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1 Introduction

The purpose of this Baseline Report is to evaluate the capabilities of available tools that allow C-
code, suitable for use on an embedded microprocessor, to be generated directly from Simulink,
Stateflow, or mixed models. This report makes an assessment against the requirements stated in the
Challenge Problem document. Two of the models presented in the Powertrain Challenge Problem
are evaluated: Fuel-Air Ratio Control and Transmission Shift Control. The state of the tools with
respect to the requirements, and a subjective assessment of usability are presented. The evaluation
is based on the MATLAB version 6.0 toolset and other tools that are compatible with version 6.0.

1.1 Code Generation Tools

This document focuses exclusively on dSPACE TargetLink and The Mathworks Real-Time

Workshop and Embedded Coder for automatic code generation from MATLAB-based controller
models.

1.1.1 TargetLink (TL)

TargetLink version 1.2 is a C code generation and simulation tool developed by dSPACE Inc. The
TargetLink tool suiteis designed for use within the MATLAB Simulink/Stateflow modeling
environment. TargetLink presents a development environment that enables the creation of generic
C-code directly from the model representation for both fixed- and floating-point models.
TargetLink also provides automated simulation capabilities to allow side-by-side comparison
between the simulation environment and the generated C code.

1.1.2 Real-Time Workshop and Embedded Coder (RTW-EC)

Real-Time Workshop is a product of The MathWorks Inc., the company that produces MATLAB,
which isthe base application for thisinvestigation. As an integrated component to the simulation
environment, Real-Time Workshop generates portable and customized code from a
Simulink/Stateflow model. Embedded Coder 1.0 is an add-on product to Real-Time Workshop,
used to generate C code for specific target microprocessors, and integrates with other capabilities of

MATLAB. Built-in menus and configuration options are available to make various adjustments to
the generated code.
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2 Motivation

The use of simulation models as the compl ete specification for software behavior is abasic premise
of our approach. A benefit of having an executable specification isthat it allows a precise
comparison to the output of the available automatic C code generation tools[1]. Given the
disparate nature of the platforms on which the generated code must execute, understanding the
requirements for moving from a simulation-based controller model to actual hardware is an
important stage in the controller development process. In the modeling environment, the idealized
controller typically operates on awell-resourced workstation with substantial memory, storage, and
computational power, aswell as various 'helper’ functions in the development tools. In the target
environment, execution, resource and timing constraints are important considerations [2]. The
ability to integrate automatically generated code with existing softwareis also critical. Inthis
document we will discuss some of the details of configuring amodel and software tool
environment to generate C code in aformat that is appropriate for an embedded application.

3 Model Selection

As stated above, the focus is on two of the controller models given in the Challenge Problem:
Fuel-Air Ratio, and Transmission Control. Together, these models demonstrate characteristics that
allow important dimensions of the Code Generation Problem to be discussed. The base models, as
well as the annotated Simulink/Stateflow and TargetLink models used for code generation, may be
found at the UC Berkeley MoBIES website.

Both models have multiple subsystems, with functionality present at different levels, which permits
adiscussion of code encapsulation into C functions. Also, the complexity of the models allows a
significant amount of code to be generated for inspection. Finally, each model covers enough of
the modeling block sets to give a comprehensive perspective on code generation capability; the
Fuel-Air Ratio model is primarily Simulink-based, while Transmission covers a sizeable portion of
the Stateflow semantic.

4 Methodology

In order to ensure a complete analysis, we established a set of methods for evaluation of the code
generators. The context of the experiment is that the models represent subsystems for which codeis
to be generated and eventually integrated into alarger software structure. The report is organized as
follows:
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The Fuel-Air Ratio model is described in Section 5.1 for both the TargetLink and Real-Time
Workshop tools. The required model modifications for successful code generation are detailed.
The discussion covers both simple and complex tool settings. The intent isto give the reader afeel
for some of the issues involved with the basic operation of the tools. Additionally, we discuss some
of the requirements for controlling the output of the tool and managing the characteristics of the
generated C code. The models and generated code are then compared in simulation, and the tool
capabilities are tabulated with respect to the challenge problem requirements. The generated codeis
included in the appendices. Section 5.2 addresses the same issues for Transmission Shift Control.

The data used to verify the behavior of the model are derived from a sixty-second drive cycle
provided by UC Berkeley. The drive cycle was generated using the plant model developed to
exercise the various controller models described in the Challenge Problem Document. It should be
noted that the verification test data represent a single test vector. No attempt was made to
exhaustively test the generated code. An assessment of correctness for the generated code is made
exclusively by the comparison of simulation results for the model and code over the test cycle.

5 Results

In this section we will discuss the models on which we focused our analysis, and then discuss the
capability of the automatic code generation tools: first TargetLink, then RTW-EC.

5.1 Fuel-Air Ratio Model

The Fuel-Air Ratio model is primarily data flow. That is, outputs are derived from inputs almost
exclusively by the evaluation of algebraic equations. As such, most of the object blocks are from
the base Simulink libraries. As a component of the overall controller, the function of this model is
to calculate desired fuel (dMfc), in kg/second, by taking the following as inputs to drive the
calculation:

we - engine speed (in radiang/sec)

map - manifold absolute pressure (in kilopascals)
bp - barometric pressure (in kilopascals)

tps - throttle position sensor (in degrees)

02s - oxygen threshold sensor (logical/Boolean)

An analysis of the model shows that only some of the inputs have any dynamic influence on the
calculation of dMfc. The one state machine in the model, afr_fast_ctl is used to conditionally
execute the subsystem afr_fast_observer, which determines the rate at which recalculation of the
output value occurs.
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5.1.1 TargetLink Code Generation

5.1.1.1 Model Modifications Required for Code Generation

It isunusual to find models created in the MATLAB simulation environment that are entirely
suitable for use in an embedded product, regardless of the code generator which must trandlate
them. Typicaly, some featuresincluded in the simulation environment are unnecessary when
applied to the embedded processor module. Conversely, embedded code has requirements that
must be explicitly modeled to support automatic code generation. The following discussion
describes the necessary modifications to the Fuel-Air Ratio model for code generation using
TargetLink.

Referenceto Time Variable't' in State Machine " afr_fast ctl”

In the Stateflow model, this reference to the variable t, which is always available in the MATLAB
runtime environment, ordinarily would present the current absolute time to the user at the command
window. This variable has no comparable use in the embedded system and, sincet is not being
used for any kind of calculation, may be deleted.

Addition of a Function-Call Block to the Top- Level Trigger Input

When model subsystems are separated from their parent systems, there are typically input signals
that are unconnected or must be duplicated for behavioral consistency. In this particular model, a
top-level trigger input must be reconnected to atrigger that runs at the same rate as if the model
were connected. Thisiscritical in registering the sample frequency of the input datato the
execution rate of the system.

Configure Top-L evel Port Widths

Again, since this model has been separated from a parent system, some information has to be
manually added to account for the disconnection. In the simulation model, the port width of the
input portsis automatically derived from the parent system (the port width is accessible viathe
block properties dialogue for the input port block; avalue of *-1" indicates the signal width isto be
the same as the connecting signal from the parent subsystem). To generate code, these values must
be altered to conform to the data width of the input signals. In the case of Fuel-Air Ratio, the input
signals are scalar (width = 1).

Conversion to the TargetL ink BlockSet (Automated)

TargetLink does not generate C code directly from the Simulink model; rather, the dSPA CE tool
automatically replaces most of the blocks in the model with TargetLink-specific blocks and adds
several blocks beyond those. The conversion to the TargetLink blockset from the Simulink
blockset enables alevel of software engineering specification to be applied to the model viathe
TargetLink block properties dialogue box (see Figure 1). The additional blocks, (such as
TargetLink Inport and Outport blocks) can be useful in demarcating function boundaries,
interfaces, and return values. The TargetLink Main Dialogue block controls the overall parameters
for code generation and simulation. Also, the blockset has the capability to capture simulation data
that are used for code validation and numeric scaling.
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Figure 1: TargetLink Block Properties Dialogue Box

Product and Division Blocks

TargetLink supports both fixed- and floating-point model representations for code generation. For
integer or fixed-point cal culations, multiplication and division blocks with more than two inputs
must be replaced with multiple two-input blocks. For fixed-point code, this permits automatic
binary point scaling. This modification isillustrated in Figures 2 and 3.
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Figure 2: Original Subsystem: port_airflow

5/7/02



Ll
Ot " K 1, g e i o
= I X -L

= — ) e i - ‘_.
. (LY

Lo -

Figure 3: Subsystem port_airflow after Product Block Transformation

Discrete Time I ntegration

Asnoted earlier, most of the model has a basic dataflow-driven architecture. Thereis, however,
feedback in one section of the model, and this has interesting implications with respect to code
generation. Inthe modeling and simulation environment, block execution ordering and some
timing details are commonly hidden from the user by the modeling tool; in the case of embedded
implementations of controllers, these details are critical for repeatability, consistency, and
accuracy. Inthe case of the Fuel-Air Ratio model, the most interesting aspect of the model that
must be managed is the execution timing. The top-level trigger signal, trig_afr_fast, controls
when the calculation for dM Fc is performed. In Figure 4, one can seethat do_afr_fast_observer
isconditionally executed by afr_fast_ctl. Also, one can seein Figure 5 that, since thereisonly an
action associated, the calculation is performed each time, unconditionally, whenever the state
machine afr_fast_control istriggered. Under these circumstances, the entire model runsin a
singletime step. In asubsystem subsumed by afr_fast_observer, however, thereisacalculation
using a discrete time integrator block (Figure 6).
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When the user attempts to generate code, the following fault indication is given:

"Error #25322: Subsystem Di screte-Time Integrator: This TargetLink Discrete
Integrator block resides in a conditionally executed subsystem”

— 11 5/7/02



L]

fuel s _1abis_mewa_bnksf

Fin [l Vs Sealgion Fomst Tgok Heip

da_i_ohzmved port_ Pusiilos *

Pl | fied b o Tead#lad 3C 3 0 ol Wi TOTE1 sl ABAdE S WS Lflanl

1005 odedl

Figure 6: Subsystem with Discrete Time Integrator Block

To understand this error message, one must look at the architecture of the model, the nature of the
discrete integrator block, and the requirements for realizing executable code on target hardware.

For many embedded controller applications, unit delay blocks ( z*) are common (see Figure 7).
This block operation simply holds the value of the input for one iteration before it isrealized at the
output of the block. Thisis sometimes useful in comparing the previous time step value with
current time step value for use in various calculations. The implementation of this calculation
would be ssmple because it is time independent; the unit of delay is whatever length of time spans

reca culation of the block.
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Figure 7: Delay Block Representation

Given some discrete time step k (as represented in Figure 7):

ylk) _1

e(k)

2> y(k)=ek-1)

12

5/7/02



The Discrete Time Integrator block, T , isdifferent. Thisblock requiresintegration that is

dependent on the amount of absolute time that has lapsed since the last the operation was
performed.

So why does TargetLink complain? If the integrator block had not been in atriggered subsystem,
the integration time would be derived from the sample time of the model. Asit stands, the
execution of the block is controlled by a state machine, which could run intermittently depending
on the state machine logic. TargetLink detected the existence of this block in a conditionally
executed subsystem. In fact, analysis of the model execution shows that all the calculations take
place in the same time context as the sampling rate. That thisisthe caseis only coincidental to the
architecture of the model, hence the error message.

Typicaly, embedded application software is free of references to execution, or sample time.
Usually each task runsin its own execution context, and this is managed by some external task
scheduling mechanism. It is common for the task ratesto be fixed, in order to effectively manage
processor resources, and as a precaution to ensure schedul ability.

This raises the question - how does one transl ate the model to eliminate this dependency on the
Discrete Integrator block without changing the behavior of the model? The following equation
gives us an equivalent transformation (see Appendix A for derivation):
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Figure 8: Replacement System for Discrete Integrator Block

Consequently, the discrete integrator block can be replaced by the system shown in Figure 8. The
calculation of T originates in the custom code block labeled cc_deltatime. For an embedded
implementation, this represents a call to an embedded hardware dependent routine that returns
absol ute elapsed time since the function was last called. It isimportant to note that any
transformation of the Discrete Time Integrator is ultimately dependent on an accurate rendering of
absolute elapsed time, not simulation or sample time. TargetLink alows the user to integrate calls
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to customized source code into the model to be included in the generated C code, and to run in the
simulation mode. A template file for specifying the function prototype is provided.

Beyond the issue of correctness of the implementation, configurability of the tool to produce code
with specific software engineering characteristics is an important feature. From this standpoint,
TargetLink offers options for adding software detail at the individual block level, and controlling
characteristics of the generated code. For the Fuel-Air Ratio code, all datatypes were converted
from the ssimulation model default 64 bit floating (double) to 32 bit floating-point (F32 float),
consistent with typical embedded floating-point implementations.

Data Type Conversion

To select the appropriate output type, the user can select the block properties dialogue for each
block. An aternative method for quickly changing block attributesis to use the Property Manager.
The TargetLink Property Manager (Figure 9) is a configurable graphical user interface that allows
the user to see and/or modify any of the attributes of the blocks and data elementsin a model.
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Figure 9: Property Manager Screen

Top-level Inputs as Function Call Parameters (and Return Values)

When a TargetLink system is created, inport and outport blocks are added to define the interface to
the system. Within the block properties options, specification of block signals as function
arguments and return values is possible.
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Function Name

The addition of a TargetLink function block to the afr _fast _observer block allows the user to
specify the name of the function, calc_fuel_air_ratio, realized by that subsystem, via a dialogue
entry box in the function block properties block.

Calling Parameters

Specific identifier names, in our case the input and output parameter names, can appear uniquely in
code by specifying the name and class (as parameters) in the TargetLink inport and outport
properties block.

Named Constants

Code can be generated referencing constants by their literal names associated with the appropriate
variable class; in this case, MACRO. These names and their values will appear as #define
declarationsin the resultant C code.

For fixed-point C code generation (integer calculation only, and assuming a 16-bit processor), there
are additional modifications that must be made to the model:

Data Type Conversion

All output types and block calculation parameters must be converted to S16 (16 bit single, the same
asMATLAB type Int16 ). This can be done on a block-by-block basis, or handled through the
TargetLink Property Manager, as described above.

Discrete Time I ntegration

A user-defined function must be inserted in the model to generate a fixed-point time calculation. As
mentioned previously, a custom code function was added to reference an embedded hardware timer
to perform discrete time integration. In order to use thisfor fixed-point, the return type of the
function must be adjusted, and the C code to read the timer must be changed accordingly.

Fixed-point Scaling

The most important aspect of designing fixed-point C code is the determination of the scaling
factor, or binary point for each variable. In this respect the user has severa options. Each
TargetLink block allows the user to set the binpoint, or use a built-in calculator to determine limits
and resolution (see Figure 10). If the user has access to floating-point simulation data, the option
exists to execute the ssmulation, log the value ranges at each block, and let TargetLink
automatically scale all the values for the system.
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Figure 10: Properties dialogue with active fixed-point boxes

5.1.1.2 Verification

An important aspect of having atool that automatically generatestarget C code isthe ability to
verify the code against the original model. This servesto give the user confidence that the
modifications made for software engineering purposes have no significant or unpredictable impact
on the function [2].

The TargetLink tool provides atightly integrated environment that allows code generation and
simulation of both the original idealized model and the C code derived from the model.

After the code is generated, the user has severa options. TargetLink builds a customized
simulation frame that manages all the details of instrumenting the generated C code, and the user
has several methods for determining which block outputs to monitor and plot. A separate menu
option allows the user to generate code from the idealized (full 64-bit resolution) model for
comparison with the target fixed-point code.

5.1.1.3 Metrics

Section 3.2 of the Challenge Problem Document enumerated the required attributes for a code
generator. These trandlate the behavioral specification of the model into adesired C code format.
In the table below, these criteria are assessed for the TargetLink tool operating on the Fuel-Air
Ratio model.
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Table 1: TargetLink Metrics for Fuel-Air Ratio Control

Item | Challenge Problem Criteria Assessment
Fuel-Air Ratio Controller
A | ANSI C (stated compliance) YES
B | Preserved Functionality (Simulink) YES
C | Preserved Functionality (Stateflow) N/A
D | ROM/RAM /CPU Efficiency 200/32/* bytes
E | Traceable /Readable YES
F | System Independent Functions YES
G | Automated Usage YES
H | Discrete Time Support YES
I Call to UserCode YES
J | Call from User Code YES
K | Variable Name Control YES
L | Variable Type Control YES
M | Type Qualifiers YES
N | Storage Class Control YES
O | Variable Scoping Control YES
P | Variable Initialization N/A
Q | Variable Declaration N/A
R | Function Partitioning YES
S | Function Prototyping YES
T | File Partitioning YES
U | C Structures NO
V | User Comments YES
W | Processor Optimization YES

Table Note Key:

A.

dSPACE states ANSI Compliance. Per al visual inspections to date, the code generated has
complied with the ANSI/ISO 9899-1990 standard, although no formal validation has been
performed.

For the tested models from the Powertrain Challenge Problem, no significant difference
between the generated code and the model was detected. Some minor differences are attributed
to the resolution of the datatyping options selected (see Appendices).

Not Applicable for the Fuel-Air Ratio model, as thereis no significant Stateflow usage.

See Appendix B for systems configuration details for these results. Though no execution
(CPU) measurements were taken, code size is a broad indicator of execution performance.

For the given model, the correlation between the representation in Simulink and the source code
syntax isgood. This, however, is dependent on the configuration of the model including
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selection of function interfaces and boundaries, and decisions about choosing variable and
constant names. In other words, if one lets TargetLink, (which uses methods to prevent
variable and system name collisions) make all the naming decisions, it will be more difficult to
correlate the resultant code with the original model.

. The generated code is completely free of RTOS calls, hardware dependencies, and low-level
drivers. Though not tested, options exist in the tool to take advantage of platform and compiler
specific optimizations.

. Each of the TargetLink blocks has a documented API for reading and setting all of the
configuration options that could be altered viathe GUI. Aswell, the TargetLink Main
Dialogue Box, the means by which the overall code generation and simulation system is
configured, is controllable via a published API.

. A magjority of the discrete time blocks availablein MATLAB Simulink are supported under
TargetLink.

Function callsto external code are available viathe custom code block. The user must
configure atemplate file that describes the calling interface. The source code must be
accessible and resolvable, so that the build process for the entire model can be performed.

The top-level interface for the function that represents the model is definable at the system
level. Thus, many type, storage class, and pass-by options can be configured if TargetLink has
been made aware of, and supports the particular data configuration.

. The user has control over the name that will appear in the code for each block output. If left
unselected, the tool uses a macro scheme to uniquely resolve each output.

. The user has control over the C data type that will appear in the code for each block output.
This must be selected for each block, or else the user will be left with the default datatype
(usualy int16). A configuration file is available to alias data types to names of one's own
choosing (e.g. float to F32), which then display as menu options in each block.

. The user has control over the storage class, type qualifier and/or macro definition that will
appear within the data object initialization/declaration. The user may use the supplied class
objects, or create customized classes viaa configuration file. All classes are then available
from the TargetLink block's property menu.

. Please see explanation under criterion Type Qualifier'.

. Please see explanation under criterion Type Qualifier'.

. Toinsure proper model simulation, the Simulink and Stateflow modeling tools handle variable
initialization. TargetLink uses those initialization values.
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Q. Toinsure proper model ssimulation, variable declaration is handled by the Simulink and
Stateflow modeling tools. These variables are then accessible in the TargetLink tool
environment.

R. A specialty block added to a subsystem allows it to be generated as a separate function, with a
name of the user's choice. Control over the function parameter interface is managed by the
TargetLink inport/outport blocks.

S. Function prototypes are generated automatically in the associated include file for each specified
function.

T. Specification of the name of the file in which the function should reside may be accomplished
using the TargetLink Function Block.

U. Support for definition of variables within structures or notation to access C structuresis not
available.

V. Most blocks allow the user to add comments. The user has the option of having the comment
appear in the code either at the declaration of the block variable, or at the location of the blocks
evaluation.

W. For supported compiler/processor pairings, two levels of optimization are available: thefirst

level adjusts ANSI C compliant constructs for enhanced efficiency, while the second level
permits non-ANSI C extensions and assembly code.
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5.1.2 Real-Time Workshop with Embedded Coder (RTW-EC) Code Generation

5.1.2.1 Model Modifications Required for Code Generation

Aswith TargetLink, there are certain modifications required to the Fuel-Air Ratio model to enable
code generation using Real-Time Workshop with Embedded Coder. Specifically:

Discretize the Simulation Environment

In the Simulation Parameters * Sol ver’ tab, one must select ‘Fi xed Step Sol ver’ inthe
Solver Option Box and ‘Mbde Si ngl e Taski ng’ inthe Mode box. Together, these options
inform the code generator that no additional code to manage variations in time step or time contexts
IS necessary.

Addition of a Function Call Block tothe Top L evel Trigger Input
As previously discussed, atop-level trigger input must be incorporated to register the sample
frequency of the input data to the execution rate of the system.

Select the Appropriate System Target File

In the Real-Time Workshop pane of the Simulation Parameters dial ogue box, the user should select
ert.tl c (Embedded Rea-Time Coder) asthe TLC (Target Language Compiler) file from which

code generation will occur. Of the available coder options, this one is most suitable for generating

embedded C code from the model.

It should be noted that selection of the * Generate code only’ checkbox will save the user from
having to wait for a complete build and compilation of the model code.

Asdiscussed in section 5.1.1.1, the characteristics identified below are important to realize in the
generated C code for, among other things, data element specification, integration, and traceability.

Function Interface Control

Under RTW, thereis no practical way to partition software functions in the generated code because
the MATLAB code generation framework creates its own calling hierarchy and initialization
routines. Neither isthere away to control the prototype, even when functions are created using the
atomic unit option, selectable from each subsystem’ s block properties. Also, if atrigger penetrates
a system, atomic function boundaries are disallowed. Furthermore, RTW-EC does not support a
stand-alone function architecture that allows the user to uniquely specify return parameters. The
framework for executing functions and returning values is embedded in an RTW-specific format.

Data Type Conversion

At thetop level, the inputs to the model we, map, bp, tps, and 02s can be typed by double clicking
the port connector bubble, and selecting the desired type (see Figure 11). These type designations
(singl e, double, intl6, uintl6, int8, uint8, Boolean, int32,

ui nt 32, ) are specificto MATLAB and cannot be aliased or defined to other type names. In the
generated code, a double will be represented by type specifier r eal _ T, whose type is defined by
MATLAB at compiletime.
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Figure 11: Input Port Properties Dialogue and Model

Certain MATLAB blocks do not accept data-typed signal lines as input, in which case input data
must be converted to the type required by the block (see datatype conversion block in Figure 12).
The output of these blocks must be re-converted to the user-desired type. These modifications are
required for the Discrete Time Integrator block in the Fuel-Air Ratio model.
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Figure 12: Data typing blocks positioned around integrator

In this particular model, many named constant variables originate in the workspace, and are
automatically typed as double. In order to get the data type correct in the generated code, it was
necessary to go to the particular block instance and ‘typecast’ the variable. The user interface for
thisoperation isillustrated in Figure 13.
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Figure 13: Setting Workspace variable data type to single

Calling Parameters

To make the generated code more traceable, it's desirable to have identifiers in the model
represented by the same variable in the generated code. To achieve this, we use the signal
properties dialogue. Both options| npor t edExt er n, and Expor t edd obal will yield
unmangled identifiersin the code, but do not cover the range of storage classes and qualifiers
availablein C. Asshown in Figure 14, the RTW Storage Class Qualifier in the signal properties
dialogue box allows the user to type in text to be used as storage class types in the generated code.
These strings are unchecked character strings, but will appear in the declarations of the generated
code, assuming the user has taken steps to specify the declarations.

Named Constants

Thisisthe desired method for specifying data elements that are unchanging because, as #defines
they are replaced at compile time and do not consume ROM. There does not seem to be a user-
accessible way to make named workspace constants into #defines. Under RTW-EC, the best way
to get constant variables that are not embedded in aMATLAB structure to appear as named in the
generated codeis, inthe Advanced tab of the Si nul ati on Par anet er s dialogue, to select
thel nl i ne Par anet er s checkbox. Thiswill enablethe Tunabl e Par anet er s button.
The user may then name variables that should be name accessible, for instance a calibration
variable. For the unchanging workspace variables, the qualifier const was selected. The user
may also add information to the variable viathe * storage type qualifier’ type-in box, but thisis
merely atext string prefix, and is not checked against any ANSI C keyword or type.
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Figure 14: Signal Properties Dialogue

5.1.2.2 Verification

The software engineering detail added to the model in MATLAB allows Real-Time Workshop to
customi ze the characteristics of the generated code. As discussed above, these customizations
make it easier to integrate the generated C code into other applications, or reference data elements
specified in other modules. The type specification capability allows target-specific data sizing to
be performed.

Verification was accomplished by encapsulating the generated codein aMATLAB S-Function for
simulation and comparison with the original Simulink model. The process for creating an S-
function wrapper for this purpose is well documented in the Writing S-Functions manual. A
number of verification issues are discussed below:

Storage Class | ssues

The ability to integrate automatically generated code with existing collections of source codeisa
critical element for migrating to a more efficient software development process. Thus, for the Fuel-
Air Ratio model, it was assumed that this code module would be integrated into some larger
software structure. Thus, top-level input signals were designated | npor t edExt er n to indicate
they were inputs to the model. There were no errors given when code was generated for this
model. When, however, the attempt was made to build the code for simulation, the following error
resulted:

NMAKE : fatal error Ul1077: 'D:\ MATLABR12EQC\ bi n\wi n32\ nex' : return
code ' Oxff'
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Backtracking through several steps uncovered the root of the problem. The storage class of the top-
level inputs was then changed to * Exported Global’, thus declaring that the system inputs originate
internally.

Basic Data Typing

At the top level of the model, it was desired that the inputs be 32-bit floating-point variables (float),
the default for an automotive floating-point embedded processor. For simulation, the wor kspace
I /O tab(inSi nul ati on Par anet er s) referenced a data structure with appropriate input
data. Care wastaken to cast the data into a 32-bit float format to ensure compatibility. Upon trying
to run the ssmulation, the following error was generated:

Invalid data type for inport block 'fuel _air_ratio_ert/we'. The
external inputs specified for the block diagramindicate that the
data type should be 'double'. Instead, the data type is being set
to 'single

It was determined that the data structure must be changed from the MATLAB default:

Ti me
Si gnal s. val ues
Si gnal s. di nmensi ons = X;

To:

Ti me
Si gnal s(1). val ues
Di nensi ons = 1;

Si gnal s( X). val ues
D nensions = 1;

That is, in order for the compiled code to execute as an S-Function in Simulink using 32-bit
floating-point inputs, the input data structure had to be changed from the multi-dimensional
MATLAB default, to a structure consisting of individual vectors for each input.

