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Lecture 13: Overview

« Embedded System Design Flow
— Top-down design methodology

— Refinement-based design flow
» Specify
* Explore
» Refine

» System-on-Chip Environment (SCE)

— Application example: GSM Vocoder
— Interactive demonstration (part 1)
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Specify, Explore, Refine - Design Flow

* Refinement steps
— Architecture refinement (Specification -> Architecture)
— Communication refinement (Architecture -> Communication)
— Cycle-accurate refinement (Communication -> RTL/IS)

« HW / SW /interface synthesis

* Levels of abstraction
— Specification model:
— Architecture model:
— Communication model:
— Implementation model:

untimed, functional
estimated, structural
timed, bus-functional
cycle-accurate, RTL/IS

Specification

+ Component data bases
— Algorithms for specification
— Components for architecture e
o
— Busses for communication
— RTOS for SW [Cow [ e [ sw ]|
— RTL components for HW
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Specify, Explore, Refine - Design Flow

» Refinement Step 1: System Architecture

— Allocation of Processing Elements (PE)
* Type and number of processors
» Type and number of custom hardware blocks
» Type and number of system memories

— Mapping to PEs
* Map each behavior to a PE
* Map each channel to a PE
* Map each variable to a PE

> Result

» System architecture of concurrent PEs
with abstract communication via channels

|| HW [ F [ sw ||

mplementatiol
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Specify, Explore, Refine - Design Flow
® * Refinement Step 2: PE Scheduling
% — For each PE, serialize the execution of behaviors
| to a single thread of control
— Option (a): Static scheduling
» For each set of concurrent behaviors,
determine fixed order of execution
— Option (b): Dynamic RTOS scheduling
» Choose scheduling policy, :
e.g. round-robin or priority-based Refinement
« For each set of concurrent behaviors,
determine scheduling priority
» Result
. System model with abstract scheduler [Cow T v T sw ||
inserted in each PE
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X 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 (sir_list, sir_tree, ..)
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SCE Main Window

Eile Edit Miew Eroject Synthesis wvalidation Windows Help

De[Ed[s[oe %

Design Computation | Da!
. Name Type [EW‘ZS] =
B8 wocoderArch sir Corer |&»Open_Loop 163 267413
8 vocoderComm sir Fre_Process -89 syr_niter Syn_Fit asie 5226
B vacoderRTL sir Goder_ 122 |- resigual Residu 1356 5777
Lvocoderimplsir Coder_72k2_Seq? & ol_lag_estimate OI_Lag_Est 163 222092
L ABRY S |- for_init Open_Laop_init 163 )
& for_end Open_Loop_End B52 81
[-&ror_bodyz Open_Loop_Body2 652 244
o boyT  Subrmmes GotyT - for_body1 Open_Loop_Bodyl 652 1
cisseq_toop  Gloseq_toop - @wsp_l short int [40]
Mo podye Suptsmes_ Boayz | op_spesch_i  shortint*
£pcodehook_cn Codebook_CN I o mem_u short int [10]
T }fﬁi Ls/f::: = re n
r_er mes_ i
M shit_sgnals St Signals ot shetmuna)
o § post process Post_Prosess [~ oap2 shortint 1]
L @ monitar Monitar - ean shart int [11]
L@ stimulus Stimulus 7 wsp inout short int *
57 becttx ctrl in unsigned hitfs:0]
S — |

¥ compie | Sinufie | analyze | Gefne | shel |
[WpoC votomerspecot
Output: "VocoderSpec.o”
Linking.
Input. *VocoderSpec.o”
Quput: "VocaderSpec”
Done

[Ready
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SCE Source Editor

BT

Eile Edit View Project Synthesis Validation Windows
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Editor

iew

Design
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speech_proc[L_FRAMEL
Hordl6 old_spesch{L_TOTAL].
Hord16 *speech,

out Word16 *p_uindow,

B18_pIoCess Word1é old_usp[L_FRAME + PIT_MAX].

coder_T2ke out. bordié xusp.

A seq 1 Hore16 old_exclL_FRAME + PLT_MAK + L_INTERFOL.

5 jo_amalsi out Hord16 wexc.

out Flaz  pteh,

out DTHetrl txehx_ctrl,

in Flag  resst_flag

HElBpEs Main
88 vocoderarch.sir
212 VocoderComm.sir B
B oconerRTL sir
Lvocaderimpl.sir

implenents Lreset

vaid init(void)

Pyt - Initialize pointers to spesch vector.
¥ past process
[/ monitor speech = old_speech + L_TOTAL - L_FRAME: /= New speech =/
— A stimulus p_uindou = old_speech + L_TOTAL - L WINDOH: /= For LPC wirdow =/

]
Hierarchy

/% Initialize pointers #/

old_usp + PIT_MAN:

wsp
e = old_exe + PIT_MAN + L_INTERPOL:

— T

Iiodels

A compite | Sinulele | Anlyze | Fefiie | Shell |
[ WP vocemerspecce |
OutaLt: *VocaderSpes.o"
Linking.
Input. *VocoderSpec.o”
Output: *VocaderSpec”
Done

/% vectors to zero */

Set_zero (old_speech. L_TOTAL):
Set_zero (old_exc. PIT_MAX + L_INTERPOL):
Set_zero (old_usp. PIT_MAR):

txcltx_ctrl = TH_SP_FLAG | TH_WAD_FLAG:
ptoh = 1;

[ NS [Line: 62 Cal. 6

[Ready
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Done
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SCE Compiler and Simulator

Eile Edit View Project Synthesis Validation Windows

derSpec
88 vocoderarch.sir
o-2l2VocoderComm.sir
B oconerRTL sir
Lwocaderimpl.sir

B suptzmes
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M for o2
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1 coder 1242
M seq 7
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o

Bit-Exact SpecC
Yersion 1,0
Harch 13, 1939

European digital cellular telecomunications systen
1220

erhanced full rate spesch traffic channels

its/s speech codec for

Sinulabion Code - encoder

scc: SpecC Compiler V 22.a
(c) 19%7-2002 CECS, University of Califomia, Irvine

Importing.
Input. "V ocoderspec.ins sir
Oulput: <intemal representation=

Translating
Input. <internal representation>
Output: *VocaderSpec.h*
Output: *VocoderSpec.cc”

Compiling.

Input: *Vocoderspec.c
OutaLt: *VocaderSpes.o"

Linking.

Input. *VocoderSpec.o”
Output: *VocaderSpec”
Done

OTk:  disabled
Input speech Files

Output bitstrean file: nodbc,bit P

speechfiles/speh_unx. inp

encoding delay
encading delay
encoding delay
encoding delay
encoding delay
encoding delay
encoding delay
encoding delay
encoding delay
encoding delay
encoding delay
encoding delay
encading delay
encoding delay
encading delay
encoding delay
encading delay
encoding delay
encoding delay
encoding delay
encoding delay
encoding delay =
encoding delay =
encoding delay
encoding delay
encoding delay
encoding delay =

.
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[Ready
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SCE Profiling and Analysis
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End: retargetable profiling
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SCE Demonstration

» Application 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
» 29 hierarchical behaviors (9 par, 10 seq, 10 fsm)
» 73 leaf behaviors
* 9139 formatted lines of SpecC code
(~13000 lines of original C code, including comments)
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