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Lecture 5: Overview

» Project Status and Progress

 Embedded System Design with SpecC
— The SpecC Language
— Embedded System Design Flow

— System-on-Chip Environment (SCE)
* Demo
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- CJC: Opt. 1
— CBH: Opt. 1
— SYC+CWS:Opt. 1
— QKN+ RL: Opt. 1
— ML+HL: Opt.1
— KLN: Opt. 1
- Sk Opt. 1

Project Status and Progress

e Option 1: Hands-on Experience with Embedded Software

Mobile IP (embedded Linux) on wireless access point
Port PalmOS application to WindowsCE

Traffic light controller on Xilinx board

Temperature sensor on flash microcontroller

Instant messenger application on mobile phone

Snake game (Java) on mobile phone

Real-time UML/Java appl. wallet PDA, cash register PC

e Option 2: Literature Research

Power management for embedded applications
Code generation for embedded processors
Target processor survey

- GK: Opt. 2
— EKS: Opt. 2
— KDS: Opt. 2
— HEC: Opt. 2 RTOS survey

e Option 3: Embedded Software Synthesis using SpecC

Reed-Solomon decoder

Wireless sensor node measuring motion
Controller (traffic light, elevator, ...)
Algorithm evaluation for fair packet scheduling

— JHB: Opt. 3

- AG: Opt. 3  Digital camera
- TWH: Opt. 3  Tic-tac-toe game
- GS: Opt. 3

- ISG: Opt. 3

— HCL: Opt. 3
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Presentation Scheduling
» Planned schedule: (to be filled in discussion)
— Week 6: Literature research on RTOS
— Week 7: Literature on target processors
— Week 8: Literature / Project
— Week 9: Project presentations
— Week 10: Project presentations
— Final week:  Project presentations
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Embedded System Design with SpecC

e The SpecC Language

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 5

The SpecC Language

* Overview
— Foundation
— Types
— Structural and behavioral hierarchy
— Concurrency
— State transitions
— Exception handling
— Communication
— Synchronization
— Timing
- RTL
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EECS298: Embedded Software
Synthesis

* Foundation: ANSI-C

— Well-known
— Well-established

e SpecC is areal language
— Not just a class library

EECS298: Embedded Software Synthesis, Lecture 5

The SpecC Language

— Software requirements are fully covered

— SpecC is a true superset of ANSI-C

— Every C program is a SpecC program

— Leverage of large set of existing programs

« SpecC has extensions needed for hardware
— Minimal, orthogonal set of concepts
— Minimal, orthogonal set of constructs

(c) 2004 R. Doemer

« ANSI-C
— Program is set of functions

— Execution starts from
function mai n()

* SpecC
— Program is set of behaviors,
channels, and interfaces

— Execution starts from
behavior Mai n. mai n()

EECS298: Embedded Software Synthesis, Lecture 5

The SpecC Language

/* Hellowsrld.c */
#i ncl ude <stdio. h>

voi d mai n(voi d)

{
}

printf(“Hello Wrldi\n");

/1 Hellowrld.sc
#i ncl ude <stdio. h>

behavi or Min

{

voi d mai n(voi d)

printf(“Hello Wrld!'\n");
}
bs

(c) 2004 R. Doemer
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The SpecC Language

SpecC types
— Support for all ANSI-C types
» predefined types (i nt, f| oat, doubl e, ...)
e composite types (arrays, pointers)
« user-defined types (st ruct, uni on, enunm
Boolean type: Explicit support of truth values
e bool bl = true;
e bool b2 = fal se;
Bit vector type: Explicit support of bit vectors of arbitrary length
e bit[15:0] bv = 1111000011110000b;
Event type: Support of synchronization
- event e;
Buffered and signal types: Explicit support of RTL concepts
e buffered[clk] bit[32] reg;
e signal bit[16] address;