The code generated under RTW-EC istargeted for usein a MATLAB-specific environment.
Analysis of the code reveal s built-in macros and system calls that were unspecified by the user, but
are generated to maintain consistency with the MATLAB environment.

Discrete Time I ntegrator

Embedded Real-Time Coder generates C code for, and builds the executable file for the Fuel-Air
ratio model with the Discrete Time Integrator block without complaint. As stated before, it is
coincidence that the time integration step is equivaent to the model sample time. If the state
machine that drives the calculation were to run conditionally, the result would be incorrect. The
generated code must be dependent on an absolute time reference (in target hardware) in order to
perform the proper integration.
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Conditional Compilation

The simulation results are, of course, obtained from executing compiled source code. Examination
of the source (.c) and header (.h) files reveals a dependence on preprocessor defines in order to
select the appropriate syntax for compilation. In our circumstance, the variable "ERT" must be
defined during the compile to build the correct code.

5.1.2.3 Metrics

Code Generator Feature Comparison Table
In this section, the Challenge Problem Document and metrics are tabulated for the real time
workshop with embedded coder for the fuel-air ratio model.

Table 2: RTW Embedded Coder Metrics for Fuel-Air Ratio Control

ltem Challenge Problem Criteria Assessment
Fuel-Air Ratio controller

A ANSI C (stated compliance) YES

B Preserved Functionality (Simulink) YES*

C Preserved Functionality N/A

(Stateflow)

D ROM/RAM/CPU Efficiency 876/56/*
bytes

E Traceable / Readable NO

F System Independent Fcns. NO

G Automated Usage NO

H Discrete Time Support NO

I Call to UserCode NO

J Call from User Code NO

K Variable Name Control PARTIAL

L Variable Type Control PARTIAL

M Type Qualifiers PARTIAL

N Storage Class Control PARTIAL

@) Variable Scoping Control NO

P Variable Initialization YES

Q Variable Declaration YES

R Function Partitioning PARTIAL

S Function Prototyping NO

T File Partitioning PARTIAL

U C Structures NO

\ User Comments NO

W Processor Optimization NO
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Table Notes:

A.

RTW-EC states ANSI C Compliance. Per visual inspections, the generated code complies with
the ANSI/ISO 9899-1990 Standard, although no formal validation has been performed.

Y es, conditionally. See explanation in discussion on RTW Embedded Coder verification.

Not Applicable for Fuel-Air Ratio Model.

. See Appendix B for systems configuration details for these results. Though no execution

(CPU) measurements were taken, code size is a broad indicator of execution performance.

For the given model, the correlation between the representation in Simulink and the C codeis
difficult. Thereare severa ‘.c’ and ‘.h’ files generated, and it is not clear which is being called
without close examination of all of the generated functions. In addition, there are many
functions (and/or macros) interspersed in the files that have no obvious computational
correlation to the model. These functions are generated to support the simulation framework
for models intended for the MATLAB environment. To determine their effect on the generated
code, the user must backtrack through source code located in MATLAB system directories
(referenced by named ‘.h’ files). Also, there are sections of C code in the headersthat are
conditionally compiled, making tracking more difficult.

The generated code is dependent on MATLAB specific system calls and macros/ include files,
severa of which chain into other include files.

In order to generate useful C code for an embedded application, options in different dialogue
boxes and menus must be appropriately configured. Documentation is sometimes less than
clear, occasionally resulting in a"trial and error approach™ to code generation. For example,
when the option "Enabl e MAT-fil e | oggi ng" isseected, RTW-EC produces C code
that executes only for the duration of the simulation time.

. Embedded Coder 1.0 will generate C code for models containing Discrete Time Blocks. See

Verification discussion section.

No ssmple method is available, but it can be accomplished by integrating the code into an S-
Function. The user must be adept at building S-Functions, generating DLL files, and writing
TLC (Target Language Compiler) code in order to get the proper interface to the model code.

No configurable function call interfaces can be generated, and function calls depend on
functions/macros generated in other locations.

. Signal names may serve as variable names that appear in the code. There is some control for

naming variables; the user has control over the name that will appear in the code for each block
output.
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L. Atthetop leve of the model, users may select datatypes of theincoming variables. Type
conversion blocks (back to double) may need to be inserted around Simulink blocks that do not
support specific datatypes. Thereisnoway to alias MATLAB datatypes (e.g. Real T) toa
user specified type (e.g. float or aliased_type).

M. Inthe signal properties dialogue box, options for adding qualification strings to identifiers are
allowed. These aretext strings that will be added to the identifier declaration, but are not
understood by the code generator as C keywords.

N. User can choose between | npor t edExt ern, Export edd obal , ExternPointer,
or Aut 0. Thisisincomplete with respect to available C storage classes. Note: Aut 0 isnot to
be confused with the C storage class of the same name. In MATLAB, Aut o tellsthe code
generator to select a storage class automatically.

O. No control for specifying variable scopes is available.

P. Variables can beinitialized using methods typical for simulation in Simulink and Stateflow (for
example by using fields in the Stateflow Explorer, constant blocks, and workspace variable
definitions).

Q. Variables can be declared using methods typical for ssmulation in Simulink and Stateflow (for
example by using fieldsin the Stateflow Explorer, constant blocks, and workspace variable
definitions).

R. Subsystems can be specified as atomic units (and subsequently, functions) via a properties
submenu. Care must be taken not to affect the model execution behavior in selecting this
option.

S. Thereisno way to specify the function prototype for systems demarcated as functions.

T. For subsystems labeled atomic and declared as functions, C file names may be specified.

U. C structures exist in the generated code, but are not configurable by the user; most
automatically specified data e ements are maintained in structures by default.

V. No facility for controlling the creation of comment fields is available.

W. No processor or compiler target-specific optimizations are available.
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5.2 Transmission Model

The transmission model is an example of a subsystem weighted heavily toward control flow. The
model, consequently, consists primarily of state machines represented by Stateflow constructs.

The model describes controls for a 4-speed automatic transmission. At the top level of the model
there are 5 inputs:

tps - throttle angle (in degrees)

VSS - vehicle speed (meter per second)

trig_slow - dlow trigger signal (20 milliseconds)

p_e switch - state of the power/economy switch (logical)

a_gear - actual gear commanded (1,2,3 or 4)
There are a so five outputs:

pcl - clutchl pressure (kPascals)

pc2 - clutch2 pressure (kPascals)

pc3 - clutch3 pressure (kPascals)

pcd - clutch4 pressure (kPascals)

pb12 - pressure for the 1-2 band clutch (kPascals)

In addition, the model includes 2-dimensional |ook-up tables, which contain calibration parameters,
such as:

1) shift_speed_12, shift_speed 21, shift_speed_23, shift_speed_32, shift_speed_34,
shift_speed_43. The x valuesin the tables are throttle angle in degrees. They values are
vehicle speed in km/h at which a shift should occur for the given throttle angle input.

2) cl table, c2_table, c3 table, ¢4 table, b12 table. They valuesin the tables are double
values that indicate whether a particular clutch is engaged (either O or 1). The x values for
the tables represent the next gear.

5.2.1 TargetLink Code Generation

5.2.1.1 Model Modifications Required for Code Generation

Many of the modifications necessary to allow the model to simulate and generate embeddable C
code in TargetLink were discussed in Section 5.1.1.1 of the Fuel-Air Ratio model. Specifically, the
tasks of block trandlation, data type application, and applying functional interface specifications.
Modifications required for TargetLink code generation from the Stateflow transmission model are
described below:

Fixed-point Scaling

In section 5.1.1.1, the determination of the scaling factor, or binary point for each variable was
managed via parameters available in the properties of each TargetLink block. Fixed-point scaling
for Stateflow blocks requires additional modifications.. Stateflow variables must be typed as single

— 28 5/7/02



or double. TargetLink then overlaysinteger type, scaling information, and other code generation
attributes on the Stateflow base type. Fixed-point scaling for each variable can be adjusted
manually. To scale the variables automatically, the user must provide minimum and maximum
value information via Stateflow Explorer.

5.2.1.2 Verification

The generated code was verified by creating amodel containing both the original controller and the
generated code. In this case, the floating-point TargetLink generated C code was tested. To the
extent that the selected test vectors exercised the system, the generated C code exactly replicated
the simulation specification. For the general methodology description, see Section 4.

5.2.1.3 Metrics

Section 3.2 of the Chalenge Problem documentation enumerated the required attributes for a code
generator. In the table below, these criteria are assessed for the TargetLink tool operating on the
Transmission mode!.

Table 3: TargetLink Metrics for Transmission Control

Item | Challenge Problem Criteria Assessment
Transmission Model
A | ANSI C (stated compliance) YES
B | Preserves Functionality (Simulink) YES
C | Preserves Functionality (Stateflow) YES
D | ROM/RAM/CPU Efficiency 3372/80/*
bytes
E | Traceable / Readable YES
F | System Independent Functions YES
G | Automated Usage YES
H | Discrete Time Support N/A
I Call to User Code N/A
J | Call from User Code YES
K | Variable Name Control YES
L | Variable Type Control YES
M | Type Qualifiers YES
N | Storage Class Control YES
O | Variable Scoping Control YES
P | Variable Initialization N/A
Q | Variable Declaration YES
R | Function Partitioning YES
S | Function Prototyping YES
T | File Partitioning YES
U | C Structures NO
V | User Comments YES
W | Processor Optimization YES
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Table Note Key:

A.

dSPACE states ANSI Compliance. Per al visual inspections to date, the code generated has
complied with the ANSI/ISO 9899-1990 standard, although no formal validation has been
performed.

For the tested models from the Powertrain Challenge Problem, no significant difference
between the generated code and the model was detected. Some minor differences are attributed
to the resolution of the data typing options selected.

Per the validation experiment, functionality of the generated C code appears to match the
behavior of the model.

See Appendix B for systems configuration details for these results. Though no execution
(CPU) measurements were taken, code size is a broad indicator of execution performance.

For the given model, the correlation between the representation in Simulink and the source code
syntax isgood. This, however, is dependent on the configuration of the model, including
selection of function interfaces and boundaries and decisions about choosing variable and
constant names. In other words, if one lets TargetLink (which uses methods to prevent variable
and system name collisions) make all the naming decisions, it will be more difficult to correlate
the resultant code with the original model. Correlation of Stateflow diagrams with multiple
sub-states and transitions is a complex process under any circumstances; the intricacies and
subtleties of the graphical notation of Stateflow will not usually result in asimple
implementation in C code. Correlation is simplified by the TargetLink naming scheme, which
prepends identifiers with logical subsystems and statechart tags.

The generated code is completely free of RTOS, driver, or hardware-dependent calls (see
'Optimization’ item for the exceptions).

Each of the TargetLink blocks has a documented API for reading and setting all of the
configuration options that could be altered viathe GUI. Data elementsin Stateflow can be
accessed and/or modified viaadocumented API. The TargetLink Main Dialogue Box, the
means by which the overall code generation and simulation system is configured, is controllable
viaapublished API.

. A magjority of the discrete time blocks available in the MATLAB/Simulink libraries are

supported under TargetLink, though no discrete time elements are present in the Transmission
model.

No external function calls are present in the Transmission Model. TargetLink can, however,
utilize the native Stateflow mechanism for accessing external functions with some additional
configuration.
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The top-level interface for the function that represents the model is definable at the system
level. The TargetLink inport and outport blocks allow specification of the function-calling
interface. Thus, many type, storage class, and pass-by options can be configured. For the
transmission model, an atomic function boundary is defined for subsystem trans_slow_torque.
In the translation process to the TargetLink blockset, the function boundary attributes are
preserved.

. The user has control over the name that will appear in the code for each block output. If left
unselected, the tool uses a macro scheme to uniquely resolve each output. Identifiers named in
Stateflow Explorer may even be aliased to other code-generated names at the users discretion.

. The user has control over the C data type that will appear in the code for each block output.
This must be selected for each element, or else the user will be left with the default data type
(usually int16). A configuration fileis available to alias data types to names of one's own
choosing (e.g. float to F32), which are then selectable as menu options in each block. In
Stateflow, only data types of single or double can be aliased to TargetLink types.

. The user has control over the storage class, type qualifier and/or macro definition that will
appear within the data object initialization/declaration. The user may use the supplied class
objects, or modify the add entries to create customized classes via a configuration file. All
classes are then available from the TargetLink block's property menu.

. Please see explanation under criterion Type Qualifier'.
. Please see explanation under criterion "Type Qualifier'.

. Toinsure proper model simulation, the Simulink and Stateflow modeling tools handle variable
initialization. TargetLink uses those initialization values.

. Variable declaration is handled by the Simulink (viasigna properties) and Stateflow (via
Explorer) modeling tools. These variables are then accessible in the TargetLink tool
environment. TargetLink can create new variables as outputs

. A specialty block added to a subsystem allows functions to be generated separately, with a
name of the user's choice. Control over the function parameter interface is managed by the
TargetLink inport and outport blocks.

. Function prototypes are generated automatically in the associated include file for each specified
function.

. Specification of the name of the file in which the function should reside may be accomplished
viaoptions available in the TargetLink function block.

. Support for definition of variables within structures, or notation to access C structures is not
available.
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V. Most blocks allow the user to add comments. The user has the option of having the comment
appear in the code either at the declaration of the block variable, or where the block is
evaluated. In Stateflow, data objects can have text descriptions appear at their instantiation.

W. For supported compiler/processor pairings, two levels of optimization are available: thefirst
level adjusts ANSI C compliant constructs for enhanced efficiency, while the second level
permits non-ANSI C extensions and assembly code.

5.2.2 Real-Time Workshop with Embedded Coder (RTW-EC) Code Generation

5.2.1.4 Model Modifications Required for Code Generation

Severa of the configuration items necessary for code generation under RTW-EC were covered in
the discussion on the Fuel-Air Ratio model. We refer the reader to Section 5.1.2.1 for adiscussion
of those items. Here, we will discuss the changes necessary to generate code that are unique to the
Transmission model.

Configuration of Stateflow Typing Properties

The default settings for data elements in both Simulink and Stateflow is double, a 64-bit floating-
point datatype. In order to enforce consistent data typing for other types, the user option' Use
Strong Data Typing with Sinmulink I/O isrecommended (Figure 15). If this
option is checked, the statechart block will accept and generate signals of any data type supported
by Simulink. The input signal type will be required to match the type of the corresponding chart
input data item, otherwise, atype conflict error will be generated. Thiswill help prevent
unintentional type conversion to doubles on the part of Stateflow.
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Figure 15: Stateflow Properties Dialogue
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Data Type Conversion

Since many elements of data typing under RTW-EC were discussed in the Section 5.1.1.1 Fuel-Air
Ratio Model, we will forego alengthy discussion here, but there are afew items of note. The
originally double input data elements (e.g. shift_speed 21) for the Transmission model were
explicitly recast to "single" via Stateflow Explorer, typical for an embedded target implementation.
Severa other elements (e.g. gear or ctr) had type-specific information available. Theinputs at the
top level of the model were then typed to correspond to the information in Stateflow Explorer,
since they were directly connected.
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Figure 16: Stateflow Explorer Identifiers

Remove Propagation Symbols From Named Signals

As stated earlier, we have assumed each model was a component of alarger software structure, and
would be suitably generated as a C code function. To accomplish this, we would define the model
inputs as storage class | npor t edExt er n, and define the outputs as Expor t edd obal .

When an attempt to generate code was made, the following error was given:

The nanme '<' specified for the signal fromoutput port 1 of block
"trans_2/trans_v1l 1' is not a valid identifier. Valid ldentifiers start
with an al phabetic character, followed by at nost 31 al pha nuneric or

' ' characters..etc.

An analysis of the model revealed that the propagation symbolsin the signal names were not

understood by the code generator. Once the propagation symbols were removed, the error
vanished.
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Control of Stateflow Naming Conventions

As adefault configuration, Real-Time Workshop Embedded Coder (RTW-EC) does not use names
defined in Stateflow Explorer for the elements specified in the generated C code. This fact applies
to both identifiers and statechart names. To change this, select from the stateflow chart' Tool s’
menu, ' Open RTW Tar get ' ; then select the button' Coder Opti ons' . Theuseristhen
presented with a dialogue box (see Figure 18) and severa check boxes.

The items checked below all contribute to improving the traceability and readability of the code.
Data elements, however, are still likely to be defined in RTW-EC-named structures and not all
symbol names are preserved. For example, in the transmission model, the "from Simulink"-
specified variable to_gear, wasrendered astrans 2 B.s7_SFunction_o2.

<} Stateflow RTW Coder Oplions !IEI

Target Hame: rtw [Real-Time Workzhop)

r Coder Options
v Comments in generated code
[+ Preserve symbal names
v &ppend symbal names with parent names
¥ Uze chart names with na mangling

[~ Uze bitsets for storing state configuratioré

[ B AE (] | Eancell Help | Apply |

Figure 18: Name Settings for RTW Coder

5.2.1.5 Verification

The verification methods for the generated code were discussed in Section 4. Specific requirements
associated with RTW-ET were described in Section 5.1.2.2.

5.2.1.6 Metrics

Section 3.2 of the Challenge Problem Document outlined alist of desirable attributes for a code
generator. These criteria are specific to the code generation problem, in that they provide the
necessary means to translate the behavioral specification of the model into adesired C code format.
Below islisted atable of criteriathat was named as being important in evaluating Automatic Code
Generation tools.
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Table 4: RTW Embedded Coder Metrics for Transmission Control

ltem # Challenge Problem Criteria Assessment
Transmission Model
A ANSI C (stated compliance) YES
B Preserved Functionality YES
(Simulink)
C Preserved Functionality YES
(Stateflow)
D ROM/RAM/CPU Efficiency 2456 / 48 [*
bytes

E Traceable / Readable NO

F System Independent Fcns. NO

G Automated Usage NO

H Discrete Time Support N/A

I Call to UserCode YES

J Call from User Code NO

K Variable Name Control PARTIAL
L Variable type Control PARTIAL
M Type Qualifiers PARTIAL
N Storage Class Control PARTIAL
O Variable Scoping Control PARTIAL
P Variable Initialization YES
Q Variable Declaration YES

R Function Partitioning PARTIAL
S Function Prototyping NO

T File Partitioning PARTIAL
U C Structures NO

\ User Comments YES
W Processor Optimization NO

Table Notes:

A. MathWorks states ANSI C Compliance. Per all visual inspections to date, the code generated
has complied with the ANSI/ISO 9899-1990 Standard, although no formal validation has been

performed.

B. Yes, conditionaly. See explanation in discussion on RTW Embedded Coder validation.

C. Functionality for Stateflow portion of model is preserved.

D. See Appendix B for systems configuration details for these results. Though no execution
(CPU) measurements were derived, code size is a broad indicator of execution performance.
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. For the given model, the correlation between the representation in Simulink and the C code is
difficult. Therearesevera ‘.c’ and ‘.h’ files generated, and among them, it isnot clear whichis
being called without close examination of al of the functions generated. In addition, there are
many functions (and/or macros) interspersed in the files that have no obvious computational
correlation to the model. These functions are generated to support the simulation framework
for models intended for the MATLAB environment. To determine their effects on the
generated code, the user must backtrack through source code located in MATLAB system
directories (referenced by named ‘.h’ files). Also, there are sections of C code in the headers
that are conditionally compiled, making tracking more difficult. The inability to control the
variable names assigned by RTW-EC makes the correlation of Stateflow diagrams to the
resultant code difficult. The use of pointersto reference states does not enhance traceability.

. The generated code is dependent on MATLAB specific system calls and macros/include files,
several of which chain into other include files.

. See commentsin Section 5.1.2.3. Thereis no published API for accessing Stateflow
components.

. There are no discrete time blocks in the Transmission model.
Callsto external C code functions can be created from within Stateflow diagrams.

No configurable calling interface to the functions is available, and calls depend on
functions/macros generated in other locations.

. Signal names may serve as variable names that appear in the code. There is some control for
naming variables; the user has control over the name that will appear in the code for each block
output.

. Atthetop level of the model, users may select datatypesof theincoming variables.
Intermediately, type conversion blocks (back to double) may need to be inserted around
Simulink blocks that do not support specific data types. Thereisno way to aliasMATLAB
datatypes (e.g. Rea T) to auser specified type (e.g. float or ‘custom_aliased _type).

. Inthe signal properties dial ogue box, options for adding qualification strings to identifiers are
allowed. These aretext strings that will be added to the identifier declaration, but are not
understood by the code generator as C keywords.

. User can choose between | npor t edExt er n, Ext er n@ obal , or | nport edExt ern
Poi nt er . Thisselection isincomplete with respect to available C storage classes.

. Variables declared in Stateflow are declared locally within each chart. To have global visibility
(and representation in the C code) to all charts, variables must be specified at the stateflow
machine level.
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P. Variables can be initialized using methods typical for ssmulation in Simulink and Stateflow
(using fields in the Stateflow Explorer/ Constant blocks, and workspace variable definitions).

Q. Variables can be declared using methods typical for simulation in Simulink and Stateflow
(using fields in the Stateflow Explorer/ Constant blocks, and workspace variable definitions).

R. Subsystems can be specified as atomic units (and subsequently, functions) via a properties
submenu. Care must be taken not to affect the model execution behavior in selecting this
option.

S. Thereisno way to specify the function prototype for subsystems specified as functions.

T. For subsystems labeled atomic and declared as functions, file names may be specified.

U. C structures exist in the generated code, but are not configurable by the user; most
automatically specified data e ements are maintained in structures by default.

V. User comments ( denoted by text surrounded by /* */) in the Stateflow action language will
appear beside the generated C code.

W. No processor or compiler target-specific optimizations are available.
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This report assesses two automatic code generation tools with respect to critical attributes identified
in the Challenge Problem Document. dSPACE TargetLink and The Mathworks RTW-EC were
evaluated for two models developed by UC Berkeley for the DARPA MOBIES program
representing examples of mixed Simulink-State Flow software specifications.

The results of this study are applicable only to the specific models evaluated using the particul ar
tool versionsidentified in the Appendix B of this report.
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8 Appendices

8.1 APPENDIX A: Derivation of Discrete Integrator Block Transformation

We begin with the Discrete Integrator Equation:

y) _ T

gk) z-1

If we cross multiply, we get:

zLy(k) - y(k) = T Le(k)
which isalso

zLy(k) = y(k) + T Le(k)
So, now if we a perform atransformation using z on the left side of the equation, we get:

y(k+1) = y(k) + T Le(k)

y(k) = y(k=1) + T [&(k 1)

_ Y(k) +T [&(k)
y(k) = -

or similarly,

y(k) = 2 Ty(k) + T [&(k))
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8.2 APPENDIX B: Tool Version Information

SYSTEM CONFIGURATION FOR EVALUATION OF CODE GENERATORSAND
GENERATED CODE ROM AND RAM SIZE

TargetLink Version: 1.2pl
MATLAB Version: 6.0
Stateflow Version: 4.0
Simulink Version: 4.0
LCC

Host Hardwar e Platform:
WindowsNT 4.0 Service Pack 6
Dell Precision 420 : 1GHz Pentium 4: 512 MB RAM

Compiler:
GreenHills C-Power PC compiler, version 1.8.8

Compiler options:

-ANSI -C -G -0S —X442 —Z1019 —strict=nolinkerr —sda

(see compiler documentation for explanation of switches; switch selection issimilar to settings
used for production builds).

