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Lab Objectives

Make generic operators ]

<[ Design with iterator constructs ]

\i Import external code]

Generate codeJ
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Prerequisites

Safety Critical Systems interact with their physical
environment.

They rely on sensors to observe their physical environment,
and on actuators to act on it.

A failure of a sensor or an actuator is a Single Point of Failure:
so they need to be redundant
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Redundant Pitot sensors on a B737
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Prerequisites »
Wikipedia

A pitot tube is a pressure measurement instrument used to
measure fluid flow velocity.

It is widely used to determine the airspeed of an aircraft,
water speed of a boat, and to measure liquid, air and gas
velocities in industrial applications.

The pitot tube measures the local velocity at a given point in

the flow stream and not the average velocity in the pipe or
conduit.
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Prerequisites

Having redundant sensors means that from a range of values
one final value has to be determined.

A naive way to determine this value is to use the mean of
valid values.

A smarter way to do this is to use the median.

2
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Out of Order Out-Layer value
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Prerequisites

In statistics and probability theory, the median is the
numerical value separating the higher half of a data sample,

a population, or a probability distribution, from the lower
half.

The median of a finite list of numbers can be found by
arranging all the observations from the lowest value to the
highest value and picking the middle one:

The medianof {3, 3,5,9, 11}is 5
If there is an even number of observations, then there is no
single middle value. The median is usually defined to be

the mean of the two middle values, which corresponds to
interpreting the median as the fully trimmed mid-range:

The medianof {3,5,7,9}is(5+7)/2=6

2
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Lab Objectives

The aim of this one day lab is to develop a median library

operator (users will implement the Torben's method in the
Lab 9).

You will work on a set of values (any size).

To be able to tell if a value is above or below another one,
these values need to have a sorting relation :

>

In Scade, this means that these values are numeric.

2
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Lab Objectives

The Torben's method

This method was created by Torben Mogensen.

It is not the fastest way of finding a median, however it does not modify
the input array when looking for the median.

It becomes extremely powerful when the number of elements to

consider becomes large, and when copying the input array may cause
enormous overheads.

For read-only input size sets of several hundred of megabytes, it is the
solution of choice, as it accesses elements sequentially and not
randomly.

2

>
S
S
ﬂa:

Be aware that it needs to read the array several times, though: a first

pass is only looking for min and max values, further passes go through
the array and come out with the median.
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Lab 1: Requirement

Objective:
Prepare the design environment and construct the simulation array.

Requirements:
e oro
Create a new SCADE Suite project:

Project Name: median
Package Name: MEDIAN

No library
Create two environment constants, under the MEDIAN package, to use

as:
ATRSPEED SENSORS (type: float6474) =[326.2, 325.6, 638.3, 323.9]

DISTANCE_ SENSORS (type: uint876): =[45,49,35,33,44,43]
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Lab 1: Solution

-8 median.etp
Ela median
=73 MEDIAN
Ela Constants
. @ AIRSPEED_SENSCR
& DISTANCE_SENSORS

Constant

L~
2
L

=)
—

o
L)

- & DISTANCE_SENS...
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Value
I

3262

3256

6383

3235

[45, 49, 35, 33, 44, 43]
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Lab 2: Use Array Access Operators

Objective:

Create the main operator and use array access operators.

|
Requirements:

Create a median operator, under MEDIAN package returning:
alrspeed = airspeed sensors[0]
distance = distance sensors|[5]

| Name | Kind | Type nspeed sensonto) —— s

airspeed output float64

distance OUtpUt uints DISTANCE_SENSORSI5] |—> distance

Generate the code, with KCG configuration (KCGAda for Ada target)
Observe the generated code and dimension matching.
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Lab 2: Solution (C Code)

Constarnt

& &P AIRSPEED_SENS... AIRSPEED_SENSOR[0] |—>airspeed
g 0 :

DISTANCE_SENSORSJ[5] I—> distance

# kce e EHESEQ

L~
2
L

=)
—

o
L)

#include "kcg_consts.h"

/* MEDIAN::DISTANCE_SENSORS*/
const array_uint8_6 DISTANCE_SENSORS= { kcg_lit_uint8(45), kcg_lit_uint8(49),
kecg_lit_uint8(35), keg_lit_uint8(33), kcg_lit_uint8(44), kcg_lit_uint8(43) };

