP3 Decoder
Setup and unpack source code

e source /opt/sce-20100908/bin/setup.csh

e tar xvzpf /home/doemer/EECS222C/mad_SpecC.tar.gz
e cd mad_SpecC

- Is

Compile the SpecC model

= make clean

= make

Execute the SpecC model

e testbench testStream/spotl.mp3 spotl.pcm

e diff spotl.pcm ../mad_C/spotl.pcm

Use decoded PCM files from reference C code as “golden” reference
e cp --/mad_C/spotl.pcm reference/

e cp --/mad_C/spotl_3K.pcm reference/

e cp --/mad_C/classicl.pcm reference/

Simulate the SpecC model (using the provided Makefi le)

= make test (or: make testl to run only the first test)
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Assignment 3

2. Analyze the specification model of the MP3 Decoder
Setup (as in step 2)
« cd mad_SpecC
Generate a top-level SIR design file
= make
= Is -l testbench.sir
— View some statistics of the model
e sir_stats testbench.sir
e sir_stats -a testbench.sir
— Generate a hierarchy tree of the model
e sir_tree -blt testbench.sir
Generate a “clean” single-file SpecC model
= scc testbench —sir2sc —-vv —sn —sl —psi -0 testbench_gen.sc
* Orsimply: make testbench_gen.sc
= vi testbench_gen.sc
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If so, where?

— For each parallel behavior, note

¢ Deliverables

e Due
— by Friday, Oct 22, 2010, at noon
— by email to doemer@uci -edu
with subject “"EECS222C HW3”
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Assignment 3

— Find all behaviors that execute in parallel

» the name of the parent behavior
» the names of the parallel child behaviors

— Names of concurrent parent behaviors
— Names of parallel executing child behaviors

3. Is there any parallelism specified in the model?
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SoC Abstraction Levels

* Embedded system design faces tremendous
increase of design complexity

* Move to higher levels of abstraction!
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= requirements

T pure functional
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Top-down Design Methodology

Simulation model

|_,| Validation
Analysis

Simulation model

v
I
<> m
I Architecture refinement Colrrpp. H
i
'
! | Simulation model
Architecture model —
| \_.l Validation
¥ ! Analysis
<> m
I Communication refinement b
IP
i
I
I
'
|

\_.l Validation
g Analysis

Compilation Simulation model

Validation
Analysis

EECS222C: SoC Software Synthesis, Lecture 5 (c) 2010 R. Doemer 11

System-on-Chip Environment (SCE)

 Integrated Development Environment (IDE)

with support of:
— Graphical frontend (sce, scchart)
— SLDL-aware editor (sced)
— Compiler and simulator (scc)
— Profiling and analysis (scprof)
— Architecture refinement (scar)
— RTOS refinement (scos)
— Communication refinement (sccr)
— RTL refinement (scrtl)
— Software refinement (sc2c)
— Scripting interface (scsh)
— Tools and utilities ...
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SCE Main Window

Eile Edit View Project Synthesis Validation Windows

Help

Ne &@d 8|

ocoderspec.sir
(-85 Vocoderarch sir
212 vocoderCommsir Fre_Frocess
@ VocoderRTL.sir Coder 1242
Lvocaderimplsir - Coder 122 Seq?
(P Analysis

Subttames
Subtsies_foit
Subtaies_ Boay T
Closed_Loop
Subtames_Boay2
Codebaok_CN
Upitate
Subtames_End
Shift_Signats
Fost_Frocess
Monitor

Stimulus

e Type Computation | D:
8 Open_Loop 267413
-8 syn_fiter Syn_Filt 5226
& residual Residu s7I7
& ol_lag_estimate Ol_Lag_Est 222092
S ror_init Open_Loop_init [

g for_end Open_Loop_End #1
|- & for_bodyz Open_Loop_Body2
& for_body1 Open_Loop_Bady1 1
- owspi short int [40]
|- @p_speech_i short int *
@mem_w short int [10]
o int
At short int [11]
oapz short it [11]

short int [11]

inout short int *

in unsigned bitf5.0]

Output: "VocoderSpec.o”
Linking...
Input: “VocoderSpec o
Oulput "VocaderSpec”
Done.
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SCE Source Editor

- coder
13 ocoderComm,sir 1§ ore_process
e VocoderRTL sir - § coper TRZ

Lvocoderimpl sir

inplerents Ireset

void tnittvold)
£

behavior Coder_12k2_Seqlt

in Mordi6 speech_proc[L_FRAME].
Uord16 old_speechlL_TOTAL].
Wordlé =speech.
out Word16 *p_window,
Hordle old_usp[L_FRAME + PIT_MAX].
out. MordlB wusp,
Uord16 old_exc[L_FRAME + PIT_MAX + L_INTERPOL].
ut Wordl6 exc.

out Flag  ptch.
out DTHetrl txotx_ctrl,
in Flag reset_flag

Initialize

pointers to speech vector.

-8
L@ stimulus

Quiput: “VocoderSpec.o®
Linking...