Host Hardwar e Platform :

Dec Alpha, 333MHz, 256 MB
Operating System Platform: DEC UNIX (OSF/1) V3.2C
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8.3 APPENDIX C: Floating-point C Code Generated by TargetLink Fuel-Air Ratio Model

/***************************************************************************\

Model code file : fuel _air_ratio_vl 1.c
for TargetLink nodel : final _float_4/fuel _air_ratio_vl_ 1

Generated by TargetLink, the dSPACE production quality code generator
Wed COct 24 15:10:28 2001

CCODE GENERATOR CPTI ONS:

Tar get : Ceneric
ANSI - C conpati bl e code . yes
Optim zation |evel 5
Constant style . deci nal
Cl ean code option : enabl ed
Loggi ng node : Do not | og anything
Li nker sections : enabl ed
Interrupt functions : enabl ed
User attributes : enabl ed
Assenbl er statements . disabl ed
Vari abl e name | ength : 31 chars
Separ at e | ookup search function : disabl ed
Use gl obal bitfields . disabl ed
Stateflow use of bitfields : enabl ed
State activity encoding limt 5

Onit zero inits in restart function: disabled
Share fcns between TL subsystens : disabl ed
Generate 64bit functions : enabl ed
Inlining Threshol d 6

Line break limt : 100
Const ant suffix : disabl ed

Target optimzed bool ean data type : enabl ed

Subsys Cor respondi ng Si nul i nk Subsystem

Sal fuel _air_ratio_ vl 1

Sa2 fuel _air _ratio_vi_1/afr_fast

Sa3 fuel _air_ratio vl _1/afr_fast/afr_fast_observer

Sa4 fuel _air_ratio vl 1/afr _fast/afr_fast_observer/a_f_observer

Sab fuel _air_ratio vl 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow

Sa6 fuel _air_ratio vl 1/afr _fast/afr_fast_observer/a_f_observer/port_airfl ow nvol
Sa7 fuel _air_ratio_ vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow
Sa8 fuel _air_ratio_ vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow Subsystem
Sa9 fuel _air_ratio_ vl _1/afr_fast/afr_fast_observer/fuel _transient_conp

Sal0 fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/o02_sensor_corr

SF-Node Corresponding Statefl ow Node description
Ca0 fuel _air_ratio_vl_1/Statefl ow machine [final _fl oat_4]

Cal fuel _air_ratio_ vl 1/afr_fast/afr_fast_ctl

Tar get Li nk version : 1.2pl1l from 19-Jul - 2001

Codegenerator version : 1.2.P1 fromJul 19 2001, 17:45:00

Copyright (c) 1999-2001 by dSPACE GrbH

\***************************************************************************/

#define _FUEL_AIR RATIO V1 1 C_ /* identifier for this file */

/**************************************************************\

i ncl udes
\**************************************************************/

#include <delta_tine.c> /*
User included file fromblock: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_f
uel f1 ow Subsystent Addfile */

#include "fuel _air_ratio_vl 1.h" /* Include of own header file */

#include "fuel _air_ratio vi_1 udt.h" /* type definition of the user data types */

#include "tl _types.h" /* definition of base data types */

/***************************************************************************\

STATI C_MACRO nodul e-1 ocal preprocessor macros

\***************************************************************************/

#define dM c_o2 0.F
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#define p_gain_fuel _trans ((F32)3.F)

#define dMao_to_dMc ((F32)0.06802721088F)

#define maxfr 0. 3335F

#define inj_size 14. 64F

#defi ne nvol _d9 0. 372363F

#defi ne nvol _d8 0. 00038888F

#defi ne nvol _d7 -1.0387e- 006F

#defi ne nvol _d6 64. 99F

#defi ne nvol _d5 0. 665964F

#define nvol _d3 13102. 67146F

#define nvol _d3_a 13102. 67146F

#defi ne nvol _d2 -214. 66574F

#define nvol _dl1 0. 0828512F

#define Cl 0. 112F

#define i nv_Ma2Pm ((F32)3.104840101e- 005F)

/***************************************************************************\
defaultC ass_sl StaticG obal I nit: Default storage class for global static variables with initial

\*****Y,?LES*****************************************************************/

static F32 X_Sa8_Unit_Del ay = 0.0003492637697F; /* 32 bit floating-point variable */

static F32 Sa3_dMc_ = 0. F /* 32 bit floating-point variable */

/***************************************************************************\

defaul tC ass_sl Stati cA obal: Default storage class for global static variables

\****

stati
stati
stati
stati
stati

/****

St

\****

/****

***********************************************************************/

c F32 AUX_a_o02s;

c F32 AUX_a_we;
c F32 AUX_a_map;
c F32 AUX_a_bp;
c F32 AUX_a_t ps;

**********************************************************\

atefl ow functions
**********************************************************/

***********************************************************************\

Model step function of Stateflow chart: fuel _air_ratio_vl_1/afr_fast/afr_fast_ctl

\***************************************************************************/
void Cal_afr_fast_ctl (void)
/* LOCAL: local variable */
F32 delta_tine; /* 32 bit floating-point variable */
/* defaultd ass_sl Local: Default storage class for |ocal variables */
F32 Sa3_dMao_to_dMc; /* 32 bit floating-point variable */
F32 Sa6_Product; /* 32 bit floating-point variable */
F32 Sa4_Gain; /* 32 bit floating-point variable */
F32 Sa3_Sunt; /* 32 bit floating-point variable */
/* Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow nvol/Product

*/

Sa6_Product = AUX_a_we * AUX_ a_we;

/*

Gain: fuel _air_ratio_ vl 1/afr_fast/afr_fast_observer/a_f_observer/ Gin */

Sa4_Gain = AUX a_nmap * inv_Ma2Pm

/*

Gain: fuel _air_ratio_ vl 1/afr_fast/afr_fast_observer/dvao_to_dMc

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ dMao_cal ¢3

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ dMao_cal c2

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ dMao_cal c1

# conbined # Sum fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow
nvol / Sun8

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Pr oduct 4

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product 1
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# conbined # Sum fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow
nvol / Sum

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Pr oduct 2

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Pr oduct 3

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product 7

# conbined # Sum fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow
nvol / Suml

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Pr oduct 5

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Pr oduct 6

# conbined # Sum fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow
nvol / Sung

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product 8

# conbined # Product: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/' nvol / Product9 */

Sa3_dMao_to dMc = Sa4_Gain * ((Sa4_Gain * Sa4_Gain * ((nvol _dl * Sa6_Product) + (nvol _d2 *
AUX_a_we)
+ nvol _d3_a)) + (Sa4_Gin * ((nvol _d3 * Sa6_Product) + (nvol_d5 * AUX a_we) + nvol _d6)) +

(nvol

d7

*7Sa6_Product) + (nvol _d8 * AUX_ a_we) + nvol_d9) * Cl * AUX a_we * dMao_to_dMc;

/*

/*

Custom code bl ock: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow
Subsyst eml Cust om Code Bl ock << output code >> */

delta_time = DeltaTi meSec();

Sum fuel _air_ratio_ vl _1/afr_fast/afr_fast_observer/ Sunil

# conbined # Sum fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/ Sun2

# conbined # Gain: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/fuel _transient_conp/p_gain_f

uel _trans
# conbined # Sum fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/fuel _transi ent_conp/ Sun8 */

Sa3_Sunml = dMc_02 + Sa3_dMao_to_dMc + ((Sa3_dMao_to_dMc - X Sa8_ Unit_Del ay) *
p_gai n_fuel _trans);

/*

Qutport: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/dMc */

Sa3__dMc_ = Sa3_Suni;

/*
/*

---- Update code of subsystem fuel_air_ratio_vl_1/afr_fast/afr_fast_observer ---- */
Unit delay: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow Subsyste
m Unit Del ay

# conbined # Sum fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow
Subsyst em Sum

# conbined # Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuelflo
w Subsyst enf Product

# conbined # Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuelflo
w Product

# conbined # Sum fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow
Sum

# conbined # Sum fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow
Sunf

# conbined # Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuelflo
w Product 3

# conbined # Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuelflo
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w/ Product 4

# conbined # Product: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_fuelflo
w Product 2

# conbined # Product: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_fuelflo
w Product1 */
X _Sa8 Unit_Delay = X _Sa8_Unit_Delay + (delta_tine * ((Sa3_Sunl - X _Sa8 Unit_Del ay) /
(((((Sa3_sunt
* inj_size) / maxfr) * 4.71238898F) / AUX_ a_we) + 0.05F)));

AR R R AR EEEE R EEEEEEEEEEE Rl EEEE LR

Model step function of subsysten(s): fuel _air_ratio_vl_ 1

(AR EE RS EEEEEEEEE AR EE RS EEEE LR LY

F32 fuel _air_ratio_vl 1(

F32 we /* 32 bit floating-point variable */,
F32 map /* 32 bit floating-point variable */,
F32 tps /* 32 bit floating-point variable */,
F32 bp /* 32 bit floating-point variable */,
F32 o02s /* 32 bit floating-point variable */)
{
/* FCN_RETURN: function return value (STACK) */
F32 dMc; /* 32 bit floating-point variable */
AUX_a_we = we,
AUX_a_map = map;
AUX_a_tps = tps;
AUX a_bp = bp;
AUX_a_o02s = 02s;
/* TargetLink outport used for signal rescaling: fuel _air_ratio_vl 1/dnfc_ */
dMc = Sa3__dMc_;
/* ---- Update code of subsystem fuel_air_ratio_vl_ 1 ---- */
return dMc;
}

#undef _FUEL_AIR RATIO V1 1 C_
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8.4 APPENDIX D: Fixed-Point C Code generated by TargetLink for Fuel-Air Ratio Model

/***************************************************************************\

Model code file
for TargetLink nodel

fuel _air_ratio_vl_1l.c
fixed/fuel _air _ratio vi_ 1

Generated by TargetLink, the dSPACE production quality code generator
Wed Cct 31 09:26:25 2001

CODE GENERATOR OPTI ONS:

Tar get Generic
ANSI - C conpati bl e code yes
Optim zation |evel 5
Constant style deci nmal
Cl ean code option enabl ed
Loggi ng node Do not | og anything
Li nker sections enabl ed

I nterrupt functions enabl ed
User attributes enabl ed
Assenbl er statements di sabl ed
Vari abl e nanme | ength : 31 chars
Separate | ookup search function . disabl ed
Use gl obal bitfields . disabl ed
Stateflow use of bitfields : enabl ed
State activity encoding limt . b

Onit zero inits in restart function: disabled
Share fcns between TL subsystens : disabl ed
Generate 64bit functions : enabl ed
Inlining Threshol d 6

Line break limt 100
Constant suffix di sabl ed

Target optimzed bool ean data type . enabl ed

Subsys
Sal
Sa2
Sa3
Sa4
Sa5
Sa6
Sa7
Sa8
Sa9
Sal0

SF- Node
Ca0
Cal

Correspondi ng Si mulink Subsystem

fuel _air_ratio_vi_ 1

fuel _air_ratio “vi1 1/ afr_fast

fuel _air _ratio vl _1/afr _fast/afr_fast_observer

fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer

fuel _air_ratio —vl1_1/afr _fast/afr_fast_observer/a_f_observer/port_airf
fuel _air_ratio_ vl 1/afr_fast/afr_fast_observer/a_f_observer/port_airf
fuel _air_ratio vl _1/afr _fast/afr_fast_observer/a_f_observer/port_f uel
fuel _air_ratio “vi1 1/ afr _fast/afr_fast_observer/a_f _Observer/port _ “fuel
fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/fuel _transient_conp
fuel _air_ratio_ vl _1/afr_fast/afr_fast_observer/o02_sensor_corr
Correspondi ng Statefl ow Node description
fuel _air_ratio_vl_1/Statefl ow machine [fixed]

fuel _air_ratio_vl 1/afr_fast/afr_fast_ctl

Tar get Li nk version

Codegener ator version :

1.2p1 from 19-Jul - 2001
1.2.P1 fromJul 19 2001, 17:45:00

Copyright (c) 1999-2001 by dSPACE GrbH

\***************************************************************************/

#define _FUEL_AIR RATIO V1 1 C_

/* identifier for this file */

/**************************************************************\

i ncl udes

\**************************************************************/

#include <delta_tine.c>

User included file fromblock: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_f

/*

uel f| ow Subsystenm Addfile */

#i ncl ude "fuel
#i ncl ude "fuel

#include "tl

_air_ratio_vl 1.h"
_air_ratio_vl 1 udt.h" /* type definition of the user data types */

_types.h" [*

/* Include of own header file */

definition of base data types */

/***************************************************************************\

STATI C_MACRO nodul e-1 ocal preprocessor nacros

\***************************************************************************/

#define dMc_o2

/* LSB: 2"-13 OFF:
#define p_gai n_fuel

0

0 MNMAX: -4 .. 3.99987793 */

_trans

((S16) 24576 /* 3. */)
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/* LSB: 2~-18 OFF: O

M N MAX: -0.125 .. 0.1249961853 */
#define dMao_to_dMc ((S

M

*

16) 17833 /* 0.06802721088 */)

/* LSB: 27-16 OFF: O N MAX: -0.5 .. 0.4999847412 */
#define maxfr 21856 /* 0.3335 */

/* LSB: 27~-11 OFF: 0 M N MAX: -16 .. 15.99951172 */
#define inj_size 29983 /* 14.64 */

/* LSB: 27~-16 OFF: 0 MN MAX: -0.5 .. 0.4999847412 */
#def i ne nvol _d9 24403 /* 0.372363 */

/* LSB: 2"-26 OFF: 0 M N MAX: -0.00048828125 .. 0.0004882663488 */
#define nvol _d8 26097 /* 0.00038888 */

/* LSB: 27~-34 OFF: 0 M N MAX: -1.907348633e-006 .. 1.907290425e-006 */
#defi ne nvol _d7 -17845 /* -1.0387e-006 */

/* LSB: 27~-8 OFF: 0 M N MAX: -128 .. 127.9960938 */
#defi ne nvol _d6 16637 /* 64.99 */

/[* LSB: 27-15 OFF: 0 M N MAX: -1 .. 0.9999694824 */
#define nvol _d5 21822 /* 0.665964 */

/* LSB: 2"-29 OFF: 0 M N MAX: -6.103515625e-005 .. 6.10332936e-005 */
#defi ne nvol _d4 -21968 /* -4.09185e-005 */

/[* LSB: 2"-1 OFF: 0 M N MAX: -16384 .. 16383.5 */
#define nvol _d3 26205 /* 13102. 67146 */

/[* LSB: 2"-7 OFF: 0 M N MAX: -256 .. 255.9921875 */
#define nvol _d2 -27477 |* -214.66574 */

/* LSB: 2"-18 OFF: 0 M N MAX: -0.125 .. 0.1249961853 */
#define nvol _d1 21719 /* 0.0828512 */

/* LSB: 27-18 OFF: 0 M N MAX: -0.125 .. 0.1249961853 */
#define Cl 29360 /* 0.112 */

/* LSB: 27-29 OFF: 0 M N MAX: -6.103515625e-005 .. 6.10332936e- 005 */
#define i nv_Ma2Pm ((S16) 16669 /* 3.104840101e-005 */)

/***************************************************************************\
defaultC ass_sl StaticA obal I nit: Default storage class for global static variables with initial

\*****YfLES*****************************************************************/

static S16 X_Sa8_Unit_Delay = 366 /* 0.0003492637697 */; /* LSB: 2"-20 OFF: 0 M N MAX: -
0.03125 .. 0.03124904633 */

static S16 Sa3__dMc_ = 0; /* LSB: 27-20 OFF: 0 M N MAX: -0.03125 .. 0.03124904633 */

/***************************************************************************\

defaultC ass_sl Staticd obal: Default storage class for global static variables
\***************_************************************************************/

static S16 AUX_a_we;

static S16 AUX_a_nmap;
static S16 AUX_a_bp;

static S16 AUX_a_t ps;
static S8 AUX a_o02s;

/**************************************************************\

St at ef | ow functions
\**************************************************************/
/***************************************************************************\

Model step function of Stateflow chart: fuel _air_ratio_vl 1/afr_fast/afr_fast_ctl

\***************************************************************************/

void Cal_afr_fast_ctl (void)
/* LOCAL: |ocal variable */

S16 delta_time; /* LSB: 27-21 OFF: 0 M N MAX: -0.015625 .. 0.01562452316 */

/* defaul td ass_sl Local : Default storage class for |ocal variables */

S16 Sa3_dMao_to_dMc; /* LSB: 27~-20 OFF: 0 M N MAX: -0.03125 .. 0.03124904633 */
S16 Sa7_Product4; /* LSB: 27~-13 OFF: 0 M N MAX: -4 .. 3.99987793 */

S16 Sa7_Product3; /* LSB: 27-22 OFF: 0 M N MAX: -0.0078125 .. 0.007812261581 */

S16 Sa7_Product2; /* LSB: 27~-15 OFF: 0 M N MAX: -1 .. 0.9999694824 */

S16 Sa7_Productl; /* LSB: 27~-16 OFF: 0 M N MAX: -0.5 .. 0.4999847412 */

S16 Sa6_Product; /* LSB: 275 OFF: 0 M N MAX: -1048576 .. 1048544 */

S16 Sa4_Gain; /[* LSB: 27-22 OFF: 0 M N MAX: -0.0078125 .. 0.007812261581 */

S16 Sa3_Sunt,; /* LSB: 27~-20 OFF: 0 M N MAX: -0.03125 .. 0.03124904633 */
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S16
S16
S16
S16

/*
Sa6
/*

Sad_

/*

Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow nvol / Product
*/

_Product = (S16) ((((S32)AUX_a_we) * ((S32)AUX_a_we)) >> 13);

Gain: fuel _air_ratio_ vl 1/afr_fast/afr_fast_observer/a_f_observer/ Gin */
Gain = (S16) ((((S32) AUX_a_map) * ((S32)inv_Ma2Pm) >> 14);

Gain: fuel __air_ratio_ vl 1/afr_fast/afr_fast_observer/dvao_to_dMc

# conbined # Product: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product 2 */

AUX a_S16_d_a = (S16) (((S16) ((((S32)nvol _d1) * ((S32)Sa6_Product)) >> 14)) >> 2);

/*

# conbined # Product: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product 3 */

AUX_a_S16_d_a += (S16)((((S32)nvol _d2) * ((S32)AUX_a_we)) >> 14);

/*

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product5 */

AUX a_S16_e_a = (S16) (((S16) ((((S32)nvol _d4) * ((S32)Sa6_Product)) >> 14)) >> 5);

/*

# conbined # Product: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product6 */

AUX a_S16_e_a += (S16) ((((S32)nvol _d5) * ((S32)AUX_a_we)) >> 14);

/*

# conbined # Product: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product 8 */

AUX_a_S16_f_a = (S16) ((((S32)nvol _d7) * ((S32)Sa6_Product)) >> 14);

/*

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product9 */

AUX_a_S16_f_a += (S16)(((S16)((((S32)nvol _d8) * ((S32)AUX a_we)) >> 14)) >> 1);

/*

# conbined # Product: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product 4

# conbined # Product: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product 1

# conbined # Sum fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow
nvol / Sum */

AUX a_S16 g a = (516)((((832)(816)((((832)Sa4 Gain) * ((S32)Sad_Gain)) >> 14)) *

((s32)
+

/*

AUX_a_S16_g_a += (S16

((u16)
/*

(SlG)(((UlG)AUXa S16
((U16) (S16) (nvol _d3 >> 4))))) >> 13);

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ nvol / Product 7

# conbined # Sum fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow
nvol / Sunl */

(((S16) ((((S32)Sa4_Gain) * ((S32)(S16)(((Ul6)AUX a_S16_e_a) +

))))

(sie) (nvol _d6 >> 3% >> 14)) << 1)7

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ dMao_cal ¢3

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ dMao_cal c2

# conbined # Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airflow
/ dMao_cal c1

# conbined # Sum fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow
nvol / Sun8
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# conbined # Sum fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_airfl ow
nvol / Sun */
Sa3_dMao_to_dMc = (S16) ((((S32)(S16) ((((S32)(S16) ((((S32)(S16)((((S32)Sa4_Gain) *
((S32)(S16) (((U16) AUX_a_S16_g_a)
+ ((U16) (S16) (((S16) (((ULB) AUX_a_S16_f_a) + ((UL6)(S16)(nvol _d9 >> 1)))) >> 1))))) >> 14)) *
((S32)C1)) >> 15))
* ((S32)AUX_a_we)) >> 13)) * ((S32)dMao_to_dMc)) >> 14);

/*
Custom code bl ock: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow
Subsyst eml Cust om Code Bl ock << output code >> */

delta_time = S16_Del t aTi neSec() ;

/* Sum fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/ Sunil
# conbined # Sum fuel _air_ratio vl 17afr_fast/afr_fast_observer/ Sung

# conbined # Gain: fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/fuel _transient_conp/p_gain_f
uel _trans
# cEnbl ned # Sum fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/fuel _transient_conp/ Sun8 */
Sa3_Suml = (S16) (((UL6) (S16)(dMc_02 << 20)) + ((U16)(S16)(((U16)Sa3_dMao_to_dMc) +
((U16) (S16) ((
(S16) ((((S32)(S16)(((S16)(((S32)Sa3_dMvao_to_dMc) - ((S32)X_Sa8_Unit_Delay))) << 6))
((S32)p_gain_fuel _trans)) >> 15)) >> 4))))).;

/* CQutport: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/dMc */
Sa3__dMc_ = Sa3_Suni;

/* Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow Productl */
Sa7_Product1 = (S16) ((((S32)Sa3_Sunl) * ((S32)inj_size)) >> 15);

/* Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow Product2 */
if (maxfr '=0) {
Sa7_Product2 = (S16) (((S32)(((S32)Sa7_Productl) << 15)) / maxfr);
} else {
if ( Sa7_Productl < 0 ) {
Sa7_Product2 = -32768;
} else {
Sa7_Product2 = 32767,
}

}

/* Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow Product4 */
Sa7_Product4 = (S16) ((((S32)Sa7_Product?2) * 19301) >> 14);

/* Product: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow Product3 */
if (AUX.a we !=0) {
Sa7_Product3 = (S16) (((S32) (((S32)Sa7_Product4) << 13)) / AUX_ a_we);
} else {
if ( Sa7_Product4 <0 ) {
Sa7_Product3 = -32768;
} else {
Sa7_Product3 = 32767;

/* ---- Update code of subsystem fuel _air_ratio_vl_1/afr_fast/afr_fast_observer ---- */

/*
Unit delay: fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow Subsyste
m Unit Del ay

# conbined # Sum fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow
Subsyst em Sum

# conbined # Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuelflo
w Subsyst enf Product

# conbined # Product: fuel _air_ratio_vl 1/afr_fast/afr_fast_observer/a_f_observer/port_fuelflo
w/ Pr oduct

fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow Product: Range of
denom nat or does not contain zero. Omtted division by zero check.

# conbined # Sum fuel _air_ratio_vl_ 1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow
Sum

# conbined # Sum fuel _air_ratio_vl_1/afr_fast/afr_fast_observer/a_f_observer/port_fuel fl ow
Sun */
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X _Sa8_Unit_Delay = (S16)(((U16) X _Sa8_Unit_Delay) + ((UL6)(S16)(((S16)((((S32)delta_tine) *
S32) (S16
(« (8)3(2)((%(8(32)(516)(((816)(((832) Sa3_Suml) - ((S32)X_Sa8_Unit_Delay))) << 4)) << 13)) /
((S16) (((S16) (
) Sa7_Product3 >> 4)) + 13107))))) >> 14)) >> 6)));

/***************************************************************************\

Model step function of subsysten{(s): fuel _air_ratio_vl_ 1
\***************************************************************************/

S16 cal c_fuel _air_ratio(

S16 we /*TLSB: 2°-4 OFF: 0 M N MAX: -2048 .. 2047.9375 */,
S16 map /* LSB: 27-7 OFF: 0 M N MAX: -256 .. 255.9921875 */,
S16 tps /* LSB: 2"-13 OFF: 0 M N MAX: -4 .. 3.99987793 */,
S16 bp /* LSB: 27-7 OFF: 0 M N MAX: -256 .. 255.9921875 */,
S8  02s /* LSB: 2"-4 OFF: 0 MN MAX: -8 .. 7.9375 */)
{
/* FCN_RETURN: function return value (STACK) */
S16 dMc; /* LSB: 27-20 OFF: 0 M N MAX: -0.03125 .. 0.03124904633 */
AUX_a_we = we;
AUX_a_map = nmap;
AUX a_tps = tps;
AUX_a_bp = bp;
AUX_a_02s = 02s;
/* TargetLink outport used for signal rescaling: fuel _air_ratio_vl_1/dnfc_ */
dMc = Sa3__dMc_;
/* ---- Update code of subsystem fuel _air_ratio vl 1 ---- */
return dMc;
}

#undef _FUEL_AIR RATIO V1 1 C_
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8.5 APPENDIX E: Floating-Point C Code Generated by RTW-EC for Fuel-Air Ratio Model

fuel _air_ratio_ert.c
Real - Ti nre Wor kshop code generation for Sinulink nodel "fuel _air_ratio_ert.ndl".

Model Version :1.23

Real - Ti me Workshop file version : 4.0 $Date: 2000/09/19 19:45:27 $
Real - Ti me Workshop file generated on : Mn Cct 29 14:37: 02 2001

TLC version ;4.0 (Aug 21 2000)

C source code generated on : Mon COct 29 14:37:02 2001

Rel evant TLC Opti ons:
I nlineParaneters
Rol | Thr eshol d
CodeFor mat

1
5
Enbedded- C
Si mul i nk nodel settings:

Sol ver : FixedStep

StartTime : 0.0 s

St opTi me 0 1.0s

Fi xedStep : 0.01 s

EE I U I R I I I I I

/

#include "fuel _air_ratio_ert.h"
#include "fuel _air_ratio_ert_prmh"

/* Start of Functions in nodel "fuel _air_ratio_ert" */
/* nmodel step function */
void fuel _air_ratio_ert_step(int_T tid)

/* update absolute tine */
if (sslsSanpleH t(fuel _air_ratio_ert_rtQ 0, tid)) {
ssUpdat eReal Absol uteTi ne(fuel _air_ratio_ert_rtO;

if (sslsSpecial SanpleH t(fuel _air_ratio_ert_rtQ 1, 0, tid)) {
ssUpdat eSubr at eTaskTi ne(fuel _air_ratio_ert_rtQ 1);

}
}
if (sslsSanpleH t(fuel _air_ratio ert_rtQO 1, tid)) { /* Sanple tinme: [1.0, 0.0] */
/* S-Function (fcncall gen) Bl ock: <Root>/Function-Call Cenerator */
/* Qutput and update for function-call system <S2>/afr_fast_ctl */
/* Stateflow Chart Code: <S2>/afr_fast_ctl */

SFafr_fast_ctllnstanceStruct *chartlnstance = (SFafr_fast_ctl|nstanceStruct
*)fuel _air_ratio_ert_DWrk.s3_SFunction_PWORK. Chartl nstance;

#define event _tine_fast 0

{

int previ ousEvent;
previousEvent = _sfEvent_fuel _air_ratio_ert_;
/* Broadcast of input event(s) */

_sfEvent _fuel _air_ratio_ert_ = event_tine_fast;
if(_sfEvent_fuel _air_ratio_ert_ == event_tine_fast) {
int_Ttid = 1;

/* Qutput and update for function-call system <S2>/afr_fast_observer */
/* Gain Block: <S5>/Gin */
fuel _air_ratio_ert_B.temp6 = map * ((real 32_T)( inv_Ma2Pm));
/* Product Bl ock: <S10>/Productl */
fuel _air_ratio_ert_B.tenp4 = fuel _air_ratio_ert_B.tenp6 *
fuel _air_ratio_ert_B.tenp6;

/* Product Bl ock: <S10>/Product */
fuel _air_ratio_ert_B.tenp5 = we *
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we;

/* Product Bl ock: <S10>/Product2 */
fuel _air_ratio_ert_B.temp8 = ((real 32_T)( nvol _d1 )) *
fuel _air_ratio_ert_B.tenp5;

/* Product Bl ock: <S10>/Product3 */
fuel _air_ratio_ert_B.temp7 = ((real32_T)( nvol _d2 )) *
we;

/* Sum Bl ock: <S10>/ Sum */
fuel _air_ratio_ert_B.tenp8 = fuel _air_ratio_ert_B.tenp8
+ fuel _air_ratio_ert_B.temp7 + ((real 32_T)( nvol _d3));

/* Product Bl ock: <S10>/Product4 */
fuel _air_ratio_ert_B.tenmp4 = fuel _air_ratio_ert_B.tenp4d *
fuel _air_ratio_ert_B.tenp8;

/* Product Bl ock: <S10>/Product5 */
fuel _air_ratio_ert_B.temp7 = ((real32_T)( nvol _d4 )) *
fuel _air_ratio_ert_B.tenp5;

/* Product Bl ock: <S10>/Product6 */
fuel _air_ratio_ert_B.temp8 = ((real 32_T)( nvol _d5 )) *
we;

/* Sum Bl ock: <S10>/ SumlL */
fuel _air_ratio_ert_B.tenmp7 = fuel _air_ratio_ert_B.tenp7
+ fuel _air_ratio_ert_B.temp8 + ((real 32_T)( nvol _d6 ));

/* Product Bl ock: <S10>/Product?7 */
fuel _air_ratio_ert_B.tenp7 = fuel _air_ratio_ert_B.tenp6 *
fuel _air_ratio_ert_B.tenmp7;

/* Product Bl ock: <S10>/Product8 */
fuel _air_ratio_ert_B.temp5 = ((real 32_T)( nvol _d7 )) *
fuel _air_ratio_ert_B.tenp5;

/* Product Bl ock: <S10>/Product9 */
fuel _air_ratio_ert_B.temp8 = ((real 32_T)( nvol _d8 )) *
we;

