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"All models are WRONG, but some are USEFUL"

a citation attributed to George E.P. Box.

Born 18 October 1919
Died 28 March 2013

Fields Statistics

Institutions
|CI
Princeton University
University of Wisconsin—Madison

Alma mater : University College London

Known for
Response-surface methodology
Box—Jenkins method
Box—Cox transformation
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Outline NAPA through a simple example

main netlist

cell

primitive

user function

time domain simulation
smart tool
synchronization

A realistic example
cell generator
multirate transfer function

more...

Open conclusion




A Simple Example : Generate a Sine Wave

Sine Wave Generator

Amplitude
Frequency

Offset
Phase

We will show how we may easily adapt NAPA
to address a specific user concern.
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First Contact with NAPA

Generate a sine wave, frequency 12.3456 kHz, offset 1.0V, amplitude 2.0V (pk)

- Crimsun Editor - [C:‘_'.,Simulate_User\Papieﬂsine.nap] = | E - |
File Edit Search View Document Project Tools Macros Window Help Hlﬂ’i
@ resonatornap | @ resonatornet | @ cellnap | @ sinenap |
DL HF SR iR (D MRS ADCER wEE) e n v 74
: 1 i =
pAtitle "sine" P
3 6l _
‘fheader <napatool.hdr>9
S Kl
3 s 1.0e6 ~4p4
R ; "et .
Anode (s) sine 1.0 2.0 12345.6 0.04 IISt
9 gl
ilslterminate LOOP_INDEX >= 1000000000
11 gl
i -
r
Ln 19, Ch 17 21 ASCIl. DOS READ REC COL JVF
4

Tips : to compile and execute, i.e to simulate, press ‘Alt R' from the NAPA netlist

Yves Leduc, Polytech Sophia 7



NAPA is a Cycle-Based Simulator Writer

—

Initialize

.

Yves Leduc, Polytech Sophia

Flow compiled before execution

Crystal clear flow

Mixed Signal

DATA Domain |
4 Data Processing

Control Domain ?

FFT friendly

Hazard free

Cycle accurate by construction
Very fast

Static loops detected and rejected



NAPA File Structure and Work Flow

‘ Library / Project /| User

NAPA Netlist
_______________________________ B

------------------------------------ - ? B =
Executable -
| Textual Outputs ?

:‘ From a netlist, build an ad hoc simulator,

compile it and run on the fly a
streamlined DEADLY FAST executable.

Yves Leduc, Polytech Sophia



E Crimsen Editar - [CASimulate_User\Papier\zine.nap]
File Edit Search View Document Project Tools Macros Window Help

/ |'-'ﬁ remnatornap |lﬁ laaunatomel.lh cellnap | @ sine.nap
5 Dﬁ-” H HFEGR| R (DA A DEE e n |74

.

-r:eader' <napatool.hdr> | NAPA Compilation
1.0e67

1.0 2.8 12345.6 0.0
LOOP_INDEX >= 10000000087

F

Ln 18, Ch 17 21 | ASCILDOS | READ REC COL DVF file "sine.c"

0.0L;

napa_ abs loop

do {
napa_abs time = napa abs loop * 1.000000000000000e-006L;

d node s = 1.0 + (2.0) *
((R_TYPE) sinl(77569.692528316305093483152L * napa abs time));

napa abs loop++;

} while (!TERMINATE) ;
Cod
.. e

Tips : toggle to the ANSI-C code, press ‘Alt T' from the NAPA netlist 10
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&

MAC Preprocessor Running
MAPA Lister Running
GCC Compiler Running
User's Simulator Running

The simulation
running on the screen

Mormal Termination

Preprocess
Outpat Tag [01 : 233520636 NAPA Compile
NAPA Compiler  : U3.B1h for Win64 C Compile
Sinulator Index : 100000060 - Binary Execution

Simulation Time 1.88888 ks

Inputs0utput
—» =ine.loyg [ 01

1 billion cycles
in 59 seconds

Stopwatch HO®:MO@:S58 .895 >

LOG File Ready zine.loyg

Yves Leduc, Polytech Sophia 11



4 Time (hours)

1 day —— long double float
20
Trigonometric Function 'sinl()’ - sine ny

pad
el

1 trillion cycles \

: ) o
plal
A
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Obviously too SLOW !} &

Not happy with the current offer ?

We will implement a few ideas to speed up
the generation of the sine wave.

test
In fact, it is a good opportunity to show how to taste NAPA ...

Yves Leduc, Polytech Sophia



[ Mathematics Do Help |

%

A sine wave is more than a set of sines, it is a sequence of sines where each sine value is
correlated to the previous ones. It is therefore possible to take profit of this quality.

We will use a RESONATOR to produce the sine wave and saves a precious computation time.

The resonator is implemented as a 2-pole filter described by the following difference equation

Xn =(k*Xn-1) - Xn-2
with k = 2.0 * cos(2r fsinewave /fsampling)

To start the oscillator, i.e. to set properly the initial conditions of the difference equation,
we will set-up the initial conditions :

X, , = sin(phase)
X, = sin(phase — (2r fsinewave /fsampling))

Yves Leduc, Polytech Sophia 14



The Second Order Resonator

Sine wave frequency, sine wave phase and sampling frequency

delay

- parameter k
_initial values for x0, x1

amplitude
offset

Yves Leduc, Polytech Sophia

o * -] e
x0
L * k ]
delay
P
X

sinewave
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%

A Direct Description in a NAPA Netlist

Yves Leduc, Polytech Sophia
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X2
x0
wsum
x1
delay|-= delay |-
: poly .
amplitude sinewave

offset

Edit Search View Document F'ru:nject- Tools Macros  Window Help |_ :'|'||><L
I @ resonstornap | @ sine.nap |
DL HPSR + n@—BNAL % OCEEwT[E e > ?a
il ti "resonator”d =
Elheader <napatool.hdr>q Jh
1.BEE{H =
k 2.0 * cos( 2pi *(12345.6 / FSL))1
®8 wsum k x1 -1.0 x24 -
®x1l delay 87
x2 delay x19
s poly 2.6 1.9 x19
(analog) =8 x1 x29
x@ sin(@.0)4
%1 sin(@0.0 - ( 2pi *(12345.6 / F5L)))9
|
LOOP_INDEX >= leeeeeeeesq =
3
Yves Leduc Polytech SOphla Ready ln24, Ch1 25 ASCI, DOS | READ REC! COL DVE 7
b v,




A Description Using a NAPA Cell

Yves Leduc, Polytech Sophia
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g Crimson Editar - [CASimulate_User\Papieriresonator.

il e e e

E=ET)

' [€] File Edit Search View Document Project Tools Macros Window Help

| @& resonatonnep | ® resonatornet | @ cellnap

- =]

DS e @ SR & 2@ - (DAL A DEREwTE e »|7d

ilcell interface $out $off $ampl $freq $phased _:l
tk 2.0 * cos( 2pi *(4%4freq / FsL))1

HHdeclare (analog) txe £
$x8 wsum $k $x1 -1.0 $x29
$x1 delay Exad b=
%2 delay $x14
$out poly %ampl $off $x14
%0 sin(%phase)qd
$x1 sin($phase - (_2pi_*($freq / F5L)) )1

Read:r_ Ln 16, Ch 1 16 ASCI.DOS | READ! REC! COL JVF

ole

/

BIEIEY

/

" AEI YR AN N =

|I'-.

g4 g | 2 ‘“'ﬂ l’fgﬂo n r|? 24

1§l
vAheader <napatool.hdr>d
3§l

iBtitle "cell"q

S gl

Afs 1.0e6

7 ki

m

lhode s

cell sr "resonator.net'

'"1.0 2.0 12345.6 0.0

o Kl
il:lterminate LOOP_INDEX >= 1000000000
11 Rl
12 il
13 gl
14§

q
1K™

-

r

Ready

lné& Ch1

16

ASCI, DOS | READ| REC| COL |OWF

Yves Leduc, Polytech Sophia
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The NAPA compiler expands the cells,
flattening the hierarchy.

g Crimson Editor - [ChSimulate_User\Papiericell.exp]
{ @I File Edit 5earch View Docurment Project Tools Macros Window Help |L ) %
| % |emnaiu|.na:u E # resonator.net I @ celnap T @ cellexp -
DELE HP SR+ B2 (DA S L CEBE weDen »|7a
4+ xxxxx  EXPANSION OF FILE cell.tmp *****Xskksxikxksexsxskisss START xzxr:ﬂ

Tips : to get an insider view

of the flattening process, slheader <napatool.hdr>q
) "Cell"q[
press 'Alt E' from the NAPA netlist
1.0e61
nbde s cell sr "resonator.net” 1.0 2.0 12345.6 0.89 |3

sr__k 2.0 * cos(_2pi *(12345.6 / FSL))]

(analog) sr__x@9]

sr__x@ wsum sr__k sr__x1 -1.0 sr__x29 - |HI
sr__x1 delay sr__x09 :
sr x2 delay sr__x19

s poly 2.0 2.8 =r x19

sr__x0 sin(®.0)d

sr__x1 sin(0.0 - ( 2pi *(12345.6 / FSL)))4

EXPANSION OF FILE CEll-th FEFREFEXRFRXFRRRRTERRERERRRERRE END *FHI

23
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The NAPA compiler expands the cells, &
flattening the hierarchy.

£

File Edit Search View Document Project Tools Macros Window Help

| ® oschap | @ fitnap | @ cellnap | @ celllst |

Tips : to get a cross reference of
the NAPA netlist,

press 'Alt X' from the NAPA netlist - :ﬁ:i;ﬂg:{_ﬂnet“q

s

sr_ x84
sr_ x19
sr__ %29

sr_ kT
init ]9
init ]9

sr_ x84

<- [ terminate ]9

CEll.'tI'l'lp Rk ok ok ek ook ok ook ok ok ke ok ok ok

-

}
Ln 35, Ch 1 ASCI, DOS  READ REC COL| OVR

Yves Leduc, Polytech Sophia



A Description Using a NAPA Primitive

(in fact, this solution is so attractive that it is now a built-in primitive)

Yves Leduc, Polytech Sophia
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E Crimsen Editor - [C\Simulate_User\Papier\sine.nap]

File Edit Search View Document Project Tools Macros Window Help [- | =] %]
! |'§ rezonatar. nap Iﬁ resonatar. net Iﬁ cellnap | @ sinenap |
D% HF SR +sR2: D ARS L DEBEIwT[E e 74
i ; ==l
"sine"ql i
filheader <napatool.hdr>d

m

NAPA Built-in Sine
1.0e67
e o S

1.0 2.0 12345.6 0.67

i:lterminate L PDP_I NDEX >= 1000eeeeee

' i
i Ready Ln19. Ch 17 21 ASCIl. DOS | READ| REC| COL WF .
E Crimson Editor - [C:‘ESimulate_User\Papieﬂusc.nap]
File Edit Search View Document Project Tools Macros Window Help [- | =] =]
|'§ resonatar nap I'ﬁ resonatarnet Iﬁ cellnap | & sinenap | @ oscnap
Detid HF SR 2B DARS & DER wY[E) ene |74
=
:IDSC :l{ﬂ —_—
Elheader <napatool.hdr>d ) ! |
- NAPA Built-in Resonator -
1.9&5?‘////////////
1.3 2.8 12345.6 0.0
LOOP INDEX >= l1eeeeee00e4
Bl
In13, Chi 16 ASCIl. DOS | READ| REC| COL | IVFE .
= ]
Yves Leduc, Polytech Sophia
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|-"_]£-H Edit Search View Document Project Tools Macros Window Help

.__Qlﬂmalmvm\p | & jesonatonret |' el nap | L] si-m.nap_ L

g.! Crimson Eai!nr » [ChSimaulate_UserPapsrioscnap] =[5} E

=LY = I AR |

AR

DELd B0 SR 0@ o

1§

1.8e6]

(s} 1.8 2.8 12345.6 0.89

—|

: NAPA compilation
i

&

file "osc.c"

L:.:,Lw | ==

h node s factor =

do |
napa abs time

h node s osc2
h node s oscl
h node s oscO

Yves Leduc, Polytech Sophia

h node s osc0O = 0.
h node s oscl =
h node s oscZ2 = 0.
napa_ abs loop =

0.

} while (!TERMINATE) ;

2.0L * cosl( 2PI *12345.6L/((H PREC) FSL));
OLis

-sinl( 2PI *12345.6L/((H_PREC) FSL));

0L;
0L;
= napa abs loop * 1.0e-6L;

= h node s oscl;
= h node s oscO;

= (h node s factor * h node s oscl) - h node s osc2;
d node s = 2.0 * ((R _TYPE) h node s oscl);
d node s += 1.

0p

napa abs loop++;

The resonator itself is implemented
with long double float (16 bytes)

to get the best precision.

Output is a double float.