/* MEDIAN::AIRSPEED_SENSORS*/
const array_float64_4 airspeed_sensors = { kcg_lit_float64(326.2),
kecg_lit_float64(325.6), kcg_lit_float64(638.3), kcg_lit_float64(323,9) };

NANSYS
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Lab 2: Solution (Ada)

Constant Type EID median

& AIRSPEED_SENS... float64 "4
D@ D flozt64
. floztG4
N flozt64
P float64 -
wint8 6 [45. 49, 35.33. 44, 43]

@ diagram_median_1

with Kcg_Types;
with Kcg_Config;

--# inherit Kcg_Types, Kcg_Config;

package MEDIAN

iﬁlKCGAda GEua ool Al o B
-- MEDIAN::
is

-- MEDIAN::DISTANCE_SENSORS/

DISTANCE_SENSORS : constant Kcg_Types.Uint8_Range_0_5 :=
Kcg_Types.Uint8_Range_0_5'(45, 49, 35, 33, 44, 43);

-- MEDIAN::AIRSPEED_SENSORS/

AIRSPEED_SENSORS : constant Kcg_Types.Float64_Range_0_3 :=

Kcg_Types.Float64_Range_0_3'(326.2, 325.6, 638.3, 323.9);

-- MEDIAN::median/
procedure median_1(
--_L1/, airspeed/
airspeed : out Kcg_Config.Kcg_Float64;
-- L2/, distance/
distance : out Kcg_Config.Kcg_Uint8);
end MEDIAN;

© 2016 ANSYS, Inc. February 1, 2017
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AIRSPEED_SENSOR][0] |—> airspeed

DISTANCE_SENSORS[5] I—> distance

NANSYS
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Lab 3: Use a Generic Function

Objective:
Create a generic function

Requirements: e ,
Time: 10 min
Update the median function to be a generic function

| Name | Kind | Type

value input ‘T

median output ‘T

values > T > median
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Lab 3: Use a Generic Function

Create a test operator to simulate several median instances

| Name | Kind | Type

outputl ouput float64
output?2 output uint8

1
AIRSPEED_SENSORS[0] ————  median >0utput1

2
DISTANCE_SENSORS[5] F————- median > output2
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Lab 3: Solution

Properties

- (General

-
E-25 Interface - Clock Last:
- Comment st
i e values
i i - Note

- Lo median Defalt:

@ diagram_median_1 ""K,CG Pragmas
- Simplorer

- Traceahbility

Kind: [ = Input

Remove one output from the median operator and
transform the other output to be generic

Change the output’s name in the median

Add one input, named values, with the same generic type of
the output

Open the design of the operator and connect its values and
median

Q.
S
ﬂw

values > T > median
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Lab 3: Solution

Create a “test” operator to simulate several median
instances, with two outputs: |
E|:|:|* test
o outputl: float64 &4 nterface

- = output

o output2: uint8 s

@ diagram_test_1

Instantiate twice the median operator to recover:
o AIRSPEED_ SENSORS[O]
o DISTANCE_SENSORS [5]

Q.
S
ﬂw

AIRSPEED_SENSORS[0] F——— | > outputl

2
DISTANCE_SENSORS[5] ———— median | > output2
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Lab 3: Solution (C Code)

Generate the C code.
Observe the generated code: for each median operator
instance, files are generated.

Category Code Message -
= ‘L Information Generated Files GEMFIL KCG- Generated files
mapping.xml
kcg_metrics.bd
test MEDIAM.c
median_MEDIAM_uintd.c
median_MEDIAM_floatéd c
| AT = VA
median_MEDIAM_uintd.h
median_MEDIAM_floatéd h
~KCg_typesh
kcg_consts.h
kcg_sensors.h
kcg_types.c
kcg_consts.c
kcg_xml_filter_outscade
config.bd

i Information Generated Files GEMFIL Code Generator Generated files

4 | 1 | ll H r\ tessages ,]'1 Coverage hDump hEiuiId }1 Simulatnr,]'lSc:ripthlnfD Log ,-';Fiepurter[‘ || 1

~
2
L
=)
—
o
L)

oo oo oo oo o

NANSYS
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Lab 3: Solution (Ada) Ada

Generate the Ada code.

Observe the generated code: for each median operator
instance, files are generated.