/* Sum Bl ock: <S10>/ Sun2 */
fuel _air_ratio_ert_B.temp5 = fuel _air_ratio_ert_B.tenp5
+ fuel _air_ratio_ert_B.temp8 + ((real 32_T)( nvol _d9 ));

/* Sum Bl ock: <S10>/ SunB */
fuel _air_ratio_ert_B.tenmp4 = fuel _air_ratio_ert_B.tenp4
+ fuel _air_ratio_ert_B.tenmp7 + fuel _air_ratio_ert_B.tenp5;

/* Product Bl ock: <S8>/dMao_calc */

fuel _air_ratio_ert_B.tenp6 = fuel _air_ratio_ert_B.tenp6 *
fuel _air_ratio_ert_B.tenmp4 *
((real32_T)( C1)) *

1

/* Gain Block: <S4>/dMao_to_dMc */
fuel _air_ratio_ert_B.temp6 *= ((real 32_T)( dMao_to_dMc ));

/* Discretelntegrator Block: <S9>/Discrete-Tine Integratorl */
fuel _air_ratio_ert_B.s9 dMi_b =
fuel _air_ratio_ert_DwWrk.s9_Discrete_Ti me_I ntegra_DSTATE;

/* Dat aTypeConversi on Bl ock: <S9>/ Data Type Conversionl */
fuel _air_ratio_ert_B.temp7 = (real 32_T)fuel _air_ratio_ert_B.s9_dMi _b;

/* Sum Bl ock: <S6>/ Sun8 */
fuel _air_ratio_ert_B.tenp8 = fuel _air_ratio_ert_B.tenp6
- fuel _air_ratio_ert_B.tenmp7;

/* Gain Block: <S6>/p_gain_fuel _trans */
fuel _air_ratio_ert_B.temp8 *= ((real 32_T)( p_gain_fuel _trans ));

/* Sum Bl ock: <S4>/SunR */
fuel _air_ratio_ert_B.tenp6 = fuel _air_ratio_ert_B.tenp6
+ fuel _air_ratio_ert_B. tenp8;

/* Sum Bl ock: <S4>/Sunil */

fuel _air_ratio_ert_B.s4 dMc = ((real 32_T)( dMc_o02 ))
+ fuel _air_ratio_ert_B.tenp6;
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/* Sum Bl ock: <S9>/ Sum */
fuel _air_ratio_ert_B.temp7 = - fuel _air_ratio_ert_B.tenp7
+ fuel _air_ratio_ert_B.s4_dMc;

/* Product Block: <S9>/tau_f */
fuel _air_ratio_ert_B.tenp8 = fuel _air_ratio_ert_B.s4_dMc *
((real32_T)( inj_size )) [/
((real 32_T)( maxfr )) *
(4.712389F) /
we;

/* Sum Bl ock: <S9>/ Sunf */
fuel _air_ratio_ert_B.tenmp8 = fuel _air_ratio_ert_B.tenp8 + (0.050000001F);

/* Product Bl ock: <S9>/Product */
fuel _air_ratio_ert_B.tenp7 = fuel _air_ratio_ert_B.tenp7 /
fuel _air_ratio_ert_B.tenmp8;

/* Dat aTypeConversi on Bl ock: <S9>/ Data Type Conversion */
fuel _air_ratio_ert_B.s9 del ayed_ddMi_b = (real _T)fuel _air_ratio_ert_B.tenp7,
/* Discretelntegrator Block: <S9>/Discrete-Tine Integratorl */
real _T currentT = ssCGet TaskTine(fuel _air_ratio_ert_rtQtid);
real _T dT = currentT -
fuel _air_ratio_ert_DWrk.s9 Discrete_Tinme_|ntegra RARK. PrevT,;
fuel _air_ratio_ert_DWrk.s9 Discrete_Tinme_Integra RAORK PrevT = currentT,;
fuel _air _ratio_ert_DWrk.s9 Discrete Tine Integra DSTATE =
fuel _air_ratio_ert_DWrk.s9 Discrete_Tinme_lntegra DSTATE + dT *
fuel _air_ratio_ert_B.s9_del ayed_ddMi _b;
}

}
}

_sfEvent _fuel _air_ratio_ert_= previ ousEvent;

#undef event_time_fast

}

if (sslsSanpleH t(fuel _air_ratio ert_rtQO 1, tid)) { /* Sanple tinme: [1.0, 0.0] */
/* Qutport Block: <Root>/dnfc */
fuel _air_ratio_ert_Y.root_dnfc = fuel _air_ratio_ert_B.s4_dMc;

(no update code required) */

/* End of Functions in nodel "fuel _air_ratio_ert" */
#include "fuel _air_ratio_ert_reg.h"

/* [ECF] fuel _air_ratio_ert.c */

#define | N_SF_MACH NE_SOURCE 1
#include "fuel _air_ratio_ert_rtw h"

#include "afr_fast_ctl.h"

int8_T _sfEvent_fuel _air_ratio_ert_=0;
void fuel _air_ratio_ert_initializer( v0|d)

/* Initialize machine's broadcast event variable */
_sfEvent _fuel _air_ratio_ert_ = CALL_EVENT;

void fuel _air_ratio_ert_termnator(void)

extern void fuel _air_ratio_ert_term nator(void);

voi d fuel _air_ratio_ert_machi ne_gl obal _term nat or(voi d)

fuel _air_ratio_ert_termnator();
return;
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extern void fuel _air_ratio_ert_initializer(void);
void fuel _air_ratio_ert_machi ne_global _initializer(void)

fuel _air_ratio_ert_initializer();
return;
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8.6 APPENDIXF: Floating-Point C Code Generated by TargetLink for Transmission

Model

/***************************************************************************\

Model code file
for TargetLink nodel

sepfile.c

Gener at ed by Tar get Li nk,
Tue Feb 26 10:39:21 2002

CODE CGENERATCR OPTI ONS:

tl _transfixed/trans_vi1_1

t he dSPACE production quality code generator

Tar get Generic
ANSI - C conpati bl e code yes
Optimzation |evel 5
Constant style deci mal
Cl ean code option enabl ed
Loggi ng node Do not | og anything
Li nker sections enabl ed
Interrupt functions enabl ed
User attributes enabl ed
Assenbl er statenents di sabl ed
Vari abl e nane | ength 31 chars
Separ at e | ookup search function di sabl ed
Use gl obal bitfields di sabl ed
Statefl ow. use of bitfields . enabl ed
State activity encoding limt . b

Onit zero inits in restart function: disabled
Share fcns between TL subsystens di sabl ed
Generate 64bit functions enabl ed

Inlining Threshol d . 6

Line break limt 100
Constant suffix : disabl ed
Target optin zed bool ean data type : enabl ed
Subsys Correspondi ng Si nulink Subsystem
Sal trans_v1l 1
Sa2 trans_vl_1/trans_sl ow
Sa3 trans_vl 1/trans_sl ow trans_sl ow_torques
Sa4 trans_vl_1/trans_slow trans_sl ow_torques/clutch_pressure
Sab trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er
SF- Node Correspondi ng Statefl ow Node
description
Ca0 trans_vl 1/ Statefl ow machine [t] _transfi xed]
Cal trans_vl 1/trans_slow trans_slow ctl
Ca2 trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e
Ca3

trans_vl _1/trans_sl ow trans_sl ow torques/shift_schedul er/shift_schedul e. first_gear

Ca4
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. fourth_gear

Cab
trans_vl _1/trans_slow trans_sl ow_ t orques/shift_schedul er/shift_schedul e. second_gear

Cab
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.third_gear

Ca7
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transitionl2

Ca8
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transitionl2. shi
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ft_pendi ng
9

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transitionl2. shi
fting
Calo
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transition2l

Call
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition2l. shi
ft_pendi ng
Cal2
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition2l. shi
fting
Cals
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e. transition23

Cal4d
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transiti on23. shi
ft_pendi ng2
Cals
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition23. shi
fting2
Cal6
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transition32

Cal7v
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition32. shi
ft_pendi ng
Cals
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transiti on32. shi
fting
Cal9
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transition34

Ca20
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transiti on34. shi
ft_pendi ng3
Ca21
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transition34. shi
fting3
Ca22
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transition43

Ca23
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition43. shi
ft_pendi ng
Ca24
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transiti on43. shi
fting

Tar get Li nk version : 1.2p1 from 19-Jul - 2001
Codegenerator version : 1.2.P1 fromJul 19 2001, 17:45:00
Copyright (c) 1999-2001 by dSPACE GrbH

\***************************************************************************/

#define _SEPFILE C_ /* identifier for this file */

/**************************************************************\

i ncl udes
\**************************************************************/

#i ncl ude <ppc_context.h> /* standard header files */
#include <lib_utils.h>

#include "trans_v1 1 udt.h" /* type definition of the user data types */
#include "tl _types. h" /* definition of base data types */

#include "sepfile.h"/* Include of own header file */

#include "trans_vi1_1.h" /* Include of the root system header */

/***************************************************************************\

TL_CG MACROCL_STATIC:. Default macro class for macros with nodul e extent.

\***************************************************************************/
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#define Cal6_transition32_id 9
#define Ca3 _first_gear_id 2
#define Ca4_fourth_gear_id 6
#define Cal9 transition34_id 5
#define Cal3_transition23_id 4
#define CalO_transition2l_id 1
#define Ca6_third_gear_id 1

#define Ca7_transitionl2_ id 3
#define Cab5_second_gear _id 7
#define Ca22_transition43_id 8

/***************************************************************************\

defaul td ass_sfStaticG obal : Default storage class for global static variables
\***************_************************************************************/

static S8 Ca2_to_gear = 1; /* LSB: 270 OFF: 0 M N MAX: -128 .. 127 */

/***************************************************************************\

defaultd ass_sl Staticd obal : Default storage class for global static variables
\***************************************************************************/
static F32 AUX a_Sa5 ms to_kmh; /* zaxxonia */
static F32 AUX_a_Sa5_Product
static F32 AUX a_Sa5 Product 1
static F32 AUX_a_Sa5_Product 2;
static F32 AUX _a_Sa5_ Product 4;
static F32 AUX_a_Sa5_ Product5

/***************************************************************************\

defaultC ass_sl doballnit: Default storage class for global variables with initia
val ue.
\***************************************************************************/

F32 s43_x_table_array[8][2] =

{
{/* [0][O..1] */ 10.F, 29.F},
{/* [1][0..1] */ 25.F, 29.F},
{/* [2][0..1] */ 30.F, 41.F},
{/* [3][0..1] */ 40.F, 63.F},
{/* [4][0..1] */ 60.F, 109.F},
{/* [5][0..1] */ 70.F, 127.F},
{/* [6][0..1] */ 80.F, 127.F},
{/* [7][0..1] */ 100.F, 127.F}
; /* 32 bit floating-point variable */
F32 s34_x_table_array[8][2] =
{
/* [0][0O..1] */ 10.F, 49.F},
/* [1][0..1] */ 25.F, 49.F},
/* [2][0..1] */ 30.F, 77.F},
/* [3][0..1] */ 40.F, 98.F},
/* [4][0..1] */ 60.F, 127.F},
/* [5][0..1] */ 70.F, 127.F},
/* [6][0..1] */ 80.F, 127.F},
/* [7][0..1] */ 100.F, 127.F}
; /* 32 bit floating-point variable */
F32 s32_x_table_array[8][2] =
{
/* [0][0O..1] */ 10.F, 21.F},
/* [1][0..1] */ 25.F, 21.F},
/* [2][0..1] */ 30.F, 21.F},
/* [3][0..1] */ 40.F, 29.F},
/* [4][0..1] */ 60.F, 44.F},
/* [5][0..1] */ 70.F, 52.F},
/* [6][0..1] */ 80.F, 60.F},
/* [7][0..1] */ 100.F, 84.F}
; /* 32 bit floating-point variable */
F32 s23_x_table_array[8][2] =
{
/* [0][0O..1] */ 10.F, 34.F},
/* [1][0..1] */ 25.F, 34.F},
/* [2][0..1] */ 30.F, 56.F},
/* [3][0..1] */ 40.F, 70.F},
/* [4][0..1] */ 60.F, 98.F},
/* [5][0..1] */ 70.F, 126.F},
/* [6][0..1] */ 80.F, 127.F},

— 58 5/7/02



{/* [7][0..1] */ 100.F, 127.F}
; /* 32 bit floating-point variable */
F32 s21 _x _table_array[8][2] =

{
/* [0][0..1] */ 10.F, 12.F},
/* [1][0..1] */ 25.F, 12.F},
/* [2][0..1] */ 30.F, 12.F},
/* [3][0..1] */ 40.F, 12.F},
/* [4][0..1] */ 60.F, 12.F},
/* [5][0..1] */ 70.F, 12.F},
/* [6][0..1] */ 80.F, 12.F},
/* [7][0..1] */ 100.F, 50.F}
}; /* 32 bit floating-point variable */
F32 c4_x_table_array[4][2] =
{
/* [0][O..1] */ 1.F, O.F},
/* [1][0..1] */ 2.F, O0.F},
/* [2][0..1] */ 3.F, O.F},
/* [3][0..1] */ 4.F, 1.F}
}; /* 32 bit floating-point variable */
F32 c3_x_table_array[4][2] =
{
/* [0][0..1] */ 1.F, O.F},
/* [1][0..1] */ 2.F, O.F},
/* [2][0..1] */ 3.F, 1.F},
/* [3][0..1] */ 4.F, 1.F}
; /* 32 bit floating-point variable */
F32 c2_x_table_array[4][2] =
{
/* [0][0O..1] */ 1.F, O.F},
/* [1][0..1] */ 2.F, 1.F},
/* [2][0..1] */ 3.F, 1.F},
/* [3][0..1] */ 4.F, 1.F}
}; /* 32 bit floating-point variable */
F32 cl x_table_array[4][2] =
{
/* [0][0..1] */ 1.F, 1.F},
/* [1][0..1] */ 2.F, 1.F},
/* [2][0..1] */ 3.F, O0.F},
/* [3][0..1] */ 4.F, O.F}
; /* 32 bit floating-point variable */
F32 bl12 x_table_array[4][2] =
{
{/* [0][O..1] */ 1.F, 1.F},
{/* [1][0..1] */ 2.F, 1.F},
{/* [2][0..1] */ 3.F, O.F},
{/* [3][0..1] */ 4.F, O0.F}
} /* 32 bit floating-point variable */

/***************************************************************************\

GLOBAL: gl obal vari abl es (RAM

\***************************************************************************/

TABLE_2D s43_x_table =
8 /*
conp . size

Description: No of x,y pairs
LSB: 2"0 OFF: 0 M N MAX: 0 .. 255 */,
&((s43_x_table_array[0][0])) [/*
conp © Xy_pairs
Description: Pointer to start of x,y array
pointer to 32 bit floating-point variable */
; /* structure type */
TABLE_2D s34 _x_table =

{
8 /*
conp . size

Description: No of x,y pairs
LSB: 2"0 OFF: 0 M N MAX: 0 .. 255 */,
& (s34_x_table_array[0][0])) [/*
conp . Xy_pairs
Description: Pointer to start of x,y array
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TABLE
8

pointer to 32 bit floating-poi

/* structure type */

2D

/*

conp

Descri ption:
LSB: 2~0 OFF:

s32_x_table =

si ze
No of x,y pair
0 M N MAX:

&((s32_x_table_array[0][0]))

1
TABLE
{

8

conp
Descri ption:

pointer to 32 bit floating-poi

Xy_pairs

S
0 ..
/

*

Pointer to start

/* structure type */
2D s23 _x_table =

/*

conp

Descri ption:
LSB: 270 OFF:

si ze
No of x,y pair
0 M N MAX:

&((s23_x_tabl e_arr ay[0][0]))

TABLE
8

conp
Descri ption:

pointer to 32 bit floating-poi

Xy_pairs

S
0 ..
/

*

Pointer to start

/* structure type */

2D s21_x _table =

/*

conp si ze
Description: No of x,y pair
LSB: 2"0 OFF: 0 M N MAX:

&((s21_x_table_array[0][0]))

1
TABLE
{

8

conp
Descri ption:

pointer to 32 bit floating-poi

Xy_pairs

S
0 ..
/

*

Pointer to start

/* structure type */

2D sl2 x _table =

/*

conp si ze
Description: No of x,y pair
LSB: 270 OFF: 0 M N MAX:

&((s12_x_tabl e_arr ay[0][0]))

TABLE
4

conp
Descri ption:

pointer to 32 bit floating-poi

Xy_pairs

S
0 ..
/

*

Pointer to start

/* structure type */

2D c4_x_table =

/*

conp si ze
Description: No of x,y pair
LSB: 270 OFF: 0 M N MAX:

&((c4_x_tabl e_arr ay[0][0]))

1
TABLE
4

conp
Descri ption:

pointer to 32 bit floating-poi

Xy_pairs

S
0 ..
/

*

Pointer to start

/* structure type */
2D c3_ x_table =

/*

conp

Descri ption:
LSB: 270 OFF:

si ze
No of x,y pair
0 M N MAX:

& (c3_x_tabl e_grray[ 0]1[0]))

TABLE
4

conp
Descri ption:

pointer to 32 bit floating-poi

Xy_pairs

*

S
0 ..
/

Pointer to start

/* structure type */

2D c2_x_table =
/*
conp si ze

nt variable */

255 */,

of x,y array
nt variable */

255 */,

of X,y array
nt variable */

255 */,

of x,y array
nt variable */

255 */,

of X,y array
nt variable */

255 */,

of x,y array
nt variable */

255 */,

of X,y array
nt variable */
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Description: No of x,y pairs
LSB: 2"0 OFF: 0 M N MAX: 0 .. 255 */,
&((c2_x_table_array[0][0])) /*
conp : Xy_pairs
Description: Pointer to start of x,y array
pointer to 32 bit floating-point variable */
; /* structure type */
TABLE_2D cl x_table =

4 /*
conp : size

Description: No of x,y pairs
LSB: 2"0 OFF: 0 MN MAX: 0 .. 255 */,
& (cl_x_table_array[0][0])) /*
conp : Xy_pairs
Description: Pointer to start of x,y array
pointer to 32 bit floating-point variable */
; /* structure type */
TABLE_2D bl2_x_table =

4 |*
conp . size

Description: No of x,y pairs
LSB: 2"0 OFF: 0 M N MAX: 0 .. 255 */,
&((bl2_x_table_array[0][0])) [/*
conp : Xy_pairs
Description: Pointer to start of x,y array
pointer to 32 bit floating-point variable */
}; /* structure type */

/***************************************************************************\

defaultd ass_sl G obal: Default storage class for globa

vari abl es.

\**************;************************************************************/

BFa9_tp BFa9 =

{
0o /*
conp: Ca24_shifting
bool ean type */,
o /*
conp: Ca23_shift_pending
bool ean type */,
/*

conp: Cal7_shift_pending
bool ean type */,
o /*
conp: Ca2l shifting3
bool ean type */,
/*

conp: Ca20_shift_pendi ng3
bool ean type */,

o /*

conp: Cal5_shifting2

bool ean type */,

/*

conp: Cal8_shifting
bool ean type */,
o /*
conp: Ca9_shifting
bool ean type */,
/*

conp: Cal4_shift_pendi ng2
bool ean type */,
o /*
conp: Call_shift_pending
bool ean type */,
/*

conp: Cal2_shifting
bool ean type */,
o /*
conp: Ca8_shift_pending
bool ean type */,
/*
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conp: Ca2_shift_schedul e_ns
LSB: 2"0 OFF: O MN MAX: O .. 15 */,
o /*
conp: Ca2_shift_schedul e
bool ean type */
}; /* structure type */

/***************************************************************************\

Model step function of subsystem(s): trans_v1l _1/trans_sl ow trans_sl ow torques

\********************************************;**;*******;**********;****;***/

voi d cal c_trans_sl ow_tor ques(

F32 Sa3____ ¢ /* 32 bit floating-point variable */,

F32Sa3____ b /* 32 bit floating-point variable */,

Bool 8 Sa3____a /* bool ean type */,

S8 Sa3___/* LSB: 20 OFF: 0 M N MAX: -128 .. 127 */,

F32 * Sa3__pcl_ /* pointer to 32 bit floating-point variable */,
F32 * Sa3__pc2_ /* pointer to 32 bit floating-point variable */,
F32 * Sa3__pc3_ /* pointer to 32 bit floating-point variable */,
F32 * Sa3__pc4d_ /* pointer to 32 bit floating-point variable */,
F32 * Sa3__pbil2_ /* pointer to 32 bit floating-point variable */)

/* defaultd ass_sl Local : Default storage class for local variables */
F32 Sa5_4 3shift; /* 32 bit floating-point variable */

F32 Sa5_3 _4_shift; /* 32 bit floating-point variable */
F32 Sa5_3 2 shift; /* 32 bit floating-point variable */
F32 Sa5_2 3 shift; /* 32 bit floating-point variable */
F32 Sa5_2 1 shift; /* 32 bit floating-point variable */
F32 Sa5_1 2 shift; /* 32 bit floating-point variable */

F32 Sad4_c4 _table; /* 32 bit floating-point variable */
F32 Sa4_c3_table; /* 32 bit floating-point variable */
F32 Sa4_c2 table; /* 32 bit floating-point variable */
F32 Sa4_c1_ table; /* 32 bit floating-point variable */
F32 Sad4_b12_tabl e; /* 32 bit floating-point variable */

/*
1D Cust onirabl eLookup:
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/1_2 shift
eval uate 2D | ookup function (replaces dSPACE TablD...) */
Sa5_1 2 shift = | ookup_2d(
&(s12_x_table),
Sa3___ ¢);
/*
1D Cust onirabl eLookup:
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/2_1 shift
eval uate 2D | ookup function (replaces dSPACE TablD...) */
Sa5_ 2 1 shift = | ookup_2d(
&(s21_x_table),
Sa3___ ¢);
/*
1D Cust onirabl eLookup:
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/2_3 shift
eval uate 2D | ookup function (replaces dSPACE TablD...) */
Sa5_2_ 3 shift = | ookup_2d(
&(s23_x_table),
Sa3___ ¢);
/*
1D Cust onirabl eLookup:
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/3_2_ shift
eval uate 2D | ookup function (replaces dSPACE TablD...) */
Sa5_3 2 shift = | ookup_2d(
&(s32_x_table),
Sa3___ ¢);

/*
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1D Cust onirabl eLookup:
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/3_4 shift
“eval uate 2D Iookup function (replaces dSPACE TabilD...) */
Sa5_3 4 _shift | ookup_2d(
“&(s34_x tabl e),
Sa3_ _ ¢);

/*
1D Cust onirabl eLookup:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/4_3shift
“eval uat e 2D | ookup function (replaces dSPACE TabilD...) */
Sa5_4 3shift | ookup_2d(
&(s43 _x_t abl e),
Sa3___ ¢);

/* # conbined # Gain:
trans_vl _1/trans_slow trans_sl ow torques/shift_scheduler/ms_to_kmh */
AUX a_Sa5 ms to kmh = Sa3____ b * 3.6F;

/*
# conbi ned # Product:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/ Product
“# conbined # # conbined # Switch:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
Switch
Oritted conparison with constant. */
AUX a_Sa5 Product = Sa5_1_2 shift * Sa3___ a;
/*
# conbi ned # Product:
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/ Product1
# conbined # # conbined # Sw tch:
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
Swi tch
Oritted conparison with constant. */
AUX a_Sa5 Productl = Sa5 2 1 shift * Sa3___ a;

/*
# conbi ned # Product:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/ Product 2
“# conbined # # conbined # Switch:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
Switch
Oritted conparison with constant. */
AUX a_Sa5 Product2 = Sa5 2 3 shift * Sa3____a;
/*
# conbi ned # Product:
trans_vl_1/trans_sl ow trans_sl ow torques/shift_schedul er/Product 4
# conbined # # conbined # Sw tch:
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
Swi tch
Oritted conparison with constant. */
AUX a_Sa5 Product4 = Sa5 3 4 shift * Sa3____ a;

/*
# conbi ned # Product:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/ Product5
“# conbined # # conbined # Switch:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
Swi tch
Oritted conparison with constant. */
AUX _a_Sa5_ Product5 = Sa5 4_3shift * Sa3 _a;
/* StateflTow trans_vl 17trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e

/*
Begi n execution of chart
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedu
le */
switch ( BFa9. Ca2_shift_schedule_ns ) {
case Ca3 _first_gear_id: {
/*

*/
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Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. first_gear */

[* furry animals */
if ( AUX a_Sa5 ms to kmh > AUX a_Sa5 Product ) {
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er/shift_
schedul e.first_gear to
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transitionl2.shift_pending */
BFa9. Ca2_shi ft _schedul e_ns = Ca7_transitionl2_id;
BFa9. Ca8_shi ft _pending = 1;
ctr = 0O;
Ca2_to_gear = 1;
}
/*
End execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. first_gear */

br eak;

}

case Ca4d_fourth_gear_id: {
/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. fourth_gear */
if ( AUX a_Sa5 ms to kmh <= AUX a_Sa5 Product5 ) {
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_
schedul e. fourth_gear to
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transiti on43. shift_pendi ng */
BFa9. Ca2_shi ft _schedul e_ns = Ca22_transition43_id;
BFa9. Ca23_shift_pending = 1;
ctr = 0O;
Ca2_to_gear = 4;
}
/*
End execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. fourt h_gear */

br eak;

}

case Cab_second_gear_id: {
/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. second_gear */
if ( AUX a Sa5 ms to kmh > AUX a_Sa5 Product2 ) {
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_
schedul e. second_gear to
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transition23. shift_pendi ng2 */
BFa9. Ca2_shi ft _schedul e_ns = Cal3_transition23_id;
BFa9. Cal4_shift_pending2 = 1;
ctr = 0;
Ca2_to_gear = 2;
} else {
if ( AUX a_Sa5 ms to kmh <= AUX a_Sa5 Productl ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/

shi ft _schedul e. second_gear to
trans_vl_1/trans_slow trans_sl ow_ torques/shift_sched

ul er/shift_schedul e. transition2l. shift_pending */
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BFa9. Ca2_shi ft_schedul e_ns = CalO_transition2l_id;
BFa9. Call_shift_pending = 1;
ctr = 0O;
Ca2_to_gear = 2;
}
}
/*
End execution of state
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. second_gear */
br eak;

case Ca6_third_gear_id: {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er/shift_
schedul e. third_gear */
if ( AUX a_Sa5 ms_to_kmh > AUX a_Sa5 Product4 ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e.third_gear to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition34. shift_pendi ng3 */
BFa9. Ca2_shi ft _schedul e_ns = Cal9 transition34_id;
BFa9. Ca20_shi ft _pendi ng3 = 1;
ctr = 0;
Ca2_to_gear = 3;
} else {