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 9

The SpecC Language

1 typedef bit[7:0] byte; // type definition
* Bit vector type e 2
— signed or unsigned Tl @aes] B R[AG) B
- arbitrary Iength bit[31:0] BitMagic(bit[4] c, bit[32] d)
{
— standard operators bit[31:0] r;
* logical operations a = 11001100b; /1 constant
o arithmetic operations b = 1111000011110000ub; // assignment
. comparison operations b[7:0] = a; /1 sliced access
. b = d[31:16];
* type conversion
* type promotion if (b[15]) /1 single bit
. b[ 15] = Ob; /'l access
— concatenation operator
r =a @df11:0] @c /1 concatenation
ca @b @11110000b;
— slice operator a = ~(a & 11110000);  // logical op.
. a[I:r] r += 42 + 3*a; /1 arithnetic op.
return r;
}
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 10
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The SpecC Language

* buf f er ed type modifier

— Representation of storage in RTL models
« registers
« register files
¢ memories
. etc.

— Update at natification of specified events
« synchronized with explicit clock

event C ki1, dk2;
buf fered[ d k1] bit[32] Ri;
buf fered[ d k1] bit[32] Rz;

/1 system cl ock
Il register

buffered[ CLK2] bit[16] RF[64]; Il register file
buffered[ CLK2] bit[ 8] ML[1024]; // menory

Rl = R2; /Il swap contents of Rl and R2
R2 = R1;
wai t CLK1;

RF[2] = RF[0] + RA[1];

wai t CLK2;

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 11
e signal type modifier
— Representation of wires and busses in RTL models
— Semantics as in VHDL, Verilog
signal bit[31:0] addr; /1 address bus
signal bit[31:0] data; /1 data bus
buf fered[ CLK] M 1024];
wait addr; /1 menory read access
data = Maddr];
wait addr && data;
M addr] = data; /1 menory wite access
— Implemented as buffered variables with associated event
signal int x; = buffered int x_v; event x_e;
x = 55; < X_v = 55; notify x_e;
y = x + 2 = Yy =XV +2
wait x; = wait x_e;
notify x; = notify x_e;
wait (x == 5); < while(x_v !'=5) { wait x_e; }
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 12
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EECS298: Embedded

» Basic structure
— Top behavior
— Child behaviors
— Channels
— Interfaces
— Variables (wires)
— Ports

The SpecC Language

Behavior Ports Channel Interfaces

Variable
Child behaviors (wire)
Software Synthesis, Lecture 5 (c) 2004 R. Doemer 13

The SpecC Language

* Basic structure

interface 11

bi t [ 63: 0]
void Wite
g

{
int vi;
Cl ci;
Bl bi(pl,

b2(v1,

}

be

channel Cl inplenents |1;
behavior Bl(in int, 11, out int);

behavior B(in int pl, out int p2)

voi d mai n(voi d)

| b2;

Read( voi d) ;
(bit[63:0]);

. | 9

cl, vi),
cl, p2);

SpecC 2.0:
if b is a behavior instance,
b; is equivalent to b. nai n() ;

EECS298: Embedded Software Synthesis, Lecture 5
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The SpecC Language

» Typical test bench

— Top-level behavior: Mai n

— Stimulator provides test vectors
— Design unit under test
— Monitor observes and checks outputs

Main

b2

]

EECS298: Embedded Software Synthesis, Lecture 5
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The SpecC Language

» Behavioral hierarchy

Sequential FSM
execution execution
B_seq B_fsm

Concurrent
execution

Pipelined
execution

behavi or B_seq

behavi or B_fsm

behavi or B_par

behavi or B_pi pe

B bl, b2, b3; B bl, b2, b3, B bl, b2, b3; B bl, b2, b3;
b4, b5, b6;
voi d nai n(voi d) voi d mai n(voi d) voi d nai n(voi d) voi d nai n(voi d)
{ b1; { fsm{ bl:{.} { par{ bi; { pipe{ bi;
b2; b2:{.} b2; b2;
b3; oD b3; } b3; }
} } } }
}i b I b
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 16
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Synthesis

The SpecC Language

* Finite State Machine (FSM)

— Explicit state transitions
« ftriple < current_state, condition, next_state >
« fsm { <current_state> : { if <condition> goto <next_state>} ...

