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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)
— Design Example: GSM Vocoder
— Interactive Demonstration
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Top-Down Design Methodology
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Refinement-based

* Refinement steps
— Architecture refinement
— Communication refinement
— Cycle-accurate refinement

System Design Flow

(Specification -> Architecture)
(Architecture -> Communication)
(Communication -> RTL/IS)

* HW / SW /interface synthesis

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

+ Component data bases
— Algorithms for specification
— Components for architecture
— Busses for communication
— RTOS for SW

RTL components for HW
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Refinement-based System Design Flow

—

» Step 1: Architecture Refinement

— 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
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Refinement-based System Design Flow

« Step 2: Scheduling Refinement
— 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): Dynalmlc 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 F T sw |
inserted in each PE
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Refinement-based System Design Flow

—

» Step 3: Network / Communication Refinement
— Allocation of system busses
* Type and number of system busses
» Type of bus protocol for each bus (if applicable)
» Number of transducers (if applicable)
» System connectivity
— Mapping of channels to busses
* Map each channel to a system bus
(or a network of multiple busses)
> Result
» Transaction-Level Model (TLM), or
Bus-Functional Model (BFM) [Cow T vF [ sw |
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Refinement-based System Design Flow

+ Step 4: Hardware Refinement (for HW PE)

— Allocation of Register Transfer Level (RTL) components

» Type and number of functional units (e.g. adder, multiplier, ALU)

« Type and number of storage units (e.g. registers, register files)

» Type and number of interconnecting busses (drivers, multiplexers)
— Scheduling

» Basic blocks assigned to super-states

« Individual operations assigned to clock cycles
— Binding

« Bind functional operations to functional units

Specification

* Bind variables to storage units
» Bind assignments/transfers to busses
> Result
» Clock-cycle accurate model of each HW PE o e Tow ]
» Output: Synthesizable Verilog description
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Refinement-based System Design Flow

—

» Step 5: Software Refinement (for SW PE)
C code generation

* For selected target processor
RTOS targeting

» Thin adapter layer for selected target RTOS
Cross-compilation to Instruction Set Architecture

« for Instruction Set Simulation (ISS)

« for target processor embedded in target system
Assembly and Linking
> Result

» Clock-cycle accurate, or

instruction-accurate model of each SW PE
* Output: binary image [Chaw e Tsw]|
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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 Exploration Engine
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SCE Main Window
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[-&ror_bodyz Open_Loop_Body2 652 244
o boyT  Subrmmes GotyT - for_body1 Open_Loop_Bodyl 652 1
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Output: *VocaderSpec.o"
Linking.
Input. *VocoderSpec.o”
Output: *Vocaderspec”
Dane

Ready
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SCE Source Editor
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3 o anas out Hord16 wexc.

out Flag  ptch.

out DTHetrl txehx_ctrl,

in Flag reset_flag

B oconerRTL sir
Lvocaderimpl.sir

implenents Lreset

vaid init(void)

- Tnitialize pointers to speech vector.

[/ monitor speech = old_speech + L_TOTAL - L_FRAME: /= New speech %/
M stimulus p_uindow = old_speech + L_TOTAL - L_WINDOW: /= For LPC window =/

]
Hierarchy

/% Initialize pointers #/

old_usp + PIT_MAN:
old_exe + PIT_MAN + L_INTERPOL:

usp =
— T = e =
Iiodels
/% vectors to zero */

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

A compite | Sinulele | Anlyze | Fefiie | Shell |

[ WP vocemerspecce |
OutaLt: *VocaderSpes.o"

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

Done

txcltx_ctrl = TH_SP_FLAG | TH_WAD_FLAG:
ptoh = 1;

[ NS [Line: 62 Cal. 6

[Ready
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SCE Compiler and Simulator
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(c) 19%7-2002 CECS, University of Califomia, Irvine

Importing.
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SCE Profiling and Analysis

%J_-_ o EEE

Window  View Amange Help

Operation Profile

Rel. seconds

10m- Type

code Q_Gain_Code
B e ] [ upcd_sh  Ex_Syn_Upd_sh 652 7367

= [Cagehask en - Gparaion et =B

Window  Customize

= codebook_cn - Operation Chart [=IE]

Window  Custormize

Int ALU
[second:

indows Customize

Int Arith
[seconds]

Ip_analysis apen_loop closed_loop codebook_en

models [ Imports | Sources

Xl compile | Simuiate | Analyze | Refine | Sheil | ‘
Generaling Infermal data sTUCtire for pronmng
Deriving raw statistics from SIR file
Computing weighted stafistics
Annotating weighted statistics to SIR file
End: retargetable profiling

codebook

codehook_cn

Feady |

EECS222: Embedded System Modeling, Lecture 13 Copyright © 2003 CECS 21

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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» Design Example 1: GSM Vocoder

Normalized Time

SCE Experimental Results

Simulation Speed

100000

7

10000
1000

10
1 /

Spec Arch Comm Impl

20000

15000

10000

5000

Number of Lines

0

Refinement Effort

Code Size

/

PE——

Spec Arch Comm Impl

Modified Manual Automated
lines effort User / Refine
Spec — Arch 3,275 3~4 month 15 min/ <1 min
Arch - Comm 914 1~2 month 5 min/< 0.5 min
Comm — Impl 6,146 5~6 month 30 min/ <2 min
Total 10,355 9~12 month | 50 min/ <4 min

» Productivity gain: 12 months vs. 1 hour = 2000x !
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! SCE Experimental Results
= » Design Example 2: JPEG Encoder
= Simulation Speed Code Size
| | 1000000 " 3500
| @ 100000 @ 3000
B E 10000 % 2500 //
® 1000 5 2000 —————5—
N
= 100 5 1500
§ o € 1000
3 500
= 1 e = . . .
Spec Arch Comm Impl Spec Arch Comm Impl
Refinement Effort
Modified Manual Automated
lines effort User / Refine
Spec — Arch 751 1~2 month 5 min /< 0.5 min
Arch - Comm 492 ~1 month 3 min/< 0.5 min
Comm — Impl 1,278 3~4 month 20 min/ <1 min
Total 2,521 5~7 month 28 min/ <2 min
» Productivity gain: 6 months vs. 1/2 hour = 2000x !
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