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A|RT Designer
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A|RT Designer
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operation EXU | mode
* MULT = “mult”

N ALU “add”
regl- reg2  ALU “sub”
cast( :regl) ALU | “pass”

‘ ZILdYXLDTIELS I

IPB —

a,b,c,d

ALU

B

X,Y
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AT —XTIOFvDER

Available Memory Resources and Types.

Access
Speed - Memory resource Foreground
- Memory type

- DFL Signal Type

RegFile W [|scalars
ROMCTRL | [(Constants)

Addressed by Controller

Background
RAM Delay Lines
ROM Arrays
IPB / OPB
Addressed by Datapath Area/Memory Location

>

(@ dual port memory

Frontier
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A|RT Designer
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INPUT Candidate Conflict & Scheduled
LIST Priority Comp. Operation

000 O-0 O
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- 0@ O @
000 O-0 OO
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Register Assignment & Register Optimization.

variable | lifetime |conflict graph
a }),1; C .
b 1,2] N/
C 2,3] ‘ ‘
d :1,3: e /_\f
e [0,1] U [2,3] \ /
f [0,2]
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Aroa—1>% : Loop Folding

e Faster Schedule Through more Parallellism
e MicroROM Area Increases (#potentials)
e Size of Register Files Increases

e Example
pot O s = 0;
FORi =1 to 10 {
pot 1 p[i] = cl[i]*in[i]; 21 cycles
pot 2 s = s+p[i];

}

pot 0 s = 0;
pot 1 p[1l] = c[1]*in[1];

FORi = 2 to 10 { 19 oveles
pot 2 s = s+p[i-1];p[i] = c[i]*in[i]; 4

Loop Folding

Frontier
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A|RT Designer

O MA—S D &R

e User can choose from 6 possible controller
architectures.
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2 Sy 1| Control bits
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RTL-HDL(®xYrJRAF) DAERL

e Synthesizable VHDL or Verilog
e Processor Netlist

e Testbench

in1_file.INP in2_file.INP

Frame Master Controller
Request TR
Virtual E T g
Input | 5 A 0
RAM E : Hi }
T T :

TIPE_#_HDDH_DUT

out_file OUT

Virtual
QOutput
RAM

IPB_# DATA_IN
— o

IPB_# CTRL_OUT

Frontier
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esigner

A% EDEKR

e T S S T Project  Source  Edit Search Options  Repors | Help CO)‘/ XI — 9 Jisi b
Eroject Eun Opiions Fregmes Fepers Views Hol Misc  poiopu oo oo
Project Hi/marcve/demad] & & & =] = - -
wh i A Al a\ ) S A New Open Import Save Editor | Compile  Build Stop |
Source | Arch  Rig  Mem  Mux  Tvpes Sched Re
xi_ine = xq »> iter; f
Archit Creation o Algoritn Mepping el 1 Platform
Optians | Pragras Options | Pragmas o] angle = lookup_angle_coeffliter+l]: g
? J ? d 4 o Fosnete TIAL - For INTERNAL USE only
Run Run xi_sign kit = xi < P_FIX(0);
h— *q_sign_bit = g < P_FIX(0);
States for operati-  loop[_twpl§]' generated. different sign = xi_sign bit * xy_sign bit;
Generating =+ ageration 'loop[_tmpif]’
States - Sop[_tmpl§] ' generated. if (differont sign) {
- iperation ' loopl_tmplf]' ... e T " Design: h:\marcvc\iterate\artb_hdi\design.vhd =1 |

iz

' gemerated. e Ql & 11 = =] Line: 168, Char: 0
- i

P — _
generated. sptangle; shr(I_in nl,iter);
b[_tmp1s] ' castiiter,28,0); =

> ~ X generated. S, AUnEs n2 + unsigned’ ("0000000000000000000000000000000L");
toa. xq = xqixq_inc; i i i v "y, ———
HAR RITT— 5 C o MG b e

generaved. lookup_angle_coeff(to_integer( n3{30 downto 0) 1};

*p
} else {

¥
i
]

angle

~\\ S - ated. 3 if (different_sign) then
BlE. By  Ryoa—1)2 ) ) N ———
\ = xo Q in nl - xg_inc;

