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Lecture 11: 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
— Communication refinement
— Cycle-accurate refinement

(Specification -> Architecture)
(Architecture -> Communication)
(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 —
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

Specification

. Archi
* Map each variable to a PE
> Result
:
» System architecture of concurrent PEs
with abstract communication via channels  [L2_ L 1 sw ||
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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

Specification

« 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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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 Source Editor

Bl EdN View Poject Synhesis Valasson windows

" Hordle speech proc[L FRAME].

Hardle old_seeschlL_TOTAL].

Hordlé sspesch.
ut. Hardle wp_vindow.

Hardld old_uep(L_FRAHE + PTT_MA].
it Mardlf susp,

Ward1h old_sec[L_FROHE + PIT MO « L_THTERFOL],
1 Wardln ssec,
a Flag  preh
ait DTHetrl tadix_etel,
i Flag  resst_Fleg

@ VocodeATL 3ir
Lyocoderimp sir

- Initialize pointers to speech vector,

4 morizor

&t speech = old_speech + LLTOTAL - LFERME: /= Hew speech -
‘stimulug

Powindou = olo_speech + LTOTAL = LWINDOM; /= For LPC windou =/

/= Initislize pointers =/

wsp = old_wse + PIT_HAK.

| ST ewc = old_ewc + PIT MK + L_INTERPOL:

Modols | impots | Seun

M comple || siwte || Anayze. | Aune | snen |

Cusput “VocoderSpec o

/= vectors to zero =/

Sat_zero (old_ seeech. L_TOTAL):
Sat_zero (old exc. PIT WA + L_INTERFOL): 3
Sat_zero (old use. PIT_MAM):

et ctel = TH_SP_FLAG | TH_VAD_FLAG:
preh = 1p

Cuput “VocoderSpec” 3 7l
Dene. = T— |
ECPS203: Embedded Systems Modeling and Design, Lecture 11 Copyright © 2003 CECS 10

(c) 2019 R. Doemer

Lecture 11



ECPS203: Embedded Systems Modeling and Design Lecture 11

SCE Hierarchy Displays
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SCE Compiler and Simulator
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SCE Profiling and Analysis
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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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