/*
# conbi ned # # conbi ned # Product:
trans_vl _1/trans_slow trans_sl ow torques/shift_sch
edul er/ Product 3
# conmbined # # conbined # Swi tch:
trans_vl_1/trans_slow trans_sl ow torques/shift_sche
dul er/ Switch
Onitted comparison with constant. */
if ( AUX a_Sa5 ms to kmh <= (Sa5_3 2 shift * Sa3____a) ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedule.third_gear to
trans_vl_1/trans_slow trans_sl ow torques/shift_schedu
| er/shift_schedule.transition32.shift_pending */
BFa9. Ca2_shift_schedul e_ns = Cal6_transition32_id;
BFa9. Cal7_shift_pending = 1;
ctr = 0O;
Ca2_to_gear = 3;
}
}
/*
End execution of state
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. third_gear */
br eak;

case Ca7_transitionl2_id: {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er/shift_
schedul e. transitionl2 */
if ( AUX_a_Sa5 ms_to_kmh <= AUX a_Sa5 Productl ) {
/*

State transition from
trans_vl 1/trans_sl ow trans_sl ow torques/shift_schedul er/shift_
schedul e.transitionl2 to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e.first_gear */
if ( BFa9.Ca8 shift_pending ) {
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BFa9. Ca8_shi ft _pendi ng = O;
} else {
if ( BFa9.Ca9 shifting ) {
BFa9. Ca9_shifting = O;
}

}
BFa9. Ca2_shi ft _schedule_ns = Ca3_first_gear_id,;
Ca2_to_gear = 1;
} else {
if ( BFa9.Ca8 shift_pending ) {
/*

Begi n execution of state
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/
shift_schedul e. transitionl2. shift_pending */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e.transitionl2.shift_pending to
trans_vl 1/trans_slow trans_sl ow_t
orques/shift_schedul er/shift_schedul e.transitionl2.shifting */
BFa9. Ca8_shi ft _pendi ng = 0;
BFa9. Ca9_shifting = 1;
Ca2_to_gear = 2;
} else {
ctr = ctr + 1;

}

/*
End execution of state

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transitionl2. shift_pending */
} else {

if ( BFa9.Ca9 _shifting ) {

/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedule.transitionl2.shifting */
if ( Sa3___ ==
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transitionl2.shifting to
trans_vl_1/trans_slow trans_sl ow_
torques/shift_schedul er/shift_schedul e. second_gear */
if ( BFa9.Ca8_ shift_pending ) {
BFa9. Ca8_shi ft _pendi ng = 0;
} else {
if ( BFa9.Ca9_shifting ) {
BFa9. Ca9_shifting = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca5_second_gear _id;
Ca2_to_gear = 2;

/*
End execution of state
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er
/shift_schedule.transitionl2. shifting */
}

}
}
/*
End execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transitionl2 */

br eak;

}

case CalO_transition21_id: {
/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
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schedul e. transition21 */
if ( AUX a_Sa5 ms to_kmh > AUX a_Sa5_Product ) {
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_
schedul e.transition2l to
trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er/
shi ft _schedul e. second_gear */
if ( BFa9.Call shift_pending ) {
BFa9. Call_shift_pending = O;
} else {
if ( BFa9.Cal2_shifting ) {
BFa9. Cal2_shifting = O;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca5_second_gear _i d;
Ca2_to_gear = 2;
} else {
if ( BFa9.Call_shift_pending ) {
/*
Begi n execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition2l. shift_pending */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e.transition2l.shift_pending to
trans_vl _1/trans_slow trans_sl ow t
orques/shift_schedul er/shift_schedul e.transition2l.shifting */
BFa9. Call_shift_pending = O;
BFa9. Cal2_shifting = 1;
Ca2_to_gear = 1;
} else {
ctr = ctr + 1,

}
/*
End execution of state
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transition2l. shift_pending */
} else {
if ( BFa9.Cal2_shifting ) {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transition2l.shifting */
if ( Sa3___ == ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedule.transition2l.shifting to
trans_vl _1/trans_slow trans_sl ow_
torques/shift_schedul er/shift_schedul e.first_gear */
if ( BFa9.Call shift_pending ) {
BFa9. Call_shift_pending = O;
} else {
if ( BFa9.Cal2_shifting ) {
BFa9. Cal2_shifting = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca3_first_gear_id;
Ca2_to_gear = 1;

}

/*
End execution of state

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er

/shift_schedul e.transition2l.shifting */
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End execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transi ti on21 */

br eak;

}

case Cal3_transition23_id: {
/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. transiti on23 */
if ( AUX a_Sa5 ms to kmh <= AUX a_Sa5 Product2 ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/shift_
schedul e.transition23 to
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/
shi ft _schedul e. second_gear */
if ( BFa9.Cal4_shift_pending2 ) {
BFa9. Cal4_shi ft_pendi ng2 = 0;
} else {
if ( BFa9.Cal5_shifting2 ) {
BFa9. Cal5_shifting2 = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca5_second_gear _i d;
Ca2_to_gear = 2;
} else {
if ( BFa9.Cal4_shift_pending2 ) {
/*
Begi n execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shi ft _schedul e. transi ti on23. shift_pendi ng2 */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transiti on23.shift_pending2 to
trans_vl_1/trans_slow trans_sl ow_
torques/shift_schedul er/shift_schedul e.transition23.shifting2 */
BFa9. Cal4_shift_pending2 = 0;
BFa9. Cal5_shifting2 = 1;
Ca2_to_gear = 3;
} else {
ctr = ctr + 1,

}
/*
End execution of state
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shi ft _schedul e. transi tion23. shift_pendi ng2 */
} else {
if ( BFa9.Cal5_shifting2 ) {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transition23.shifting2 */
if ( Sa3___ == ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedule.transition23.shifting2 to
trans_vl _1/trans_slow trans_sl ow
_torques/shift_schedul er/shift_schedul e.third_gear */
if ( BFa9.Cal4_shift_pending2 ) {
BFa9. Cal4_shift_pending2 = 0;
} else {
if ( BFa9.Cal5_shifting2 ) {
BFa9. Cal5_shifting2 = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca6_third_gear _id;
Ca2_to_gear = 3;
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}
/*
End execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er
/shift_schedul e.transition23.shifting2 */
}

}
}
/*
End execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transi tion23 */
br eak;

case Cal6_transition32_id: {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er/shift_
schedul e. transition32 */
if ( AUX a_Sa5 ms_to_kmh > AUX a_Sa5 Product2 ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e.transition32 to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e.third_gear */
if ( BFa9.Cal7_shift_pendi ng ) {
BFa9. Cal7_shift_pending =
} else {
if ( BFa9.Cal8 shifting ) {
BFa9. Cal8_shifting = O;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca6_third_gear _id,;
Ca2_to_gear = 3;
} else {
if ( BFa9.Cal7_shift_pending ) {
/*
Begi n execution of state
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift _schedul e. transi tion32. shift_pending */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition32.shift_pending to
trans_ vl _1/trans_slow trans_sl ow t
or ques/ shift_schedul er/shl ft_schedul e.transition32.shifting */
BFa9. Cal7_shift pend| ng =
BFa9. Cal8 shifting = 1;
Ca2_to_gear = 2;
} else {
ctr = ctr + 1;

}

/*
End execution of state

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition32.shift_pending */
} else {

if ( BFa9.Cal8 shifting ) {

/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedul e.transition32.shifting */
if ( Sa3___ ==
/*

State transition from

trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transition32.shifting to

trans_vl _1/trans_sl ow trans_sl ow
torques/shift_schedul er/shift_schedul e. second_gear */

— 69 5/7/02



if ( BFa9.Cal7_shift_pending )
BFa9. Cal7_shift_pending = 0;
} else {
if ( BFa9.Cal8 shlftlng ) {
BFa9. Cal8_shifting =
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca5_second_gear _id;
Ca2_to_gear = 2;

{

}
/*
End execution of state
trans_vl_1/trans_sl ow trans_sl ow torques/shift_schedul er
/shift_schedul e.transition32.shifting */
}

}
}
/*
End execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transition32 */

br eak;

}

case Cal9_ transition34_id: {
/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. transiti on34 */
if ( AUX a_Sa5 ms to kmh <= AUX a_Sa5 Product5 ) {
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_
schedul e.transition34 to
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/
shift_schedule.third_gear */
if ( BFa9.Ca20_shift_pending3 ) {
BFa9. Ca20_shi ft_pendi ng3 = 0;
} else {
if ( BFa9.Ca2l1_shifting3 ) {
BFa9. Ca21_shifting3 = 0;
}

}
BFa9. Ca2_shi ft _schedule_ns = Ca6_third_gear _id;
Ca2_to_gear = 3;
} else {
if ( BFa9.Ca20_shift_pending3 ) {
/*
Begi n execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift _schedul e. transition34. shift_pendi ng3 */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transition34.shift_pending3 to
trans_vl 1/trans_slow trans_sl ow
torques/ shift_schedul er/shift_schedul e. transition34.shifting3 */
BFa9. Ca20_shi ft pendl ng3 = 0;
BFa9. Ca21 shlftl ng3 = 1;
Ca2_to_gear = 4;
} else {
ctr = ctr + 1,

}
/*
End execution of state
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/
shift _schedul e. transi tion34. shift_pendi ng3 */
} else {
if ( BFa9.Ca2l1_shifting3 ) {
/*
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Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedul e.transition34.shifting3 */
if ( Sa3___ == ) {
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transition34.shifting3 to
trans_vl _1/trans_sl ow trans_sl ow
_torques/shift_schedul er/shift_schedul e.fourth_gear */
if ( BFa9.Ca20_shift_pending3 ) {
BFa9. Ca20_shi ft _pendi ng3 = 0;
} else {
if ( BFa9.Ca2l _shifting3 ) {
BFa9. Ca21_shifting3 = 0;
}

}
BFa9. Ca2_shift_schedul e_ns = Ca4_fourth_gear _id,;
Ca2_to_gear = 4;

/*
End execution of state
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er
/shift_schedul e.transition34.shifting3 */
}

}
}
/*
End execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transition34 */

br eak;

}

case Ca22_transition43_id: {
/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. transiti on43 */
if ( AUX a Sa5 ms to kmh > AUX a_Sa5 Product4 ) {
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_
schedul e.transition43 to
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/
shift _schedul e. fourth_gear */
if ( BFa9.Ca23 shift_pending ) {
BFa9. Ca23_shi ft _pending = 0;
} else {
if ( BFa9.Ca24 _shifting ) {
BFa9. Ca24_shifting = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca4_fourth_gear_id;
Ca2_to_gear = 4;
} else {
if ( BFa9.Ca23_shift_pending ) {
/*
Begi n execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transi ti on43. shift_pending */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e.transition43.shift_pending to
trans_vl _1/trans_slow trans_sl ow t
orques/shift_schedul er/shift_schedul e.transition43.shifting */
BFa9. Ca23_shift_pending = 0;
BFa9. Ca24_shifting = 1;
Ca2_to_gear = 3;
} else {
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ctr = ctr + 1,
}
/*
End execution of state
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transi tion43. shift_pending */
} else {
if ( BFa9.Ca24_shifting ) {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transition43.shifting */
if ( Sa3___ == ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedule.transition43.shifting to
trans_vl _1/trans_slow trans_sl ow_
torques/shift_schedul er/shift_schedul e.third_gear */
if ( BFa9.Ca23 _shift_pending ) {
BFa9. Ca23_shift_pending = 0;
} else {
if ( BFa9.Ca24 _shifting ) {
BFa9. Ca24_shifting = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca6_third_gear _id;
Ca2_to_gear = 3;

}

/*
End execution of state

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er
/shift_schedul e.transition43.shifting */
}

}
}
/*
End execution of state
trans_vl _1/trans_slow trans_sl ow_ t orques/shift_schedul er/shift_sc
hedul e. transition43 */
br eak;

defaul t: {
if ( !(BFa9.Ca2_shift_schedule) ) {
BFa9. Ca2_shi ft _schedule = 1;
BFa9. Ca2_shi ft _schedule_ns = Ca3_first_gear_id,;
Ca2_to_gear = 1;

/* End execution of chart
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e
*/

/*
1D Cust onirabl eLookup:
trans_vl _1/trans_slow trans_sl ow_ torques/clutch_pressure/ bl2_table
eval uate 2D | ookup function (replaces dSPACE TablD...) */
Sa4_bl2 table = | ookup_2d(
& b12_x_table),
(F32) Ca2_to_gear);

/* Qutport: trans_vl 1/trans_slow trans_sl ow_t orques/ PB12
# conbined # Gain: trans_vl 1/trans_slow trans_sl ow torques/clutch_pressure/ Gai n4
*/
*Sa3__pbl2_ = Sa4 bl2 table * 1000. F;
/*
1D Cust onirabl eLookup:
trans_vl 1/trans_slow trans_sl ow torques/clutch_pressure/cl_table
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eval uate 2D | ookup function (replaces dSPACE TablD...) */
Sa4_cl _table = | ookup_2d(
&(cl_x_table),
(F32) Ca2_to_gear);

/* Qutport: trans_vl 1/trans_slow trans_sl ow torques/Pcl
# conbined # Gain: trans_vl1l 1/trans_sl ow trans_sl ow torques/clutch_pressure/ Gain
*/
*Sa3__pcl_ = Sa4_cl table * 1000.F;

/*
1D Cust onirabl eLookup:
trans_vl_1/trans_slow trans_sl ow torques/clutch_pressure/c2_table
eval uate 2D | ookup function (replaces dSPACE TablD...) */
Sa4_c2_table = | ookup_2d(
& c2_x_table),
(F32) Ca2_to_gear);

/* Qutport: trans_vl 1/trans_slow trans_sl ow_torques/Pc2
# conbined # Gain: trans_vl1_1/trans_sl ow trans_sl ow torques/clutch_pressure/ Gai nl
*/
*Sa3__pc2_ = Sa4_c2_table * 1000.F;

/*
1D Cust onirabl eLookup:
trans_vl _1/trans_slow trans_sl ow torques/clutch_pressure/c3_table
eval uate 2D | ookup function (replaces dSPACE TablD...) */
Sa4_c3_table = | ookup_2d(
&(c3_x_table),
(F32) Ca2_to_gear);

/* Qutport: trans_vl 1/trans_slow trans_sl ow torques/Pc3
# conbined # Gain: trans_vl1l_1/trans_sl ow trans_sl ow torques/clutch_pressure/ Gai n2
*/
*Sa3__pc3_ = Sa4_c3_table * 1000. F;

/*
1D Cust onirabl eLookup:
trans_vl_1/trans_slow trans_sl ow torques/clutch_pressure/c4_table
eval uate 2D | ookup function (replaces dSPACE TablD...) */
Sa4_c4_table = | ookup_2d(
& c4_x_table),
(F32) Ca2_to_gear);

/* Qutport: trans_vl1l 1/trans_slow trans_sl ow_t orques/ Pc4
# conbined # Gain: trans_vl1_1/trans_sl ow trans_sl ow torques/clutch_pressure/ Gai n3
*/

}

*Sa3__pc4_ = Sad_c4_table * 1000.F;

#undef _SEPFILE C_

/***************************************************************************\

Model code file : trans_vl_ 1.c
for TargetLink nodel tl _transfixed/trans_vi_1

Gener ated by TargetLink, the dSPACE production quality code generator
Tue Feb 26 10:39:20 2002

CODE GENERATOR OPTI ONS:

Tar get : Generic

ANSI - C conpati bl e code . yes

Optimzation |evel : 5

Constant style . deci nal

Cl ean code option . enabl ed

Loggi ng node : Do not | og anything
Li nker sections . enabl ed

Interrupt functions . enabl ed

User attributes . enabl ed

Assenbl er statenents : disabl ed
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Vari abl e nane | ength : 31 chars

Separ at e | ookup search function . di sabl ed
Use gl obal bitfields : di sabl ed
Stateflow use of bitfields : enabl ed
State activity encoding limt 5

Orit zero inits in restart function: disabled
Share fcns between TL subsystens : di sabl ed
Generate 64bit functions : enabl ed
Inlining Threshol d : 6

Line break limt : 100
Const ant suffix . di sabl ed

Target optim zed bool ean data type : enabl ed

Subsys Correspondi ng Si nulink Subsystem

Sal trans_v1_ 1

Sa2 trans_vl _1/trans_sl ow

Sa3 trans_vl _1/trans_sl ow trans_sl ow_torques

Sa4 trans_vl 1/trans_slow trans_sl ow torques/clutch_pressure
Sab trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er

SF- Node Correspondi ng Statefl ow Node
description

Ca0 trans_vl 1/ Statefl ow machine [t] _transfixed]
Cal trans_vl _1/trans_slow trans_sl ow ctl
Ca2 trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e
Ca3
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.first_gear
Ca4
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e. fourth_gear
Ca5
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. second_gear
Cab
trans_vl _1/trans_sl ow trans_sl ow torques/shift_schedul er/shift_schedul e.third_gear
Ca7
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transitionl2
Ca8
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/shift_schedul e.transitionl2.
ft_pendi ng
Ca9
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transitionl2.
fting
Calo
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transition2l
Call
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition2l.
ft_pendi ng
Cal2
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transition2l.
fting
Cals
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transition23
Cal4d
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transition23.
ft_pendi ng2
Cals
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transiti on23.
fting2
Cal6

trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transition32

Cal7

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transiti on32.
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ft_pendi ng
Cal8
trans_vl _1/trans_sl ow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transition32.
fting
Cal9
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition34

Ca20
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transition34.
ft_pendi ng3
Ca21l
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transiti on34.
fting3
Ca22
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e. transition43

Ca23
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transiti on43.
ft_pendi ng
Ca24
trans_vl _1/trans_sl ow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transition43.
fting

Tar get Li nk version : 1.2p1 from 19-Jul - 2001
Codegenerator version : 1.2.P1 fromJul 19 2001, 17:45:00
Copyright (c) 1999-2001 by dSPACE GrbH

\***************************************************************************/
#define _TRANS V1_1 C_ /* identifier for this file */

/**************************************************************\

i ncl udes

\**************************************************************/

#i nclude "tl _types. h" /* definition of base data types */
#include "trans_vi1_1.h" /* I'nclude of own header file */
#include "trans_v1 1 udt.h" /* type definition of the user data types */

#i nclude "sepfile.h"

/***************************************************************************\

defaultC ass_sfdoballnit: Default storage class for global variables with initial
val ue.
\***************************************************************************/

S8 ctr = 0; /* LSB: 2"0 OFF: 0 M N MAX: -128 .. 127 */

/***************************************************************************\

defaultC ass_sl StaticA obal Init: Default storage class for global static variables

with initial

val ue
\***************************************************************************/
static F32 Sa3__pcl_ .F; /* 32 bit floating-point variable */
static F32 Sa3__pc2_ . F; /* 32 bit floating-point variable */
static F32 Sa3__pc3_ .F; /* 32 bit floating-point variable */
static F32 Sa3__pc4_ . F; /* 32 bit floating-point variable */
static F32 Sa3__pbl2_ = 0.F /* 32 bit floating-point variable */

o
elojolo]

/***************************************************************************\

defaul td ass_sl StaticG obal : Default storage class for global static variables
\***************_************************************************************/

static F32 AUX_a_t ps;

static F32 AUX a_vss;

static Bool8 AUX a_p_e_switch;
static S8 AUX a_a_gear;

/**************************************************************\

St at ef |l ow functions

\**************************************************************/

/***************************************************************************\

Model step function of Stateflow chart: trans_v1l 1/trans_sl ow trans_sl ow ctl
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\***************************************************************************/

void Cal_trans_slow ctl (void)

{
/* Call of function: calc_trans_slow torques */
cal c_trans_sl ow_t or ques(
AUX_a_t ps,
AUX_a_vss,
AUX _a_p_e_switch,
AUX_a_a_gear,
&(Sa3__pcl),
& Sa3__pc2 ),
&(Sa3__pc3)),
& Sa3__pc4 ),
&(Sa3__pbl2));
}

/***************************************************************************\

Model step function of subsysten(s): trans_vi1_1
\***************************************************************************/
void trans_v1 1(

F32 t ps /* 32 bit floating-point variable */,

F32 vss /* 32 bit floating-point variable */,

Bool 8 p_e_swtch /* bool ean type */,

S8 a_gear /* LSB: 20 OFF: 0 M N MAX: -128 .. 127 */,

F32 * pcl /* pointer to 32 bit floating-point variable */,
F32 * pc2 /* pointer to 32 bit floating-point variable */,
F32 * pc3 /* pointer to 32 bit floating-point variable */,
F32 * pc4 /* pointer to 32 bit floating-point variable */,
F32 * pc5 /* pointer to 32 bit floating-point variable */)
{
AUX_a_tps = tps;
AUX_a_vss = vss;
AUX a_p_e switch = p_e_sw tch;
AUX _a_a_gear = a_gear;
/* TargetLink outport: trans_v1l_1/Pcl_ */
*pcl = Sa3__pcl_;
/* TargetLink outport: trans_v1_1/Pc2_ */
*pc2 = Sa3__pc2_;
/* TargetLink outport: trans_v1l_1/Pc3_ */
*pc3 = Sa3__pc3_;
/* TargetLink outport: trans_v1_1/Pc4_ */
*pcd = Sa3__pc4_;
/* TargetLink outport: trans_v1_1/PB12_ */
*pch = Sa3__phl2_;
}

#undef TRANS V1 1 C_
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8.7 APPENDIX G: Fixed-Point C Code Generated by TargetLink for Transmission Model

/***************************************************************************\

Model code file ans_ vl 1.c

tra
for TargetLink nodel tl

Gener at ed by Target Li nk,
Tue Mar 12 09:54:44 2002

CODE GENERATOR OPTI ONS:

_transfixed/trans_vi_ 1

t he dSPACE production quality code generator

Tar get Generic
ANSI - C conpati bl e code yes
Optimzation |evel 5
Constant style deci nal
Cl ean code option enabl ed
Loggi ng node Do not | og anything
Li nker sections enabl ed
Interrupt functions enabl ed
User attributes enabl ed
Assenbl er statenents di sabl ed
Vari abl e nane | ength 31 chars
Separ at e | ookup search function di sabl ed
Use gl obal bitfields di sabl ed
Stateflow use of bitfields : enabl ed
State activity encoding linit : 5

Orit zero inits in restart function: disabled
Share fcns between TL subsystens di sabl ed
Generate 64bit functions : enabl ed
Inlining Threshol d : 6

Line break limt : 100
Const ant suffix : di sabl ed
Target optim zed bool ean data type : enabl ed

first_gear

fourth_gear

second_gear

t hi rd_gear

transitionl2

transitionl2. shi

Subsys Correspondi ng Si nulink Subsystem
Sal trans_v1_ 1
Sa2 trans_v1l_1/trans_sl ow
Sa3 trans_vl_1/trans_sl ow trans_sl ow t orques
Sa4 trans_vl 1/trans_slow trans_sl ow torques/clutch_pressure
Sab trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er
SF- Node Correspondi ng Statefl ow Node
description

Ca0 trans_vl 1/ Statefl ow machine [t] _transfixed]
Cal trans_vl _1/trans_slow trans_slow ctl
Ca2 trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er/shift_schedul e
Ca3

trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.
Ca4

trans_vl _1/trans_slow trans_sl ow_t orques/shift_schedul er/shift_schedul e.
Ca5

trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.
Cab

trans_vl _1/trans_slow trans_sl ow_t orques/shift_schedul er/shift_schedul e.
Ca7

trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.
Ca8

trans_vl _1/trans_slow trans_sl ow_t orques/shift_schedul er/shift_schedul e.

ft_pendi ng

Ca9

trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.

fting
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Cal0
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule.transiti

Call
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transit
ft_pendi ng
Cal2
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule.transiti
fting
Cals
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transit

Cal4d
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule.transiti
ft_pendi ng2
Cals
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transit
fting2
Cal6
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule.transiti

Cal7v
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transit
ft_pendi ng
Cals
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule.transiti
fting
Cal9
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transit

Ca20
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule.transiti
ft_pendi ng3
Ca21
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transit
fting3
Ca22
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule.transiti

Ca23
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transit
ft_pendi ng
Ca24
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule.transiti
fting

Tar get Li nk version : 1.2p1 from 19-Jul - 2001
Codegenerator version : 1.2.P1 fromJul 19 2001, 17:45:00
Copyright (c) 1999-2001 by dSPACE GrbH

\***************************************************************************/

#define _TRANS V1_1 C_ /* identifier for this file */

/**************************************************************\

i ncl udes
\**************************************************************/

#include "tl _types. h" /* definition of base data types */
#include "trans_vi1_1.h" /* I'nclude of own header file */
#include "trans_v1 1 udt.h" /* type definition of the user data types */

#i nclude "sepfile.h"
#i ncl ude " DSFxp. h"

/***************************************************************************\

defaultC ass_sfdoballnit: Default storage class for global variables with initia

val ue.
\***************************************************************************/
S8 ctr = 0; /* LSB: 2"0 OFF: 0 M N MAX: -128 .. 127 */

/***************************************************************************\

on21

on2l.

on21

on23

on23

on23

on32

on32.

on32

on34

on34.

on34.

on43

on43

on43
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defaultC ass_sl StaticG obal Init: Default storage class for global static variables
with initial
val ue
\***************************************************************************/
static S16 Sa3__pcl_ = 0; /* LSB: 2*-4 OFF: 0 M N MAX: -2048 .. 2047.9375 */
static S16 Sa3__pc2_ = 0; /* LSB: 2*-4 OFF: 0 M N MAX: -2048 .. 2047.9375 */
static S16 Sa3__pc3_ = 0; /* LSB: 2*-4 OFF: 0 M N MAX: -2048 .. 2047.9375 */
0 oM
0

static S16  Sa3__pc4_ = O /* LSB: 2°-4 OFF: N MAX: -2048 .. 2047.9375 */
static S16 Sa3_pblZ_ = O; /* LSB: 2°-4 OFF: M N MAX: -2048 .. 2047.9375 */

/***************************************************************************\

defaultd ass_sl Staticd obal : Default storage class for global static variables
\***************************************************************************/
static Sl16 AUX a_t ps;
static S16 AUX_a_vss;
static Bool8 AUX a p_e_sw tch;
static S8 AUX_a_a_gear;

/**************************************************************\

St at ef | ow functions
\**************************************************************/

/***************************************************************************\

Model step function of Stateflow chart: trans_vl1l 1/trans_slow trans_sl ow ctl
\***********************************************?***_********_**********?*****_/

void Cal_trans_sl ow ctl (void)

/* Call of function: calc_trans_slow torques */
cal c_trans_sl ow_t or ques(
AUX a_tps,
AUX_a_vss,
AUX a_p_e_switch,
AUX_a_a_gear,
& Sa3__pcl),
&(Sa3__pc2)),
& Sa3__pc3),
&(Sa3__pc4),
& Sa3__pbl2 ));

/**************************************************************\

tabl e | ookup functions

\**************************************************************/

*****************************************************************************\

FUNCTI ON:
Tab1DS481 80T28676_a

DESCRI PTI ON:
Generated function for | ook-up tables.