}
— Moore-type FSM

— Mealy-type FSM P ~

behavior B_FSMin int a, in int b)

B bl, b2, b3;

voi d mai n(voi d)
{ fsm{ bl:{ if (b<0) break;
if (b==0) goto bil;
if (b>0) goto b2; }
b2:{ if (a>0) goto bl; }
b3:{ if (a>b) goto bl; }
}

}
e
EECS298: Embedded Software Synthesis, Lecture 5

(c) 2004 R. Doemer 17

The SpecC Language

* Pipeline

— Explicit execution in pipeline fashion
e pipe { <instance_list> },
e pipe (<init>; <cond>; <incr>) { ... }
— Support for automatic buffering
e piped [...] <type> <variable_list>;

behavi or Pi peline
{
pi ped piped int vi;
pi ped int v2;
pi ped int v3;

Stagel bi(vl, v2);
~ Stage2 b2(v2, v3);
Stage3 b3(v3, vi);

4 Pipeline

FEY B R
voi d mai n(voi d)
W2 L3 {

int i;
pi pe(i=0; i<10; i++)

{ bi;
b2;
b3;
}
}
}i
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 18
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The SpecC Language

» Exception handling

— Abortion — Interrupt
el B1 e2 el B2 e2
el e2 el e2

behavi or Bl(in event el, in event e2)

{ {
B b, al, a2; Bb, il, i2

voi d nai n(voi d)
{try { b }

voi d nmai n(voi d)
{try { b}

behavi or B2(in event el,

in event e2)

trap (el) { al; } interrupt (el) { i1; }
trap (e2) { a2; } interrupt (e2) { i2; }
} }
}i N
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 19
* Communication
— via shared variable
— via virtual channel
— via hierarchical channel
c 1
{vi} HIVATH
: o = &
|--| HIEH
Shared memory Message passing Protocol stack
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 20
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Synthesis

— Synchronization primitives

The SpecC Language

ynchronization
— Event type

event <event_List>;

* wait <event_list>;

« notifyone <event_list>;

notify <event_list>;

~

A

[Req |
|Data
e

%

EECS298: Embedded Software Synthesis, Lecture 5

float X;

{

L

-

behavi or S(out event Req,
out float Data,
in event Ack)

voi d mai n(voi d)
Data = X

notify Req;
wait Ack;

float Y;

{

E

behavi or R(in
in float Data,
out event Ack)

voi d mai n(voi d)
wai t Req;

Y = Dat a;
notify Ack;

event Req,

(c) 2004 R. Doemer 21

The SpecC Language

Communication
— Interface class

interface <name>
{ <declarations> };

— Channel class

channel <name>

implements <interfaceg

{ <implementations> };

17

~

interface TS

voi d Send(float);
¥

interface IR

float Receive(void);

Ik

behavi or S(1S Port)

{
float X
voi d nai n(voi d)

Port. Send(X);

}
I

%

EECS298: Embedded Software Synthesis, Lecture 5

behavi or R(IR Port)

float Y;

channel C
inplements 1S, IR
{

event Req;
float Data;
event Ack;

voi d Send(float X)
{ Data = X;

notify Req;

wait Ack;

float Receive(void)

- ! . float V;
d d { Glees %
voi d nai n(voi d) N EE
ver . Y = Dat a;
Y=Port.Re 5 . !
or ceive() notify Ack;
}' o return;
i }
e
(c) 2004 R. Doemer 22
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The SpecC Languag

interface PCI_I F

interface 1S

* Hierarchical channel { void Send(f| oat);
) voi d Transfer( }

— Virtual channel enum Mode, Imeriess 1
implemented by [t Addrese). || f1oat Recei ve(void);
standard bus protocol i 2

+ example: PCI bus behavior S(1'S Port) Chainﬂg: eﬁg’ms PO _IF:
float X . channel C2
}/md mai n(voi d) inplenents IS, IR
N | Portsend0: || e pus:
C2 voi d Send(float X)
} { Bus.Transfer(
PCI 5 POl _VRI TE,
behavi or R(IR Port) } sizeof (X), &9 ;
{fl oat Y: float Receive(void)
) ; f { float Y,
voi d main(voi d) Bus. Transfer (
Yk ' } PCl _READ,
Y=Port . Receive(); sizeof (Y), &) :
}' o returny;
) !
T
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 23
» SpecC Standard Channel Library