Category Code Message
Code Generator
i. Information Log Files LOGFIL Log Files
= i Information Generated Files GEMFIL KCG- Generated files
mapping.xml
kcg_types.ads
median.adb
median.ads
medianstestadh
median-median_uintd.adb
median-median_floaté4.adb
kcg_xmi_filter_outscade
config.txt
i Information Generated Files GEMFIL Code Generator Generated files

~
2
L
=)
—
o
L)

NANSYS
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Lab 4

Objective:
Constrain to numeric type

Requirements:
ime: 5 min
Constrain the median input type to be numeric

© 2016 ANSYS, Inc. February 1, 2017
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Lab 5: Requirement (2/2)

Objective:

Prepare the median design environment

Requirements:

Modify the median implementation to work with arrays of any type and
of any size:

Instantiate it with 3 different array sizes/types
Update test operator

Observe the effects of monomorphisation in the generated code
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Lab 5: Requirement (2/2)

Update test operator

| Name | Kind | Type

inputl input uint8110
outputl output Float64
output?2 output uint8
output3 output uint8

3

AIRSPEED_SENSORS 2080 g 12200 outputd

4

o .
DISTANCE_SENSORS —UINB "8 ian<<g== ﬂ—> output?

o i
input1 >Mnmedianﬁm}} Lta> output3
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Lab 5: Prerequisite

Insert a parameter to have a generic size:
R e o

- test Check

Generate Mode median

84

>
S:
5
ﬂ&

Insert Input

Edit Symbol Qutput

Add to favorites... Hidden

Local Variable
Browse References

Goto Probe

Properties... JIITE

Diagram
Text Diagram

Parameter

Division-by-Zero Check

WY @® g <0Ef L3

Owverflow Check

NANSYS
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Lab 5: Solution

Change the input type to be generic array, using parameter N
as dimension: TAN

Properties

=T median <<N>>
Interface 2’ Declaration

- Clack
L= yalues - Comment Last:
LS median -~ Note

Default:
[ diagram_median_1 - KCG pragmas
- Simplorer

- Traceahbility

- General

Kind: [ Fr o mput

Q.
S
ﬂw

Update the median operator implementation to return
values|[0]

values[0] | > median
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Lab 5: Solution

Create the “test” operator to use multiple instances of the

median operator, with different types and sizes:

o Add one input named inputl: uint810 and one output,
output3:uintg, to test your operator

o Select the operator instances and open Size Parameters Properties

to change the parameter value, and use 3 instances of size: 4, 6 and
10

o Create the following design:

Q.
S
ﬂw

2 Properties
AIRSPEED_SENSORS 18080 i o 002 outputt . General

- Declaration

- Use

4 - Layout
o .
DISTANGE_SENSORS —NB"8|  fian<<ges ﬂ,> output2 . Comment

. Mote
- KCG Pragmas
- MTC

o )
input? >M0median<<10>> Lt8> output3
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Lab 5: Solution (C Code)

Generate your C code and observe the generated files:

Category Code Message -
= ‘L Information Generated Files GENFIL KCG- Generated files
2 mapping.xml
kcq_metrics.txt
est_MEDIAN.C
median_MEDIAMN_uintd_10.c
median_MEDIAMN_uintd_6.c
median_MEDIAN_floatéd_4 ¢
test MEDIAN.h
median_MEDIAN_uintd_10.h
median_MEDIAMN_uintd_6.h
median_MEDIAM_floaté4_4.h
g yTeT
kcg_consts.h
kcg_sensors.h
keg_types.c
kcg_consts.c
keg_xml_filter_outscade
config.bd
L Information Generated Files GEMFIL Code Generator Generated files

M4 ] HhMessages,}\CDveragehDump hEluiId ,)\SimulaturhScripthlnfD Log ARepDner,"

~
2
L
=)
—
o
L)

cCooco oo oo oGO oo

Run and play with the simulator.

NANSYS
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Lab 5: Solution (Ada) Ada

Generate your Ada code and observe the generated files:

Category Code Message

Code Generator

i, Information Log Files LOGFIL Log Files
= i Information Generated Files GEMFIL KCG- Generated files
mapping.xml
kcg_types.ads
median.adb
median.ads

~
2
L
=)
—
o
L)

median-median_uintd_10.adb
median-median_uintd_6.adb

keg_xml_filter_outscade
config.tx
i, Information Generated Files GEMFIL Code Generator Generated files

(SRR SR SR SR SR SR N RN SN

Run and play with the simulator

NANSYS
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Lab 6: Requirement

Objective:

Create a mean operator in the median design environment

|
Requirements:

Create a specialized mean operator with specialization for integer and
floating values

a input T
input T
output T

© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential



Lab 6: Requirement

Create 2 specialized operators:
- meanlnt

| Name | Kind | Type

a input uint8
input uint8
output uint8

- meanReal

| Name | Kind | Type

a input float64
input float64
output float64

© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential



Lab 6: Requirement

Update test operator

__ Name | Kind | Type

inputl input uint8710
outputl output float64
output? output uint8
output3 output uint8
output4 output float64
outputh output uint8

AIRSPEED_SENSORS[0] —_ |

> autputd

AIRSPEED_SENSORS[1] — |

DISTANCE_SENSORS[0] —_ |

> autputs

DISTANCE_SEMNSORS[1] — |
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Lab 6: Solution

Create the mean imported operator into a new sibling package named
Pimp (at the MEDIAN package level), with:

= [0 mean
o two inputs a,b:’T :

o one output m:'T
o (‘T is numeric)

Create two specialization operators into a new sibling package named
Pspec (at the MEDIAN package level)

* meanlnt(a,b: uint8) return (m: uint8)

* meanReal(a,b: float64) return (m: float64)

Q.
S
ﬂw

floatG4

floatg4
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Lab 6: Solution

Instance the mean in the “test” operator:

o Create new outputs output4 (float) and output5 (integer)
o Use constant values to compute the mean

AIRSPEED_SEMSORS[0] —_|

> outputd

AIRSPEED _SENSORS[H] —! |

Q.
S
ﬂw

DISTANCE_SEMSORS[0] — |

> autputs

DISTAMCE_SEMSORS[M] — |

Run and play with the simulator

© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential



© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential



Lab 7: Accumulator (1/3)

Objective:

Create a min operator with a mapfold, in the median design

environment
Requirements:

Create an operator that provides the minimal numeric value between
two inputs.

Instantiate the min operator in the median operator to provide the
minimal numeric value of an input vector.

min<<N>> (v:’T"N) returns (m:’T) ’T is numeric

© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential



Lab 7: Accumulator (2/3)
| Name | Kind | Type

Designamin 2 operator  Acc_in input T
input T
output T

| Name | Kind | Type
AV

input ‘TAN

Design the min operator

output T

rpapfnld 1 ===

1 :},“
min 2
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Lab 7: Accumulator (3/3)

Udpate the median operator

1

values H min<<N>>
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Lab 7: Solution

EI :|:|~ min_2
= a Interface
i Vo acc_in

Create a min_2 operator (flnd m‘mlmal value of 2 values):

P : - =+ acc_out
R, @ diagram_min_2_1

Create a min operator where you instantiate min_2 with a
mapfold higher order:

EIDmln <Mz

=E a Interface mapfold 1 s<h==
M s 1 m
I >

e @ diagram_min_MN_1

Q.
S
ﬂw

Instantiate the min operator in the median operator
values >— min<<N>> median

Run and play with simulator on the test operator

NANSYS
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Lab 8: Accumulator

Objective:
Complete the useful operators for the median computation.

Requirements:

Create the following operators (use mapfold):
Find the maximal numeric value between two values

* max(acc _in:’'T,a:'T) returns (acc:’T)
Count the number of values greater than the reference value in an input

vector
* Count gt(acc in: uint8, ref:’'T, a:’T"N) returns (acc:uint8)

Count the number of values lower than the reference value in an input vector

* Count lt(acc in:uint8, ref:’'T, a:’'T"N) returns (acc:uints)

’T is numeric

© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential



Lab 8: Solution

Create a max_2 operator (find maximal value of 2 values):

accln

L
..... @ diagram_max_2_1 fﬂ/ui

Create a max operator where you instantiate max_2 with
mapfold higher order:

>1

Q.
S
ﬂw

=L max <<N>s

-9 Interface mapfold 1 s<h=>
N ; I H

- @y dizgram_ma_1
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Lab 8: Solution

Create a count_It_2 operator:

—

E-{} count_t_2
-3 Interface
----- R acc_in
I
----- Fr guess .