PARAMETERS:
type name description

S16 X tabl e i nput

RETURNS:
U8 interpol ated z-val ue.

TABLE SETTI NGS:
Search algorithm..................: ascending linear search.
Behavi our at boundaries............: extrapolate
Behavi our between defined points...: interpolate
Di stances fit into given bitlengths: no

/
*
*
*
*
*
*
*
*
*
*
* MAP_Tab1DS481 80T28676_a* map struct with all necessary informations
*
*
*
*
*
*
*
*
*
*
* Boundary points....................: no
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* Starting point.....................: - (non-equidistant inplementation)
* Scalingunit........................ - (non-equidistant inplenentation)
*

\*****************************************************************************/

U8 Tab1DS481 80T28676_a(
const MAP_Tab1lDS48l 80T28676_a * nap /* pointer to structure type */,
S16 x /* LSB: 270 OFF: 0 M N MAX: -32768 .. 32767 */)

/* VCM VARCL_SL_LUT_LOCAL_DEFAULT: Default storage class for |ocal variables */
const S16 * x_tabl e; /*

Scaling may differ through function reuse.

pointer to LSB: 27-8 OFF: 0 M N MAX: -128 .. 127.9960938 */
const U8 * z_table; /*

Scaling may differ through function reuse.

pointer to LSB: 27-1 OFF: 0 MN MAX: 0 .. 127.5 */

x_table = map->x_tabl e;
z_table = map->z_tabl e;

/* Extrapol ation */
if (x> (x_table[(map->N) - 1]) ) {
x_table += (map->N) - 2;
z_table += (map->N) - 2;
} else {
x_t
/* Linear search, start low */
while ( x > (*(x_table++)) ) {
z_t abl e++;

}
x_table -= 2;
/* division by O protection */
if ( *x_table == *(x_table+l) )
return (U8)*z table ;

{ I'* begin interpolation fornmula */

S16 x1 = *(x_tabl e++), [* x1 <= x <= x2 */
X2 = *x_tabl e;
Ug z1 = *(z_tablet+t+), [* z1 <=z <= 22 */
z2 = *z _table;
S32 z ; I* returned tabl e val ue */
Ul6 deltaz; /* (z2- zl) or (z1-z2) */
Ul6 deltax; /* (x - x1) */
Ul6 x2x1 ; /* internedi ate x-difference. */
unsi gned int neg = 0; /* sign-flag, O=pos. 1l=neg. */
if (x < x1) /* calculate deltax and deltaz */
deltax = x1 - x;
neg = 1;
el se

deltax = x - x1;

if (z1 < z2)
deltaz = z2 - z1;
el se
deltaz = z1 - z2;
neg Nz 1

x2x1 = (S16)x2 - (S16)x1;
(U32)deltaz * (U32)deltax) / x2x1;

(
(I NT32MAX >> 1); /* 2730, saturate for next sub/add */
(neg) ? (S32)z1 - z : z + (S32)z1;
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return C__USFITI 32_SAT (z, U NT8MAX);

} /* end interpolation fornula */

}
/*****************************************************************************\
*

* FUNCTI ON:

* Tab1DS161 80T28672_a

*

* DESCRI PTI ON:

* Generated function for | ook-up tables.

*

* PARAMVETERS:

* type name description

*

* MAP_Tab1DS161 80T28672_a* nmmp struct with all necessary infornations
* us X tabl e input

*

* RETURNS:

* U8 interpolated z-val ue.

*

* TABLE SETTI NGS:

* Search algorithm..................: ascending |linear search.

* Behavi our at boundaries............: saturate

* Behavi our between defined points...: interpolate

* Di stances fit into given bitlengths: no

* Boundary points..................... no

* Starting point.....................: - (non-equidistant inplenentation)
* Scalingunit.......................: - (non-equidistant inplenmentation)
*

\*****************************************************************************/

U8 Tab1DS161 80T28672_a(
const MAP_Tabl1lDS16l 80T28672_a * map /* pointer to structure type */,
ug x /* LSB: 2"0 OFF: 0 MN MAX: 0 .. 255 */)

/* VCM VARCL_SL_LUT_LOCAL_DEFAULT: Default storage class for local variables */
const U8 * x_tabl e; /*

Scaling may differ through function reuse.

pointer to LSB: 27-1 OFF: 0 MN MAX: 0 .. 127.5 */
const U8 * z_table; /*

Scaling may differ through function reuse.

pointer to LSB: 2*-1 OFF. 0 MN MAX: 0 .. 127.5 */

Xx_table = map->x_tabl e;
= map->z_t abl e;

/* Saturation */
if ( x <= (x_table[0]) ) {
return z_table[0];

i}f ( x >= (x_table[(map->N) - 1]) ) {
return z_table[ (map->N) - 1];

—

Xx_t abl e++;
/* Linear search, start low */

while ((x > (*(x_table++)) ) {
z_t abl e++;

le -= 2;
begin interpolation formula */

Pl e

_tab
/*

us d 0, d 1;
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* These di fference cannot overfl ow */
if the x,y pairs are ordered correctly */
= - X_table[0];

/
/
do X
d 1 x_table[1l] - x;

return (U8)( (U16)

( (ule)( (ule)d_1 * (Ul6)(z_table[0]) )
+ (Ule)( (ule)d 0 * (U16)(z_table[1]) ) )
/ (U8)(d_0 + d_1) );
} /* end interpolation formula */
}
/*****************************************************************************\
*
* FUNCTI ON:
* Tab1DS481 80T28672_a
*
* DESCRI PTI ON:
* Generated function for | ook-up tables.
*
* PARAMVETERS:
* type name description
*
* MAP_Tab1DS481 80T28672_a* nmap struct with all necessary infornations
* us X tabl e input
*
* RETURNS:
* U8 interpolated z-val ue.
*
* TABLE SETTI NGS:
* Search algorithm..................: ascending |linear search.
* Behavi our at boundaries............: extrapolate
* Behavi our between defined points...: interpolate
* Di stances fit into given bitlengths: no
* Boundary points..................... no
* Starting point.....................: - (non-equidistant inplenentation)
* Scalingunit........................ - (non-equidistant inplemnmentation)
*

\*****************************************************************************/

U8 Tab1DS481 80T28672_a(
const MAP_Tabl1lDS48l 80T28672_a * map /* pointer to structure type */,
ug x /* LSB: 2"0 OFF: 0 MN MAX: 0O .. 255 */)

/* VCM VARCL_SL_LUT_LOCAL_DEFAULT: Default storage class for local variables */
const U8 * x_tabl e; /*

Scaling may differ through function reuse.

pointer to LSB: 27-1 OFF: 0 MN MAX: 0 .. 127.5 */
const U8 * z_table; /*

Scaling may differ through function reuse.

pointer to LSB: 2*-2 OFF. 0 MN MAX: O .. 63.75 */

Xx_tabl e
z_table

map- >x_t abl e;
map->z_t abl e;

/* Extrapol ation */

if ( x >= (x_tabl e[ (map- >N) - 11) ) {
x_table += (map->N) -

z_table += (map->N) - 2;

el se {

x_t abl e++;

/* Linear search, start |low */

}

while ((x > (*(x_table++)) ) {
z_tabl e++;

}
Xx_table -= 2;
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}

/* division by O protection */

if ( *x_table == *(x_table+l) )
return (U8)*z_table ;

{ I'* begin interpolation fornula */

Ug x1 = *(x_table++), /* x1 <= x <= x2 */
X2 = *x_tabl e;
Ug z1 = *(z_tablet++), [* z1 <=z <= z2 */
z2 = *z_table;
S16 z ; /* returned tabl e val ue */
us deltaz; /* (z2-z1) or (zl-z2) */
us deltax; /* (x - x1) */
unsi gned int neg = 0; /* sign-flag, O=pos. 1l=neg. */
if (x < x1) /* calculate deltax and deltaz */
deltax = x1 - x;
neg = 1;
el se
deltax = x - x1;
if (z1 < z2)
deltaz = z2 - z1;
el se
deltaz = z1 - z2;
neg Nz 1
z = ( (Ule)deltaz * (Ul6)deltax) / (x2 - x1);
z &— (I NT16MAX >> 1); [/* 2714, saturate for next sub/add */
z = (neg) ? (S16)z1 - z : z + (816)21

return C__UBFITI16_SAT (z, Ul NT8MAX);

} /* end interpolation fornmula */

/***************************************************************************\

trans_v1_ 1
\***************************************************************************/

Model step function of subsysten(s):

void trans_v1 1(

S16 t ps /[* LSB: 2~-7 OFF: 0 M N MAX: -256 ..
S16 vss /* LSB: 27-8 OFF: 0 M N MAX: -128 ..
Bool 8 p_e_swtch /* bool ean type */,
S8 a _gear /* LSB: 2~-3 OFF: 0 M N MAX: -16 ..
S16 * pcl /* pointer to LSB: 2"-4 OFF:
S16 * pc2 /* pointer to LSB: 2"-4 OFF:
S16 * pc3 /* pointer to LSB: 2"-4 OFF:
S16 * pc4 /* pointer to LSB: 2"-4 OFF:
S16 * pc5 /* pointer to LSB: 2"-4 OFF:
{
AUX_a_tps = tps;
AUX_a_vss = vss;
AUX a_p_e switch = p_e_swtch;
AUX_a_a_gear = a_gear;
/* TargetLink outport: trans_v1l_1/Pcl_ */
*pcl = Sa3__pcl_;
/* TargetLink outport: trans_v1_1/Pc2_ */
*pc2 = Sa3__pc2_;
/* TargetLink outport: trans_v1l_1/Pc3_ */
*pc3 = Sa3__pc3_;
—_— 83
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/* TargetLink outport:
*pcd = Sa3__pc4_;

/* TargetLink outport:
*pc5 = Sa3__phl2_;

#undef TRANS V1 1 C_

trans_vl 1/ Pc4_ */

trans_vi1_1/PB12_ */

/***************************************************************************\

Model code file

sepfile.c

for TargetLink nodel tl _transfixed/trans_vi1_1

Gener at ed by TargetLink, the dSPACE production quality code generator

Tue Mar 12 09:54:44 2002
CODE CGENERATCR OPTI ONS:

Tar get Generic
ANSI - C conpati bl e code yes
Optimzation |evel 5
Constant style deci mal
Cl ean code option . enabl ed
Loggi ng node : Do not | og anything
Li nker sections : enabl ed
Interrupt functions . enabl ed
User attributes : enabl ed
Assenbl er statenents : di sabl ed
Vari abl e nane | ength : 31 chars
Separ at e | ookup search function : di sabl ed
Use gl obal bitfields . di sabl ed
Stateflow. use of bitfields . enabl ed
State activity encoding limt . b

Onit zero inits in restart function: disabled
Share fcns between TL subsystens . di sabl ed
Generate 64bit functions . enabl ed
Inlining Threshol d . 6

Line break limt : 100
Constant suffix : disabl ed

Target optin zed bool ean data type : enabl ed

Subsys Correspondi ng Si nulink Subsystem

Sal trans_v1l 1

Sa2 trans_vl_1/trans_sl ow

Sa3 trans_vl 1/trans_sl ow trans_sl ow_torques

Sa4 trans_vl_1/trans_slow trans_sl ow_torques/clutch_pressure
Sab trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er

SF- Node Correspondi ng Statefl ow Node
description

Ca0 trans_vl 1/ Statefl ow machine [t] _transfi xed]

Cal trans_vl 1/trans_slow trans_slow ctl

Ca2 trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e
Ca3

trans_vl _1/trans_sl ow trans_sl ow torques/shift_schedul er/shift_schedul e.first_gear

Ca4
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. fourth_gear

Cab
trans_vl _1/trans_slow trans_sl ow_torques/shift_schedul er/shift_schedul e. second_gear

Cab
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.third_gear
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Ca7
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transitionl2

Ca8
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transitionl2. shi
ft_pendi ng
9

trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transitionl2. shi
fting
Calo
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transition2l

Call
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition2l. shi
ft_pendi ng
Cal2
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition2l. shi
fting
Cals
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e. transition23

Cal4d
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transiti on23. shi
ft_pendi ng2
Cals
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition23. shi
fting2
Cal6
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition32

Cal7?
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition32. shi
ft_pendi ng
Cals
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transiti on32. shi
fting
Cal9
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e.transition34

Ca20
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transiti on34. shi
ft_pendi ng3
Ca21
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transition34. shi
fting3
Ca22
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e. transition43

Ca23
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transition43. shi
ft_pendi ng
Ca24
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e.transiti on43. shi
fting

Tar get Li nk version : 1.2p1 from 19-Jul - 2001
Codegenerator version : 1.2.P1 fromJul 19 2001, 17:45:00
Copyright (c) 1999-2001 by dSPACE GrbH

\***************************************************************************/

#define _SEPFILE C_ /* identifier for this file */

/**************************************************************\

i ncl udes
\**************************************************************/

#include "tl _types. h" /* definition of base data types */

#include "sepfile.h"/* Include of own header file */

#include "trans_v1 1 udt.h" /* type definition of the user data types */
#include "trans_vi1_1.h" /* Include of the root system header */
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/***************************************************************************\

TL_CG MACROCL_STATIC:. Default macro class for macros with nodul e extent.

\***************************************************************************/

#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i
#def i

ne
ne
ne
ne
ne
ne
ne
ne
ne
ne

Ca22_transition43_id 8
Ca6_third gear_id 1

CalO transition2l_id 10
Cal9 transition34_id 5
Cal6_transition32_id 9
Cal3 transition23_id 4
Ca3 _first_gear_id 2

Ca7_transitionl2_id 3

Ca4 fourth gear id®6
Ca5_second_gear_id 7

/***************************************************************************\

defaul t G ass_sl d obal Const: Default storage class for global const variables
\***************_************************************************************/

const
/*
/*
}s
const
{
/*
/*
}s
const
/*
/*
}s
const
{
/*
/*
}s
const
/*
/*
}s
const
{
/*
/*
}s
const
/*
/*
}s
const
{
/*
/*
}s
const
/*
/*
}s
const
{
/*
/*
}s
const
/*
/*

S16 s32_x_table[8] =

[0..7] */ 2560, 6400, 7680, 10240, 15360, 17920, 20480, 25600
10., 25., 30., 40., 60., 70., 80., 100. */

/* LSB: 27-8 OFF: 0 M N MAX: -128 .. 127.9960938 */
us s43_x_table[8] =

[0..7] */ 20, 50, 60, 80, 120, 140, 160, 200
10., 25., 30., 40., 60., 70., 80., 100. */

/* LSB: 2*-1 OFF: 0 MNMAX: 0 .. 127.5 */
us Sa5_4 3shift_z table[8] =

[0..7] */ 29, 29, 41, 63, 109, 131, 154, 154
29., 29., 41., 63., 109., 131., 154., 154. */
/* LSB: 2"0 OFF: 0 MN MAX: O .. 255 */

us s34 _x_table[8] =

[0..7] */ 20, 50, 60, 80, 120, 140, 160, 200
10., 25., 30., 40., 60., 70., 80., 100. */

/* LSB: 2*-1 OFF: 0 MN MAX: 0 .. 127.5 */
us Sa5 3 4 shift_z table[8] =

[0..7] */ 49, 49, 77, 98, 154, 176, 198, 198
49., 49., 77., 98., 154., 176., 198., 198. */
/* LSB: 2"0 OFF: 0 MNMAX: O .. 255 */

us Sa5 3 2 shift_z table[8] =

[0..7] */ 42, 42, 42, 58, 89, 104, 120, 168
21., 21., 21., 29., 44.5, 52., 60., 84. */

/* LSB: 2*-1 OFF: 0 MN MAX: 0 .. 127.5 */
us s23_x_table[8] =

[0..7] */ 20, 50, 60, 80, 120, 140, 160, 200
10., 25., 30., 40., 60., 70., 80., 100. */
/* LSB: 2*-1 OFF: 0 MNMAX: 0 .. 127.5 */
us Sa5 2 3 shift_z table[8] =

[0..7] */ 34, 34, 56, 70, 98, 126, 144, 144
34., 34., 56., 70., 98., 126., 144., 144 . */
/* LSB: 2"0 OFF: 0 MN MAX: 0 .. 255 */

us s21 _x_table[8] =

[0..7] */ 20, 50, 60, 80, 120, 140, 160, 200
10., 25., 30., 40., 60., 70., 80., 100. */
/* LSB: 2*-1 OFF: 0 MNMAX: 0 .. 127.5 */
us Sa5 2 1 shift_z table[8] =

[0..7] */ 48, 48, 48, 48, 48, 48, 48, 202
12., 12., 12., 12., 12., 12., 12., 50.5 */

/* LSB: 2*-2 OFF: 0 MNMAX: 0 .. 63.75 */
us s1l2_x_table[8] =

[0..7] */ 20, 50, 60, 80, 120, 140, 160, 200
10., 25., 30., 40., 60., 70., 80., 100. */
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}s

const

~—
* X

const

E

~—

}s

const

~—
* X

const

~—
E

}s

const

~—
* X

const

E

~—

}s

const

~—
* X

const

E

~—

}s

const

~—
* X

const

E

~—

}s

const

~—
* X

const

/* LSB: 2"-1 OFF: 0 MN MAX: O ..
us Sa5 1 2 shift_z table[8] =

[0..7] */ 28, 28, 58, 77, 116, 136,
14., 14., 29., 38.5, 58., 68., 68.,
/* LSB: 2*-1 OFF: 0 MN MAX: O ..
us c4_x_table[4] =

[0..3] */ 32, 64, 96, 128

1., 2., 3., 4. *]

/* LSB: 2"-5 OFF: 0 M N MAX: O ..
us Sa4_c4_table_z table[4] =

[0..3] */ 64, 64, 64, 192
0. 00390625, 0.00390625, 0.00390625,

127.5 */

136, 136
68.

127.5 */

7.96875 */

1. 00390625 */

LSB: 2"~-7 OFF: -0.4961 M N MAX: -0.49609375 .. 1.49609375 */

/*

us c3_x_table[4] =
[0..3] */ 32, 64, 96, 128
1., 2., 3., 4. */

LSB: 2°-5 OFF: 0 M N NAX:
Sa4_c3_table_z table[4]

~.
* o
o

&

©

.3] */ 0, 0, 128, 128
0 1., 1. */

o—

/¥ LSB: 2°-7 OFF: 0 MNMX O ..
us c2_x_table[4] =

[0..3] */ 32, 64, 96, 128

1., 2., 3., 4. *]

/* LSB: 2"-5 OFF: 0 M N MAX: O .
us Sa4_c2_table_z table[4] =
[0..3] */ O, 128, 128, 128

0., 1., 1., 1. */

/* LSB: 2~-7 OFF: 0 MN MAX. O ..
us cl x_table[4] =

[0..3] */ 32, 64, 96, 128

1., 2., 3., 4. *]

/* LSB: 2"-5 OFF: 0 M N MAX: O .
us Sa4_cl table_z table[4] =
[0..3] */ 128, 128, 0, O

1., 1., 0., 0. */

/* LSB: 2~-7 OFF: 0 MN MAX. O ..
us bl12_x_table[4] =

[0..3] */ 32, 64, 96, 128

1., 2., 3., 4. *]

/* LSB: 2"-5 OFF: 0 M N MAX: O ..
us Sa4_bl2 table_z table[4] =
[0..3] */ 128, 128, 0, O

1 1 0., 0. */

/* LSB: 2A-7 OFF: 0 MN MAX: O ..

/*
nunber of values in x-axis vector
comp: N

7.96875 */

1.9921875 */

7.96875 */

1.9921875 */

7.96875 */

1.9921875 */

7.96875 */

1. 9921875 */
MAP_Tab1DS16| 80T28672_a Sa5 1 2 shift_map =

LSB: 270 OFF: 0 M N MAX: 0 .. 255 */,
(const U8 *)sl12 x_table/*

pointer to x-axis vector
conp: x_table

pointer to LSB: 2*-1 OFF: 0 M N MAX:

(const U8 *)Sa5 1 2 shift_z table /*

}s

const

pointer to y-axis vector
conp: z_table

pointer to LSB: 2*-1 OFF: 0 M N MAX:

/* structure type */

0 ..

0 ..

127.5 */,

127.5 */

MAP_Tab1DS481 80T28672_a Sa5 2 1 shift_map =

87
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{
8 /*
number of values in x-axis vector
comp: N
LSB: 270 OFF: 0 MN MAX: 0 .. 255 */,
(const U8 *)s21 x table/*
pointer to x-axis vector
conp: x_table
pointer to LSB: 27-1 OFF: 0 M N MAX: 0 .. 127.5 */,
(const U8 *)Sa5 2 1 shift_z table /*
pointer to y-axis vector
conp: z_table
pointer to LSB: 27-2 OFF: 0 MN MAX: 0 .. 63.75 */
}; /* structure type */
const MAP_Tab1DS481 80T28672_a Sa5 2 _3 shift_map =

8 /*

nunmber of values in x-axis vector

comp: N

LSB: 20 OFF: 0 MN MAX: 0 .. 255 */,
(const U8 *)s23 x_table/*

pointer to x-axis vector

conp: x_table

pointer to LSB: 2*-1 OFF. 0 MN MAX: 0 .. 127.5 */,
(const U8 *)Sa5 2 3 shift_z table /*

pointer to y-axis vector

conp: z_table

pointer to LSB: 2*-2 OFF. O MNMAX: 0 .. 63.75 */

}; /* structure type */
const MAP_Tabl1lDS481 80T28676_a Sa5 3 2 shift_map =
{
8 /*
nunber of values in x-axis vector
conp: N
LSB: 2"0 OFF: 0 M N MAX: 0 .. 255 */,
(const S16 *)s32_x_table /*

pointer to x-axis vector
conp: x_table
pointer to LSB: 27-8 OFF: 0 M N MAX: -128 .. 127.9960938 */,
(const U8 *)Sa5 3 2 shift_z table /*
pointer to y-axis vector
conp: z_table
pointer to LSB: 27-1 OFF: 0 MN MAX: 0 .. 127.5 */
}; /* structure type */
const MAP_Tabl1DS161 80T28672_a Sa5 3 4 shift_map =

8 /*

nunber of values in x-axis vector

comp: N

LSB: 20 OFF: 0 MN MAX: 0 .. 255 */,
(const U8 *)s34 x_table/*

pointer to x-axis vector

conp: x_table

pointer to LSB: 2*-1 OFF:. 0 MN MAX: 0 .. 127.5 */,
(const U8 *)Sa5 3 4 shift_z table /*

pointer to y-axis vector

conp: z_table

pointer to LSB: 2*-1 OFF:. 0 MN MAX: 0 .. 127.5 */

}; /* structure type */
const MAP_Tabl1lDS161 80T28672_a Sa5 4 3shift_map =
{
8 /*
nunber of values in x-axis vector
conp: N

LSB: 2"0 OFF: 0 MN MAX: 0 .. 255 */,
(const U8 *)s43 x table /*

pointer to x-axis vector

conp: x_table

pointer to LSB: 27-1 OFF: 0 M N MAX: 0 .. 127.5 */,
(const U8 *)Sa5_4 3shift_z table /*

pointer to y-axis vector

conp: z_table
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pointer to LSB: 27-1 OFF: 0 M N MAX: 0 .. 127.5 */
; /* structure type */
const MAP_Tabl1DS161 80T28672_a Sa4_bl2 table_map =

4 |*

nunber of values in x-axis vector

comp: N

LSB: 20 OFF: 0 MN MAX: 0 .. 255 */,
(const U8 *)bl2 x_table/*

pointer to x-axis vector

conp: x_table

pointer to LSB: 2*-1 OFF. 0 MN MAX: 0 .. 127.5 */,
(const U8 *)Sa4 bl2 table_z_table /*

pointer to y-axis vector

conp: z_table

pointer to LSB: 2*-1 OFF:. 0 MN MAX: 0 .. 127.5 */

}; /* structure type */
const MAP_TablDS161 80T28672_a Sa4_cl table _map =
{
4 /*
number of values in x-axis vector
conp: N

LSB: 270 OFF: O M N MAX: 0 .. 255 */,
(const U8 *)cl x_table /*
pointer to x-axis vector
conp: x_table
pointer to LSB: 27-1 OFF: 0 M N MAX: 0 .. 127.5 */,
(const U8 *)Sa4 cl table_z table /*
pointer to y-axis vector
conp: z_table
pointer to LSB: 27-1 OFF: 0 M N MAX: 0 .. 127.5 */
}; /* structure type */
const MAP_Tabl1DS161 80T28672_a Sa4_c2_table_map =
{

4 |*

nunmber of values in x-axis vector

comp: N

LSB: 20 OFF: 0 MN MAX: 0 .. 255 */,
(const U8 *)c2_x_table /*

pointer to x-axis vector

conp: x_table

pointer to LSB: 2*-1 OFF. 0 MN MAX: 0 .. 127.5 */,
(const U8 *)Sa4 c2 table_z table /*

pointer to y-axis vector

conp: z_table

pointer to LSB: 2*-1 OFF:. 0 MN MAX: 0 .. 127.5 */

}; /* structure type */
const MAP_Tabl1lDS161 80T28672_a Sa4_c3_table _map =
{
4 /*
nunmber of values in x-axis vector
comp: N

LSB: 2"0 OFF: 0 MN MAX: 0 .. 255 */,
(const U8 *)c3 x_table /*
pointer to x-axis vector
conp: x_table
pointer to LSB: 27-1 OFF: 0 MN MAX: 0 .. 127.5 */,
(const U8 *)Sa4 c3 table_z table /*
pointer to y-axis vector
conp: z_table
pointer to LSB: 27-1 OFF: 0 MN MAX: 0 .. 127.5 */
}; /* structure type */
const MAP_Tab1DS481 80T28672_a Sa4_c4_table_map =
{

4 |*
nunmber of values in x-axis vector
comp: N
LSB: 2"0 OFF: 0 MN MAX: 0 .. 255 */,
(const U8 *)c4_x_table /*
pointer to x-axis vector
conp: x_table
pointer to LSB: 2*-1 OFF. O MN MAX: 0 .. 127.5 */,
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(const U8 *)Sa4 c4 _table_z table /*
pointer to y-axis vector
conp: z_table
pointer to LSB: 2*-2 OFF. O MNMAX: 0 .. 63.75 */
}; /* structure type */