— introduced with SpecC Language Version 2.0

— includes support for
e mutex
« semaphore
 critical section
e barrier
« token
¢ queue
« handshake
¢ double handshake

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 24
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The SpecC Language

behavi or Testbench_Dri ver

o Tlmlng (inout int a,
P inout int b,
— Exact timing out event el
o waitfor <de|ay>; ; out event e2)
voi d mai n(voi d)
waitfor 5;
a = 42;
notify el;
Example: stimulator for a test bench vaitfor 5:
b = 1010b;
notify e2;

? ®< 1 = : >< : = 1 > waitfor 10;
b 0000b X 1010b X 1111b at+;

; ; ; . b | = 0101b;
el 1 i i f i i ] notify el, e2;
e2 wai tfor 10;
_t ¢t @t
f f f f f f f f notify e2;
0 5 10 15 20 25 30 35 }
}i
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 25

The SpecC Language

. Timing Specification
o bit[7:0] Read_SRAMbit[15:0] a)
— Exact timing {
. bit[7:0] d;
» waitfor <delay>;
— Timing constraints tol B2 E’j&z;ai_ }
+ do { <actions>} Wode = 0;

}
t3: { }
t4: {d = Dbus; }
t5: {ABus = 0; }

timing {<constraints>}

Example: SRAM read protocol t6: {Rwbde = 0;
Wwbde = 0; }
t7: {}
. ; ‘ : p }
in ABus N — ! ! timing { range(tl; t2; O; );
in RMode 4 ! ! \ ; range(tl; t3; 10; 20);
‘ 3 : : j\— range(t2; t3; 10; 20);
in WMode ' ' ' ' ' ' : range(t3; t4; O; )
) A A A : : . : range(t4; t5; O; )
0/ 14020, . O/ .. O/, | 5110, range(t6; t7; 5 10);
1020 ) ! 1020 ! )
1 ©2 B ¥ 6 6 _ return(d);
¥
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 26
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The SpecC Language

e Timing
— Exact timing
« waitfor <delay>;
— Timing constraints

« do { <actions>}
timing {<constraints>}

Example: SRAM read protocol

Implementation 1

bit[7:0] Read_SRAM bi
bit[7:0] d;

do { t1: {ABus = a;
t2: {Rwbde 1;
Wbde 0;

t3: {
t4: {d = Dbus;
t5: {ABus = 0;
t6: {Rwvbde = 0;

t[15:0] a)

wai tfor( 2);}

wai tfor(12);}
wai tfor( 5);}
wai tfor( 5);}
waitfor( 2);}

Wwbde = 0; waitfor(10);}
t7: {}
i ; y ; }

in ABuS U ! ! timing { range(tl; t2; O; );
in RMode Y 1 ‘ 3 range(tl; t3; 10; 20);
‘ : : : j\— range(t2; t3; 10; 20);
in WMode : : ; ; ; ; : range(t3; t4; O; )
_ : : : . . . ; range(t4; t5; O; )
nou Dpus————C(@) range(ts; t7; 10; 20);
10/ ,20/20,, O/ i, O/ | &110, range(t6; t7; 5 10);

- T R R _return(d);

¥
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The SpecC Language

e Timing
— Exact timing
« waitfor <delay>;
— Timing constraints

» do { <actions>}
timing {<constraints>}

Example: SRAM read protocol

Implementation 2

bit[7:0] Read_SRAMbi
{
bit[7:0] d; /1

do { t1: {ABus = a;
t2: {Rwbde 1;
Wbde 0;

t3: {
t4: {d = Dbus;
t5: {ABus = 0;
t6: {Rwvbde = 0;

t[15: 0] a)
ASAP Schedul e
}

\}Nai tfor(10);}

}
}

Wwbde = 0; waitfor(10);}
t7: {}
, ; R }

AETS N — : 3 timng { range(tl; t2; 0; );
in RMode o : Y ; range(tl; t3; 10; 20);
‘ 3 : : j\— range(t2; t3; 10; 20);
in WMode ' ' ' ' ' ' : range(t3; t4; O; )
) B : : . . . : range(t4; t5; 0; )
inout DBu GO, range(t5: t7; 10; 20):
0/ ,1d0/20,1¢ O/ i, O 15110, range(t6; t7; 5 10);