H-. = EICC_Dth acc_in +1 | ] > acc_out

@ diagram_count_kt_2 1

acc_in

Q.
S
ﬂw

Create a count_It operator where you instantiate count_[t 2
with mapfold higher order:

= count_it <<N>
Ella Interface

f N mapfold 1 <=iz=

4 —] .
: e W O
count_t_2 >
.y guess il

‘ @ diagram_court_k_1

Repeat the steps for count_gt 2 and count_gt
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© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential



Lab 9: Torben Algorithm

Objective:
Complete the median design

' Time: 20 mi
Requirements:

Use the Torben algorithm to complete the design of the median

© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential



Lab 9: Prerequisite

http://ndevilla.free.fr/median/median/index.html|

Median filtering is a commonly used technique in signal
processing. Typically used on signals that may contain
outliers skewing the usual statistical estimators, it is usually
considered too expensive to be implemented in real-time or
CPU-intensive applications.

2

>
S
S
ﬂa:

In a safety environment, the worst case execution time
(WCET) is more important than the best execution time. Also,
we prefer to avoid the large memory copy even if the
algorithm is slower.

© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential


http://ndevilla.free.fr/median/median/index.html

Torben’s Algorithm

Start by finding max and min values
And make a guess : the median should

be the mean between this min and max
min+max
2
, max =78, guess =45

value :

84

>
S:
5
ﬂ&
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S
e

2
2
S
S
o
~
Q

Torben’s Algorithm

© 2016 ANSYS, Inc.

min and max represent the minimal and
maximal value of the algorithm.

We now count the number of values
that are lower than our guess ant the
number that are above our guess :

5 are smaller than 45, 2 are above

This means that our median is between
our guess and the previous min value:
we can use our guess as the new max
value. We can even improve this by
using the value immediately below our
guess as the new max (as our max is
possibly not present in our lis)

The value immediately below 45 is 34,
this becomes our new max

February 1, 2017 ANSYS Confidential
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Torben’s Algorithm

Our new guess is then (12+34)/2 = 23
below = 3, above =4

. The definition of the median is to have as
many above than below. So we know in
this case that our median is the value
immediately above our guess, that is 24

. Thisis an n logn algorithm

84

>
S:
5
ﬂ&
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Lab 9: Prerequisite (C Code)

S

* The following code 1= public domain.

* Algorithm by Torben Mogensen, implementation by M. Dewvillard.
# This code in public domain.

*

#include "median c.h"

elem_ tvpe torhen(elem_tvpe *m, size_array n)
{
int i, less, greater, equal:;
elem_type min, max, guess, mazltguess, mingtguess;
min = max = m[0] : min and max initialization
for =1 ; 1<m ; 1++) {
m[i]<min) min=m[i]:
(m[i]»maxz) maxz=m[i]:

i
i f

£
}

while (1) .
guess = (min+max)-2; guess Computatlon
less = 0: greater = 0: =qual = 0;
maxltguess = min :
mingtyuess = max
for (i1=0; 1<n; 1++) {

if (m[i]<guess) { . . . .
less++; | counting the distribution
1f (m[1]>*maxltguess) maxzltguess ;

} else if (m[i]>guess) { around guess value,
greater++;
if (m[i]<mingtguess) mingtguess i] Select new min and max

1 else egqual++:

¥ —
i1f (less <= [(n+l)1-2 && greater <= (n+11-2) hreak ;:}—

2
2
S
S
o
~
Q

else 1f (lessrgreater) max = maxzltguess ; -
else min - mingtguess; stop condition
1f (less »>= (n+l1)-2) return mazltguess;

else if (lesstequal »>= (n+l)-2) return guess;

else return mingtguess: H .
, final median value ANSYS
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Lab 9: Prerequisite (C Code)

C code algorithm

® lne tolloWllg code 1S pupllc oomaln.
* Algorithm by Torben Mogensen, implementation by M. Dewvillard.

# This code in public domain.

- SCADE Suite model already designed

#include "median c.h"

elem_ tvpe torhen(elem_tvpe *m, size_array n) Use mapf0|d

{ . . fold<<N>>
int i, less, greater, egual; F_____:_]

elem_type min, max, guess, maxltguess, ; min 2

min z = m[0] :
1 1<n ; 1++) { fold<<N>>
m[i]<min) min=m[i]: 1 __€>M
m(i]rmax) maz=m[1]: max_2

in+ ey
min+max).2; AIRSPEED_STMNSORS[D] +— |

2
2
S
S
o
~
Q

ARSPEED_SENSCRS(M] — |

maxltguess = min :
mingtyuess = max
for (i1=0; 1<n; 1++) {
1t [M[1|<guUess) {
less++:
1f (m[1]>*maxltguess) maxzltguess 1 ; a fold<<N>>