. L i I in nl + xi_ine;
ol olse

Jrm_demnc: (Quantization occurred when casting = FReeE FE. S CEmlep
——————|result is : "0Lt0.0000000110101107 = Qdin nl + xq inc;
|seheduler Completed Successfully | "h: \marcveliterate sre.cxx’ (Line i T in nl - xi ine;

ond if;

TotormET— | e §S
& o Bl Q in nl

GRS LA

¢ s
1 [AIRT Builder finished successhully

&

end loop;
Phase

std logic_vector (Phase_nl);
— copy local variables to next value for state
Phase_nl_nxt <= std logic_vector (Phase_nl);

Dismiss

ram_1
rometrl_1
rom_1
opb_1
ipb_1
mult_1
acu_t

alu_1

I I
RSSO SO

T T
e 2 O &
OGO CEC ORI

/\_F@I-?;ﬁﬂ?\o)@]{,ﬁ:{ﬁ; . = = b Program Counter
R DEFHRRIE
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A|RT DesignerD4F

e C-based behavioral synthesis tool. Offers true
“Algorithm to RTL” solution

e No ‘blackbox’ tool. By using pragmas the user has

full control over:

— datapath composition (arithmetic, memory, 10, address /
databusses..)

— operation assignment
— scheduling & register generation
— controller design : choose from 6 possible controllers

e Very fast. Facilitates extensive “what-if”
analysis at the architecture level.

Frontier
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A|RT Designer MD%FE(2)

e Allows to synthesize a customized datapath &
controller for an algorithm specified in C

e ART Designer generates an algorithm specific
processor with a user defined instruction set.
 The ultimate in flexible instruction set processors
e Beyond approaches such as ARC, Tensilica, etc..

e ART Designer is an open system. Allows to add
new Instructions and datapath elements to the
library

e Runs on PC/NT and Workstation

Frontier
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A|RT Designer i1l

e Design of co-processors for compute intensive
tasks in a SOC design

e Implement high performance algorithms on FPGA
e Ultra low power DSP ASIC Design

e Migration of DSP processor based solutions to
high performance FPGA solutions.

e Reconfigurable computing

Frontier
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Case Study

FMEHzZO7ILIdY X L

Input data-rate = 1,536 KHz . Output data-rate = 384 KHz
I
mehel PR 16 l e
4
: : CORDIC Differentiator +— OUT
Qi1 FIR 16 l el
4

Fc =24.576 MHz

SNL= il
24.576MHz et B iR
384KHz ‘ 64 CVC|€S to compute every output

Frontier
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Case Study

TI4ILE

B TE COFER

Edit{Compile Source - [O]x] . .
File Ecit Search Options Repors MWindows Help Schedule Report: ._\demo\projects\designl\artd_cache\schedule.rpt
File:P:\marketing\ART\v1.E_p0st\internal\dem0s\ART_Designer\fm_demod\demo\projeds\desigm\src| Line: 1, Char. 0 X ‘Q i’ {} E @ ‘ uA “hm» I Line: 1, Char: 0
[N H & & B 2 e l/ﬁﬁ/ﬁﬁﬁﬁﬁﬁﬁXXXXXXX,fXXXXXX/XXXXXXKXXXXXXXXKKKKKK/XKKKKKHKKUUXXXXXXX/fﬂ
Import  Sawve Edit Frint Cut Copy Faste | Compile | Chench /¢ Report : SCHEDULING —
const P_FIZ I in, - £ Tool. : A|RT Designer
const P_FIX Q_in, /f Version ! v1.,7 revd
P _FIX& Phase] /f Date : Fri Dec 3 11:23:10 1999

#pragwa OUT Phase
static P_FIX xi,xqg,=p:

S init
®i = I in;
®y = Q in;
if (xge=P_FIX(0O)
®p = P_FIX(16354):

else
xp = P FIX(-16354);
A/ rotate

for (Uint<4> i=0 ;
i

i«<P_ITERATICHZ ; i++)

rotate (i, xi, xq,®xp);
i
S/ finish
Phase = xp:

¥

4

o

N TN O SR SR SRR SN SIS T SRS S TN SIS T

Init section potentials @ 3

Timeloop potentials 141
Init section cycles 3 8
Timeloop cycles B
main()
{

unsigned long cycles = 0;
if (decimate=cycle==05120) {
/f operation '/fir cordic/decimate 1'
cycles += 133;
}
cycles += 129;
}

pot | pc | operation | operation description

4

Compile:
Warning: Quantization occurred when casting the constant "6.555121946657550100e-03" to the type "I
Fesult is : "0bt0.000000011010110" (= "0.00653076171875"

a [ [

|

I TwTm rmAmToTr

rlede/project/warketing/ ART/v1. 6 post/internal/dewos/ART Desighner/fm dewod/dewo/include/parameter: =
I *

il

i | e 129 cycles for filtering

133 cycles for cordic

Frontier
11111
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Case Study

FZILOdYXLNDZEHER

Input data-rate = 1,536 KHz Output data-rate = 384 KHz
|
— | FIR16 i it
4
g
: _| CORDIC Differentiator +—— OUT
Q___| FIR16 i A (64)
(16) 4
' i FIR 16
lyph
4 polyphase
| L
: _ CORDIC Differentiator +— OUT
Q i FIR 16
olyphase
' PO (64)

Frontier
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Case Study

ZILOdYXLDEHE

—RYTz—XIT4IL 2D FERAFER -

Edit{Compile Source S [=] S
File Edit Search Options Repors ‘Windows Help Schedule Report: _Ydemo\projects\design?yartd_cache\schedule.rpt _ O] x|
File:P:\marketing\ART\v1.B_pDst\internal\demoS\ART_Designer\fm_demod\demo\projects\design2\src| Line: 1, Char: 0 X |Q "_‘ {} H & |‘_A “ » I Line: 1, Char, 0
[ H & & B - [ |////z’/’ff//////’/’f/////z’/’/’f/////z’/’ff/////z’/’f/////z’/’/’f/////z’/’ff/////z’/’f//////’/’ff///ﬂ
Impart Sawve Edit Frint Cut Copy Faste Compile | Chbench /¢ Report : SCHEDULING -
diff_delay=diff_in: = /4 Teol : A|RT Desigmer
return [Outpuc) ; /¢ Version : v1.7 revd
A Date : Tue Nov 30 16:00:0% 1989
AILLLLLLILILLSLISLLLSLILILLSLSSILLSLLLSLISILLSLISILLSLISILLSLSILLSL SIS i R O SR S S A ST A VPl
roid fir cordic| . . . .
const_P_FIX I in[4], Init section potentials @ B

const P_FIX Q in[4], Tiweloop potentials

1112
P FIX& Output) Init section cycles
{ Timeloop cycles @ 216
fipragma OUT Output
F_FIX I out, Q out,FPhase; pot | pe

operation | operation description
| INIT SECTION
| BEGIN

S compute I and Q filters
I out = £irl6<0>(I in];
Q out = firle<ls(Q in);

-9

|
| |
| |
JF compute angle -2 11 | BT391 | baseptrireg Xbhus acu 1
cordic(I_out, Q out, Phase): | | | <- 'Int<6>(0) ' :rometrl 1
Coutput=differentiator (Phase) ; | | | | rometrl 1=constli[0]:
¥ | | |
-2 |1 | RT3g9 1 diff delay:reg Yhus alu 1
= | 1 1 <- 'Int<6>(0)':romctrl 1
il [x | | | | romctrl i=constl[0]:
0 0 0 hd
. il B
Compile:
Warning: Cuantization occurred when casting the constant "6.555121946687550100e-03" to the type "I
Result is : "0bt0.000000011010110" (= "0.00653076171875" )

"fede/project/marketing/ ART/v1.6 post/internal/demos/ART Designer/fm demod/demo/include/ parameter: v|
1] | *

e Frontier
il 1111 fesan

Frontier
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Case Study

BHEA1=vr(ASU) DE|H

void rotate|
cons . P_INDEX iter,
P FIX& xi,
P FIX& xd,
P FIZ& xp)

{
fdefine BOOL Uint<l:

BOOL xi_=ign bit,xq sign bit,different sign;
P FIX angle,xi inec,xq_inc;

®i ine = xq >> iter;
®y_ine = xi >» iter;
angle = lookup angle coeff[iter+l];