« 10120 ) i 1020 ! ]

- e _ return(d);

¥
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The SpecC Language

* RTL Modeling

— Accellera RTL Semantics Standard
» Style 1: unmapped
—a=b*c
» Style 2: storage mapped
— RL = RL * RF2[4]
« Style 3: function mapped
— RL = ALUL(MULT, Rl, RF2[4])
e Style 4: connection mapped
— Busl1=R1l; Bus2=RF2[4]; Bus3=ALU1(MJLT, Busl, Bus2)
» Style 5: exposed control
— ALU CTRL = 011001; RF2_CTRL = 010;

Source: http://www.eda.org/alc-cwg/cwg-open.pdf

— Types specific for RTL:
» buf f er ed type modifier:  Storage

* signal type modifier: Communication
— Control flow specific for RTL:
» fsmd construct: Explicit finite state machine with datapath
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 29

The SpecC Language

* RTL Modeling
— f smd construct
« Similar to f smconstruct, but specifically for RTL
« Explicit states and state transitions
« State actions represent well-defined register transfers
— limited to conditional/unconditional assignments and function calls
— general loops, exceptions, synchronization, timing are not allowed
Explicit clock specifier
— event list (external clock)
— time delay (internal clock)
« Explicit sensitivity list
— needed for Mealy machine support
« Explicit reset state
— synchronous reset
— asynchronous reset

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 30
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The SpecC Language

RTL behavi or FSMD_Exanpl e(
signal in bool CLK, /1 system cl ock
. signal in bool RST, I/ systemreset
MOde“ng signal in bit[31:0] Inport, /1 input ports
signal in bit[1] Start,
signal out bit[31:0] CQutport, /] output ports
Example signal out bit[1] Done)
{ wvoid nain(void)
f smd( CLK) /1l clock + sensitivity
bit[32] a, b, ¢, d, e; /1 local variables
{ Qutport = 0; /1 default
Done = Ob; !/ assignnents
}
if (RST) { goto SO; /'l reset actions
SO { if (Start) goto Si;
el se goto SO;
}
S1 o { a=Db+c; // state actions
d = Inport * e; Il (register transfers)
Qutport = a;
goto S2;
-}
}
}i
EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 31

The SpecC Language

e Library support
— Import of precompiled SpecC code
* import <component_name>;
— Automatic handling of multiple inclusion
e no need to use #i f def - #endi f around included files
— Visible to the compiler/synthesizer
« not inline-expanded by preprocessor
« simplifies reuse of IP components

/'l MyDesign. sc

#incl ude <stdio.h>
#i ncl ude <stdlib. h>

inport “Interfaces/11";
inport “Channel s/ PCl _Bus”;
i nport “Conponents/ MPEG 2";

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 32
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The SpecC Language

Persistent annotation
— Attachment of a key-value pair
« globally to the design, i.e. note <key> = <value>;
* locally to any symbol, i.e. note <symbol>.<key> = <value>;
— Visible to the compiler/synthesizer

« eliminates need for pragmas SpecC 2.0:

 allows easy data exchange among tools <va|ue>_ CED I
composite constant

/* comment, not persistent */ (justlike complex
/1 global annotations variable initializers)
note Aut hor = “Rai ner Doener”;

note Date = “Fri Feb 23 23:59:59 PST 2001";

behavi or CPU(in event CLK, in event RST, ...)
{
/1 1ocal annotations
note[ M nMaxd ockFreq = {750*1e6, 800*1e6 }; ]
not e CLK TsSysteniJ ock = true,
not e RST.|sSystenReset = true;

};...