24



A Description Using a NAPA
User Function

Yves Leduc, Polytech Sophia
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E Crimson Editor - [CASimulate_User\Papier\func.nap]

=B8] = |
| Eile Edit Search View Document Project Tools Macros Window Help |_||E'||x|
: & func.nap

DELd @ SE| & 2@

...... cmAans R DEE e e

1.0e67

duser resonator 1.0 2.8 12345.6 8.01

LOOP_INDEX >= 168600000004

I

m

I 1¥, Ch 1 17 ASCII, DOS

READ{RBEC|

T

'header! triggers the
inclusion of C code
in the simulator

file "/Simulate/Napados/Hdr/Activation/resonator.hdr"

check duser resonator 04 (a,b,c,d,e)
reset duser resonator 04 (a,b,c,d,e)
init duser resonator 04 (a,b,c,d,e)

close duser resonator 04 (a,b,c,d,e)
duser resonator 04 (a,b,c,d,e

A set of C user functions in appropriate NAPA wrappers

Yves Leduc, Polytech Sophia
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Ju— )
E Crimson Editor - [CA\Simulate_User\Papier\func.nap]

File Edit Search View Document Project Teools Macros Window Help

|'§ resonatar. nap I'ﬁ resonatarnet | @ cellnap | # sinenap | @ hncnap | & jesonatorhds |

DL HP SR s DAL A 0B Y[

1.0e67
resonator 1.8 2.8 12345.6 8.67

LOOP_INDEX >= 100eeeeeee

NAPA compilation

m

file "func.c"

-

s,

#define COMPILE duser resonator 1 “

#include

Number of instances in netlist

_+ Instance ID

Yves Led

do {
napa abs time = napa abs loop * 1.0e-0L;
d node s = duser resonator 04(1.0,2.0,12345.6,0.0, 0);

napa abs loop++;
} while (!TERMINATE);

close duser resonator 04(1.0,2.0,12345.6,0.0, 0);

27



-
E Crimson Editor - [CASimulate_User\Papier\func.nap]

E=EE—=) %

Eile Edit Search View Document Project Tools Macros Window Help

[ [= ][] @

|'?3 resanatar nap |¢3 resonatarnet I'ﬁ celinap | & sinenap | ¥ funcnap | & resonatorhd |

1.0e67

resonator 1.8 2.0 12345.6 6.6

LOOP_INDEX >= 10000000007

BB YE e o > |74
="

Built_in automatic method

to locate the function using
a table

k

4{n16.Ch1 16

ASCI, DOS | READ REC| COL JVF

N In a file included in "/Simulate/Napados/Hdr/napatool.hdr"

Yves Leduc, Polytech Sophia

#ifdef COMPILE duser resonator

# include "/Simulate/Napados/hdr/Activation/resonator.hdr"
#endif

file "/Simulate/Napados/Hdr/Activation/resonator.hdr"

check duser resonator 04 (a,b,c,d,e)

reset duser resonator 04 (a,b,c,d,e)
init duser resonator 04 (a,b,c,d,e)
close duser resonator 04 (a,b,c,d,e)
duser resonator 04 (a,b,c,d,e)

28



We aimed to get speed, didn't we ?

Yves Leduc, Polytech Sophia
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EI File Edit Search View Document Project Tools Macres Window Help =& :-:_\

E Crimson Editor = [CASimulate_User\Fapieriosc.nap] | = | = E ﬁrg

| ® resonatornap | # resonatornet | ® cellnap | # snenap | @ oscnep

DEve B0 SR 4 2B (D A8 » CEE e »|7a |
- == |

1.0e6%]

: MAC Preprocessor Running
SolE EReE R NAPA Lister RBunning
GCC Compiler Running

LOOP_INDEX >= 1860080067 User's Simulator Running

Mormal Termination

Random Seed [I]
Output Tag [0]

. . MAPA Compiler
Run Simulation Main Netlist
Simulator Index
Simulation Time

osCc.tmp
1880888BABKE
1.800008 k=

Input-0Output
—* osc.log [ 0]

Stopuwatch HBA:Ma8:5684.679

LOG File Ready c.log

Enter to continue - .
i

Yves Leduc, Polytech Sophia



- ples T 0. Te32 - e
File Edit Search VMiew Document Project Tools Macros Window Help — | & @

& ocnap

H HE SR L 2@ D MR mEE s v e

|7
=]

IIDSCII{I[

1.8e67

] MAC Preprocesszor Running
node [N 1. 2.0 12345.6 0.4 HAPA Compiler Running
GCC Compiler Running

Slterminate LOOP_INDEX >= 10888000004 fid Hoc Simulator Running

1 TRILLION clock cycles ...

Mormal Termination

Random Seed [I1]
Output Tag [01

:HPH ﬁumgiler
. . ain Hetli=st
Run S|mUIat|On Simulator Index

Simulation Time

691583622
326537381

U3.da1hb

1800888ABNNAA
1.88888 Ms

Input-0utput
—» osc.log [L 01

Stopwatch HB1:MBA6 =552 .688

LOG File Ready zc.log

} --. in 1 hour and 7 minutes

4 | m

Yves Leduc, Polytech Sophia




s Time (hours) ﬁ

1 day
20
'sinl' Trigonometric
Function
10

12.5x speed
improvement

Resonator user function, node & cell

>
500 000 000 000 1 000 000 000 000 Cycles
Yves Leduc, Polytech Sophia 32




Cool...

But we do not want to
loose precision, do we ?

Yves Leduc, Polytech Sophia
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.. E Crimson Editor EIL .

e —
File Edit Search View Document Project Tools Macros  Window Help
# output.nap
Dt HE SR s2@ 0 | D|/éah s b DERwT[E enr| 748 I
» C:\Simulate WORKONGOING\NAPA_Running_Teaser\output.nap || = )
—
"output"dl H
<napatool.hdr>q

1 006 Sanity Check

freq 12345.67899 r
per 1.8 / freqgf 1
ph rand uniform(©.0, 2pi )4l

k 18.8e6 I // 18 millions of periods of sinewave'

t1 TIME »>= ( k * per) &update’] N
t2 TIME > ((k+1.8) * per) Supdate’]

Tips :

prt  t1 && !+29]
'dvar' and ‘ivar' are

outl osc 1.0 2.8 freqg phil constant unless updated.

out2 sine 1.8 2.8 freqg phil

t1 -out? , .
sthoommo out2 'event' is automatically
stdout outl(_Volt) out2(_Volt) err(n_Volt) when prti updated.

yidterminate t24
Ready Ln 12, Ch 37 30 ASCILDOS READ REC COL OVR .

Time domain simulation, output through "stdout"
Yves Leduc, Polytech Sophia 34



napa_abs_loop = 0L ;

d_var _freq = 12345.6;
d_var_per =1.0/d_var_freq;

dlvariph = rand_tniform(0,0,_2piL); . INITIALIZE SIMULATION
d_var_k = 10.0e6;
d_var_t1 = TIME>=(d_var_k*d_var_per);

d_var_t2 = TIME>((d_var_k+1.0)*d_var_per); . INITIALIZE VARIABLES
i_var_prt=(l_TYPE)(d _var t1&&!d_var_t2);

INITIALIZE NODES
h_node_out1_factor = 2.0L * cosl(_2PI_*d_var_freqg/((H_PREC) FSL));
h_node_out1_osc0 = sinl(d_var_ph);
h_node out1_osc1 = sinl(d_var_ph - (_2P1_*d_var_freqg/((H_PREC) FSL)));
h_node_out1_osc2 = 0.0L;

do {
napa_abs_time = napa_abs_loop * 1.0e-6L;
LOOP
d_var_t1 =TIME>=(d_var_k*d_var_per);
d_var t2 = TIME>((d_var_k+1.0)*d_var_per);
i_var_prt = (I_TYPE)(d_var_t1&&!d_var_t2); 1. VARIABLE UPDATE

h_node_out1_osc2 =h_node_out1_osc1; 2. NODE UPDATE
h_node_out1_osc1 =h_node_out1_osc0;

h_node_out1_osc0 = (h_node_out1_factor * h_node_out1_osc1) - h_node_out1_osc2;
d_node_out1 =2.0 * (R_TYPE) h_node_out1_osc1);

d_node_out1 += 1.0;

d_node_out2 =1.0 + (2.0) * ((R_TYPE) sinl(_2P1_* (H_PREC) d_var_freq) * napa_abs_time + (d_var_ph)));
d_node_err = (d_node_out1) + (-d_node_out2);

3. TIME DOMAIN OUPUT

if (i_var_prt) {
fprintf(napa_fp_0," % .12e % .12e % .12e\n", d_node_out1, d_node_out2, d_node_err*1.0e9);
}

napa_abs_loop++;

} while (! TERMINATE );

Yves Leduc, Polytech Sophia
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~

KRR

B Administrateur: NAPA Compile and Run: Source File *** output.nap

[output] % MAC Preprocessor Running oo
[output] ==xx NAPA Simulator Running s
[output] === GCC Compiler Running seseses
[output] ==xx llzer’'s Simulator Running e

MAPA Ping Information ‘vrand_uniformi?’ from fil

3  putput

w#xxx  Mormal Termination

=xx% Handom Seed [I1 = 671489775

=333 Qutput Tag [0 = 6328647

=33 MAPA Compiler H U3.81b for Wint4d

=*x%% Main Netlist : utput.tmp
wxdx  Simulator Index = <fg1333526?;
=*xxd Simulation Time = 818885 s
= [nputs/0utput :

w*ddd  —» stdout [ 01

=*xxx Stopudtch : HBB:-MB3:-536.659

[output]

Press Enter to Yontinue

e "/SimulatesNapaDos Hdr-Functionsrandom.hde"

4| ]

Output redirected from "stdout"

Yves Leduc, Polytech Sophia

r@ Crimson Editor - [CASimulate_Examples\NAPA_Running_Examples\TEASER \output.out] @E‘ﬂ
‘ Eile Edit 5Search View Document Project Tools Macros Window Help -8 =
@ output.out
DE%LE ISRy 2B (DAL BDER|(wE e »|?4
‘ b outputd il
] vl# (time domain output ) i
(compiler version ) NAPA V3.81b for Wins4]
: (source file ) output.tmpd |
‘ (random seed ) 6914897757 r
j (output sampling rate) 1.80000 MHz, controlled by ' prt "1
‘ (number of columns ) 49
Mon Oct 28 17:59:11 2013 by Anonymous Userd
absolute_time(s) outl(Volt) out2(Volt) err(nVolt)d
.190051850000000e+002 -3.5690250551362-001 -3.56902505763%9e-001 2.503275364774e-0017
.100051860000000e+002 -4.666804491544e-001 -4.666804493837e-001 2.293178980048e-0017
.100051870000008=+002 -5.676377168469e-001 -5.676377170588e-001 2.118389907935e-0011
.190051380000000e+002 -6.5916714747222-001 -6.5916714766072-001 1.885576139671e-0017
.1900518%00000002+002 -7.407182793070e-001 -7.407182794751e-001 1.681674799414e-0017
.100051900000000e+002 -8.1180R6605235e-001 -8.118006606667e-001 1.431679219621e-0017
.100051910000000e+002 -8.719867987865e-001 -8.71986798906%9e-001 1.203519506277e-0017
.100051920000008+802 -9.209147322095e-001 -9.209147323637e-001 9.423017921506e-0021
.108851930000000e+082 -9.5829020620884e-6801 -9.5829682062765e-001 6.89544599634?&-992%
.100051940000000c+002 -9.838884431606e-001 -9.838884432035-001 4.291367261544e-0027
.100051950000000e+002 -9.975554942266e-001 -9.975554942432e-001 1.656585979564e-0027
.180051960000000+802 -9.992091652048e-001 -9.992891651953e-0801 -9.553469126899e-0037
.180051970000000+002 -9.888395108505e-001 -9.888395108151e-001 -3.544120552599e-0027 -
b
Ready ln1, Chi 95 ASCI,DOS  READ REC| COL OWR
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File Plot sstens__Functions General Axes Chart Styles 3D Help
© ChDir\_ [ SelectBDraw [Z Draw [ SavePlot 4 Replot E'Xlin &' Xlog <7 NoScale &) SaveProfile G Load Profile

Current Working Direc C:%Simulate_Teaser\TEASER

*#**¥** Yelcome to Gnuplot 4.63 Profile

CCADIFr? wuvvnvnnnns Change working directory

LSelecti&Draw> ..... Select and Draw the data

Draw> c.cevennnnns Draw what was saved with <Saver
L5AVEY tararraaraas Save Plot

<{Replot>

1IN cennii e Get a linear scale on X axis

L T S Get a logarithmic scale on X axis
LMoScaler .. inaaan Remove all zooming parameters

£5ave Profile>
<Load Profile>

Save user's profile
Load user's profile

ME: last selection, if any, is saved in '_my_last_gnuplot.plt

FFFEE

Terminal type set to "windows'
gnuplot>

-

Tips : to start Gnuplot,
press 'Alt G' from any file
related to simulation

Yves Leduc, Polytech Sophia

BEX Administrateur : *** Prepare Plot for Gnuplot ***

¥
: xxx  PLOT 2D »wx
. %
Column 1: abhsolute_timedz)
Column 2: outi{Uolt}
Column 3: out2{Uolt?
Column 4: eprrinlolt?

Enter ¥ and ¥ <or ‘qg’i:

> 1 2
Column 1: absolute_timeds)
Column 2: outl{Uolt?>
Column 3: out2{Uolt>
Column 4: errinlolt?

Enter A and ¥ <or ‘g’l:

->1 3
Column 1: absolute_timeds)>
Column 2: outi{Uolt?
Column 3: outZdUoltl
Column 4: errd<nlolt?

Enter XA and ¥ <or ‘g’l:

> 1 4
Column 1: abhsolute_timedz)
Column 2: outi{Uolt}
Column 3: out2{Uolt?
Column 4: eprrinlolt?