/***************************************************************************\

GLOBAL: gl obal variabl es (RAM

\***************************************************************************/

us Sa5 Switch_threshold = 128 /* 0.5 */; /* LSB: 2~-8 OFF: 0 MN MAX. O .
0. 99609375 */
us Sa4_c2_table; /* LSB: 27-7 OFF: 0 MN MAX: 0 .. 1.9921875 */

/***************************************************************************\

defaul td ass_sfStaticG obal : Default storage class for global static variables
\***************************************************************************/
static S16 Ca2_V; /* LSB: 27-6 OFF: 0 M N MAX: -512 .. 511.984375 */
static S8 daves_to gear = 1; [/* LSB: 20 OFF: 0 M N MAX: -128 .. 127 */

/***************************************************************************\

defaul td ass_sl StaticG obal : Default storage class for global static variables
\***************************************************************************/
static S16 AUX_a_Sa5_Product
static Sl16 AUX a_Sa5 Product 1
static S16 AUX_a_Sa5_Product 2;
static Sl16 AUX _a_Sa5_ Product 4;
static S16 AUX_a_Sa5_ Product5

/***************************************************************************\

defaultd ass_sl A obal: Default storage class for global variables

\**************;************************************************************/

BFa9_tp BFa9 =

{
0o /*
conp: Ca24_shifting
bool ean type */,
o /*
conp: Ca23_shift_pending
bool ean type */,
/*

conp: Cal7_shift_pending
bool ean type */,
o /*
conp: Ca2l shifting3
bool ean type */,
/*

conp: Ca20_shift_pendi ng3
bool ean type */,

o /*

conp: Cal5_shifting2

bool ean type */,

/*

conp: Cal8_shifting
bool ean type */,
o /*
conp: Ca9_shifting
bool ean type */,
/*

conp: Cal4_shift_pendi ng2
bool ean type */,
o /*
conp: Call_shift_pending
bool ean type */,
/*

conp: Cal2_shifting
bool ean type */,
o /*
conp: Ca8_shift_pending
bool ean type */,
/*

conp: Ca2_shift_schedul e_ns
LSB: 2"0 OFF: O MN MAX: 0 .. 15 */,
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o /*
conp: Ca2_shift_schedul e
bool ean type */
}; /* structure type */

/***************************************************************************\

Model step function of subsystem(s): trans_vl1 _1/trans_sl ow trans_sl ow torques

\***************************************************************************/

voi d cal c_trans_sl ow_tor ques(

S16 Sa3____ ¢ /* LSB: 2~-7 OFF: 0 M N MAX: -256 .. 255.9921875 */,

S16 Sa3___ b /* LSB: 2~-8 OFF: 0 M N MAX: -128 .. 127.9960938 */,

Bool 8 Sa3____a /* bool ean type */,

S8 Sa3___/* LSB: 2*-3 OFF: 0 M N MAX: -16 .. 15.875 */,

S16 * Sa3__pcl_ /* pointer to LSB: 2*-4 OFF: 0 M N MAX: -2048 .. 2047.9375
* [ ,

S16 * Sa3__pc2_ /* pointer to LSB: 2*-4 OFF: 0 M N MAX: -2048 .. 2047.9375
* [ ,

S16 * Sa3__pc3_ /* pointer to LSB: 2*-4 OFF: 0 M N MAX: -2048 .. 2047.9375
* [ ,

S16 * Sa3__pc4d_ /* pointer to LSB: 2*-4 OFF: 0 M N MAX: -2048 .. 2047.9375
* [ ,

S16 * Sa3__pbl2_ /* pointer to LSB: 2*-4 OFF: 0 M N MAX: -2048 .. 2047.9375

*[)

/* defaultC ass_sl Local : Default storage class for local variables */
S16 Sa4_Gai n5; /* LSB: 2"-11 OFF: 0 M N MAX: -16 .. 15.99951172 */

/* # conbined # Product:
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/ Product

# conbi ned # 1D Tabl eLookup:
trans_vl _1/trans_slow trans_sl ow torques/shift_scheduler/1 2 shif
t */
AUX_a_Sa5_Product = (S16) ((((U32)(TablDS16l 80T28672_a(
(const MAP_Tabl1lDS161 80T28672_a *)(&(Sa5_1_2 shift_map)),
(UB)(S8)(Sa3____c >>6)))) * ((U32)8192 /* 1. */)) >> 7)

/* # conbined # Product:
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/Product1

# conbi ned # 1D Tabl eLookup:
trans_vl _1/trans_slow trans_sl ow torques/shift_scheduler/2_1 shif
t */
AUX _a_Sa5 Productl = (S16) ((((U32)(Tab1DS48I 80T28672_a(
(const MAP_Tabl1lDS481 80T28672_a *)(&(Sa5_2_1 shift_map)),
(UB)(S8)(Sa3____c >>6)))) * ((U32)8192 /* 1. */)) >> 6)

/* # conbined # Product:
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/Product 2

# conbi ned # 1D Tabl eLookup:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/2_3 shif
t */
AUX _a_Sa5 Product2 = (S16) ((((U32) (Tab1DS48I 80T28672_a(
(const MAP_Tabl1lDS481 80T28672_a *) (& Sa5_2_3 shift_map)),
(UB)(S8)(Sa3____c >>6)))) * ((U32)8192 /* 1. */)) >> 7)

/* # conbined # Product:
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/ Product 4

# conbi ned # 1D Tabl eLookup:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/3_4 shif
t */
AUX _a_Sa5 Product4 = (S16) ((((U32)(TablDS16l 80T28672_a(
(const MAP_Tabl1lDS16l 80T28672_a *) (& Sa5_3_4 shift_map)),
(UB)(S8)(Sa3____c >>6)))) * ((U32)8192 /* 1. */)) >> 7)
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/* # conbi ned # Product:
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/ Product5
# conbi ned # 1D Tabl eLookup:
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/4_3shift
*/
AUX _a_Sa5 Product5 = (S16) ((((U32)(Tab1DS16l 80T28672_a(
(const MAP_Tabl1lDS16l 80T28672_a *) (& Sa5_4_3shift_nap)),
(U8)(S8)(Sa3____ ¢ >>6)))) * ((U32)8192 /* 1. *[)) >> 7);
/* Stateflow trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedul e
*
/

/* # conbined # Gain:
trans_vl _1/trans_slow trans_sl ow torques/shift_scheduler/ms_to_kmh */
Ca2_V = (S16) ((((S32)Ssa3____b) * 29491) >> 15);
/*
Begi n execution of chart
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedu
le */
switch ( BFa9. Ca2_shift_schedule_ns ) {
case Ca3 _first_gear_id: {
/*
Begi n execution of state
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/shift_
schedul e. first_gear */

[* furry animals */
if ( Ca2_V > ((S16) (AUX_a_Sa5 Product >> 1)) ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e.first_gear to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transitionl2.shift_pending */
BFa9. Ca2_shi ft _schedule_ns = Ca7_transitionl2_id;
BFa9. Ca8_shi ft _pending = 1;
ctr = 0;
daves_t o_gear = 1;
}
/*
End execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. first_gear */
br eak;

case Ca4_fourth_gear_id: {
/*
Begi n execution of state
trans_v1l_1/trans_sl ow trans_sl ow_torques/shift_schedul er/shift_
schedul e. fourth_gear */
if ( Ca2_V <= AUX a_Sa5_Product5 ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. fourth_gear to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition43. shift_pendi ng */
BFa9. Ca2_shi ft _schedul e_ns = Ca22 _transition43_id;
BFa9. Ca23_shift_pending = 1;
ctr = 0;
daves_t o_gear = 4;
}
/*
End execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. fourth_gear */
br eak;

case Cab5_second_gear _id: {
/*
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Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. second_gear */
if ( Ca2_V > AUX a_Sa5 Product2 ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/shift_
schedul e. second_gear to
trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er/
shift_schedul e. transition23. shift_pendi ng2 */
BFa9. Ca2_shi ft _schedul e_ns = Cal3_transition23_id;
BFa9. Cal4_shift_pending2 = 1;

ctr = 0O;
daves_to_gear = 2;
} else {
if ( Ca2_V <= ((S16) (AUX a_Sa5 Productl >> 3)) ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/
shi ft _schedul e. second_gear to
trans_vl_1/trans_slow trans_sl ow_ torques/shift_sched
ul er/shift_schedul e. transition2l. shift_pending */
BFa9. Ca2_shi ft _schedul e_ns = CalO_transition2l_id;
BFa9. Call_shift_pending = 1;
ctr = 0O;
daves_to_gear = 2;
}
}
/*
End execution of state
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. second_gear */
br eak;

case Ca6_third_gear_id: {
/*
Begi n execution of state
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/shift_
schedul e. third_gear */
if ( Ca2_V > AUX a_Sa5 Product4 ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e.third_gear to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition34. shift_pendi ng3 */
BFa9. Ca2_shi ft _schedul e_ns = Cal9 transition34_id;
BFa9. Ca20_shi ft _pendi ng3 = 1;
ctr = 0;
daves_t o_gear = 3;
} else {

/*
# conbi ned # # conbi ned # Product:
trans_vl _1/trans_slow trans_sl ow torques/shift_sch
edul er/ Product 6

# conbi ned # 1D Tabl eLookup:

trans_vl _1/trans_slow trans_sl ow_torques/shift_schedul er
/3_2 shift */

if ( Ca2_V <= ((S16) (((S16) ((((u32)(

(const MAP_Tabl1DS481 80T28676_a *)

(S16)(Sa3____c << 1)))) * ((U32)8

/*

Tab1DS481 80T28676_a(
(& Sa5_3 2 shift_map)),
192 /*710 *7)) >> 7)) > 1)) ) {

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedule.third_gear to
trans_vl_1/trans_slow trans_sl ow torques/shift_schedu
| er/shift_schedul e.transition32.shift_pending */
BFa9. Ca2_shift_schedul e_ns = Cal6_transition32_id;
BFa9. Cal7_shi ft_pending = 1;
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ctr = 0O;
daves_to_gear = 3;
}
}
/*
End execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. third_gear */
br eak;

case Ca7_transitionl2_id: {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er/shift_
schedul e. transitionl2 */
if ( Ca2_V <= ((S16) (AUX_a_Sa5 Productl >> 3)) ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e.transitionl2 to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e.first_gear */
if ( BFa9.Ca8 shift_pending ) {
BFa9. Ca8_shi ft _pendi ng = O;
} else {
if ( BFa9.Ca9 shifting ) {
BFa9. Ca9_shifting = O;
}

}
BFa9. Ca2_shi ft _schedule_ns = Ca3_first_gear_id,;
daves_to_gear = 1;
} else {
if ( BFa9.Ca8 shift_pending ) {
/*
Begi n execution of state
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transitionl2. shift_pending */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e.transitionl2.shift_pending to
trans_vl 1/trans_slow trans_sl ow_t
orques/shift_schedul er/shift_schedul e.transitionl2.shifting */
BFa9. Ca8_shi ft _pendi ng = 0;
BFa9. Ca9_shifting = 1;
daves_to_gear = 2;
} else {
ctr = ctr + 1;

}

/*
End execution of state

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transitionl2. shift_pending */
} else {

if ( BFa9.Ca9 _shifting ) {

/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedule.transitionl2.shifting */
if ( Sa3___ == 16 /* 2. */ )
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transitionl2.shifting to
trans_vl_1/trans_slow trans_sl ow_
torques/shift_schedul er/shift_schedul e. second_gear */
if ( BFa9.Ca8_shift_pending ) {
BFa9. Ca8_shi ft _pendi ng = 0;
} else {
if ( BFa9.Ca9_shifting ) {
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BFa9. Ca9_shifting = 0;

}
BFa9. Ca2_shi ft _schedul e_ns = Ca5_second_gear _id;
daves_to_gear = 2;

}
/*
End execution of state
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er
/shift_schedule.transitionl2. shifting */
}

}
}
/*
End execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transitionl2 */

br eak;

}

case CalO_transition21_id: {
/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. transiti on21 */
if ( Ca2_V > ((S16) (AUX a_Sa5 Product >> 1)) ) {
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_
schedul e.transition2l to
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/
shi ft _schedul e. second_gear */
if ( BFa9.Call shift_pending ) {
BFa9. Call_shift_pending = O;
} else {
if ( BFa9.Cal2_shifting ) {
BFa9. Cal2_shifting = O;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca5_second_gear _i d;
daves_t o_gear = 2;
} else
if ( BFa9.Call_shift_pending ) {
/*

Begi n execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition2l. shift_pending */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e.transition2l.shift_pending to
trans_vl _1/trans_slow trans_sl ow t

orques/shift_schedul er/shift_schedul e.transition2l.shifting */

BFa9. Call_shift_pending = O;
BFa9. Cal2_shifting = 1;
daves_t o_gear = 1;

} else {
ctr = ctr + 1,

}
/*
End execution of state
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/
shift_schedul e. transition2l. shift_pending */
} else {
if ( BFa9.Cal2_shifting ) {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transition2l.shifting */
if ( Sa3___ ==81/* 1. * ) {
/*



State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedule.transition2l.shifting to
trans_vl _1/trans_slow trans_sl ow_
torques/shift_schedul er/shift_schedul e.first_gear */
if ( BFa9.Call shift_pending ) {
BFa9. Call_shift_pending = 0;
} else {
if ( BFa9.Cal2_shifting ) {
BFa9. Cal2_shifting = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca3_first_gear_id;
daves_to_gear = 1;

}

/*
End execution of state

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er
/shift_schedul e.transition2l.shifting */
}

}
}
/*
End execution of state
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transition2l1 */
br eak;

case Cal3_transition23_id: {
/*
Begi n execution of state
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/shift_
schedul e. transition23 */
if ( Ca2_V <= AUX_ a_Sa5_ Product2 ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e.transition23 to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shi ft _schedul e. second_gear */
if ( BFa9.Cal4_shift_pending2 ) {
BFa9. Cal4_shi ft _pendi ng2 = 0;
} else {
if ( BFa9.Cal5_shifting2 ) {
BFa9. Cal5_shifting2 = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca5_second_gear _i d;
daves_to_gear = 2;
} else {
if ( BFa9.Cal4_shift_pending2 ) {
/*
Begi n execution of state
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/
shi ft _schedul e. transi tion23. shift_pendi ng2 */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition23.shift_pending2 to
trans_vl _1/trans_slow trans_sl ow_
torques/shift_schedul er/shift_schedul e.transition23.shifting2 */
BFa9. Cal4_shift_pending2 = 0;
BFa9. Cal5_shifting2 = 1;
daves_to_gear = 3;
} else {
ctr = ctr + 1;

}
/*
End execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
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shi ft _schedul e. transiti on23. shift_pendi ng2 */
} else {
if ( BFa9.Cal5_shifting2 ) {
/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedul e.transition23.shifting2 */
if ( Sa3___ ==24/* 3. *] )
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transition23.shifting2 to
trans_vl _1/trans_sl ow trans_sl ow
_torques/shift_schedul er/shift_schedul e.third_gear */
if ( BFa9.Cal4_shift_pending2 ) {
BFa9. Cal4_shift_pending2 = 0;
} else {
if ( BFa9.Cal5_shifting2 ) {
BFa9. Cal5_shifting2 = 0;
}

}
BFa9. Ca2_shift_schedule_ns = Ca6_third_gear _id;
daves_to_gear = 3;

}
/*
End execution of state
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er
/shift_schedul e.transition23.shifting2 */
}

}
}
/*
End execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transi ti on23 */

br eak;

}

case Cal6_transition32_id: {
/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e. transiti on32 */
if ( Ca2_V > AUX a_Sa5 Product2 ) {
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_
schedul e.transition32 to
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/
shift_schedul e.third_gear */
if ( BFa9.Cal7_shift_pending ) {
BFa9. Cal7_shi ft _pending = 0;
} else {
if ( BFa9.Cal8 shifting ) {
BFa9. Cal8_shifting = O;
}

}
BFa9. Ca2_shi ft _schedule_ns = Ca6_third_gear _id,;
daves_t o_gear = 3;
} else
if ( BFa9.Cal7_shift_pending ) {
/*

Begi n execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition32. shift_pending */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e.transition32.shift_pending to
trans_vl _1/trans_slow trans_sl ow_t
orques/shift_schedul er/shift_schedul e.transition32.shifting */
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BFa9. Cal7_shift_pending = O;
BFa9. Cal8 _shifting = 1;
daves_t o_gear = 2;

} else {
ctr = ctr + 1,

}
/*
End execution of state
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transi tion32. shift_pending */
} else {
if ( BFa9.Cal8 shifting ) {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transition32.shifting */
if ( Sa3___ ==16/* 2. *] ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedule.transition32.shifting to
trans_vl _1/trans_slow trans_sl ow_
torques/shift_schedul er/shift_schedul e. second_gear */
if ( BFa9.Cal7_shift_pending ) {
BFa9. Cal7_shift_pending = 0;
} else {
if ( BFa9.Cal8 shifting ) {
BFa9. Cal8_shifting = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca5_second_gear _id;
daves_to_gear = 2;

}

/*
End execution of state

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er
/shift_schedul e.transition32.shifting */
}

}
}
/*
End execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transition32 */
br eak;

case Cal9 transition34_id: {
/*
Begi n execution of state
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/shift_
schedul e. transition34 */
if ( Ca2_V <= AUX_ a_Sa5_ Product5 ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_
schedul e.transition34 to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e.third_gear */
if ( BFa9.Ca20_shift_pending3 ) {
BFa9. Ca20_shi ft _pendi ng3 = 0;
} else {
if ( BFa9.Ca2l1_shifting3 ) {
BFa9. Ca21_shifting3 = 0;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca6_third_gear _id,;
daves_to_gear = 3;
} else {
if ( BFa9.Ca20_shift_pending3 ) {
/*
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Begi n execution of state
trans_vl _1/trans_sl ow trans_sl ow torques/shift_schedul er/
shift _schedul e. transition34. shift_pendi ng3 */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl_1/trans_sl ow trans_sl ow_ torques/shift_schedul er/
shift_schedul e. transition34.shift_pending3 to
trans_vl_1/trans_slow trans_sl ow_
torques/shift_schedul er/shift_schedul e.transition34.shifting3 */
BFa9. Ca20_shi ft _pendi ng3 = 0;
BFa9. Ca21_shifting3 = 1;
daves_t o_gear = 4;
} else {
ctr = ctr + 1,

}
/*
End execution of state
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/
shi ft _schedul e. transi tion34. shift_pendi ng3 */
} else {
if ( BFa9.Ca2l1_shifting3 ) {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedul e.transition34.shifting3 */
if ( Sa3___ ==321/* 4. *] ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedule.transition34.shifting3 to
trans_vl _1/trans_slow trans_sl ow
_torques/shift_schedul er/shift_schedul e. fourth_gear */
if ( BFa9.Ca20_shift_pending3 ) {
BFa9. Ca20_shi ft _pendi ng3 = 0;
} else {
if ( BFa9.Ca2l_shifting3 ) {
BFa9. Ca21_shifting3 = 0
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca4_fourth_gear _id,;
daves_to_gear = 4;

}

/*
End execution of state

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er
/shift_schedul e.transition34.shifting3 */
}

}
}
/*
End execution of state
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transition34 */
br eak;

case Ca22 transition43_id: {
/*
Begi n execution of state
trans_vl_1/trans_slow trans_sl ow_torques/shift_schedul er/shift_
schedul e. transiti on43 */
if ( Ca2_V > AUX a_Sa5 Product4 ) {
/*

State transition from
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift _
schedul e.transition43 to
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shi ft_schedul e. fourth_gear */
if ( BFa9.Ca23_shift_pending ) {
BFa9. Ca23_shi ft _pending = 0;
} else {

— 99 5/7/02



if ( BFa9.Ca24 shifting ) {
BFa9. Ca24_shifting = O;
}

}
BFa9. Ca2_shi ft _schedul e_ns = Ca4_fourth_gear_id;
daves_to_gear = 4;
} else {
if ( BFa9.Ca23_shift_pending ) {
/*
Begi n execution of state
trans_vl_1/trans_sl ow trans_sl ow_torques/shift_schedul er/
shift_schedul e. transi tion43. shift_pending */
if ( ctr > Ca2_DELAY ) {
/*

State transition from
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift_schedul e. transition43.shift_pending to
trans_vl 1/trans_slow trans_sl ow_t
orques/shift_schedul er/shift_schedul e.transition43.shifting */
BFa9. Ca23_shift_pending = 0;
BFa9. Ca24_shifting = 1;
daves_to_gear = 3;
} else {
ctr = ctr + 1;

}

/*
End execution of state

trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/
shift _schedul e. transi tion43. shift_pending */
} else {

if ( BFa9.Ca24 _shifting ) {

/*

Begi n execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul
er/shift_schedule.transitiond43.shifting */
if ( Sa3___ ==24/* 3. *] )
/*

State transition from
trans_vl_1/trans_slow trans_sl ow_t orques/shift_schedul
er/shift_schedule.transition43.shifting to
trans_vl_1/trans_slow trans_sl ow_
torques/ shift_schedul er/shift_schedul e.third_gear */
if ( BFa9.Ca23_shift_pending ) {
BFa9. Ca23_shift_pending = 0;
} else {
if ( BFa9.Ca24_shifting ) {
BFa9. Ca24_shifting = 0;
}

}
BFa9. Ca2_shift_schedule_ns = Ca6_third_gear _id;
daves_to_gear = 3;

}
/*
End execution of state
trans_vl_1/trans_slow trans_sl ow torques/shift_schedul er
/shift_schedul e.transition43.shifting */
}

}
}
/*
End execution of state
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_sc
hedul e. transi ti on43 */
br eak;

}

defaul t: {
if ( !(BFa9.Ca2_shift_schedule) ) {
BFa9. Ca2_shi ft _schedule = 1;
BFa9. Ca2_shi ft_schedule_ns = Ca3_first_gear _id;
daves_t o_gear = 1;
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/* End execution of chart
trans_vl _1/trans_slow trans_sl ow_ torques/shift_schedul er/shift_schedul e
*

/* Gin: trans_vl1l_1/trans_slow trans_sl ow torques/clutch_pressure/ Gain5 */
Sa4_Gain5 = (S16) (((S16)daves_to_gear) << 11);

/* Qutport: trans_vl 1/trans_slow trans_sl ow_t orques/ PB12
# conbined # Gain: trans_vl 1/trans_sl ow trans_sl ow torques/clutch_pressure/ Gai n4

# conbi ned # 1D Tabl eLookup:
trans_vl_1/trans_sl ow trans_sl ow_torques/clutch_pressure/bl2_tabl
e */
*Sa3__pbl2_ = ((S16)(TablDS161 80T28672_a(
(const MAP_Tabl1lDS16l 80T28672_a *) (& Sa4_bl2 table_map)),
(UB)(S8)(Sa4_Gin5 >> 6)))) * 125;

/* Qutport: trans_vl1l 1/trans_slow trans_sl ow torques/Pcl
# conbined # Gain: trans_vl 1/trans_slow trans_sl ow torques/clutch_pressure/ Gain
# conbi ned # 1D Tabl eLookup:
trans_vl 1/trans_slow trans_sl ow torques/clutch_pressure/cl_table
*/
*Sa3__pcl_ = ((S16)(TablDS16l80T28672_a(
(const MAP_Tabl1lDS16l 80T28672_a *) (& Sa4_cl_table_nap)),
(U8)(S8)(Sa4_Gin5 >> 6)))) * 125;

/* 1D Tabl eLookup: trans_vl1l 1/trans_slow trans_sl ow torques/clutch_pressure/c2_table
*/
Sa4_c2_table = Tab1DS161 80T28672_a(
(const MAP_Tabl1lDS16l 80T28672_a *) (& Sa4_c2_tabl e_nap)),
(U8) (S8) (Sa4_Gin5 >> 6));

/* Qutport: trans_vl 1/trans_slow trans_sl ow torques/Pc2
# conbined # Gain: trans_vl1l_1/trans_sl ow trans_sl ow torques/clutch_pressure/ Gai nl
*/
*Sa3__pc2_ = ((S16)Sad4_c2_table) * 125;

/* Qutport: trans_vl1l 1/trans_slow trans_sl ow torques/Pc3
# conbined # Gain: trans_vl1_1/trans_sl ow trans_sl ow torques/clutch_pressure/ Gai n2
# conbi ned # 1D Tabl eLookup:
trans_vl 1/trans_slow trans_sl ow torques/clutch_pressure/c3_table
*

/

*Sa3__pc3_ = ((S16)(TablDS16l 80T28672_a(
(const MAP_Tabl1lDS16l 80T28672_a *) (& Sa4_c3_table_nap)),
(U8)(S8)(Sa4_Gin5 >> 6)))) * 125;

/* Qutport: trans_vl 1/trans_slow trans_sl ow torques/ Pc4
# conbined # Gain: trans_vl1_1/trans_sl ow trans_sl ow torques/clutch_pressure/ Gai n3
# conbi ned # 1D Tabl eLookup:
trans_vl _1/trans_slow trans_sl ow torques/clutch_pressure/c4_table
*

*Sa3_ _pcd_ = (S16) (((U16) (((U16) (TablDS481 80T28672_a(
(const MAP_Tab1lDS481 80T28672_a *) (& Sad4_c4_table_map)),
(UB)(S8)(Sa4_Gain5 >> 6)))) * 125)) - 7938);

#undef _SEPFILE C_
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8.8 APPENDIX H: Floating-Point C Code Generated by RTW-EC for Transmission Model

#def i ne | N_SF_MACHI NE_SOURCE 1
#include "trans_2_rtw h"

#i nclude "shift_schedul e
l.

h
#include "trans_slow ctl.h"

int8_T _sfEvent _trans_2 =0;

void trans_2 initializer( void)
/* Initialize machine's broadcast event variable */
_sfEvent _trans_2_ = CALL_EVENT

void trans_2_term nator(void)

extern void trans_2 term nator(void);

void trans_2_ machi ne_gl obal _term nator (voi d)

trans_2 termnator();
return;

extern void trans_2 initializer(void);
void trans_2_machi ne_gl obal _initializer(void)

trans_2_ initializer();
return;
}
/
Aut o-generated file: trans_st.c

Real - Ti me Wor kshop code generation for Sinulink system"<S2>/trans_sl ow_torques"

Model . trans_2
Model Version : 1.15
Real - Ti me Wor kshop file version : 4.0 $Date: 2000/09/19 19:45:27 $
Real - Ti ne Wrkshop file generated on : Thu Jan 24 23:22:52 2002
TLC version . 4.0 (Aug 21 2000)
C source code generated on : Thu Jan 24 23:22:54 2002
Rel evant TLC Opti ons:

I nli neParaneters =0

Rol | Threshol d =5

CodeFor nmat = Enbedded-C
Si mul i nk nodel settings:

Sol ver . FixedStep

StartTine : 0.0 s

St opTi ne : 60.0 s

Fi xedStep : 0.02 s

Note that the functions contained in this file are part of a Sinulink
nmodel , and are not self-contained algorithns. Related data and functions
are found in these |ocations.