T else 1f (m[i]rguess) { 1

1f (m[i]<mingtguess) mingtguess
1 else egqual++:

fold<<N>>

¥

if (less <= (n+l)-2 && greater <= (n+l1)1-2) break ;

else 1f (lessrgreater) max = maxzltguess ; > 1
! count_lIt_2

glse min = mingtguess: guess "N p—————

1f (less »>= (n+l1)-2) return mazltguess;
else if (lesstequal »>= (n+l)-2) return guess;

else return mingtguess; % 7O
NANSYS
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Lab 9: Prerequisite (Ada)

function torhen(m:Fog_Types.Array_Floatéd; n:Integer) return Koeg_Config.Keg_Floatfd
is

less, greater, equal: Integer:

min, max : Keg Config.Keg Floatfd:=m(0);]

guess, maxltguess, mingtyguess @ Koeg Config.Key Float6d:

flay : Boolean :=true;

begin
for 1 in 1..n loop
1f m(i) < min then
min := m(i);
end if;

1f m(i) > max then . e g . .
L e i mi) min and max initialization
end if;
end loop:
while (flag) loop
guess = (min + max)~-2.0;
less:= 0: greater:= 0:; egual:= 0; o
maxltguess = min;
mexltguess - win: guess computation
for 1 in 0..n loop
1f m(i) < guess then
less = less + 1;
1f mi(i1) » maxltguess then

ond qg; oSS counting the distribution
> gusss then around guess value,

greater := greater + 1;
1f mi(l1)< mingtgquess then

mingtgusss - m(i); select new min and max

2
2
S
S
o
~
Q

end if:

end if;
1f m(1) = guess then
egual := equal + 1;
end if;
end loop:
if ({less <= (n+1)-2 and greater <= (n+l1)~-2) then flag :=false:
end if: H
1f (less:greater) then Stop condltlon
max = mazltguess;
else
min := mingtguess;
end if;
end loop:
if (less »= (n+1)-2) then return maxltguess;
end if;

if (less+equal »>= (n+l1)~-2) then return guess: final median value

else return mingtguess:

end if; I\NS\IS
R :

end torhen:
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Lab 9: Prerequisite (Ada)

function torben(m:Keg Types. Array_Floatb4: n:Integer) return Keg_Config.Fog Floatbd

is . .

less, greater, egqual: Integer: SCADE SUIte mOdE| already dESIgHEd
min, max : Keg_Config.Keg Floatf4:=m(0) ;]|

2
2
S
S
o
~
Q

guess, maxltguess, mingtguess
flay : Boolean :=true;

: Kog_Config.Eeg_Floathd:

UJ.ll
for i in 1..n loop
1f m(i) < min then
min = m{i):
end if:
if m(i) > maxz then
= m(i);
nd Jf-

end loop;

maxzltguess
mingtanass
for 1 in 0O..

while J(flaagl loon
guess = (min + max ). 2.0;

min;
maw:
loop

i) < guess then

less = less + 1:

if m(i) » maxltguess the.
maxltguess = mf(

end if;

» guess then

greater = greater + 1;

if m({i)< mingtguess then
mingtguess := mi ):

end if;

end if;

if m(i

1 = guess then
egqual 1= egqual + 1;

raa weor

end loop:

i1f (less <= (n+l)-2 and greater <= (n+l1)-2) then tlzg

end if:

1f (less:greater) then
max := maxltyguess:

else

min := mingtguess:

end if;
end loop:

if (less »= (n+l)-2) then return mazltguess;

end if;

1f (less+egual »= (n+l1)-2) then return guess:
else return mingtguess;

end if;
end torben:
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mapfold 1 <=N==
1
min_2

mapfold 1 <=N==

a 1

¥ ;%————— max_2

AIRSPEED_SZMSORS[] —_|

ARSPEED_SENSCRSM] — |

mapfold 1 ==N=>

NANSYS




Lab 9: Solution

You need to implement a new min/max selection and the
median value finalization

1- Implement “above” operator to define new min/max value for next
iteration:

above_ 2(accln,v,guess:’'T) returns (accOut:'T)

=} above 2

E‘a Irteface vV >guess F—__|
F o acc_in v <acc_in —I |
. guess

H _D/D7> acc_out
i e acc_out

Q.
S
ﬂw

@ diagram_above_2_1

above<<N>>(max:'T,v:"TAN,guess:’'T) returns (mingtguess:’T)