Enter ¥ and ¥ <or ‘qg’i:

- q

1| 11}




Time Domain Output, 2D Plot

@ gnuplct graph
& [ = Options ~

$Gid %1 %2 %3

output
Mon Oct 28 17:59:11 2013 by Anonymous User

2.5¢1

1.5¢

0.5¢

-0.5 ¢

1

T outl{Volt
out2 [ Volt
err{nVolt

810.0 810.0 810.0

810.0 810.0 810.0 810.0

absolute time(s)

810.0

810.0

810.0

810.005, -0.519904

Yves Leduc, Polytech Sophia

Absolute error between 'sine' and 'osc' < 0.3 nV
after 810 millions simulation steps
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We are now ready to use
the NAPA smart tools !

Yves Leduc, Polytech Sophia
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~ ——
& Crimson Editor - [CA\Simulate_User\Papier\fft.nap] Elﬂlg

File Edit Search View Document Project Tools Macros Window Help = ||5'||x|
@ fftnap
DEthd BF SR D @RS L DERWwTE enr 74
- 4 L1} mn —l
iftitle #n FFT"] %

¥Aheader <napatcol.hdr>q
1.0e67

freq  12345.69
ph rand uniform(@.0, 2pi )4 =

t sc 1.862.6 T hl . .
o B £ 2 tools automatically synchronised

n 4]

nptsl POWEROF2(18)4 L

npts2 1000080007

bw 100.8267 : o .

Tips : 'tool' is a contraction of a

FFt "ffts.out” out 1.8 bw nptsid regular node syntax: ‘node void itool'

synchro npts24 and is therefore processed as a node
Ildirective WINDOW  BLACKMAN_HARRIS_79 I
Y] terminate TOOL_INDEX > = nl Tips : 'directive' introduces a macro definition in the C code

allowing the preprocessor to configure/extend the simulator.
Here a FFT windowing function is selected to replace the default.
yEidebug TOOL4 =
I

Ready In23, Ch1 29 ASCI,. DOS |READ|REC| COL VW

Analysis : 4 FFT of 2" samples, made every 10° samples

Yves Leduc, Polytech Sophia 40



%

How the Smart Tool Synchronization Is Working ?

Tool is a user defined function with a synchronization mechanism
automatically hooked to the simulator.

A simple state machine is implemented in tools with 3 main states: 'start’, 'run’, 'wait’,

Tasks are numbered. Tools are asked by the simulator to perform a task.
Tools are in waiting state until the simulator is sending a message 'start'.

All tools start their own task. The output of the tool is the status of its work.
The simulator collects these status at the end of each simulation cycle.

The simulation continues until all tools have completed the specified task.
A tool having accomplished its task stops and is in 'wait' state.

When all tools have accomplished their task, the simulator sends a message to
all of them to start the next task.

Variable 'napa_tool_index' handled by the simulator counts the number of tasks
already completed and is often used to control the end of the simulation.

( Note : Macro 'TOOL INDEX' is the image of 'napa_tool index’)

Yves Leduc, Polytech Sophia 41



FFT 2" points  tool 1 @

"
i O waijt”
\
|
\
Y
4 done 4
;
\
| RN
\\ ‘x
‘ ‘o)
task 4
\
: !
\ \
\ \
_\ T
| \ gone
\ | \ | \ | |
\\\\ 1 \\\\ | \\\\ \\\\ ‘
do\task1! . do\task2! . do\task3! - . do\task4! .
A A N \
0 1 2 3 4
o, O O O »O
'napa_tool_index’ | | |
Y Y Y Y Y
0>=47NO 1>=47?NO 2>=47?NO 3>=47?NO 4 >= 4 ? END
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il "t &

do

napa rel time = napa rel loop * 1.0e-6L;

napa abs time = napa abs loop * 1.0e-6L;

h node out osc2 = h node out oscl;

h node out oscl = h node out oscO;

h node out oscO = (h node out factor * h node out oscl) - h node out osc2;

d_node_out = 2.0 * ((R_ TYPE) h node out oscl)
d node out += 1.0;

napa msg = &(napa mailbox| The simulator prefills
napa msg->o = napa packet; N the individual mailbox output

i node void0 = itool fft 05("ffts.out",d node out,1.0,d var bw,i var nptsl, 0);

napa msg = &(napa mailbox[1]); The simulator prefills

napa msg->o0 napa packet;<4//////////////ﬂ theindhﬂduahna”boxcnﬂput

i node voidl = itool synchro 01 (i var npts2, 0);

1f ((napa mailbox[0].o >= napa packet) && (napa mailbox[l].o >= napa packet)) {
napa rel loop = -1.0L;
napa_tool index = napa packet; \ The simulator tests the content
napa_mailbox[0].i = START; of the mailboxes output which
napa mailbox[1l].1i = START; contains the answer of the tools

napa packet++;
}
napa rel loop++;
napa abs loop++;

and reacts accordingly

} while (!TERMINATE); <« [he macro 'TERMINATE' checks 'napa tool index’
43




X Administrateur: ompile and Run: Source File .nap
[fft] e MAC Preprocessor Running s ~
[fft]1 e MAPA Simulator Running e
4 |[[fFft]1 e GCC Compiler Running e c
j [fft]l % User's Simulator Running e 1
APA Ping Information : Yitool_fftd>? from file “/SimulatesMapalDossHdr-Toolsfftl1 . hdr*
APA Ping Information : ‘itool_synchro<?’ from file " /Simulate Mapalos-Hdr-Tool/synchro._hdr"
APA Ping Information : ‘rand_uniformi>’ from file “/SimulatesNapalDossHdr~Functionsrandom.hdr*
=*xux 4 FFT
| NAPA Tools Information: < fft[@1> Collect # BBA.00A {— A
APA Tools Information: < synchrolB@1) Collect # BBA. BB {- A
APA Tools Information: < fft[@1> Process # 004 {— 262143
APA Tools Information: < fft[B1> End # AAA <— 262143
APA Tools Information: C synchro[B1> Process # @88 <— 99999999
APA Tools Information: < fft[B1> Collect # ARl .BA0A <- 1AABABAAA
APA Tools Information: C synchro[B1> Collect # @81 .8608 <- 100BRBAAHE
APA Tools Information: < fft[@1> Process # 881 <— 188262143
APA Tools Information: C fft[B1> End # #a1 <— 188262143
APA Tools Information: < synchrol@1) Process # 881 <— 199999999
APA Tools Information: C fft[B1> GCollect # AAZ _BAA <- Z2AABAEAAA
APA Tools Information: < synchrol@1> Collect # 882 _80808 <- 20000000Q0
APA Tools Information: < fft[@1> Process i 882 <{— 2808262143
APA Tools Information: < fft[B1> End # B@2 <— 298262143
APA Tools Information: C synchrol[B1) Process ## 882 <— 277999997
APA Tools Information: < fft[B1> Collect # AA3._BAEA <- 3JAABABAAA
APA Tools Information: C synchro[B1> Collect # @83 .60608 <- 300BABAAHE
APA Tools Information: < fftI@1> Process i 883 <— 388262143
APA Tools Information: C fft[B1> End # Ba3 <— 388262143
APA Tools Information: < synchrol@1> Process {# 883 <— 399999999
#ad®x  Mormal Termination R
#x#¥% Random Seed [I1 = 691491127 wwxx
% Qutput Tag [0]1 = 48371191 e
=% MAPA Compiler H U3.A1h for Uinbd s
#uux® Main Hetlist H fFfttmp e
wxxxx  Simulator Index = C49A0ARAAK > *xxx illi
#uux Simulation Time = 400 BB 5 s 400 mI"Ions cyCIeS’
s [nput/0utput H FHHE RMS Of 4 256k pOIntS FFT,
#andw —» ffts._out [ 0] »xxxn .
o in less than 18 seconds
xxxx  Stopuatch : HBB:MBB:517.623 wxxx
[fft1] &
Fi 11 k

Yves Leduc, Polytech Sophia
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Do wyou want a PLOT

b %z

[ysml —» y

z

S T o ot s #

5 waw  PLOT 3D  www

PARH
Column 1: packet
Column 2: frequencytHz2
Column 3: magC{dB>
Column <4: max?

Enter the PARAMETIER fox the 3D Plot:

it |

Column 1: packet <<< PARAMETER
Column 2= frequencyiHz>

Column 3: magidB>»

Column 4: max?

Enter X and £ <or "q'>:

-> 2 3

Column 1: packet

Column 2: frequencyi{Hz)
Column 3: magl{dB>»
Column 4: max?

Enter ¥ and Z <or "gq'l:

-2

1

3D Plot

45



Frequency Domain Output, 3D Plot

Bxy & & Y Options Hoid $1 $2 $3 X4

4 FFT
Mon Oct 28 18:44:15 2013 by Anonymous User

.0
frequency(Hz)

Not too bad !

view: 60,0000, 30,0000 scale: 1.00000, 1.00000

Yves Leduc, Polytech Sophia
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Now a Realistic Example &

F €] C:kSimuhte_Useﬁ.PapMﬁrﬁtap ---

o
-1
(= )
54
74 3
-3
-179
-129
254
764
1007
76
254
-129
-1741
-39
74
541
o .
.q  Taps h[i]

L Xl

/
—— = Delay = Delay

Delay —=—
'+ - i

¢ v

— Delay — //

T+ -i 1+ -i //
/
/
/

* h[9] *h[10]

53 i

Digital Folded FIR

Yves Leduc, Polytech Sophia 47
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File Edit Search View Document Project Teols Macros Window Help

189

POWEROF2(16)1

noise ——p

DUT

ce}&w rclk <Noise/rclock.net> @.509

\_generator /sf11 <fir> "~/fir5.tap" inf

"tradfer function.out” in 1/ out 1 nptsi

-

Digital FIR
Cell generator

Transfer function

RMS of FFTs

Mlrerd

On the fly cell generation
using a file containing the taps

0.7 second

R Administrateur : NAPA Compile and Run: Source File *** thinap ==

*xxx MAC Preprocessor Running e
[tf1 == MAPA Simulator Running e
NAPA Compilation Time Information:
Generating cell file
'“E8imulatesNapaDos“\Gen“fir sfll B.gen

[tf]
[tf]

{generator)
firS.tap din’

w*xxx GCC Compiler Running e
*xxx |Iser’s Simulator Running e

fitool _tFC(>
‘rand_bernoulli{}’

from file
from file

NAPA Ping Information :
HAPA Ping Information :

w#xx% Tpansfer Function of a Symmetrical FIR

Yves Leduc, Polytech Sophia

Press Enter to continue .

€.szf11_PA.gen> through system call:

MAFA Tools Information: ¢ tf[A]1> Process I 880.0A7 <{- 65535

MAFA Tools Information: < tf[A]1> Process H 880.088 <{- 131871
NAFPA Tools Information: { tf[A]1} Process H B80.0A7 <{- 196687
NAFA Tools Information: L4 tf[A]1} Process H# BB0.0A6 <- 262143
NAFA Tools Information: C tf[A1> Process H BB0.0A5 <{- 327679
NAPA Tools Information: ¢ tf[B1> Process # B@6.084 <{- 393215
NAPA Tools Information: ¢ tf[B1> Process # BA6.083 <- 458751
NAPA Tools Information: ¢ tf[B1> Process H# BAA.BAAZ (- 524287
MAFA Tools Information: < tf[A]1> Process H 880.081 <{- 589823
NAPA Tools Information: L4 tf[A]1} Process H# 880 {- 655359
#*xx% MNormal Termination AR

=x#x% Handom ZSeed L[I] 691491889 oo

=*xxx%  Qutput Tag [0] 291896688 w00

=xxx  NAPA Compiler U3.A1b for Winhd e

»*x%3%  Main Netlist tf . tmp e

= Simulator Index 655360 weex

=*xxx  Simulation Time 655,359 ms e

=k [nput/Output H I

=xxx  —» transfer_function.out [ 07 sesesese

=% Stopuwatch :‘» HBO:MAA:S00 . 721 oo

[tf]

[am | »

"sSimulates/Napalos/Hdr Tool-sfft3.hdr"
"s8imulates/Napalos/Hdr/Function/random.hdr"

4 | m
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node out® generator sf11 <firy “sffirS.tap" in'

\

generator 'fir'

—_—

Yves Leduc, Polytech Sophia

Cell produced on the fly by generator 'fir

|
| ®
|

dia

I
!
+
I
I
I
I
I
I
i
l

|
hie |

l

| g1@

R OO B

@ C:ASimulate_User\Papier\sf11_0.gen
ilcell interface $y $dummy $x
E}# Symmetrical Digital FIR Structureq
‘A4 Taps File Mame: "fir5.tap'9d
# Creation Time Thu Sep 19 11:33:23 26139
i [A# By Command \Simulate\Napados\Gen\Ffird
] f(l# Generator Version 3.179
FOLDED FIR
| | di dg | |
¥ -+----| Delay »>----#-------- e. ====4----| Delay »>----+
| I I | | I |
| e 1 | e
| d2e | | | die | diz | |
| +--¢ Delay |------ e T +--¢ Delay |--
T . E RN I |
o1 [, (S ) T 5 I |
[(+) (+}] [(+) (+)] [(+} (+)]
| | | | | |
| Sum | | Sum | | sSum |
| | | | I |
| =@ | =1 | s9
. e gl o e e
| | | | | |
I | *he | | *h | | ]
I I | | I |
| g | g1 | e9
 EECEE PR ETY €3 EE T T T (+)=---
Eilivar the =R}
] E¥divar thi -19
EEYivar $h2 e
Ef8ivar th3 59
el ivar $ha 79
ElYivar $h5 -3q
Evlivar the =179
chlivar $h7 =129
eClivar ths 259
il ivar $ho 769
tilivar thie 10809
sinode $d1 delay $xT
¥ lnode $d2 delay $d1 9
I - R T U, T O L

S S S ) B S S S RS RS S S e S S S S S S e

EIIEI_I

n
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"

’
EE gnuplot graph

& @ ' Options -

60

4 Grid

%1

Transfer function of a symmetrical FIR
Yves Leduc

40

_2|:| -

-BU -

-100

magtdﬂ} —

0.0

50.0k

100.0k

150.0k

200.0k 250.0k 300.0k
frequency(Hz)

350.0k

400.0k

450.0k 500.0k

208894, 526849

Yves Leduc, Polytech Sophia
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Step and Impulse Response ?