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 33

SpecC Summary

SpecC model
— Hierarchical network of behaviors and channels
— Separation of communication and computation
SpecC language
— True superset of ANSI-C
* ANSI-C plus extensions for HW-design
— Support of all concepts needed in system design
 Structural and behavioral hierarchy
¢ Concurrency
« State transitions
e Communication
e Synchronization
» Exception handling
e Timing
« RTL
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Embedded System Design with SpecC

 Embedded System Design Flow

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 35
S ) Product specification ) T
T T requirements ! constraints = |
R M

| Capture AIgF?r.
U T | |
C N
T T pure functional Specification model untimed - G
U
R Ci
i 0 omp.
E | Architecture refinement
- transaction level Architecture model estimated timing
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= bus functional timing accurate -
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Design Methodology

Simulation model

L.I Validation
Analysis

Simulation model

I_,I Validation
Analysis

Simulation model

| L,I Validation
Analysis

|

Hardware | Interface | Software
R{{,L synthesis | synthesis [compilation RTSS

Compilation

i I_.I Validation
Analysis

I
'

I

'

I

'

'

I

'

'

'

I

'

i >
E | Communication refinement
'

I

'

'

I

'

I

'

'

I

'

i mplementation mode|
'

;

Simulation model
mation

___________________________________________________________________________________
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Refinement Decisions

» Step 1: Architecture Refinement

— Allocation of Processing Elements (PE)
e Type and number of processors
e 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
e Map each variable to a PE

— Result:
System architecture of concurrent PEs
with abstract communication in channels

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer 38
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Refinement Decisions

» 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): Dynamic scheduling by RTOS
« Choose scheduling policy,
i.e. Round-robin or priority-based
 For each set of concurrent behaviors,
determine scheduling priority
— Result:
System model with abstract RTOS scheduler
inserted in each PE

EECS298: Embedded Software Synthesis, Lecture 5 (c) 2004 R. Doemer

39

Refinement Decisions

» Step 3: Communication Refinement

— Allocation of system busses
e Type and number of system busses
« Type of bus protocol for each bus (if applicable)
* Number of transducers (if applicable)
e System connectivity
— Mapping of channels to busses

* Map each communication channel to a system bus
(or multiple busses, if applicable)

— Result:
Bus-functional model of the system
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Refinement Decisions

« Step 4: Hardware Refinement (for HW PE)

Allocation of RTL components

« Type and number of functional units

« Type and number of storage units

« Type and number of interconnecting busses
Scheduling

» Basic blocks assigned to super-states

« Operations assigned to clock cycles
Binding

» Bind functional operations to functional units

« Bind variables to storage units

« Bind transfers to busses
Result:
Clock-cycle accurate model of each HW PE
Output: Synthesizable Verilog description
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Refinement Decisions

» Step 5: Software Refinement (for SW PE)

— C code generation
 For selected target processor
 For selected target RTOS

— Compilation to Instruction Set
« for Instruction Set Simulation (ISS)

— Assembly

— Result:
Clock-cycle accurate model of each SW PE

— Output: downloadable object code
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» System-on-Chip Environment (SCE)
— Demo

Embedded System Design with SpecC
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Refinement

Alg. selection

Browsing

Spec. optimization

e
Profiling
weights

Profiling

Allocation

Beh. partitioning

Comp./IP
attributes

Profiling data

Capture

Specification
—

Scheduling / RTOS

Protocol selection

Channel partitioning

Protocol
attributes

ion result

Arch. refinement

Architecture model

s

C

Arbitration

—
Protocol
models

Cycle scheduling

—
RTL
comp.

HW/SW synthesis

Design y decisions

Estimation results

omm. refinement

Communication modeD

N

Protocol scheduling:

SW assembly
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ycle-a. refinement|

mplementation model

System-on-Chip Environment (SCE)

Validation

Compile

Profile

Simulate

Estimate

Simulate

Estimate

Simulate
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System-on-Chip Environment (SCE)

 SCE Components:
— Graphical frontend (sce, scchart)
— Editor (sced)
— Compiler and simulator (scc)
— Profiling and analysis (scpr of )
— 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
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HEpcoder Coder &20pen_Loop 163 267413
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& Dwmame s b @ ior_end Open_Loop_End 652 &l
o it e - (- &otor_nody2 Open_Loop_Body2 652 244
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s VocoderRTL sir
Lvocoderimpl sir
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B § upaste e L it
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M or_end Sublrames_End L
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B § post prooess Post Frocess e shortint [11]
-4 ronitar Moritor - oapl short nt [11]
L@ stiruius Stinulus P wsp inout short int *

0P et ot in unsigned biti5:0]

DSP

=
Madels

Qutput: v ocoderspec.o”
Linking...
Input. "Vocaderspec.o"
Output: "V ocoderSpect
Done.