¥i sign hit = BOOL{xi < P_FIX(0));
¥y 3ign bhit = BOOL {xgq < P_FIX{0}));
different sign = xi 3ign bit * xg Sign bit;

if (different sign) {
¥1 = xitxi ine;
xg = xg-xg_inc;
ip = xp+angle;

} else {
¥i = xi-xi ine;
xg = xg+xq inc;
Xp = xp-angle;

assign_fcalltoasu("/.../*=rotate(*)","rotate_asul");

Frontier Design EDA Techno2000 - page 22 - 00/01/13

4 Load Yiew : P:\marketing\ART\v1.6_postiinternal\demos\ART_Designer\fm_demodidemo\projects\design2
= Q @ E X
Select | LoopBnd CondBnd | ZoomOut  Reset Print Close
Fotential
— = ~ O 0 W@ @ Y w0 = = e O M@ M oy 00— = e~ O 0
— — — 0 NN N = = = 0 W W @ 9 @D~ Pk P~ 0 00 @
mult_1
ram_1
rarn_1
acu_1
rometrl_1

alu_1
opb_1

ipb 1

Prog. Counter

Marubun Corporation




Schedule Report: .__\demo\projectsidesign3\artd_cache\schedule rpt M[=1 3

X[ & 3B &N «n | Line. 1, Cnar. 0

L///’////’//’//’///////////////z’///'z’/’//’z’/’//’//’//’//’//’//’//’//’////’////’//’//’//’////’////’//////3

X

Cloze

U4

/¢ Report : SCHEDULING

/7 Tool : A|RT Designer

/S Version : vi.7 revd E& Q %

S Date : Wed Dec @ 14:47:26 1999 .
I P11 IR AT I E I TR AL I I L1 1A E AR 1010000000400 0001, | CONEBNE | EABMOUE RESEL Print
Init section pUtEntialS HE=1

Timeloop potentials 108 fun] : :3 t R R % g % % %

Init section cycoles —
Timeloop cycles a

—
=

=t
=t

I~
=

]
Lo

[ I o R T R m } = I~ O O (O On
LV I T iy Ry g ' } P~k 00 O 00 0o

—
e

1x14=14cycles

<- 'Int<t>(0)':rometrl 1
| rometrl l=constl[0]:

pot | pe | operation | operation description

-9 ] | | INIT SECTION
| | | BEGIN

-9 |1 | RT377 1 haseptr:reg Zbus acu 1
| | <- 'Int<6>(0) ' irometrl 1
| | | romctrl l=constl[0];
| |

-9 11 ] diff delay:reg Yhus alu 1
| |
| |

1
1
1
RT375 1
1
1

1

acu_y
romctrl_1
alu_1
opb_1
ipb_1

rotate_asu 1

Address Computation Bottleneck
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Instantiate(""acu_2");




Case Study

LI 2y D % H

~ACU 2N E|H§EE -

/+ Schedule Report: ...

\demo\projects\designd\artd_cache\schedule.rpt

a f 3 i =il
X r P HE D aw Ling: 1, Char: 0
V | | o @, = X
/Kf//z’////’/’/’/’f/'/'/'/'fffff/////XﬁXXXXXXKff/Kz’//z’//’/’/’/’/’/’f/'/'/'/'fffff/////ﬁﬁﬁfﬁff_TIOut Fioset Erint Close
// Report : SCHEDVLING
/4 Tool : A|ET Designer
/4 Veraion : vl.7 revd
o B T T e T = O e e T e O SO T e O et N S B e B V= Y T e R R
// Date :Wedﬂecm 100 — — = — — £ 04 04 04 04 0 ) 0 = = =t =F =f [0 Lo LD LD LD O o 0
S eIy ////////////////’///’//'/'f//fffff////////////////

Init section potentials @ 8
Timeloop potentials H-1-)
Init section cycles H:]
Timeloop cycles HIr

baseptr:reg Xbus acu 1
<= 'Int<6x{0) ' iromctrl 1

1 vrvortr ] A=rawnst 1007

pot | pc | operation | operation description
-9 ] | | INIT SECTIOH
| | | BEGIH
-9 11 | RT377 | haseptrirey Zhus_acu_2,
| | |
| | |
1 1 1

acu_1
acy_2 | B atars
rarm_1
rarm_1

mult_1

1T 1T 1T 1
O o= W 0o
Frog. Counter
Jia
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Case Study .