189

ilz]ivar npts POWEROF2(16)q =~

call rclk <Noise/rclock_net> 8.5897

i Snode out generator sfll <fir> "~/fir5.tap" in9
15 g 7\
ils3tool resp |"response.out” in 1 out 1 npts

I
In 12, Ch 35 23 ASCH, DOS | READ REC| COL |V

—— F,

Yves Leduc, Polytech Sophia



-

— .

- - -
BR Administrateur : NAPA Compile and Run: Source File *** resp.nap *** = | B S
[reapl weee MAC Preprocessor Running seseses -
[respl =% NAPA Simulator Running s E
MAPA Compilation Time Information: Cgenerator) ICE graph =
Generating cell file <.-/sfil_B_gen> through system call: %—
“EimulatesNapaDos-Gen~fir sf1l B.gen firh.tap in’ & & & Options ~ ¥ Grid ¥1 42
[respl =% GCC Compiler Running s
[respl == User’s Simulator Running e Step and Impulse Response of a Symmetrical FIR
Fri Oct 11 09:28:42 2013 by Yves Leduc
MAPA Ping Information = Yitool_resp(l’ from file "~/Simulate.MNs impulse resp —
NAPA Ping Information : ‘rand_bernoulli<?’ from file "/SimulateN3 €] Casimulate_User\Papienfirstap [ = |[ = |[=5] step resp —
i4# Digital Filterd =
susx  Step and Impulse Response of a Symmetrical FIR 23l %
a1
-19
HAPA Tools Information: L4 resplBl1> Process H# BO0_88% <- a1
NAPA Tools Information: < resplB1) Process #f BBEA.0AA8 {- =
MAPA Tools Information: < resplBl1> Process #f BOA.0A7 {- 54 )
MAPA Tools Information: L4 resplB1)> Process # BAA._AB6 <- 7 3
MAPA Tools Information: < resplBl) Process #f BBA.0QAS (- -39
HAPA Tools Information: L4 resplA1) Process # AAA_AA4 <{- _17d
MAPA Tools Information: < resplBl) Process it BBA.AA3 {- o
HMAPA Tools Information: < resplBAl1> Process #f BBA.AA2 {- '12?
MAPA Tools Information: L4 resplBl1> Process #f BBB.AA1 <- 259 ——
MAPA Tools Information: [4 resplBl1> Process #f 006 <- 764
Perfect match
s Normal Termination I ;g—
q
-129
##x% Random Seed [I] = 691472081 ok -174
=##x#  Qutput Tag [O0]1 = 152700008 e _3_,;
e NAPA Compiler : U3.81h for Winhd = 79 '
s*ux®  Main Metlist H resp.tmp Mexx 54
w0 Simulator Index = 655360 w0 a1
suxx  Sinulation Time : 655.359 ms e 19 TapS
e Input/Output : I ed x
*MNN —> PESpPONSE.out [ 0 zesexx *
=#x#  Stopuwatch H HBA:MOAA:S0A . 909 s
[respl ‘ ‘—J=j—t ‘\—,_’—‘—\—~
« / ——
L. ’
_SD 1 1 1
0.0 5.0u 10.0u 15.0u 20.0

time(s)

0.9 second

2.27848e-006, 241927
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Transfer Function with Interpolation ?

)

Just curious, what if we do not introduce
the zeroes for the interpolation ?

/
—— = Delay = Delay

— Delay —
Y+ -i T+ -i

Delay —=—

o4
-1
od
53
74
-39
-174
-129
259
761
1007
767
259
-129
-174
-39
79
53
o4
-19
e

Taps

/
/
/
/
/
/
/

/
/
/

Yves Leduc, Polytech Sophia

S ™

Digital Folded FIR

Interpolation
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-y

Eile Edit Search View Document Project Tools Macros Window Help

& H2b.nap

Dethd HF@ SR ‘2R D AR A DER W E[EE e n w7

1Rl
title
3R
“fheader <napatool.hdr>{
5 Rl

(A fs 1.0e649
7 Rl
HHdirective REPEAT
S Rl
ilzlivar npts POWEROF2(16)1
11 Rl
i¥Anode in cell
13 gl
i Snode out generator sf11

15 gl
16 Rl
iWdinterpolate 79
18 gl

Cltool tf2 i
vliltool tf2 o
21 Bl
yPlterminate TOOL INDEX >= 19
23 @l
yiping
v debug

IR

SAMPLING DMY

/ 10 RMS of FFT's | noise — B
10

rclk <Noise/rclock.net> ©.509

L

"transfer function 2 b.out" in 1
"transter function 2 b.out"

|

"Multirate transfer function of a symmetrical FIR"9 |_

-

DUT

Multirate simulation
Multirate transfer function

ind

Instructions following 'interpolate 7' are
computed at 7X frequency defined by 'fs’

<fir> "~/fir5.tap"

npts  with in

out 1 nptsi
Tips : '... with in' relocates the
definition of this tool just
after the definition of node in’,

therefore is computed af frequency fs’ r

-

Yves Leduc, Polytech Sophia

In27, Ch1 27 ASCIl, DOS | READ REC|C

[E— 622'1 MHz
E— @7MHZ

54



BN Administrateur : NMAPA Compile and Run: Scurce File *** tf2b.nap = ﬁ l":""EI'Lth
[tf2h] e MAC Preprocessor Running e i
[tf2h] exxx NAPA Simulator Bunning sexsoe -
HMAPA Compilation Time Information: {generator>
Generating cell file <_./sf11 B.gen> through system call: . .
*“Simulate~NapaDos~Gen~fir sf11 B.gen fird.tap in’ < Automat|c Ce" Generat|on
[tf2h] = GCC Compiler Running s
[tf2h] e User’s Simulator Running s
MAPA Ping Information = Yditool_tf2_1iC)f from file "/SimulatesMapalDos Hdr»-Tool/fft6. hdr"
MAPA Ping Information : Yitool_tf2_ol)! from file "/SimulatesMapalos Hdr~Tool/fft6.hdr"
'LNHPH Ping Information = ‘rand_bernoullic>’ from file "“SimulatesMapalos- Hdr~ Function.random.hdr"
1
: % Multirate transfer function of a symmetrical FIR
4
:NFIPFI Debug Information: ¢ sampling) Automatlc management
Fs[ A1 —-> 1.88888 HMH= 4 .
Fs[ 11 -> 7.90000 MHz of the sampllng
'NAPA Tools Information: C t£2[8,.81> Processz # BBB.BAY? <— A5535
‘HOPA Tools Information: < tf2[8,.81> Process # B00.808 <— 131871
{"MAPA Tools Information: C tf2[8,.81> Processz # B00.007 <- 196607 .
NMAPA Tools Information: < tf2[8,.81> Process # B00.806 <{— 262143
MAPA Tools Information: C tf2[8,.81> Process #f B00.005 (- 327679 > 4— ZX10 RMS Of FFT S
NMAPA Tools Information: < tf2[8,.81> Process # B00.804 <{— 393215 ( d 1 IFFT
MAPA Tools Information: C tf2[8,.81> Process #f B00.0803 <{— 458751 an
NMAPA Tools Information: < tf2[8,.81> Process # B00.802 <— 524287
MAPA Tools Information: C tf2[@,.81> Process #§ BAA._@A1 <- 589823
MAPA Tools Information: < tf2[8,.81> Process # B8@ {— 655357
% Mormal Termination I
»x#% Handom Seed [I1 = 671492373 e
*xx%  Qutput Tag [01 = L1878703 wxxx
wxxx MAPA Compiler H U3.81b for Winbd e
=xxx  Main Metlist : tf2h tmp o A
sxxx  Simulator Loops : (4587520 wox 4 6 millions |oops
s Dimulator Index = 655360 weex
s Simulation Time = 65 360 ms e
*xx%  [nputsOutput : R
*xxx  —3» transfer_function_2_b.out [ 0] e
T .
ssxx  Stopuatch : Hoo:heo:ses.692 =« <@ N less than 9 seconds
[tfZh] 7
Fi 1 3

Yves Leduc, Polytech Sophia
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Multirate transfer function

r@ gnuplot graph - " .- - " -

& [Fd & Options = ¥ Grid %1

20 .

Multirate transfer function of a symmetrical FIR
Mon Oct 28 19:25:47 2013 by Anonymous User

-50

((-100 }

-150 ¢
|

-200

mag(dB) ——

0.0 500.0k

1.0M

1.5M 2.0M
frequency(Hz)

2.5M 3.0M 3.5M

376199, -197.303
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There are much more
capabilities than it is

descrlbed here 2T Crimson Editor - [CASimulate\NapaDos\Net\Filter\mfb2.net] E=E)
) File Edit Search VWiew Document Project Tools Macros  Window Help |_ || 5'" x|
& b2 et
Dl:i-% P Hd SR R D |ﬁ|ﬂﬂﬁﬁ|EE|WJ.|ol|p|f»g
ilcell interface $out %$in  %$rl %$c2 %r3 %$rd $c59 n
E}#** 2ND ORDER MULTIPLE FEEDBACK CONTINUOUS TIME FILTERT
. il#**  (also known as "RAUCH Filter")d
Just an example . - . 0
6 L TR | [ +q
7 Eal | R4 | |4
o #** | ===== (§ |"§|I =
a continuous o | o E
time filter 10 L BN A A
it 11 Gl -~ | --+--+--] |--+--] N\---+--+ +--9
12 L | | \ \ /A
iEJ#*+* in C2/2 ===== | IDEAL > X outdl
14k - o VARV
15 Bl -~ | --+--+--] |--+--| /---+--+ +--1 .
16 Lo | |1/ |
a3 ST 3| E
Ganging parameters to transmlt by record | o :T: & I%

$n2
tnl
$no
%d2
$d1
$de

P i
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& ct_fiter.nap

DELd D& S )6 D¢ B

DEE W ¢E e

| 74

104

"Transfer function of a Continuous Time filter™ql

POWEROF2(16)q Administrateur : NAPA Compile and Run: Source File *** ct filternap *** SRR
= mEiISLa eur- i ‘omEEﬂw ur; Source |e- C._I er.nap .. s 1 . ° 5
6.0 1.9 [ct_filter] x=xxx MAC Preprocessor RBunning »*xxx o
. . [ct_filter] #=xxx NAPA Simulat R i HIHK E
cell #f <Filter/mfb2.net> in 1.0e6 10.@ef (S FHier] Xuxx MR Simiator” Huming woo 4
[ct_Ffilter] sewex User’s Simulator Running sesoex
"transfer_function_ct.out” in 1.9 out 1.
NAPA Ping Information : ‘duser_ilt{}' from file "/SimulatesNapaDos-Hdr/User/ilt.hdr"
NAPA Ping Information : Titool tFC) from file "/Simulate/Napalos/Hdr/Tool/fft3.hdr"
r wxxx  Tpansfer function of a Continuous Time filter
| NAFA Tools Information: ( tf[B1> Process # BAB.BA? <{- 65535
NAPA Tools Information: ( tfIB1> Process #f BOOA.BB8 <{- 131071
NAPA Tools Information: ( tfI@1> Process # BAA.BA7 <- 196687
_NFIPFI Tools Information: ( tfIA1) Process # BAB.AA6 <- 262143
NAPA Tools Information: 4 tf[B1> Process #§ BAB._BAS <{- 327677
| NAPA Tools Information: ( tf[B1) Process ## BAB_BAA4 (- 393215
NAPA Tools Information: ( tfI[B1> Process # BOBA.BA3 <{- 458751
NAPA Tools Information: ( tfIB1> Process # BAA.BAB2 (- 524287
NAPA Tools Information: { tfI@1> Process # BBA.BA1 <- 587823
NAPA Tools Information: 4 tf[B1> Process # BPAB {-— bh5535%
| e Normal Termination MM
|P =xxx Random Seed [I1] 691493063 s
=xxx  Output Tag [0] 661333592 s
|
=xxx  NAPA Compiler U3.@81b for Winbd =xxx
ssxx Main Metlist ct_filtep.tmp sesesx
s Simulator Index 655360 s
waxx Simulation Time 655.359 ms e
O 3 Second — wxxx  [nputOutput H HRHH
- s —>  transfer_function_ct.out [ 0] s
=xxx  Stopuatch : $ HAA:HAR:SA0 . 326 »wexx
[ct_filterl
Press Enter to continue . . .
Yves Leduc, Polytech Sophia 'Kl w ;
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Its transfer function &

.. | .| gnuplot grap .!.LE E'
= [E & Options = 3 Grd %1
Transfer function of a Continuous Time filter

Wed Oct 09 10:44:59 2013 by Yves Leduc
3 T T T

mag(dB) =
0 — -
-3
R4

-10 Fm——— Y P S +

| | |

| =———— 5 I

Bl | R3 | | I

| [ |

-15 M B St S [ ST L SRS
| | Y N/
in 22 ===== | IDEAT, > x out
| _ | / PR

20 - [ ==+t |—=+-—1] /———+——+  +—-

| I/ |

R1 | R3 | |

| =———— 5 I

| | |
-25 Fo——= | |-+ +

R4
-30
-35 i i :
10.0 100.0 1.0k 10.0k 100.0

frequency(Hz)
347.951, 8.06012
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A few Words about
NAPA Error Handling
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NAPA has an Extensive Set of Errors Verifications.