=1

Quiput: "VocaderSpec”
Done.

speech = old_speech + L_TOTAL - L_FRAME: /= New speech =/
P_window = old_speech + L_TOTAL - L_WINDOM: /* For LPC windou =/

## Initialize pointers &/

wsp = old_usp + PIT_MAK:
exc = old_exc + PIT_MAX + L_INTERFOL:

/% vectors to zero */

Set_zero {(old_speech, L_TOTAL):

Set_zero {old_exc, PIT.MAX + L_INTERPOL):
Set_zero (old_usp, PIT_MAX}:

Input. *VocoderSpec.o txdtx_ctrl = TK_SP_FLAG | TK_VAD_FLAG:
u pteh
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SCE Hierarchy Displays
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SCE Compiler and Simulator

File Edil View Project Synthesis Validation MWindows

s European digital cellular telecomunications syste
B30 VocoderArch sit e 12200 s 5 o or

2a enhanced full rate speech traffic channels
Bit-Exact SpecC Simulation Code - encoder
Lvocoderimpl.sir mﬁsl'?m

ITH:  disabled
Irput speech File: speschfiles/spch_unx, inp
Output bitstream file: nodtx.bit

283883833388838388825822888888
RARARERAARAAARAARARARAAARES

Conpie | Siniate | analyze || Refine || Shel |

sce: SpecC Compller ¥ 222
() 1937-2002 CECS, University of California, Irvine

edpracee

Importing..,
Input. *VocoderSpec ins.sir
Qutput: <intemal representation>
Translating...
Input: <internal representation>
Oulput: "VocoderSpec.h”
Oulput: "VocoderSpec.cc*
Compiling..
Input: *VocoderSpec.cc*
Quiput: “VocoderSpec.o”
Linking...
Input. “VacoderSpec.o®
Qutput: "Vacoderspec”
Done.

2IITITTITTITIT LT
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SCE Profiling and Analysis

Cx— N = Ei
_l Help I
|
BE
. econds
Computation | C|
e sl i o e e . T o @ N
s IT’”’ | levetes) g
652 617
w ||code Q_Gain_Code 852 1250
652 7367

Window  Customize
Int ALU
[secondd=. a FEE
Window  Customize
Int Arith

[seconds]

open_toop closed_loop codebosk_ca

analyze |[Refine | Shell
Generaling imernal aata structure 1or profnng
Deriving raw statistics from SIR file
Computing weighted statistics pr—
Annotating weighted statistics to SIR file -
End: retargetable profiling

codebook_cn

=
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SCE Demonstration

» Design example: GSM Vocoder
— Enhanced full-rate voice codec
» GSM standard for mobile telephony (GSM 06.10)
» Lossy voice encoding/decoding
« Incoming speech samples @ 104 kbit/s
* Encoded bit stream @ 12.2 kbit/s
« Frames of 4 x 40 = 160 samples (4 x 5ms = 20ms of speech)
— Real-time constraint:

* max. 20ms per speech frame
(max. total of 3.26s for sample speech file)

— SpecC specification model
e 29 hierarchical behaviors (9 par, 10 seq, 10 fsm)
» 73 leaf behaviors
e 9139 formatted lines of SpecC code
(~13000 lines of original C code, including comments)
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Assignment 4

1. Become familiar with the System-on-Chip Environment (SCE)
— Setup
Note that we will use the 2003 version of SCE for the tutorial:
source /opt/sce-20030530/bin/setup.csh
rm —rf ~/_sce
mkdir demo
cd demo
setup_demo
— Open the SCE Tutorial document
e acroread SCE_Tutorial/sce-tutorial.pdf &
» To protect the environment and save some trees,
please do not print the tutorial document!
It contains 250 pages and you will likely read it only once... ;-)
— Follow the SCE Tutorial instructions
= sce &

— Cleanup
* When done (or to start over), clean up your demo directory
- cd ..
 rm —rf demo
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Assignment 4

2. Setup your MP3 Decoder model in SCE

— Setup SCE
* Note that we will use the 2010 version of SCE for the MP3 decoder:
e source /opt/sce-20100908/bin/setup.csh
e rm —rf ~/._sce
e cd mad_SpecC
e sce &

— Create a new project in SCE
e Project->New
= Project->Settings
— Setinclude path to “.” (current directory)
— Setlibraries to “-x1 hufman.o”
— Set both verbosity and warning level to 2

— In the Simulator tab, set the simulation command as follows (single line!):
./%e testStream/spotl_3K.mp3 spotl_3K.pcm &&
diff reference/spotl_3K.pcm spotl_3K.pcm

e Project->SaveAs “mp3.sce”
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Assignment 4

3. Compile and simulate your MP3 Decoder model in SCE
— ... (continued from previous page)

— Load your design model into SCE
e File->Import “testbench.sc”
e Project->AddDesign

* Right-click on testbench.sir in the project window, and
Rename the modelto Spec

— Compile and simulate your model in SCE
= Validation->Compile
e Validation->Simulate

EECS222C: SoC Software Synthesis, Lecture 5 (c) 2010 R. Doemer

21

Assignment 4

4. Analyze your MP3 decoder model in SCE
— ... (continued from previous page)

— Browse the structural hierarchy charts

« Select the Main behavior in the behavior browser
Right-click ->Chart
Double-click the chart to add a level of hierarchy
View->Connectivity

— Print the hierarchy chart for the Synthesis Filter
« Select the synth behavior in the behavior browser
* Right-click ->Chart
« Add several levels of hierarchy
e Window->Print..in color (!) to file *“synth._ps”

« Deliverable
— Hierarchy chart “synth.ps” (in color!)
— by Friday, Oct 24, 2008, at noon
— by email to doemer@uci .edu with subject “‘EECS222C HW4”
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