Internal data definitions: trans_2.h

Internal data declarations: trans_2 prmh

I nported data and functions: trans_2.h
Exported data and functions: trans_2 export.h
Initialization code: trans_2 reg.h

Model (step) code: trans_2.c

*OoX Ok X X X X X X X X X X X X X X X X X X X X X X X X X X X X X * X *

/

#i nclude "trans_st. h"
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/* Start of Functions for System "<S2>/trans_sl ow_torques"*/

/* Initial conditions for function-call system <S2>/trans_slow_ torques */
void trans_slow torques_lnitialize(void)

/* Stateflow Chart Initializer Code: <S6>/shift_schedule */

SFshi ft _schedul el nstanceStruct *chartlnstance = (SFshift_schedul el nstanceSt ruct
*)trans_2_ DWork. s7_SFuncti on_PWORK. Chart | nst ance;

trans_2 B.s7_SFunction_o2 = (int8_T)1;
}
}

/* Qutput and update for function-call system <S2>/trans_slow torques */
voi d trans_sl ow_t orques(void)

/* Gain Block: <S6>/ms_to_kmh */
trans_2 B.s6_vss_kmh = vss * (trans_2 P.s6_ms_to_kmh_Gain);

/* Lookup Block: <S6>/1 2 shift */

trans_2 B.tenp9 = rt_Lookup32(&rans_2 P.s6_1 2 shift_XData[O0],
8,
t ps,

&rans_2 P.s6_1 2 shift_YData[0]);

/* Switch Bl ock: <S6>/Switch */
if (trans_2 U. root_p_e_switch) {
trans_2 B.tenp8 = (trans_2_ P.s6_power _Val ue);
} else {
trans_2 B.tenp8 = (trans_2_P.s6_econony_Val ue);
}

/* Product Bl ock: <S6>/Product */
trans_2 B.s6_Product = trans_2 B.tenp9 *
trans_2_B.tenp§;

/* Lookup Bl ock: <S6>/2_1 shift */

trans_2 B.tenp9 = rt_Lookup32(&rans_2 P.s6_2 1 shift_XData[O0],
8,
t ps,
& rans_2 P.s6_2 1 shift_YData[0]);

/* Product Bl ock: <S6>/Productl */
trans_2 B.s6_Productl = trans_2 B.tenp9 *
trans_2_B.tenp§;

/* Lookup Bl ock: <S6>/2_3 shift */

trans_2 B.tenp9 = rt_Lookup32(&rans_2 P.s6_2 3 shift_XData[O0],
8,
t ps,
& rans_2 P.s6_2 3 shift_YData[0]);

/* Product Bl ock: <S6>/Product2 */
trans_2 B.s6_Product2 = trans_2 B.tenp9 *
trans_2_B.tenp§;

/* Lookup Bl ock: <S6>/3_2 shift */

trans_2 B.tenp9 = rt_Lookup32(&rans_2 P.s6_3 2 shift_XData[O0],
8,
t ps,
& rans_2 P.s6_3 2 shift_YData[0]);

/* Product Bl ock: <S6>/Product3 */
trans_2 B.s6_Product3 = trans_2 B.tenp9 *
trans_2_B.tenp§;

/* Lookup Bl ock: <S6>/3_4 shift */

trans_2 B.tenp9 = rt_Lookup32(&rans_2 P.s6_3 4 shift_XData[O0],
8,
t ps,
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& rans_2 P.s6_3 4 shift_YData[0]);

/* Product Bl ock: <S6>/Product4 */
trans_2 B.s6_Product4 = trans_2 B.tenp9 *
trans_2_B.tenp§;

/* Lookup Bl ock: <S6>/4_3shift */

trans_2 B.tenp9 = rt_Lookup32(&rans_2 P.s6_4 3shift_XbData[ 0],
8,
t ps,
& rans_2 P.s6_4 3shift_YData[0]);

/* Product Bl ock: <S6>/Product5 */

trans_2 B.s6_Product5 = trans_2 B.tenp9 *
trans_2_B.tenp§;

/* Stateflow Chart Code: <S6>/shift_schedule */

SFshi ft _schedul el nstanceStruct *chartlnstance = (SFshift_schedul el nstanceSt ruct
*)trans_2_ DWork. s7_SFuncti on_PWORK. Chart | nst ance;

#define | N.NO ACTI VE_CHI LD (0)
#define INfirst_gear _in_shift_schedule 1
#define IN fourth_gear in_shift_schedule 2
#define | N _second_gear _in_shift_schedule 3
#define IN_third_gear _in_shift_schedule 4
#define IN transitionl2 in_shift_schedule 5
#define IN_transition2l_in_shift_schedule 6
#define IN transition23_in_shift_schedule 7
#define IN_transition32_in_shift_schedule 8
#define IN transition34_in_shift_schedule 9
#define IN transition43_in_shift_schedule 10
#define | N_shift pendlng in_transitionl2 1
#define IN_shifting_in_transitionl2 2
#define IN_shift_pending_ in_transition2l 1
#define IN shifting_ in_transition2l 2
#define IN_shift_pending2_in_transition23 1
#define IN shifting2_in_transition23 2
#define IN_shift_pending_in_transition32 1
#define IN shifting_ in_transition32 2
#define IN_shift_pending3_in_transition34 1
#define IN shifting3_in_transition34 2
#define IN_shift_pending_in_transition43 1
#def i ne Ithhlfting in_transition43 2
#define DELAY_ in_shift_schedul e 1

i nt previousEvent;

previ ousEvent = _sfEvent_trans_2_;
/* Call this chart */

_sfEvent _trans_2_ = CALL_EVENT;

/* During Start
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule */
if(chartlnstance->State.is_active_shift_schedul e==0) {
/* Entry Atomc Start
trans_vl _1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule */
chartlnstance->State.is_active_shift_schedul e=1;
/* Entry Internal Start
trans_vl 1/trans_slow trans_sl ow torques/shift_schedul er/shift_schedule */
/* Entry Atomic Start first_gear */
chartlnstance->State.is_shift_schedul e=I N first_gear_in_shift_schedul e;
trans_2 B.s7_SFunction_o2 = 1;
} else {
swi tch(chartlnstance->State.is_shift_schedule) {
case | N_NO _ACTI VE_CHI LD
br eak;
case IN first_gear_in_shift_schedul e:
/* During Start first_gear */
if(trans_2 B.s6_vss_kmh > trans_2_ B.s6_Product) {
/* Exit Atomic Start first_gear */
/* Entry Atomc Start transitionl2 */
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chartlnstance->State.is_shift_schedul e=I N_transitionl2_in_shift_schedul e;
/* Entry Atomc Start shift_pending */
chartl nstance-
>State.is_transitionl2_in_shift_schedul e=I N shift_pending_in_transitionl2;
chart | nstance->Local Data.ctr = 0;
trans_2 B.s7_SFunction_o2 = 1;

br eak;
case I N fourth_gear_in_shift_schedul e:
/* During Start fourth_gear */
if(trans_2 B.s6_vss_knmh <= trans_2 B.s6_Product5) ({
/* Exit Atomic Start fourth_gear */
/* Entry Atomic Start transition43 */
chartlnstance->State.is_shift_schedul e=I N transition43_in_shift_schedul e;
/* Entry Atomic Start shift_pending */
chartl nstance-
>State.is_transition43_in_shift_schedul e=I N_shift_pending_in_transition43;
chart I nstance->Local Data.ctr = O;
trans_2_ B.s7_SFunction_o2 = 4;

br eak;
case | N_second_gear _i n_shift_schedul e:

/* During Start second_gear */

if(trans_2 B.s6_vss_kmh > trans_2 B.s6_Product2) {
/* Exit Atomic Start second_gear */
/* Entry Atomc Start transition23 */
chartlnstance->State.is_shift_schedul e=I N_transition23_i n_shift_schedul e;
/* Entry Atomc Start shift_pending2 */
chartl nstance-

>State.is_transition23_in_shift_schedul e=I N _shift_pendi ng2_in_transition23;

chart | nstance->Local Data.ctr = 0;
trans_2 B.s7_SFunction_o2 = 2;

} else if(trans_2_B.s6_vss_knmh <= trans_2 B.s6_Productl) {
/* Exit Atomic Start second_gear */
/* Entry Atomic Start transition2l */
chartlnstance->State.is_shift_schedul e=I N transition2l_in_shift_schedul e;
/* Entry Atomic Start shift_pending */
chart | nstance-

>State.is_transition2l_in_shift_schedul e=I N_shift_pending_in_transition2l;

chart | nstance->Local Data.ctr = O;
trans_2_ B.s7_SFunction_o2 = 2;

br eak;
case IN third_gear_in_shift_schedul e:

/* During Start third_gear */

if(trans_2 B.s6_vss_knmh > trans_2 B.s6_Product4) {
/* Exit Atomic Start third_gear */
/* Entry Atomc Start transition34 */
chartlnstance->State.is_shift_schedul e=I N_transition34_in_shift_schedul e;
/* Entry Atomc Start shift_pending3 */
chartl nstance-

>State.is_transition34_in_shift_schedul e=I N _shift_pendi ng3_in_transition34,;

chart | nstance->Local Data.ctr = 0;
trans_2 B.s7_SFunction_o2 = 3;

} else if(trans_2_B.s6_vss_knmh <= trans_2 B.s6_Product3) {
/* Exit Atomic Start third_gear */
/* Entry Atomic Start transition32 */
chartlnstance->State.is_shift_schedul e=I N transition32_in_shift_schedul e;
/* Entry Atomic Start shift_pending */
chart | nstance-

>State.is_transition32_in_shift_schedul e=I N_shift_pending_in_transition32;

chart | nstance->Local Data.ctr = O;
trans_2 B.s7_SFunction_o2 = 3;

br eak;

case IN transitionl2_in_shift_schedul e:

/* During Start transitionl2 */

if(trans_2_B.s6_vss_knmh <= trans_2_ B.s6_Product1) {
/* Exit Atomic Start shift pendl ng */
chartlnstance->State.is_transitionl2_in_shift_schedul e=l N.NO ACTI VE_CHI LD;
/* Exit Atomic Start transitionl2 */
/* Entry Atomc Start first_gear */
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chartlnstance->State.is_shift_schedul e=I N first_gear_in_shift_schedul e;
trans_2 B.s7_SFunction_o2 = 1;
} else {
switch(chartlnstance->State.is_transitionl2_in_shift_schedule) {
case | N_NO_ACTI VE_CHI LD
br eak;
case IN shift_pending_in_transitionl2:
/* During Start shift_pending */
i f(chartlnstance->Local Data.ctr > DELAY_in_shift_schedul e) {
/* Exit Atomic Start shift_pending */
/* Entry Atomic Start shifting */
chartl nstance-
>State.is_transitionl2_in_shift_schedul e=I N _shifting_in_transitionl2;
trans_2 B.s7_SFunction_o2 = 2;
} else {
chartlnstance->Local Data.ctr = (int8_T )(chartlnstance->Local Data.ctr
+ 1),

br eak;
case IN shifting_in_transitionl2:
/* During Start shifting */
if(a_gear ==
/* Exit Atomc Start shifting */
chartl nstance-
>State.is_transitionl2_in_shift_schedul e=l N.NO ACTI VE_CHI LD;
/* Exit Atomic Start transitionl2 */
/* Entry Atomic Start second_gear */
chartl nstance-
>State.is_shift_schedul e=I N_second_gear _i n_shi ft_schedul e;
trans_2 B.s7_SFunction_o2 = 2;

br eak;

}

br eak;
case IN transition2l_in_shift_schedul e:
/* During Start transition2l */
if(trans_2 B.s6_vss_knmh > trans_2 B.s6_Product) {
/* Exit Atomic Start shift_pending */
chartlnstance->State.is_transition2l_in_shift_schedul e=l N.NO ACTI VE_CHI LD;
/* Exit Atomic Start transition2l */
/* Entry Atom c Start second_gear */
chartlnstance->State.is_shift_schedul e=I N_second_gear _i n_shi ft_schedul e;
trans_2 B.s7_SFunction_o2 = 2;
} else {
swi tch(chartlnstance->State.is_transition2l_in_shift_schedule) {
case | N_NO _ACTI VE_CHI LD
br eak;
case IN shift_pending_in_transition21:
/* During Start shift_pending */
i f(chartlnstance->Local Data.ctr > DELAY_in_shift_schedul e) {
/* Exit Atomic Start shift_pending */
/* Entry Atomic Start shifting */
chart | nstance-
>State.is_transition2l_in_shift_schedul e=I N_shifting_in_transition2l;
trans_2 B.s7_SFunction_o2 = 1;
} else {
chartlnstance->Local Data.ctr = (int8_T )(chartlnstance->Local Data.ctr
+ 1),

br eak;
case IN shifting_in_transition2l:
/* During Start shifting */
if(a_gear ==
/* Exit Atomc Start shifting */
chartl nstance-
>State.is_transition2l_in_shift_schedul e=l N.NO ACTI VE_CHI LD;
/* Exit Atomic Start transition2l */
/* Entry Atomic Start first_gear */
chartl nstance-
>State.is_shift_schedul e=I N.first_gear_in_shift_schedul e;
trans_2 B.s7_SFunction_o2 = 1;
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br eak;

}

br eak;
case IN transition23_in_shift_schedul e:
/* During Start transition23 */
if(trans_2_B.s6_vss_knmh <= trans_2_ B.s6_Product2) {
/* Exit Atomic Start shift_pending2 */
chartlnstance->State.is_transition23_in_shift_schedul e=l N.NO_ACTI VE_CHI LD;
/* Exit Atomic Start transition23 */
/* Entry Atomic Start second_gear */
chartlnstance->State.is_shift_schedul e=I N_second_gear _i n_shi ft_schedul e;
trans_2 B.s7_SFunction_o2 = 2;
} else {
swi tch(chartlnstance->State.is_transition23_in_shift_schedule) {
case | N_NO_ACTI VE_CHI LD
br eak;
case I N shift_pending2_in_transition23:
/* During Start shift_pending2 */
i f(chartlnstance->Local Data.ctr > DELAY_in_shift_schedul e) {
/* Exit Atomic Start shift_pending2 */
/* Entry Atomic Start shifting2 */
chart | nstance-
>State.is_transition23_in_shift_schedul e=I N _shifting2_in_transition23;
trans_2 B.s7_SFunction_o2 = 3;
} else {
chartlnstance->Local Data.ctr = (int8_T )(chartlnstance->Local Data.ctr
+ 1),

br eak;
case IN shifting2_in_transition23:
/* During Start shifting2 */
if(a_gear ==
/* Exit Atomc Start shifting2 */
chartl nstance-
>State.is_transition23_in_shift_schedul e=l N NO ACTI VE_CHI LD;
/* Exit Atomic Start transition23 */
/* Entry Atomic Start third_gear */
chartl nstance-
>State.is_shift_schedul e=I N_third_gear _in_shift_schedul e;
trans_2 B.s7_SFunction_o2 = 3;

br eak;

}

br eak;
case IN transition32_in_shift_schedul e:
/* During Start transition32 */
if(trans_2 B.s6_vss_kmh > trans_2 B.s6_Product2) {
/* Exit Atomic Start shift_pending */
chartlnstance->State.is_transition32_in_shift_schedul e=l N.NO ACTI VE_CHI LD;
/* Exit Atomic Start transition32 */
/* Entry Atomic Start third_gear */
chartlnstance->State.is_shift_schedul e=I N_third_gear_in_shift_schedul e;
trans_2 B.s7_SFunction_o2 = 3;
} else {
swi tch(chartlnstance->State.is_transition32_in_shift_schedule) {
case | N_NO _ACTI VE_CHI LD
br eak;
case IN shift_pending_in_transition32:
/* During Start shift_pending */
i f(chartlnstance->Local Data.ctr > DELAY_in_shift_schedul e) {
/* Exit Atomic Start shift_pending */
/* Entry Atomic Start shifting */
chart | nstance-
>State.is_transition32_in_shift_schedul e=I N_shifting_in_transition32;
trans_2 B.s7_SFunction_o2 = 2;
} else {
chartlnstance->Local Data.ctr = (int8_T )(chartlnstance->Local Data.ctr
+ 1),
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br eak;
case IN shifting_in_transition32:
/* During Start shifting */
if(a_gear ==
/* Exit Atomc Start shifting */
chartl nstance-
>State.is_transition32_in_shift_schedul e=l N NO ACTI VE_CHI LD;
/* Exit Atomic Start transition32 */
/* Entry Atomi c Start second_gear */
chartl nstance-
>State.is_shift_schedul e=I N_second_gear _i n_shi ft_schedul e;
trans_2 B.s7_SFunction_o2 = 2;

br eak;

}

br eak;
case IN transition34_in_shift_schedul e:
/* During Start transition34 */
if(trans_2_B.s6_vss_knmh <= trans_2_ B.s6_Product5) {
/* Exit Atomic Start shift_pendi ng3 */
chartlnstance->State.is_transition34_in_shift_schedul e=l N.NO ACTI VE_CHI LD;
/* Exit Atomic Start transition34 */
/* Entry Atomic Start third_gear */
chartlnstance->State.is_shift_schedul e=I N_third_gear_in_shift_schedul e;
trans_2 B.s7_SFunction_o2 = 3;
} else {
swi tch(chartlnstance->State.is_transition34_in_shift_schedule) {
case | N_NO_ACTI VE_CHI LD
br eak;
case I N shift_pending3_in_transition34:
/* During Start shift_pendi ng3 */
i f(chartlnstance->Local Data.ctr > DELAY_ in_shift_schedul e) {
/* Exit Atomic Start shift_pendi ng3 */
/* Entry Atomic Start shifting3 */
chart | nstance-
>State.is_transition34_in_shift_schedul e=I N _shifting3_in_transition34;
trans_2 B.s7_SFunction_o2 = 4;
} else {
chartlnstance->Local Data.ctr = (int8_T )(chartlnstance->Local Data.ctr
+ 1),

br eak;
case IN shifting3_in_transition34:
/* During Start shifting3 */
if(a_gear ==
/* Exit Atomc Start shifting3 */
chartl nstance-
>State.is_transition34_in_shift_schedul e=l N NO ACTI VE_CHI LD;
/* Exit Atomic Start transition34 */
/* Entry Atomic Start fourth_gear */
chartl nstance-
>State.is_shift_schedul e=I N _fourth_gear _in_shift_schedul e;
trans_2 B.s7_SFunction_o2 = 4;

br eak;

}

br eak;
case IN transitiond43_in_shift_schedul e:

/* During Start transition43 */

if(trans_2 B.s6_vss_knmh > trans_2 B.s6_Product4) {
/* Exit Atomic Start shift_pending */
chartlnstance->State.is_transition43_in_shift_schedul e=l N.NO ACTI VE_CHI LD;
/* Exit Atomic Start transition43 */
/* Entry Atomc Start fourth_gear */
chartlnstance->State.is_shift_schedul e=I N fourth_gear _in_shift_schedul e;
trans_2 B.s7_SFunction_o2 = 4;

} else {
swi tch(chartlnstance->State.is_transition43_in_shift_schedule) {

case | N_NO _ACTI VE_CHI LD
br eak;
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case IN shift_pending_in_transition43:
/* During Start shift_pending */
i f(chartlnstance->Local Data.ctr > DELAY_in_shift_schedul e) {
/* Exit Atomic Start shift_pending */
/* Entry Atomic Start shifting */
chartl nstance-
>State.is_transition43_in_shift_schedul e=I N_shifting_in_transition43
trans_2 B.s7_SFunction_o2 = 3;
} else {
chartlnstance->Local Data.ctr = (int8_T )(chartlnstance->Local Data.ctr
+ 1),

br eak;
case IN shifting_in_transition43
/* During Start shifting */
if(a_gear ==
/* Exit Atomc Start shifting */
chartl nstance-
>State.is_transition43_in_shift_schedul e=l N NO ACTI VE_CHI LD
/* Exit Atomic Start transition43 */
/* Entry Atomic Start third_gear */
chartl nstance-
>State.is_shift_schedul e=I N_third_gear_in_shift_schedul e
trans_2 B.s7_SFunction_o2 = 3;

br eak;
}
br eak;
}
}
_sfEvent _trans_2_ = previ ousEvent;
}

#undef IN_first_gear_in_shift_schedule
#undef IN fourth_gear in_shift_schedul e
#undef | N_second _gear_in_shift_schedul e
#undef IN_third gear _in_shift_schedul e
#undef IN transition12_in_shift_schedul e
#undef IN_transition21_in_shift_schedul e
#undef IN _transition23_in_shift_schedul e
#undef IN_transition32_in_shift_schedul e
#undef IN transition34_in_shift_schedul e
#undef IN_transition43_in_shift_schedul e
#undef 1N shift pendlng in_transitionl2
#undef IN shifting_ in transitionl2
#undef | N_shift pendlng in_transition2l
#undef | N_ shlftlng in_transition2l
#undef | N_shif pendlngz in_transition23
#undef Ithhlftlngz in_transition23
#undef | N_shift pendlng in_transition32
#undef IN shifting_ in_transition32
#undef | N_shift pendlng3 in_transition34
#undef IN shifting3 in_transition34
#undef | N_shift pendlng in_transition43
#undef IN shifting_ in_transition43

#undef DELAY_ in_shift_schedul e

}
/* Dat aTypeConversi on Bl ock: <S5>/Data Type Conversion */
trans_2 B.tenp8 = (real 32_T)trans_2_ B.s7_SFunction_o2;

/* Lookup Bl ock: <S5>/cl_table */

trans_2 B.tenp9 = rt_Lookup32(&rans_2 P.s5 cl_table_XbData[O0],
4,

trans_2_B.tenp8
&rans_2 P.s5 cl table_YData[0]);

/* Gain Block: <S5>/Gin */
pcl = trans_2 _B.tenp9 * (trans_2_P.s5 _Gain_Gain);
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}
| *
/

EE I R N I R R I R TR R RN

#i
#i

/*
/*

/* Lookup Bl ock: <S5>/c2_table */

trans_2 B.tenp9 = rt_Lookup32(&rans_2 P.s5 c2_ table_XData[O0],
4,
trans_2_B. tem§,
& rans_2 P.s5 c2_table_YData[0]);

/* Gin Block: <S5>/ Gainl */
pc2 = trans_2 B.tenp9 * (trans_2 P.s5 Ginl_Gain);

/* Lookup Bl ock: <S5>/c3 _table */

trans_2 B.tenp9 = rt_Lookup32(&rans_2_ P.s5 c3_table_XbData[ 0],
4,
trans_2_B.tenp8§,
&rans_2 P.s5 c¢3 table_YData[0]);

/* Gain Block: <S5>/ Gin2 */
pc3 = trans_2 B.tenp9 * (trans_2_P.s5 Gin2_Gin);

/* Lookup Bl ock: <S5>/c4_table */

trans_2 B.tenp9 = rt_Lookup32(&rans_2 P.s5 c4_table_XbData[O0],
4,
trans_2_B.tenp8§,
& rans_2 P.s5 c4_table_YData[0]);

/* Gin Block: <S5>/ Gain3 */
pcd = trans_2 B.tenp9 * (trans_2 P.s5 Gin3_Gin);

/* Lookup Bl ock: <S5>/bl2 table */

trans_2 B.tenp8 = rt_Lookup32(&rans_2 P.s5 bl2 tabl e XData[ 0],
4,
trans_2_B.tenp8§,
&rans_2 P.s5 bl2 table_YData[0]);

/* Gain Block: <S5>/ Ging */
pbl2 = trans_2 B.tenp8 * (trans_2_ P.s5_Gain4_Gain);

End of Functions for System "<S2>/trans_sl ow_ torques"*/

trans_2.c

Real - Ti ne Wrkshop code generation for Sinulink nodel "trans_2.mdl".

Model Version : 1.15
Real - Ti me Wor kshop file version : 4.0 $Date: 2000/09/19 19:45:27 $
Real - Ti ne Wrkshop file generated on : Thu Jan 24 23:22:52 2002

TLC version . 4.0 (Aug 21 2000)
C source code generated on :

Rel evant TLC Opti ons:

I nli neParaneters =0

Rol | Threshol d =5

CodeFor mat = Enbedded-C
Si mul i nk nodel settings:

Sol ver . FixedStep

StartTime : 0.0 s

St opTi ne : 60.0 s

Fi xedStep : 0.02 s
/

ncl ude "trans_2. h"
nclude "trans_2_ prmh"

Start of Functions in nodel "trans_2" */

nodel step function */

void trans_2_step(void)

/* S-Function (fcncallgen) Block: <Root>/Function-Call Generator */
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/* Qutput and update for function-call system <S2>/trans_slow ctl */
/* Stateflow Chart Code: <S2>/trans_slow ctl */

SFtrans_slow ctl I nstanceStruct *chartlnstance = (SFtrans_slow ctllnstanceStruct
*)trans_2_ DwWor k. s3_SFuncti on_PWORK. Chart | nst ance;

#define event _tinme_slow.in_trans_slowctl 1

{
i nt previousEvent;
previ ousEvent = _sfEvent_trans_2_;
/* Broadcast of input event(s) */

_sfEvent _trans_2_ = event_tinme_slow_in_trans_slow ctl;

/* During Start trans_v1l_1/trans_slow trans_slow ctl */

/* Entry Internal Start trans_vl 1/trans_slow trans_slow ctl

if(_sfEvent trans_2_ == event_tine_slow_.in_trans_slow ctl) {
trans_sl ow_torques();

}

*/

}

_sfEvent _trans_2_ = previ ousEvent;

}

#undef event _time_slow_in_trans_slow ctl
/* Qutport Block: <Root>/Pcl */
trans_2_Y.root_Pcl = pcl;

/* CQutport Block: <Root>/Pc2 */
trans_2_Y.root_Pc2 = pc2;

/* Qutport Block: <Root>/Pc3 */
trans_2_Y.root_Pc3 = pc3;

/* CQutport Block: <Root>/Pc4 */
trans_2_Y.root_Pc4 = pc4;

/* Qutport Block: <Root>/PB12 */
trans_2_Y.root_PB12 = pbl2;

/* (no update code required) */

}

/* End of Functions in nodel "trans_2" */
#include "trans_2 reg. h"

/* [EOF] trans_2.c */
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