=} above <zNz» max »>—19 fold<<N>>

E"a Irterface v H : —> mingtguesss
i Iﬁ N guess AN | above_2

..... = [Tia

L e v mapiold 1 ===
max S——a
i P guess

Vo — mingtgusesss
sbove 2 ﬂ > a1

L3 mingtguesss guess "N b——————————— -

@ diagram_above_1 I\NSH‘IS
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Lab 9: Solution

2- Implement the “below” operator to define new min/max
value for next iteration:

below_2(accln,v,guess:’T) returns (accOut:’T)

=1} below_2

=53 Inteface
' accn
e v

- guess
e acc_out
@ diagram_below_2_1

Vv <guess —__|
v >acc_in —I |

Q.
S
ﬂw

below<<N>>(min:'T,v:'TAN,guess:’'T) returns (maxltguess:'T)

B F below <<Nxs
Ela Interface

L E N

----- o min
e

. guess
3 madtguesss

—> maxltguesss

@ diagram_abovel_1 . mapfold 1 <=N==

a
1
] > T
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Lab 9: Solution

3- Create “guess<<N>>" operator to compute the median.
o This operator is mapfoldw to find the median value
o The accumulator is min and max value, stored in array

guess<<N>>(accIn:'TA2,v :'TAN) returns (continue:bool,accOut:'TA2)
2 half
e D o e

break

O—

min
accIn[0] ———

max
accin[l] b——

Q.
S
ﬂw

<IfBlock1> ——

<IfBlock2> —
less >= half

2 i accOut = [maxltguess, maxltguess];

count_lt<<N>>

N - greater >= half

{ accOut = [guess, guess];

mingtguess

accOut = [mingtguess, mingtguess];

Yy less > greater

i accOut = [min, maxltguess];

maxltguess

accOut = [mingtguess, max];
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Lab 9: Solution

4- Complete median<<N>> operator:

median<<N>>(v:"TAN) returns (m:'T) :‘m

guess<ENE:

—a

foldw<<N>>

1

guess<<N>>

Q.
S
ﬂw

5- Test median<<N>> operator (you can use the current
created environment):

AIRSPEED_SENSORS 1G04 | ane<a>> ﬂ> output1

DISTANCE_SENSORS 4878 | @ fianc<s>> M> output2

e )
inputl nt32 40 edian<<10>> &> output3
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Lab 10: KCG

Objective:

Understand the generated files

Requirements:

Generate KCG code of your median design, with default options

Observe the generated files (in KCG or KCGAda directory)
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Lab 10: Generate Code from IDE

- &2 CruseControl etp
) CruseCortrol
. £ ) Comtarts
Select the root operator from Scade view s o
| % O CaseContro
t {3 CruseReguiaton
¢ {3 CrumeSoeecii
& {3 SetursteThrottle
= System
= 2y Opaeston
: t: T SystemSend
: L B
Click on Settings in the Code Generator toolbar: D
o Select the Code Generator in the General tab: 4Ty

0 CaTyoe

« KCG 6.6 C or KCG 6.6 Ada ——

84

>
S:
5
ﬂ&

& Code Ganecator KCG ; ) >
Debug | Optmasons | Cochguraton | Compder | Buld
General E: 1 5 Vs |  Codeimegason

P

Rool oparstor 5 =

Coda Genarator

»

Target directory

Skip unused modal obpects

‘E ﬁ.@ - :Iﬁ- @ |I-'!:_.'I_=‘I"'-I| t: Setwamngs as enors
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Lab 10: Generate Code From IDE

You can also specify the root operator from the “Root node”
drop-down list S

I L. et
| Sepwaw iy Cocle v

2

>
S
S
ﬂa:

It is possible to set several root operators:

o Click on the browsing button and check / uncheck nodes:

o All selected operators are displayed separated by a comma in the
Root node field

Py Y —

Debag . | lpwstwmes Copgasce Zarede [
K Sppwwes Serwren 2w Cods g

NANSYS
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Lab 10: Generate Code From IDE

Generate the code based on the active configuration set in
the Code Generator toolbar:

-
Check in the “Info Log” tab:

* If the generation code is successful,
* If errors messages are displayed,

* The list of generated files.
Qutput

2

>
S
S
ﬂa:

Category Code Message
Code Generator
i Information Log Files LOGFIL LogFiles
L Information Generated Files GEMFIL KCG- Generated files
L. |nformation Generated Files GEMNFIL Type Utils Generated files
i Information Generated Files GEMFIL Snapshot APl Generated files
i/ Information Generated Files GEMNFIL Mapping Utils Generated files
i. Information Generated Files GEMNFIL Simulator Generated files
i. Information Generated Files GEMFIL Build Generated files
i Information Generated Files GEMFIL Code Generator Generated files

B BB

BHEEEB

| | | F\Messages ,}'\Cuverage ,}'\Dump ,}'\Eiuild }\Simulatclr hScript }'\Im‘u Log jr I\NS\/’S

© 2016 ANSYS, Inc. February 1, 2017 ANSYS Confidential



Lab 10: Generate Qualified / Certified Code

KCG is qualified / certified in a specific usage context (batch

mode), described in its requirements document or SCADE
Technical document.

Kcg<version>.exe <kcg options> <SCADE model files>
Example:
o Generate C code

* kcgb6.exe —root <NodeName> -expall -target C MySCADEModel.xscade
MySCADEModel2.xscade

o Generate Ada code

* kcgbb.exe —root <NodeName> -expall -target Ada
MySCADEModel.xscade MySCADEModel2.xscade

2

>
S
S
ﬂa:
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Lab 11:

Objective:
Understand KCG options

Requirements:

Generate KCG code of your median design, with different options:
Change the target directory
Modify the expansion options
Generate the context as global (C code)
Change the name length and significance length (C code)
Change the top-level package (Ada code)

For each generation, observe the generated files (in KCG or KCGAda
directory)
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Lab 12: Imported Operator

Objective:
Import target code (C or Ada) and simulate it

Requirements:

Use torben () function (median_c.c or median_a.adb file) to test your
design

Add a test with the imported function and simulate
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Lab 12: C Wrapping Function

You need to encapsulate the torben function to use in your
SCADE design

In Prerequisites\median_c.c file, below torben definition
function, create the function:

kcg float64 torben real 4 Up(kcg float64d m[4])
{

elem type arrayl[4];

Q.
S
ﬂw

int i;
for (i=0; i<4; i++)
array([i] = m[i];

return (kcg float64) torben(array, 4);
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Lab 12: Imported SCADE Function (C Code)

Create the imported function (into Up package)
o torben_real 4(array: float64”4) returns (median: float64)

Properties

- (General 5 Nod ® Funcii ;
- L INDde & runcuon
-- Declaration E F:I Up

- Type Variables |mpo|-ted Source file: median_c.c Ea OpEratDrS
- Comment [ mean
. Note [ specialize =0 torben_real_4

- KCG Pragmas_ Symbol fle: El'a Interface
- Code Integration by array

- Coverage Note Category: .= median
- Traceability

Q.
S
ﬂw
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Lab 12: Ada Wrapping Function Ada

You need to encapsulate the torben function to use in your
SCADE design:

In Prerequisites\Up.adb file, below torben definition
function, create the function:

-- Pimp::torben real 4/
function torben real 4(
-- array/
array 1 : in Kcg Types.Float64 Range 0 3) return Kcg Config.Kcg Float64

Q.
S
ﬂw

is

median 2 : Kcg Config.Kcg Floato64;
begin

median 2 := torben(m=>array 1,n=>3);

return median_ 2;

end torben real 4;
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Lab 12: Imported SCADE Function (Ada) [¥TH

Create the imported function into Up package:
o torben_real 4(array: float64”4) returns (median : float64)

Properties of torben_real_4

- General S Nod @ Funct .
() MNode (@) Function -

- Declaration Elm Up

- Type Variables [¥]imported Source file: median_a.adb El'a Operamrs

- Comment :
- Note [ Specialize [0 mean

- KCG Pragmas =[O tnrben_real_4
Symbol file:

- Code Integration B Ela Interface
--Coverage Note Category: Fooarray
- Traceability :

Q.
S
ﬂw

‘.= median
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Lab 12: Imported SCADE Function

Test torben_real 4 imported operator in “test” operator:

1
torben_real 4 > output4

Q.
S
ﬂw

3
AIRSPEED_SENSORS —8—— edian<<ds>> > outputl
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ANSYS TechTips
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ANSYS Techtips

Find the complete design in video on ANSYS Techtips Youtube
channel

https://www.youtube.com/playlist?list=PLOIZXWHtV60mbI6N3xgul86cpQ44GxTuX

ANSYS - EsTere”
. . P eloges

SCADE® Trainings
The Median
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