Undetermined loops are detected.

CASirmulate_User\Papierigeb.nap E'@
iltitle "Undetermined loops"q ol
“Aheader <napatool.hdr> H

1.09 r
Bl Administrateur : NAPA Compile and Run: *** geb.nap *** -@ﬂu

-~

const 19 ) -~
[geh]l e MAC Preprocessor Running e
sum a cAl [geh]l =xxx NAPA Compiler Running e [j
gain 2 bl MAPA Error: <static loop>
sum b cl
These nodes are involved in one or several static loops:
illoutput stdout a b c dY -> node ¢
—-?> node b
LOOP INDEX >= 10866 Your description is not correct. NAPA is not able to sort
- 1 the nodes of your netlist. Check for misszing or mispelled
nodes,. or loops of nodes containing ne delay or only delays

e MAPA Compilation Errords) s

make: % [geb.c] Error 1

Run Simulation

ress Enter to continuwe . . .
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Type Mismatches, Syntax Errors are Catched at Compilation s

A syntax error inside a cell is detected and documented here :

C:\Simulate_User\Papier\cell.nap =N ECh ==

||

Run Simulation

m

~

1.0e67

s cell sr  "resonator.net™ 1.8 2.8 12345.6 0.87

- i B — - e w | ig ‘ :
Aterminate 1OOP INDEX = 193939393”{ BEX Administrateur : NAPA Compile and Run:!*cell...@ﬂ‘

C\Simulate_User\Papier\resonator.net El@
— >

ilcell interface %out $off %$ampl $freq $phased i [[cell]l oo MAC Preprocessor Running e
| |llcelll sooec NAPA Compiler  Running e L

$k 2.8 * cos( 2pi *(%freg / FsL) )1
d MAPA Error: <node?

S declare (analog) $x0T -> at line 8 of main netlist

= —-> at line 9 of file “resonator.net"

e k 1 -1.8 2
iil ixaﬁi $x21 unknown node kind <{delya>
$x2 delya %1 ? <delay> ,

fout $ampl $off %1
s NAPA Compilation Errords) eooos

$x0 sin($phase)d
$x1 sin($phase - (_2pi *(%$freq / FSL)))4 gmake: % [cell.c] Error 1

b

Press Enter to continue . . .

< | 1
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B Administrateur : MAPA Compile and Run: *** H2b.nap ** = el s ~

wumw  MHultirate transfer fFunctionm of a symmetrical FIR %

APA Debuy Information: L4 sanpling?
Fzl 81 -» 1.80888 MH=
Fz[ 11 -»> 7.80888 MH=

APA Debug Information: { tf2_i) PH allocated 16 hytes (e 162
APA Debug Information: { tf2_i) DM allocated 48 hytes (* 32
APA Debug Information: { tf2_i) DM allocated 88 hytes { 483
AFA Debuy Information: < tf2_ i) DH allocated 184 hytes i+ 16}
APA Debuy Information: ¢ tf2_i> DH allocated 128 hytes (+ 245 NAPA has a VERY STR'CT
APA Debug Information: L4 tf2_i» DH allocated 138 hytes (+ 182
i Doy Libnemmchon: ok t12 05 DH allocaced 18 Loie. <s 33> control on memory
ug Information: tfe_o allocate 1 ytes *
APR Debug Information: €52 70> DM allocated 338 hotes <o 16)
ug Information: tfd_o allocate ytes * -
APA Debuy Information: < tf2 o) DH allecated 266 hytes  {+ 24> allocation and I/O usage.
APA Debug Information: L tf2_o) DM allocated 277 hytes C+ 11>
APA Debug Information: L4 tf2_i» DH allocated 3678273 hytes (+ 36788162
APA Debug Information: { tf2_i) DM allocated 3670293 hytes { @
PR Detaay Tofeometiom: ¢ ti2 0> DN allocaced 9179328 hyces <+ 1035016>
ug Information: tfa_o allocate ytes * 1 1
AFR Debug Infommation: ¢ (55703 D allocaced 11610341 hoces < 1035616 Errors are catched on the fly.
AFA Debuy Information: < tf2_o) DM allocated 12845357 hytes {+ 18358162
Pa Debuy Information: LY tf2_o) DH allocated 14688373 hytes i+ 18358163
APA Debug Information: ¢ EC for tf2_o) DH allocated 17267893 bytes {+ 45875282
o] e it e L £6370) DM allocated 19367893 hytes ¢ 8 Dubious behavior is catched
ug Information: tfd_o allocate 1 ytes .
APA Debug Information: { tf2 o> DH allocated 19267893 bytes { @
APA Debug Informations L4 tf2_0) DH allocated 19267873 hytes L4 a»
APA Debuy Information: { tfZ o) DM allocated 19267893 hytes { ax
APA Debuy Infovmation: LY tf2_1i) DM allocated 19267893 hytes { a» .
APA Debug Information: < tf2_o) DM allocated 19267893 bytes ¢ @3 Here we are running the
RS Emuin (  momioaal  sesmem 2 | i iti
ug Information: tfd_o allocate i ytes
APA Debuy Informations { tf2_o) DH allocated 19267893 hytes { ax SImUIator Wlth an addltlonal
E%E ?eh%g‘ }ngnrnut};n: E fzfgzﬁ?l; %I‘I allnc:tg%ﬂ Emigﬂﬁggg%hytes < az . t t. t h th d .
opls Information: t = roCcess - Fad
APA Debug Information: L4 tf2) DH allocated 22937989 bhytes C+ 678816 > Ins ruc Ion o s OW e ynamlc
A el W o 4l CE3) Dp Mioered et wier & JeTomie) memory management at work
AFA ug Information: t allocate 1 hytes + 1
APA Debug Information: { tf2) DH allocated 33947957 hytes (* 3670816 g
APA Debug Information: { Ffty DM allocated A7617973 bytes ( 3670016
APA Debug Information: { Fft? DH allocated 41287989 bytes {* 3678816 >
AFPA Debuy Information: < ) DH allocated 37617773 hytes L 3678816
APA Debug Information: L4 FFE) DH allocated 33947957 hytes {— 36788162
APA Debuy Infowmation: { FFt) DM allocated 37617973 hytes {+ 3678816 > nnwm
APA Debug Information: { fft> DH allocated 41287989 bhytes {+ 3678816 >
APA Debug Informationz € £5£> DM allocated 37617973 bytes  <- 3678016 debu DM
APA Debug Information: { fft) DH allocated 33947957 hytes (= 3670816 g
APA Debug Information: { tf2> DH allocated 38277941 hytes {= 3678816 >
AFPA Debuy Information: < tf2y DH allocated 266E7725 hytes L 3670816
APA Debuy Information: { tf2> DH allocated 22937989 hytes (- 3678816 > s
APA Debug Information: L4 tf2) DH allocated 19267893 bytes = 3678816
APA Tools Information: { tF2[0,.81 Proces=z #f BEQ.GAE <{- 121071
APA Debug Information: { tf2> DH allocated 22937989 bytes {+ 3670816 >
APA Debug Information: { tf2» DH allocated 26687925 hytes (* 3678016
APA Debug Information: { tf2) DH allocated 38277941 hytes {* 3678816 >
APA Debug Information: { tf2> DH allocated 33947957 hbytes {+ 3678816 >
APA Debuyg Information: L fftr» DH allocated 37617973 hytes L 3678816 )
APA Debug Information: L4 Fft> DH allocated 41287989 bytes (+ 36788162
APA Debuy Information: { fEt> DM allocated 37617973 hytesz (= 3678016
APA Debug Information: { fFt> DH allocated 33947957 bytes (- 3678816 >
APA Debug Information:z { ffty DH allocated IT617973 hytes (e 367VEB16
APA Debug Informations { fft> DH allocated 41287989 bytes {* 3678816 >
AFA Debuy Information: { FFE) DM allocated 37617973 hytes = 36788162
APA Debug Information: { FEt> DM allocated 33947957 hytes {- 3678816 >
APA Debug Information: L4 tf2» DH allocated 38277941 bytes L 36788162
APA Debuyg Information: { tf2» DH allocated 26687925 hytes (- 3678016
APA Debug Information: { tf2) DM allocated 22937909 hytes (= 3670016
APA Debug Information: { tf23 DH allocated 19267893 bytes (- 3678816 > o
T b 63
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[fFft] e GCC Compiler

-J-t—u—u—x-tlFFI””’ il

’Hfﬁ RBun Time Warning:

{directivel

MAC Preprocessor Running
[fft] == NAPA Compilewr

Running e
Running sesesesx

[fft] = lser’s Simulator Running e

/// -» at line 17 of main netlist
/ Dirvective <WINDOWING> is not registered
\\\ HAPA Bun Time Warning: Cdebug)

- —» at line 21 of main netlist

MAPA Tools Information:
MAPA Tools Information:
APA Tanls Information:

NAPA controls also the instructions * """
which appear to be ineffective.

rmal Termination

ndom Seed [I1]
tput Tag [0]

PA Compiler

Here the user asks for a 'directive’
and a ‘debug’ instruction which in Netlist
apparently have probably no effect. m!ation Tine

put s0utput
fft_log
ffts_out

directive WINDOWING ROSENFELD ovwaten

G File Ready

debug FFT

Presz Enter to continue .

4 I

Yves Leduc, Polytech Sophia

¢
L4
¢
¢

FEETEIY Process
fftl@1>» Process
fft[@1> Process

#
#
#
fft[A1>» Process #

682838278
282076502

U3.81 for Winb4
fft.tmp

1848576
1.84858 =

L 0]
L 01
HBB:HMBA:513.285

fft.log

M

\Dgyugging directive <{FFT»> has probahly no effggt///

51510}
aa1
a[2
aa3

<— 262143
<— 524287
<— 786431
<— 1848575

m




Dedicated Solutions are Implemented for
the Modeling and Simulation of :

Analog SWC circuits,
Linear circuits described in Laplace domain,

Linear circuits described with elementary components with
occaslional percussion,

Limited width digital register arithmetic,

PLL,

elc... efc...

Yves Leduc, Polytech Sophia
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Last but not Least ! &

A -very- important NAPA user-defined function 'sarc’ uses
'Semi Analytical Recursive Convolution'

to model accurately and simulate linear circuits with
on-demand percussion.

In addition to continuous time domain circuits, this function
allows the simulation of switched capacitors circuits at the
switch level, class D amplifiers, DC-DC converters, efc..

This important solution is developped by Jacques Mequin and
desserves a dedicated and detailed presentation.

Yves Leduc, Polytech Sophia 66



Simulating with SARC :

Simulation at lower level

Cs

Aa

Ci
in phi1 phi2
E 5
N =
a0
phi1 phi2
5 5
N =
Il L

OPAMP

gm
e gds
offset

Co

Ao

phi1

Waveform
Histogram

FFT
TSNR

out

Electrical modeling of the switched capacitor integrator
offset, limited gain, limited bandwidth, parasitic capacitances, switches

Mixed signal modeling of the modulator :
integrator, comparator, multiplexer

Yves Leduc, Polytech Sophia

MUX

—— -vref

— vref
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NETLIST( [V, Vin, i, Gnd
[V, V£, £, Gnd
[V, Avoff, Ab, Gnd
[R, Arlia, 1i, Ail
[R, Ar2ib, Ail, Gnd
[C, Aci, Ail, Ai2
[R, Arlic, Ai2, Gnd
[R, Ar2id, Ai2, Aa
[R, Arlja, £, Ajl
[R, Ar2jb, Ajl, Gnd
[C, Acj, Ajl, Aj2
[R, Arljc, Aj2, Gnd
[R, Ar2jd, Aj2, Aa
[C, Aca, Aa, Gnd
[G, Agm, Ao, Gnd, Aa,
[R, Ards, Ao, Gnd
[C, Aco, Ao, Gnd
[C, Acs, Aa, Ao
[R, Crl, Ao, Co
[C, Cload, Co, Gnd

OUTPUTS( V(Aa), V(Ao), V(Co) ) ;

AKA( PHI1, Arlia, Arlic, Arlja, Arljc,
AKA( PHI2, Ar2ib, Ar2id, Ar2jb, Ar2jd
GENERATE MIMO( ) ;

Yves Leduc, Polytech Sophia

/* the inputs */

d  hd  d
~ ~ ~

~ ~ ~ ~ ~ ~ ~

~

SD1_core netlist

~

~

(MAXIMA)

~ ~ ~ ~ ~

d d bd b b bt bt bt b b b b b e e B Al
~

e’
~

/* the outputs */

Crl ) ;

)
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cell interface

title

node
node
dvar
dvar

dvar
dvar
dvar
dvar
dvar
dvar
data

SPHI1
SPHI2
SROn

SROff

Sa

$g
SAci
$Ac3
SAcs
Sibias
SAfile

SVoutd Svin $Vref §$Clk SAfile S$SCfile

SClk? SROff : S$SROn // variable resistance
SClk? SROn : SROff // variable resistance
1.0e3
1.0e9
1.0 // scaling input
1.0 // scaling reference
Sa*$SAcs
Sg*$Acs
5.0e-12
125.0e-6 // opamp bias current

ganging S$parms]|]

node
node
node
node

data
node
node
node

Stag
(SAa)
(SAo)
(SCo)