[Ready
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SCE Source Editor

- =m0 Lol

e o

N rcoder
3 pre_process
8 coger_ ke

ocoderComm.sir
A3 VocoderRTL sir
Lvocoderimpl.sir

B § posi_process
4% monitor
L& stimuius

g

Output: "VocoderSpec.o’
Linking
Input: "VocedersSpec.o”
Output: "V ocoderspec”
Done.

behavior Coder_12k2_Seq(

in Mord16 speech_proc[L_FRAME].
Mord16 old_speechL_TOTAL],
Mord16 *speech.
cut. Mord16 *_uindou,
Morel16 old_usp[L_FRAME + PIT_MAX].
out Mordle usp,
kord1e old_exc[L_FRAME + PIT_MAX + L_INTERPOL].
out Wordlé *exc,.
out Flay toh,
ot DTHetr] txedtx_ctrl,
in Flag reset_flag
p

»
H

inplenents Ireset

woid imit{uoid)
£

£ Initialize pointers to spesch vector.,

speech = old_speech + L_TOTAL - L_FRAME; /= Neu spesch =/
p_windou = old_spesch + L_TOTAL - L_WINDOW: /= For LPC window =/

/% Initialize painters */

usp
exc

old_usp + PIT_MAK:
old_exc + PIT_MAK + L_THTERPOL:

/% vectors to zero */

Set_zero (old_speech. L_TOTALY:
Set_zero (old_exs, PIT_MAX + L_INTERPOL):
Set_zero (olo_wsp, PIT_MAX):

tudtx_ctrl = TH_SP_FLAG | TX_VAD_FLAG:
ptech = 1:

[iN5 [ine: 62 Colb_j
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SCE Hierarchy Displays
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SCE Compiler and Simulator

EEE]

File Edit View Project Synthesis Validation Windows

Help

O E8g g se ¥

MName
-4 Main
Deoger
pre_process
A VoooderRTL sir - 8 coder 7262
Lvocoderimpl.sir M seq7
8 j_anaysis

Design
&

European digital cellular telecommunications sustem

2200 bits/s speech codec fi

o
enhanced full rate speech traffic channels

Bit-Exact Spect: Sinulation Code — encoder
Version 1.
Harch 13, 1939

-Edsubrtames

y Lo d DTy disabled
Tor_boayT Input speech file: speechfiles/spch_unx. ine
a
S Epciced foog| | DutRut bitstrean files nodkx,bit
5:00’555235 sncoding delay
update

encoding delay

X compile || | Analyze | Remne | | encoding delay
| [sce: SpecC Compliler v 2.2 3
(c) 1997-2002 CECS, University of Califarnia, Irving
encoding delay
Impring : encoding delay
Input.” "vocoderSpec.ins.sir® icading slela
Output: <internal represertation encoding delay
Translating,
Input: <infemal representation=-
Qutput: “Vocoderspec.h”
Qutput: “Vocoderspec.ce”
Carniling
Input: *WocoderSpec.cc”
It " encoding delay
Output: "V ocoderSpec.o! s el
Linking
Input: "VocoderSpec.o”
Output: "VocoderSpec”
Dane. encoding delay
[Rezdy
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SCE Profiling and Analysis

ox U;\QE|
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End: retargetable profiling
codebook_cn
[Ready
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Specification Example

* 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
e Frames of 4 x 40 = 160 samples (4 x 5ms = 20ms of speech)
— Real-time constraint:

e 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)
e 73 leaf behaviors
» 9139 formatted lines of SpecC code
(~13000 lines of original C code, including comments)
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