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a I rotot e O e rt.t C File Edit “iew Simulation Format  Tools  Help
p yp (g ) Dzd&| B> -|1u_u |Normal

SF BXTEITIal OUutputE [ Foot outports red by 51
ExternalOutputzs =zimple grt simple_zrt T

A Tesl—fime model = o " e (1)
RET_MJIDEL zimple grt =imple_grt M X
RET_MJIDEL zimple grt #=zimple_grt N = &G=zimple_
e
A Hodel output Ffurnction &~ ¥ ¥

i

A¥ Outport: " (Roots’z” Incorporates:

¢ Jnport: T<Rootsx’
#  Import: “<Rootsy

static woid simple_grt_uutpu‘ju:(int_T tid)

Ready [118% | [T=0.00

|FizzedstepDiscrete

A

& Sumr T iFoofsSSumt iy ¥

e 120 # Efart of &7 compatible call imtert:

simple_grt Y.z _c = = -/ E:

UNUSED_PARAMETER (tid) /77  woid MdlOutputs{int_T tid)

Production code (ert.tlc)

1 271 S #include “simple_ert.h”
104 simple grt output (tid) 2 #include “simple_ert_priwate.h”
25 1 7
176 4 real T =z
/77 woid MdlUpdate (int T tid) 5 woid simple_ert_step(void)
28 ot
£29 zimple grt updateitid); : =%+
138} & 1
i34 g
137 woid MdlInitializeSizes (void) ff woid simple_ert_initialize(void)
77 o
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MATLAB®

= Model and Simulate in Floating- and Fixed-Point
= Generate embeddable C-code from Simulink and / or Embedded MATLAB

= Rapidly Prototype and Implement on Tl processors and boards

Simulink® Stateflow®

* Link for use with Code Composer Studio

« Embedded Coder
* Targets on Tl C6000 (DM6437), C2000

Texas Instruments
Code Composer Studio™
Environment
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“Our team at Honeywell Flight Controls has generated 1.6 million lines
of code automatically using MathWorks products for the Joint Strike Fighter.”

“We manually verified 1.2 million lines of code so far.”

“We found 1 line of code that we are not sure where it came from or what it’s purpose is.
Everything works fine, though.”

“These days everyone is talking about doing 6-sigma design. One questionable line of code
out of 1.2 million lines of code — that’s better than 6.5 sigma. And we are not talking about it
— we actually did it.”

Honeywell [T s
We never forget who we 're working for™
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Pilot Result - Metrics

PAPER SERIES

Multi-Target Modelling for Embedded Software

2004-01-0269

Development for Automotive Applications

[
Table 2 shows ROM and RAM compansons between hand
code and auto code for a floating-point component in

Table 2 ROM and RAM comparison botweon a
floating-point hand code and auto codo.

Calibration ROM 9464 9464 0%
Code ROM 2952 2900 -1.76%
RAM 240 238 -0.83%

Hand Code Auto Code
ROM 6408 6192
RAM 132 112

The auto code has less size of ROM and RAM compared
10 that of hand code. The auto code s readable and peer
roviewed, and checked with the QAC static analysis tool.
Most importantly, the auto code is implemented in a reak

CONCLUSION

A custom data class allowing data type and dala scaling
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Examples

The Bit Reverse block reorders the output of the C64x Radix-2 FFT in the model below to natural order.

x2

Constant

sfix16 EntS (©) [16x1) |

RADIX2

Radix-2 FFT

sfix18 En1S (@) [16x1) |

BITREV_CPLX

Bit Reverse

sfix16 EntS (o) [16x1) |

c

Workspace2

Signal To

4\ MathWorks:

The following code calculates the same FFT in the workspace. The output from
this calculation, y2, is displayed side-by-side with the output from the model, c.
The outputs match, showing that the Bit Reverse block reorders the Radix-2 FFT
output to natural order:
k =4;
n = 2°k;

xr = zeros(n, 1);

Xr(2)

Xi = zeros(n, 1);

=0.5;

X2 = complex(xr, xi);

y2 =

fft(x2);
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[y2,

0.5000
0.4619 - 0.1913i
0.3536 - 0.3536i
0.1913 - 0.46109i

0 - 0.5000i
-0.1913 - 0.46109i
-0.3536 - 0.3536i
-0.4619 - 0.1913i
-0.5000
-0.4619 + 0.1913i
-0.3536 + 0.3536i
-0.1913 + 0.4619i

0 + 0.5000i
0.1913 + 0.4619i
0.3536 + 0.3536i
0.4619 + 0.1913i

C]

0.5000

0.4619 - 0.1913i
0.3535 - 0.3535i
0.1913 - 0.4619i
0 - 0.5000i
-0.1913 - 0.4619i
-0.3535 - 0.3535i
-0.4619 - 0.1913i
-0.5000

-0.4619 + 0.1913i
-0.3535 + 0.3535i
-0.1913 + 0.4619i
0 + 0.5000i
0.1913 + 0.4619i
0.3535 + 0.3535i
0.4619 + 0.1913i

4\ MathWorks:

14



4\ MathWorks

R RE: (KA

= e —

| ¢p File Edit View Project Debug GEL Option Profile Tools DSP/BIOS Window Help ) _lelx
B@H =8| | S ERRRRG S| EEEEEIARNS e
[swsystempit  ~|[Custommnv | SE&EX[28 B4
HF e O0BmEHEA
B -5 p— —| B ExztlU Subsystem T Subsystem U: 3
iﬁ‘ -QMW_cﬁJooc_cs!.h = fxternal ouilputs (root caiparts fed by signais with sute sterage) =
! e E"fa DSP/BIOS Config ¥ #prhgma DATA ALIGN(Subsystem ¥, )
'™ — %2 Subsystem.tcf - Ext¥_Subsystem T Subsystem ¥:
[Tk =23 Generated Files — & et gt
I z]-time model £
= - 3] Subsystemcfg.s62 RT_MODEL_Subsystem T Subsystem M_:
- f@ Subsystemcfg_c.c ~ RT_MODEL_Subsystem T =*const Subsystem M = &Subsystem M :
¢ =
= T a_,]i-‘dwe _ N* #odel step function =
~|5] c6000_mainh - void Subsystem step{void)
b3 RE P b s ,
= = 2 ~* Jocal Biock 1-o variables =
= - 3 dspiibh cintl T rtb_Radiz2FFT[122]:
- — 5] nwtypesh [
-@Subsystemh 1= = C6dlly ASP [ikrary radizx? {stickx radizl) - Sl Radix-2 FFT’ =
= @ = DSP_blk move| [short *)&Subsystem U.Inl[C ], (short =)rtb_Radix2FFT, 255);
) 5] Subsystem_main.h DSP_radiz2( .-, (short =)rtb_Radiz2FFI, (short =)
pos — {5 Subsystem _privateh Subsysten_ConstP.Radiz2FFT_W_RTP):
—ESU P ~= Coflly ASP Likrary brirev cpiz {sticéx bitrev cpiz) - '<SI)-Bit Reverse' *~
—|5] Subsystemcfgh memcpy{ SSubsystem Y.0utl[D], rth_Radiz2FFT, (I5¢ = sizeof(intl5_T)) ):
= Dl_lbranes DSP_bitrev_cplxz((int =)iSubsystem Y.Outl[l], (short =) }
= Subsystem_ConstP.BitReverse IDXTEL RT, 125): |
=3 Source
13 MW_ctoot_csic
- #] Subsystemc Wi = J;Q"'e_ Znrtial "': _rif:::n;::g :)
I void Subsystem initialize(wvoi
— :S Subsystem_data.c 1l j
L E o e | [ = fegistratian code = T
[ File View | #Bookmarks | ‘l | N
2l
[Subsystem_data.c] "C:“Program Files“Tezas Instruments’C6000 Code Generation Tocls 6.1.10&innclex" -fr'c:/Work/206-/Subsystem ticcs/CustomMiy" "C:/AFS:
[Subsystem _main.c] "C: Program Files“Tezas Instruments’Ce000 Code Generation Tocls 6.1.10%innclbx" -fr'c:/Work/ 206-/Subsystem ticcs/CustomMw" -i"C:/AFS.
[Subsystemcfg.s62] "C:\Program Files Tezas Instruments’C6000 Code Generation Tocls 6.1.100pinnclex" -fr'c: /Work/206-/Subsystem ticcs CustomM" -i"C:/AFS.
[Subsystemcfg _c.c] "C:\Program Files“Tezas Instruments’C6000 Code Generation Tocls 6.1.100pinnclex" -fr'c: Work/206/Subsystem ticcs-CustomM" -i"C:/AFS.
A
4] \Build/ el | A
W 2= RUNNING L Symbol definition not found. In34.Coll 4
= _ == = S — 3 L O e o W
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Sub-Rate 1

BaseRatall-f |- [ 41 F LA b f bbb b b b b

Plot of recorded profiling data over 0.27999 seconds
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Time in seconds

4\ MathWorks

16



TEXARIR: RIR

- —
P2, Library: My_C6748_lib ESREEN X
File Edit View Display Diagram Analysis Help
U = P
[zl ~ : = 7| @ ~
My_C6748_lb |
®
O N UART_txByte{uint8 u1) N UART_txAmay{uints u1[180])
@ uartSend uartSendA
(=] ,
UART_rxByte{uints y1[1])} UART_rxArray(uint8 y1[180]) P
uartGet uartGetA
AM_Config FM_Config
» | &
Ready 100%
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Itest_uart.ﬂ_frn.pj‘t ;”F{eleaseMW ;” @ E | @ ‘ﬂ ‘ . /& |
Bé 0EHENEL
! "
{_: § Files F Hodeld stey function *
|- g GEL files void test uartd fm step(void)
Projects
s 3 o)
@ Bl test_uartA_fm.pjt oo acd It varisbhlies =0
b = rtA_fm.pjt (ReleaseMW) i { bfacd 1 e
L4 B (L1 Dependent Projects uint8 T rth_uartGeti[160];:
w [#-(Z] Docurnents
e300 DSP/BIOS Config UARI_FrxArrmrU o (UART? . Srch. uartdoth 01, 160) 1
- -2 Generated Files ay | rib_uartGeta[l], 1
* -0 Include ¥ S-Fupction fusrtsendd) s
& (- (3 Libraries lIART " tzArray( UARTZ,
=8 a Source 1
& MW _ciooc_csl.c
' test_uartd_frn.c * Aodel Initisfire Funcotion ®7
test_uarth_fm_data.c vold test uvartA fm initialize(wvoid)
test_uartd_fm_main.c { ) . . ,
lllll test uarth frm.crnd S Fogrstralian oovs %
x _fm.
& o pprersline e Status v
p rtmSetErrorStatusitest_uartd fm M,
@ S-Funotion fusrtfetd)
UHRT _imit(UARTZ2,1152007%;
~E B-Function P Config)r
S14730_FM(
= }
[ File View ]/6 Bookmarks I J |