SCfile
S$SCod

SVoutd
Sfdbck

Yves Leduc, Polytech Sophia

SAgm $Ards S$VoffA SAca $Aco $Sibias

SAca SAci SAcj SAco SAcs $Ck SPHI1 S$SPHI2 $Ards S$SAgm
sarc SD1 core() $parms $VoffA Sfdbck $Vin
sarc Stag (VG@Aa)
sarc Stag (V@Ao)
sarc Stag (V@Co)

SVoffC SCk
SCo
SCod SVoffC
SVoutd §SVref -$Vref

SD1 modulator cell netlist
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data interface Sgm $rds Soff Sca Sco Sib

declare (true) (100.0e-6 <= $ib) && (150.0e-6 >= $ib)

dvar $qgds 26.0e-9 - 2.4e-15*$ib - 4.6e-24*$ib*$ib &update
dvar S$rds 1.0/$qgds &update
dvar S$gm 300.0e-6 - 230.0e-9* ($ib) + 1.2e-12*$ib &update
dvar $Sca 0.2e-12 &constant
dvar $Sco 0.4e-12 &constant
dvar Soff rand normal (0.0, 3.0e-3) opamp data cell netlist

data interface Soff $cin

dvar $cin 0.5e-12 &constant
dvar Soff rand normal (0.0, 2.0e-3)

comparator data cell netlist

Yves Leduc, Polytech Sophia
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header <napatool.

title "Analysis
fs 2.0e6
node Clk
string opfilel
string opfile2

interpolate fs

hdr>
in Time Domain"

"01"
"transconductance opamp.dat”
"comparator.dat"

200 // compute 200 samples per phase

node Vin 0.123456789

node Vrefa (analog) 1.0

node Vout sdl "./sdl.net" Vin Vrefa Clk opfilel..2
:éutpuﬁji"time.out" Aa Ao Co Vin Vout Clk

nominal fs

terminate 20 <= LOOP_ INDEX

alias Aa sdl_ Aa

i co eaico NAPA Simulation
debug SAMPLING SARC INFO ( Waveforms )
ping
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Analysis in Time Domain [Analog 1st Order SD Modulator with SARC model]
Sat Dec 21 09:48:30 2013 by Yves Leduc

- s
- 1 1 | o
Adrini . NAPA Compile and Run: Source File =~ = | & | 3% o
ministrateur : omple an LN oUrce rile il | e
m Vout ——
1 1 Kk —
ti lurir] XXXE HAC P Fi i &~ !
ime_analiric] EEE HWFR Conpiler . Funning i
x_analvrisr] EEEE GCC Compilxr Funning — 3
w_analvrir]l *¥%¥ SARC Enginc Linking |
time_analurir]l #%¥%%¥ Ad H:z Simulatzr Funning — ‘ 0s
HAFA Fing Infermation : "durcr_rarfi” from L :
HAFA Fing Infermatis+n : "5l cerxlld” fren
HAFA Fing Information : "print_wartl” from
HAFA Fing Infirmatizn : "rand_rnzrmalil®  fram \ \ \ \ \
0
XXX Analwrir in Tinc Demain [Analeg 15t Order S0 Hedulatsr with SARC medxl] r [ [ [
HAFA Dxbun Infermatizn: i ranplingd -
<0 01 -7 Z.00000 HH
Frl 11 - H00.000 HH. 0.5
Frl 21 =» Z.00000 HH.
Fel 31 -5 1.00000 HH. n
Frl 41 - Z.00000 HH.
xxxx 0.0 w 4= rdi__U.fR -
xxEx  ZEx W u = rdl U FFC -1
FxEx Loo.0 €= rdi_Ck
#xE¥ 11.54 k 4= rdi_Again .
xxXEx L0000 g = rdl_Aex
xxEx Loood p = rdl__Hej
¥XE¥ L0000 p = rdl_Hz1 s
’ 0.0 1.0u 2.0u 3.0u 4.0u 5.0u 6.0u 7.0u 8.0u 9.0u 10.0u
HAFA Dxbug Informatisn: 4 rar<L 012 .
[ SD_corx 1 - rchematic - Analys'\sinTime?;Bgc[rgéfggzﬁzsgmm&wimSARCmOdeI]
<45 STRGE A FF2 544 STRGE C© Frr 15

7' |
Win ¥=-Arilia=--idl-=11--j2--Arzid--a--a-=1- . w==Cri--« 1
| 1 | 1 == I Clead
Arzik  Arlic I b--1 .
. . I I I. OFAHFA
Acj | UffR
. . [ . 1 05
-f--ﬁr ij a--11--l I--1 2--ArZjd--a
I Hr%jb Hril.j-:
1 - - 4
f U+ 0
OFAHF : a i ; i i CONF - a —==———=-- g 1= 1
€a === :n?(n-b) rdJI' ==? o <k =?= | ark F--- ¢ -0.5
wffmmmm——n 3 —l [ S wFf ===mm=n b======= 1l 1
[ SDhl_corx 1 = initialitation - -1
[ S0l_<corx 1 rampling at 400000 HH. Opa I l Ou pu
shl_corx 1 inputr i Aueff, UF, Uin T}
shl_zore 1 sutputr i UCRal UEFM:I.: W 3
S0l _cerx 1 paramcters i Aza, Hzi, HAel, Aze, Hzr, Clead, FHIL, FHIZ, Ardr, Aom } -15
] e 3 parancter Hi Fdl__Rca = Z20D.0007F -* ° Aza 00 1.0u 2.0u 3.0u 4.0u 5.0u 6.0u 7.0u 8.0u 2.0u 10.0u
Shl_corx 1 paranmcter Ho c.0000d p -F A<i
ahl_corx 1 paramcter HZ E.0000d p -F Hzj f . )
S zore 1 paramneter HY yag. Jog £ => Hes Analysis in Time Domain [Analog 1st Order SD Modulator with SARC model]
S0l _cerx 1 parancter HE E.00000 g -*  Her Sat Dec 21 09:48:30 2013 by Yves Leduc
Shl_cerx 1 parancter HE x Ck = EB00.000F -> Clzad 15
Shl_corx 1 paranmcter H? 1__FHIL = o.ogdag - FHI1 A —
ahl_corx 1 paramcter HE sdl__FHIZ = 0. o0d0a -F FHIz Ao —
shl_zore 1 parameter H3 xd Ardr = .4l H == Ardr Co —
S0l _cerx 1 parancter HiO r Agn = 299,997 u -* FRan VViurt\f
ot ——
1 ak —
#%%%  Hermal Termination EEEX
xx¥%  Kandem Scxd [I] EAZZOTEEE XXEX
¥XE¥  Output Tan [0] qE1TIME1E XXX 05
#2E% HAFA Compiler UZ. 02 for Hinkd XXX
EXEE in Hetlirt time_analwrir.tap XXEE
EXEE ulater Leopr ‘WIJE EEEE
EEEE ulater Index il Xxxx
EXEE ulatizn Timx B 9IVED ur EEEE 0
XXX InputdOutput EEEE
EXEX - timc.out [ 0] xxxx
EEEE  Stopwatch HOO:HOD: 500, 347 X¥¥2 0.5
[time_analurirl 1
Frerr Entxr t+ continue .
- -1
1 | 1] 3
L - 15
. 0.0 1.0u 2.0u 3.0u 4.0u 5.0u 6.0u 7.0u 8.0u 9.0u 10.0u
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header <napatool.hdr>

title "Histogram Analysis in Time Domain"

fs 2.0e6

node Clk "o1"

string opfilel "transconductance opamp.dat"
string opfile2 "comparator.dat"

dvar ampldb -6.0

dvar ampl DB2LIN (ampldb, 1.0)
dvar freq 1234.56789
dvar ph rand uniform(0.0, 2pi )

interpolate fs 200

node Vin 0.0 ampl freq ph
node Vrefa (analog) 1.0
node Vout sdl "./sdl.net" Vin Vrefa Clk opfilel..2
tool histoval "histo.out" Ao Vrefa -3.0 3.0 100
nominal fs
terminate 10000 <= LOOP INDEX . .

- NAPA Simulation
alias Ao sdl Ao I
debug SAMPLING SARC_ INFO ( HIStOgram )
ping
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Histogram Analysis in Time Domain [Analog 1st Order SD Modulator with SARC model]

Sat Dec 21 09:07:26 2013 by Yes Leduc
12 T T T T T -
. ini : [E=S e ——)
B Administrateur : NAPA Compile and Run: Source File -
hirtenram_analyris]  K¥S% HAC Freproccrrer Funning
hirtearam_analuris] XXX HAFA Compiler
hirtegram_analvrirl GEC Compi ler
hirteogram_analurirl %%%¥%¥ SARC Enginc Linking |
1 hirtegram_analurir]l  ££%% Ad Hez Simulater Running
HAFA Fing Information @ “durer_rarc(1” frem file "#5inulate/Hapaler/Hdr flrer frarc hdr "
HAFA Fing Information : Titenl hlrtc-uall::l" frem filx nulatedHapalordHdr ¢/ Teoldhirtel. hdr"
HAFA Fing Information : rE0l_serell) frem file nulate/HapalerdHdr dHa=/SDLNEDL core. hdr ™
HAFA Fing Information : "print_war(1” frem file nulate/HapalerdHdr fFunctiendpr int_var  hdr"
HAFA Fing Information @ 'rantnorual(]' frem file "#5inulate/Hapaler/Hdr Functiendrandsn.hdr
HAFA Fing Information : "rand_unifermll” frem file "!"3imulate/HapalerdHdr *Functiendranden . hdr "
E%¥%¥ Hirtegram Analuric in Time Denain [Analen 1rt Order S50 Hedulater with SARC medxl]
08 HAFA D-:I:-u Infermaticn: 4 ranplingd
Fr Z.00000 HH.
Frl 1] -+ 400,000 HH: O 0
FsL 21 -> Z.00000 HHa
s osame o 2 millions loops
HEE OEoo0p 4o TR
XEEE -Z3F.9 u = di,_l.lc-#fﬁ
XEEX -1.363 m 4= rdl__UeFfC
Exxx C00.0 § €= rdl_Ck
xxx% 11.54 k 4= rdl__Anain
06 ¥EEE E.000 g 4- rdlR=i .
HAFA Dxbug Information: 4 rar=[ 011
[ 501 _corx 1 = rchxmaticz -
4% STRGE A »r¥ 4% STRGE C »r¥
Azr
I
a==-== I ===-= -
o i L
Uin >=-Arlia=-id--11-=i2--ArZid-—a=—a--1- . w==Cri--¢
1 | == Clead
Argib  Arlic [ | .
L =0 I I 1. oFANFA
opamp output, histogram
3y 1] 1
T ﬁrija--ii--:I--'Z--Hrzjd--a
0 i H:?i'b I’I:ii-:
f (23
JFARF CONF
0 i i
30 20 -10 00 10 2 30 [ 504 corx 1 - initialivatisn -
walue [ SD1_corx 1 rampling at H00.000 HH.
S0l _zorx 1 inputr 1 Auveff, UF, Win }
S0 corx 1 sutputr £ MAal, I ﬁo] "W ¥
s0l_corx 1 par amxcter r i ﬁca, Rei cj.. Ace, Acr, Clead, P‘HIi FHIZ, Ardr, fAgm }
S0 zere 1 par amcter Hi i Rea = 00000 F -»
S0l _zorx 1 parancter HZ :di._ﬁ-:l = E.00000 g - ﬁ-:l
S0 corx 1 parancter H2 rdi_Hej = E.00000 g -F R
s0l_corx 1 par amcter HY rdl__Ace = 400.000 £ -& Ace
e i Faramcter HE sl "Rzr = 500000 g -%  Her
S0l _zorx 1 parancter HE riI Ck = Eod.a00 § - Clead
S0 corx 1 parancter H? rdi__FAIL = 0.00000 -+ FHI
s0l_corx 1 par ancter HE rdi__FHIZ = 0.00o0a -r FHIz
S0l _zorx 1 paramcter HY rd Ardr = FE.MelE N -3 Ardr
S0l _zorx 1 parancter Hi0 I Agm = 239,890 u -k Agm
¥%%%¥ Hermal Termination EEEE
¥%%%¥ FRandom Sexd [I1 EATEOEEZT XEXE
¥%¥%X  Output Tag [0] eHEAIAEEE KEXE
;;;; Wi uz.oz Tw Hinkd ;;;;
t t
pibid irtegran_ana yn: gime EEEE
EXEE EEEE
EXEX ulation Tine S.00000 mr ¥Xxx
¥%%%¥  Input/Output : EEEE
EX¥% - hirte.out [ 0] xxxx
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XEEX  Stoepwatch HOD: HAO: 505 . 4Zz EXXE
[hirtegram_analurirl

Fresr Entxr to continue .
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header <napatool.hdr>
title "FFT Analysis"

fs 2.0e6
node Clk "Oo1"
string opfilel "transconductance opamp.dat”

string opfile2 '"comparator.dat"

dvar ampldb -6.0

dvar ampl DB2LIN (ampldb, Vrefa)

dvar freq 1234.56789

dvar ph rand uniform(0.0, 2pi )
interpolate fs 200

node Vin 0.0 ampl freq ph

node Vrefa (analog) 1.0

node Voutd sdl "./sdl.net" Vin Vrefa Clk opfilel..2
node Vrefd (digital) 1

decimate fs 2 1

ivar ~npts POWEROF2 (16)

tool ( fft "fft.out" Voutd Vrefd npts

terminate 1 <= TOOL INDEX

debug SAMPLING SARC INFO NAPA Simulation
ping ) (FFT)
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&

e —
ER Administrateur : NAPA Compile and Run: Source File ***

Dcbug Informaticn:
a1 - c.00000 HH.
é -+ 400.000 HHa
k3

=¥ z.00000 HH~
=¥ 1.00000 HH~

- rd
4= rd
5= rd
5= rd
r
5= rd

TEhIATT
Y
1

HAFA Dxbug Informatisn:

<= rdi__H

L rampling

SRl
i
=i

Z__FAnain

=i

4 rarz[ 01

[+ft_analurirl ¥¥%¥¥ MAC Freproccrror Running ¥XXEXE
[fft_analwrir]l XXXX HAFA Compiler Funning ¥XX¥
[+ft_analwrirl ¥¥¥¥ GCC Compiler Funning XXX
[+ft_analurirl ¥¥%¥¥ SARC Enginx Linking ¥XX¥
[fft_analurirl ¥%¥%¥¥ Ad Hoo Simulater Running ¥XXEXE
HAFA Fing Infzrmation : 'durtr rar=[17 from filx
HAFA Fing Informatizn @ Tites 'Fftl::l frzm filx
HAFA Fing Informatizn @ "5['1._-:+rl|l::l frzm filx
HAFA Fing Informatizn @ "print_warti”® frem filx
HAFA Fing Informatizn @ rantnc-rndll::l' frzm filx
HAFA Fing Informatizn @ rand_unif+rmil™  fram filxe

1

1

"ASimulate!

rHdr Urerdrar <.