' FIR 16
l polyphase

: ouT
E - CORDIC Differentiator {—

l Q

: l FIR 16
'
o fon oo cmore 5 A polyphase Register (64)

File: F:ymarketing\ AR T'w1.6_postiinternalidemos

3 =] & % h
Import Save Edit Print Cut

roid fir cordic|(
const P _FIX T in[4].,
const P_FIX Q in[4].,
P_FIX& Cutput)
i
#pragma OUT Cucput
FP_FIX Phase:
statie P_FIX T out, Q out:

cordic (I_out, @ out, Phase);
output=differentistor (Phase) ;

A4 compute T and Q filters
I out = firig<or(I_in);

, e g unroll("/.../cordic_loop™); I I

Frontier
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Case Study

INATSAMEDFER

Sl::hedule Report: __\demo\projects\designb\artd_cachey . W=l E3
X|Q A& HEHEG|N «» | Line: 8, Char.0

f’f’f’ff’f’ff’f’f’f’fff’fff’ffffffffXKXffffXKKffffffffffffffffffﬁfﬁfﬁfJ
/4 Report : SCHEDULING
A4 Tool : A|RT Desigmer os\ART_Designerifm_demodidemolprojects\designb
S Versionm @ vwl.7 revd »
A Date ! Wed Dec 1 16:51:07 15983 Close
SIS TSI SIS i i Al i iy,
Init section potentials : & =i e -t et S N T e e R R S e A e R R R R R
Timeloop potentials

: 54
Init section cycles = 54'
Timeloop cycles » .

pot | pc | operation | operation description

| | IHIT SECTIODH . -
| | | BEGIH
] RT3S5 | baseptr:ireg Ibus acu 2,

TEg_/s00s_Tarri_1
reg_Dbus_ram_1
reg_Abus_rom_1
req Fhus acu 2
req_xbus_acu 2
req Y¥bus acu 1
req_¥bus _acu 1
reg_Whbus_alu 1

reg_xbus_alu_1
reg_xbus_opb_1

Prog. Counter

Tot al nunber of fields and bits:
datapath : 51 fields, 558 bits

creg . 1 fields, 1 bits Frontier
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300 1

250

C-source:140 200 1
# source code change:3
# lines edited:4

# hours spent:2 107

cycles

HDL-output:7750 100

50 1

HRE

- 14000

- 13500

- 13000

- 12500

- 12000

- 11500

11000

default

polyphase

acceleration

address

pipeline

10500

| i cycles

262

216

118

77

54

11760

|——0——ASIC (cla90000);gates (*)

13183

13458

12999

12622

(*) excluding RAM, ROM

Marubun Corporation

area

Frontier
11111 Design
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Frontier® A|RT & SystemC ?

e Frontier is co-developer of SystemC together
with Synopsys and Coware

 Frontier brings in the Fixed Point modeling library
(ART Library)

e Synopsys brings in the Scenery environment
e Coware will provide its interprocess communication
technology
e Frontier is focussing on providing synthesis
solutions based on SystemC
- ART Builder : RTL-C to RTL-HDL Aestemc™

« ART Designer : Behav-C to RTL-HDL
Frontier
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A|RT & SystemC

SystemC

RTL
HDL

Frontier
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WEO—k<yT

/\ C-to-HDL conversion Behavioral Synthesis

A|RT Designer Pro
ghadiall

A|RT Desi¢ or o

FUNCTIONALITY

A|RT Builder

———

7000 .

SystemC Compatlble

A|RT Library

Frontier
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FEH

o Frontiertt(ICEEBMNLDEET. 7T—FTIVFVvERY —

LDV —5—TY,
 ART Library : C based hardware modeling

e ART Builder : “RTL-C to RTL-HDL” translation
« ART Designer : “Behav-C to RTL-HDL” synthesis

e Frontierft[EHEFEMDVHDL/ Verilogik it D L%t 70—
ELT. CERE TR FEZRELTEYFET,

e Frontierftld SystemC standard(ZZE#LL -5V —
ILDFRARZTHEELTHEYFET

Frontier
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