{uint8_T=)&rth_uartGetA[0],160);

{uintl6_Titest_uarti_fm P.FM Config SParameterl);

Roat Yo uartEEng T

oot rrusrtienadd T

(WULLY ) :

VRaat e nartRetd £

Vool P Confiy %

o

[test_uartd fmcfg_o.c]

[Linking...]
<{Linking>

Build Complete,

0 Errors, 0 Warnings, 0 Remarks.

"CiwProgram FilessTexas Instruments~C6000 Code Generation Tools 6.1.10Nbinswclbz" -ol

"CinProgram Files“Texas Instruments~CeO00 Code Generation Tools 6.1.10%hinwclex" -@"Releasebw.l

=]

[ A )+ Build

18



E&Demo: DSP {&#Y

4\ MathWorks

o uart . — i o —
i File Edit View Display Diagram Simulation Analysis Code Tools Help
= -3 BH-EH-@EOP = - w0 (em 5 @~ -

uart_fm_fir . . . N

@ Q

E3

s CB748EVM T CBdx C6748EVM

Out——pfIn ?&?ﬂﬁky —p Convert —— P ” ———p Convert ——p{In

o ata Type Conversion = ata Type Conversion

ADC e Data Tvpe G : FIR_GEN Data Tvoe G o DAC

. ADC Selechor General Real FIR DAC
| |
I

UART_mAmay(uint8 y1[2]) ————» P»(Si4730_FM (uint16 u1)
“-"  |Bvte Unpack] Fin
' uartGe‘AZ Byte U npac k FM_Conflg 1
> UART _txAmay(uint8 u1[2])
U_out
Byte Pack
Byte Pack uartSendA2

|| &

»

Ready 138% FixedStepDiscrete
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) #5 -| 4 - i
oo | @ C6748EVM C6748EVM E 5
B dpr
oy gl |+ out »iIn
# uat fm .
= -.'ul_'v-t‘.i Am DAC
B wart fm 4 E ~
e e
&} st g | |
= vart_sent
n] wart_tosh)
5] it test]
= uerl_ftesl] ~ . =
() mtsuppd UART_mAmay(uint8 y1(2)—— e PSi4730_FM{uint16 u1)
{2 tesumet | = =
T yart s Upoen> Byte Unpack FM_Config1 r—— :
Fage
T P K
filWizard a
» : »| UART_txAmay(uint8 u1[2)) e o S
&l U _oul S— 2015/3/1%. ...
Wikl __Bvte Pack | 17000/3500
" Byte Pack uvartSendA 2 Lo
» dee
Feady 180% FizedStepDeirete P doo =
— — S 20I1578/2L.,. [+
i ROV FL: 194
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B - CERe-E-eg® o [Normal X @ -
uart_send1 . A h
® AN S ||
= . ) com4 =
& 1 1061 FRARELEEFHEZF 15200
. . s .none,
j &2 2. 96.6 FRARTERELFZE ek |
: — 3. 90.0 EP%AE’-% é%%zg Serial Configuration
: 4. 1018 FR AR BEEHSHTZE
—~ 5. 106.6 FRAREEHELZEZE 9000 IR
! 6. 974 ERERE rerrep— —|_>0\ uint16 P1 uint8 (2) D1 ] [—
'; 7. 87.6 kEXZEE N Y
” L B Byte Pack
| 8. 100.6 jti%ﬁlﬂé\ 9740 uint|§2hual Switch Byte Pack Serial Send
; 9. 1025 dkEEE S .
| 10. 103.9 jt}:iﬁé Constant2
I 11.107.3 JERBTEE 15 wint8 [2x1] D1 int16 D1 |
12. 88.7 FEHEIR BEES HITFM COM4Data > {9000 |
13 1 SIBRE A 241 gyte ynpack]
. 90-5 :F @E’ B’T\‘)_-% % = ﬂ:ﬁ.& Tﬂ}_‘% Serial Receive Byte Unpack Display1
14. 91.5 HEEFR #EHE S EASY FM
-]
» -
L Ready 145% FixedStepDiscrete®
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