"Simulatesd

riHAr AT L FFEL. hdr "

"Simulatesd

riHdr ."Ha-:r'E[li"\.E[lLr-:-a-r . hdr"

"Simulatesd
"Simulatesd

rfH4r *Funztisndprint_war. h-dr
réHdr "Functiendranden. hdr "

"fSinulates’

rHdr Funstisnd'rand+n hde "

¥%¥%¥ FFT Analvrir [Analen 1rt Order S0 Hedulats:r with SARC mzdell

26.2 millions loops

66 seconds

*¥%¥ FRanden Sxed [I] EAZTIYE0Y EXXEX
¥¥%¥ Output Tag [L[0] HEIIE1IYZE EXEX
XXX HAFA Compilxr Wz.02 for Hinkd EXXX
X¥%¥X Main Hetlirt Ff+_anal rl: tmp EEXE
EEEE STaulator Lospr i i P
£%x2%  Simulater Index EXxE
£%¥%% Simulatizn Tinc 5-5.5355 n: EEEH]
%%%%  Input/Jutput EEEYE
EEXE -F  fft.:u [ 0] xxxx
¥E%¥  Stepuwatzh HOO:HO1: S05 . P02 XXX
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44 STRGE A *>Xx €44 STRGE © »>x
Aer
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I:|-I:j I Nef£R
'f I’Irijd--.li--II--'E--ﬁrEjd--d
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wffm————— 3 _I_ ) A +ff =m————- k=== 1 1
[ 501 =zre 1 = initialitatisn -
[ SD1_=zre 1 rampling at 400.000 HHa
SO01_corx 1 inputr L Auveff, UF. Uin T
S01_corx 1 sutputr L W Aal U(ﬁo:l Lo n% s
S01_corx 1 paramcter i I’h:u, H-:J, Ace, Aer. Clead, FHIL, FHIZ, Ardr. Agm
S01_corx 1 paramcter Hi E_hca = z0d.000"F  -F Aza
S01_corx 1 paramcter HZ :da_l’lcl = c.oodod g - Azi
S01_corx 1 paramcter HZ rdZ__H=j = c.o0ddd g - Azj
S01_corx 1 paramcter HY rdZ__Hze = 4a0.4000 ¥ -F Azo
Shl_zorx 1 paranctxr HE xd Azr = c.o00dd g - Azr
Shi_=z+rx 1 paranmctxr HE r Ck = Eqa.a00 £ - Clzad
Shi_=z+rx 1 paranmcter HT rde__FRAI1 = 0.00a04d - FHI
Shi_=z+rx 1 paramcter HE rdi__FHIZ = 0.000040 - FHIz
Shi_=z+rx 1 paramcter HY rd Ardr = . 4eilE H - Hrdr
Shd_=z+rx 1 paranmctxr HiO I Ham = FE N E TR Ham
HAFA Teelr Infirmation: 4 Fftl01) Frecxrr H 000 = 1x1071
%X Hermal Termination EXXE
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FFT Analysis [Analog 1st Order SD Modulator with SARC model]

Yves Leduc
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header <napatool.hdr>

title "TSNR Analysis"

fs 2.0e6

node Clk "o1"

string opfilel '"transconductance opamp.dat"”

string opfile2 '"comparator.dat"

dvar ampldb LINSWEEP (TOOL INDEX, -50.0, 0.0, 26) &update &export
dvar ampl DB2LIN (ampldb, 1.0) &update

dvar freq 1234.56789 &constant
dvar ph rand uniform(0.0, 2pi ) &constant
interpolate fs 200

node Vin 0.0 ampl freq ph

node Vrefa (analog) 1.0

node Voutd sdl "./sdl.net" Vin Vrefa Clk opfilel..2
node Vrefd (digital) 1

decimate fs 2 1

ivar ‘npts POWEROF2 (16)

tool ;itsnr\f "tsnr.out" Voutd Vrefd 8.0e3 npts

terminate 0.0 <= ampldb

debug
ping

SAMPLING SARC_ INFO

Yves Leduc, Polytech Sophia

NAPA Simulation
TSNR
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TSNR Analysis [Analog 1st Order SD Modulator with SARC model]

Yves Leduc
60 tsnr(dB) —
50 |
655 millions loops
26 FFTs
26 minutes
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ampldb
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NAPA Has MANY Other Nice Features.

They are listed in the NAPA User's Manual and
in the NAPA Quick Card.

The NAPA Primer Booklet describes in details the
advanced features of NAPA.

They deserve a visit !

Legendary'®

ValoSilali
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alias
array
assert
call
command_line
comment
data
debug
decimate
declare
directive
drop
dump
dvar
error
event
export
format

fs

ganging
gateway
header

init

inject

input
interface

cell interface
data interface
interpolate
jvar

load
hapa_version
node
nominal
num_initial
opcode
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output
ping

post
random_seed
restart
stuck
string
synchronize
terminate
title

tool

ts

update
void
warning

#*

NAPA Instructions
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adc
algebra
alu

and
average
bshift
btoi
buffer
bwand
bwbuffer
bwinv
bwnand
bwnor
bwnot
bwor
bwxnor
bwxor
cell
change

clip
clock
comp
copy
cosine
dac
dalgebra
dc

delay
differentiator
div

dtoi
dtool
duser
equal
fzand
fzbuffer
fzinv
fzor
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fznand
fznor
fznot

gain
generator
hold
ialgebra
integrator
inv

itob

itod

itool
iuser
latch
Ishift

max
merge
min

mod

muller
mux
nand
noise
nor
not
offset
or

0SC
poly
prod
quant
ram
ram2
rect
register
relay
rip
rom

rom?2
rshift
rshift1
rshift2
sign
sine
square
step
sub
sum
toggle
track
triangle
trig
uadc
udac
wsum
xnor
Xor
zero

NAPA Nodes



wree
ABS(x) A
SIGN(x) &
MIN(x,y)

MAX(x,y)
LIMIT(x,l,h)
ISINSIDE(x,1,h)
ISOUTSIDE(x,1,h)
ISEQUAL(x,y)
ISNOTEQUAL(x,y)
ISTIME(t)
ISSMALL(x)
ISNOTSMALL(x)
ISEVEN(x)
ISODD(x)
ISINTEGER(x)
ISPOWEROF2(n)
POWEROF2(n)
MODULO(x,y)
SIN(x)

COS(x)

SQRT(x)

LOG(x)

POW(x,y)
ROOT(x,y)
LOG10(x)
POW10(x)

D2I(x)

12D(n)

DB2LIN(x,r)
LIN2DB(x,r)
DB2POW(x,r)
POW2DB(x,r)
RAD2DEG(x)
DEG2RAD(x)
LENGTH(s)
LINDOMAIN(c,b,e)
LOGDOMAIN(c,b,e)
LINSWEEP(c,b,e,n)
LOGSWEEP(c,b,e,n)
RAND_01()
RAND_01_X()
FSS(nseq)
STS(nsegq)
NIS(nseg)
IO_MANAGER(c,f,n,s,t)
OPTION(f,i,0)
PING(fun)

Built-in C Macrosgs
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Activation\chirp.net
Activation\chirp2.net
Activation\chirp2_g.net
Activation\chirp_g.net
Activation\pulse.net
Activation\resonator.net
Activation\sigmoid.net
Activation\step.net
Activation\three_phase.net
Activation\triangle.net
Adden\i1.net
Adden\i1_a.net
Adden\i2.net
Addeni2_a.net
Addeni3.net
Addeni3_a.net
Adden\i4.net
Addeni4_a.net
ASD\m1.net
ASD\m11.net
ASD\m2.net
ASD\m211.net
ASD\m21_va.net
ASD\m22_va.net
ASD\m22_vc.net
ASD\m2ff.net
Bessel\LP1.net
Bessel\LP2.net
Bessel\LP3.net
Bessel\LP4.net
Bessel\LP5.net
Bessel\LP6.net
Bessel\LP7.net
Bessel\LP8.net
Biquad\Martin_Sedra.net
Biquad\SWC.net
Biquad\SWC1.net
Biquad\SWC2.net
Biquad\z.net
Butterfly\4.net
Butterfly\db.net
Butterfly\db_hl.net
Butterworth\LP1.net
Butterworth\LP10.net
Butterworth\LP2.net
Butterworth\LP3.net
Butterworth\LP4.net
Butterworth\LP5.net
Butterworth\LP6.net
Butterworth\LP7.net
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Butterworth\LP8.net
Butterworth\LP9.net
CDSD\m1.net
CDSD\m11.net
CDSD\m2.net
Cell\1.net

Cell\2.net

Cell\3.net

Cell\4.net

Cell\5.net

Cell\6.net

Cell\d1.net
Cel\d2.net
Cell\d3.net
Cell\d4.net
Cell\d5.net
Cell\d6.net
Comparator\1_h.net
Comparator\2.net
Comparator\2_a.net
Comparator\2_h.net
Comparator\3.net
Comparator\d1_h.net
Comparator\d2.net
Comparator\d2_a.net
Comparator\d2_h.net
Comparator\d3.net
Counter\bincount.net
Counter\counter.net
Counter\counter2.net
Counter\edgecount.net
Counter\modcnt.net
Counter\modcnt2.net
Counter\modcntr.net
Counter\modcntr2.net
DC_removal\dcr0.net
DC_removal\dcr1.net
DC_removal\dcr2.net
DC_removal\dcr4.net
Detect\d.net
Detect\u.net
Detect\ud.net
Differentiator\1.net
DSD\m1.net
DSD\m11.net
DSD\m2.net
DWA\16_d.net
DWAM d.net
DWA\8.net
DWA\8_d.net

Filter\1p1z.net
Filter\2p2z.net
ISD\m.net
Latch\DFF1.net
Latch\DFF2.net
Latch\SR.net
Logic\adder.net
Logic\adder2b.net
Logic\adder3b.net
Logic\add_evn.net
Logic\add_gen.net
Logic\add_odd.net
Logic\carry.net
Logic\half_adder.net
Logic\sum.net
Measure\energy.net
Measure\freq.net
Measure\slope.net
Misc\adder.net
Misc\channel.net
Misc\cint.net
Misc\cintd.net
Misc\gdelay.net
Misc\GTswitch.net
Misc\intdz.net
Misclintm.net
Misc\intz.net
Misc\rv1.net
Modulation\am.net
Modulation\am2.net
Modulation\fm.net
Modulation\fm2.net
Modulation\phm.net
Noiseljitter.net
Noise\ktoverc.net
Noise\pink.net
Noise\rclock.net
Noise\red.net
Processor\bbh.net
Processor\bbh4.net
PWL\d.net
PWL\i.net
PWM\1.net
PWM\2.net
PWM\3.net
PWM4.net
Range\max.net
Range\max_z.net
Range\min.net
Range\min_z.net
Range\width.net
Sequence\a.net

Filter\filt11.net
Filter\filt22.net
Filter\filt33.net
Filter\lp1.net
Filter\lprc1.net
Filter\lprc2.net
Filter\ma.net
Filter\mfb2.net
Filter\nyq365.tap
Filter\nyquist.net
Integrator1\d1.net
Integrator1\d1i1.net

Integrator1\d1i1_a.net
Integrator1\d1i1_ac.net

Integrator1\d1_a.net
Integrator1\d1_ac.net
Integrator1\d1_r.net
Integrator1\d2.net
Integrator1\d2_a.net
Integrator1\d2_ac.net
Integrator1\d2_r.net
Integrator1\d3.net
Integrator1\d3_a.net
Integrator1\d3_ac.net
Integrator1\d3_r.net
Integrator1\d4.net
Integrator1\d4_a.net
Integrator1\d4_ac.net
Integrator\i1.net
Integrator\i1_a.net
Integrator\i1_ac.net
Integrator\i1_ct.net
Integrator\i2.net
Integrator\i2_a.net
Integrator\i2_ac.net
Integrator\i2_ct.net
Integrator\i3.net
Integrator\i3_a.net
Integrator\i3_ac.net
Integrator\i3_ct.net
Integrator\i4.net
Integrator\i4_a.net
Integrator\i4_ac.net
Integrator\i4_ct.net
Integrator2\1.net
Integrator2\1_a.net
Integrator2\1_ac.net
Integrator2\2.net
Integrator2\2_a.net
Integrator2\2_ac.net
Integrator2\3.net
Integrator2\3_a.net

Integrator2\3_ac.net
Integrator2\4.net
Integrator2\4_a.net
Integrator2\4_ac.net
Sequence\ag.net
Sequence\g.net
Sinc\sinc.net
Sinc\sinc4.net
chebycheff\LP1a.net
Tchebychef\LP1b.net
Tchebycheff\LP2a.net
Tchebycheff\LP2b.net
Tchebycheff\LP3a.net
Tchebycheff\LP3b.net
Tchebycheff\LP4a.net
Tchebycheff\LP4b.net
Tchebycheff\LP5a.net
Tchebycheff\LPSb.net
Tchebycheff\LP6a.net
Tchebycheff\LP6b.net
Tchebycheff\LP7a.net
Tchebycheff\LP7b.net
Tchebycheff\LP8a.net
Tchebycheff\LP8b.net
Thermometer\2.net
Thermometer\2b.net
Thermometer\4.net
Thermometer\4b.net
Thermometer\8.net
Thermometer\8b.net
Toggling\d.net
Toggling\i.net
Twist\twist.net
Twist\twist_bit.net
WFilten\A.net
WFilter\B.net
WFilter\C.net
WFilter\D.net
WFilter\Z.net

Cells
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Adder\_op1.dat
Adder\_op2.dat

Array\10x1.dat
Array\10x2.dat
Array\10x3.dat
Array\11x1.dat
Array\11x2.dat
Array\11x3.dat
Array\12x1.dat
Array\12x2.dat
Array\12x3.dat
Array\13x1.dat
Array\13x2.dat
Array\14x1.dat
Arrayp\14x2.dat
Array\15x1.dat
Array\15x2.dat
Array\16x1.dat
Array\16x2.dat
Array\17x1.dat
Array\18x1.dat
Array\1x1.dat

Array\1x10.dat
Array\1x11.dat
Array\1x12.dat
Array\1x13.dat
Array\1x14.dat
Array\1x15.dat
Array\1x16.dat
Array\1x17.dat
Array\1x18.dat
Array\1x2.dat

Array\1x3.dat

Array\1x4.dat

Array\1x5.dat

Array\1x6.dat

Array\1x7.dat

Array\1x8.dat

Array\1x9.dat

Array\2x1.dat

Array\2x10.dat
Array\2x12.dat
Array\2x13.dat
Array\2x14.dat
Array\2x15.dat
Array\2x16.dat
Array\2x11.dat
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Array\2x2.dat
Array\2x3.dat
Array\2x4.dat
Array\2x5.dat
Array\2x6.dat
Array\2x7.dat
Array\2x8.dat
Array\2x9.dat
Array\3x1.dat
Array\3x10.dat
Array\3x11.dat
Array\3x12.dat
Array\3x2.dat
Array\3x3.dat
Array\3x4.dat
Array\3x5.dat
Array\3x6.dat
Array\3x7.dat
Array\3x8.dat
Array\3x9.dat
Array\dx1.dat
Array\dx2.dat
Array\dx3.dat
Array\dx4.dat
Array\dx5.dat
Array\dx6.dat
Array\4x7.dat
Array\4x8.dat
Array\dx9.dat
Array\5x1.dat
Array\5x2.dat
Array\5x3.dat
Array\5x4.dat
Array\5x5.dat
Array\5x6.dat
Array\5x7.dat
Array\6x1.dat
Array\6x2.dat
Array\6x3.dat
Array\6x4.dat
Array\6x5.dat
Array\6x6.dat
Array\7x1.dat
Array\7x2.dat
Array\7x3.dat
Array\7x4.dat
Array\7x5.dat
Array\8x1.dat
Array\8x2.dat

Array\8x3.dat
Array\8x4.dat
Array\9x1.dat
Array\9x2.dat
Array\9x3.dat
Array\9x4.dat
Array\c2_a.dat
Array\c3_a.dat
Array\c4_a.dat
Array\c4_b.dat
Array\c5_a.dat
Array\c5_b.dat

ASD\ cmp2.dat

ASD\ cmp3.dat

ASD\ _cmp4.dat

ASD\ cmp5.dat

ASD\ cmp6.dat
ASD\_m1.dat
ASD\_m11.dat

ASD\ _m2.dat
ASD\_m211.dat
ASD\_m21_va.dat
ASD\_m22_va.dat
ASD\_m22_vc.dat
ASD\_m2ff.dat
ASD\_op1.dat
ASD\_op2.dat

ASD\ op3.dat

ASD\ op4.dat

ASD\ opb5.dat
Biquad\_Martin_Sedra.dat
Comparator\_cmp1.dat
Comparator\_cmp2.dat
Integrator1\_op1.dat
Integrator1\_op2.dat
Integrator1\_op3.dat
Integrator1\_opreal.dat
Integrator2\_op1.dat
Integrator2\ op2.dat
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acosh
arithmetic_mean
arithmetic_geometric_mean
asinh

atanh

bessel i

bessel_j

bessel_k

bessel_y

c2f

c2k
centroidal_mean
choice_between_i
choice_between_d
choice_between_s
coherent
coherent_lindomain
coherent_linsweep
coherent_logdomain
coherent_logsweep
cmp3
compress_A_law
compress_A _law2
compress_mu_law
compress_mu_law2
contraharmonic_mean
db2lin

db2pow

d2i

dec2bin

deg2rad

diode_Iv

diode_Ri

diode_Rv

diode_Vi

dirac

dirac2

ET12
expand_A_law
expand_A_law2
expand_mu_law
expand_mu_law2
f2c

factorial

gaussian
geometric_mean
halton

hardlimiter
harmonic_mean
heronian_mean

Yves Leduc, Polytech Sophia

GCD

12d

isign

ispowerof2

k2c

LCM

lin2db

lindomain
linsweep
logdomain
log_factorial
logsweep
parallel_R
parallel_C
pow2db

p2t

kt

powerof2
prompt_for_double
prompt_for_long
prompt_for_yes _no
QR_01
QR_01_x

QR _gaussian
QR_normal
QR_uniform
QR_uniform_x
rad2deg
rand_01
rand_01_x
rand_bernoulli
rand_binomial
rand_chisquare
rand_equilikely
rand_erlang
rand_exponential
rand_gaussian
rand_halfnormal
rand_geometric
rand_lognormal
rand_normal
rand_pascal
rand_poisson
rand_rayleigh
rand_uniform
rand_uniform_x
randomize_array
reldif

rnoise
root_mean_square
round_it

serie_ R

serie C
serie L

sinc
smoothlimiter
softlimiter
stuck_array
stuck _part_of array
switch_i
switch_d

t2p
thermometric
vandercorput
vt

A _CONSTANT
ARITHMETIC_MEAN
ARITHMETIC_GEOMETRIC_MEAN
Co

C2F

C2K
CENTROIDAL_MEAN
CONTRAHARMONIC_MEAN
D2l

EV

EPSILONO

F2C

G

KT
GEOMETRIC_MEAN
H

HARMONIC_MEAN
HERONIAN_MEAN
12D

K

K2C

ME

MU_CONSTANT

MUO

print_string

print_var
print_var_and_string
Q

RNOISE
ROOT_MEAN_SQUARE
SYSTEM_TIME

VT

Z0

and hundreds of
ressources functions

C Functions and Macros _



iuser_arithmetic_average
duser_arithmetic_average
duser_coherentwave
duser_comb

duser_ctm

iuser_dem

duser_dpll

duser_dsinc
duser_entropy

duser_fir

iuser_fir

duser_fir_in

duser_fir_out

duser_fm

iuser_fm
duser_geometric_average
duser_harmonic_average
duser _ifft

duser _ilt

duser_ilt2

iuser_|Ifsr

duser_median
iuser_median
duser_intreal
duser_multitone
duser_pink

duser_pulse

duser_pwl

iuser_pwl

duser_read

duser_read2

iuser_read

iuser_read2
duser_resonator
duser_rms_average
iuser_sequence
duser_sarc

duser_sine

iuser_stable

duser_sun
duser_synchro_lindomain
duser_synchro_logdomain
duser_synchro_linsweep
duser_synchro_logsweep
duser_synchro_readsweep
iuser_wave1x16_in
iuser_wave1x16_out
iuser_wave2x16_in
iuser_wave2x16_out
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itool_autocorr
itool_cfft
itool_cgft
itool_cwin
itool_disto
itool_enbw
itool_fft
itool_fft _cs
itool_freq
itool_gdel
itool_gft
itool_hdecomp
itool_histobin
itool_history
itool_histogram
itool_histoslp
itool_histoval
itool_icn
itool_i2decomp
itool_i3decomp
itool_im2
itool_im3
itool_inform
itool_lag
itool_lin
itool_Isp
itool_Ispwin
itool_output
itool_pdetect
itool_ps
itool_quinn2
itool_resp
itool_rms
itool_sinewave
itool_statslp
itool_statval
itool_synchro
itool_tdecomp
itool_tf
itool_tf2_i
itool_tf2 o
itool_tfp
itool_tsnr
itool_win
itool_xcorr

post_extrema
post_eye
post_histo
post_join
post_prune
post_select
post_sort
post_spice
post_stat
post_wcpk
post_wcpk_pwil
post_zip

User Functions and Smart Tools _



Conclusions

NAPA is a Fully Open
High Level Mixed Signal Simulator.

You are the pilot.
Your creativity is your limitation.

SIMULATE WITH MODERATION
and intelligence...
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Questions ?
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The Last Words

" Good model is a good familiar creature
if it be well used " "

M. WILTAM

SHAKESPEARES

~ COMEDIES
HISTORIES, &
TRAGEDIES,

Publifhed according to the True Originﬂl Copies.

1 . .
1] s00 Come, come, good wine is a good familiar creature

319 if it be well used"

William Shakespeare (1564-1616)
Othello, I1. lii
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Thank You !

“‘UNIVERSITY WARNING: (1) According to the Surgeon General, students
should not abuse of simulators during their cursus because of the risk of brain

defects. (2) Use of simulators impairs your ability to drive a car or operate a
mobile phone, and may cause severe service disruptions”
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(5]

HWINFOB64 @ ASUS B33E - System Summary
CPU
Intel Core i5-2450M CPRU #0 -rf
{ |ntel L Stepping 1 Cares 2
I “ED:'RE..iém Codensme |  Saody Bidge MBSV | logicl | 4
! Cache 232+ 232+ 2256 +3M pCU 35
fl Prod. Unit Platform Socket G2 (rPGASSSE)
TDP W SSPEC SROCH, SRO4Y
Faatures
MM sDMow!  ZDNowl-2 SSE SSE-2 SSE-3 S5%5E-3
| SSE44 SSE4.1  SSE42  AVY AVEZ  AVN.E1Z
| BMI2Z  ABM TEM FIA ADE e
DEP WX S SMEP SKAap TSK MR
EME4T EIST T™M1 T™M2 HTT Turbo
| AES-NI RDRAND RDSEED SHA
Operating Point Clock Ratic Bus vID
CPU LFM (Min) 800.0 MHz  B.00x  100.0 MHz :
CPU HFM (Max) 2500.0 MHz  25.00x 100.0 MHz -
CPU Turbo 3100.0 MHz  31.00x  100.0 MHz B
CPU Status 5 . 5.8 MHz 07705 V
Cored Clack Ratio  ThermMon
: [ | 758 MHz 8.00x oK
| | 798 MHz B.00x oK
Drives
Interface Model
SATA 3Gh/s  WDC WDSDDOEPKT-E0PK4TO [S00 GE, 18ME]
SATA 1.5Gh/s MATSHITADVD-RAM UJBAZASW [DVD+R DL)

s Irel Sandy Bridge-MB GT2+ - Integrated Grap
|nte|" Intel HD Graphics 3000
GRAPHICS Sandy Brides GT2+
PCI
2108 ME -
ROPs @ - Shaders =
Current Clocks (MHz)
GPU 6500 Memory 685.0 Shader E
Matherboard ASUS B33E
Chipset tnvel HMES (Cougar Poind) [E3]
BIOS 02/17/2012 BIOS Version B33E.206
Memoany
Sze 8192 MB Type DDR3 SDRAM
Current Timing
Clock  6653MHz = 667 x  99.8MHz
Mode DuzkChannel CR 1T
Timing 9 |- 9 - 9 - M| RC tRFC 107
Modules
| [20) Hynix (Hyundai) HMT351S6CFRBC-HS v
Sze  40%6MB  Cohck G7MHz ECC N
Type PC3-10600 DDR3 SDRAM SO-DIMM
Frqg G RCD RP RAS RC Ba. V
&e5.7 9 9 9 24 33 - 1.50
€00 8 & 8 2 W - 15D
L. 7 O §F W™ W . W
W0 6 6 6 15 20 - 150
3BE 5 B & B & - 18
o5 Microsoft Windows 7 Professional (x64) Build 7601 —
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FYI, my computer
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