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Introduction

This tutorial is the second in a series. Before you begin this tutorial, you should have
successfully completed VCC Tutoriall: Architecture Services.

This tutorial demonstrates the hierarchical nature of VCC models. In this tutorial, you will
create hierarchical relationships between blocks, by instantiating lower-level blocks in higher-
level diagrams, and between parameters, by referencing lower-level parameters to higher-
level parameters.

This tutorial walks you through the design of behavior and architecture models for a real-time
controller.

m  The behavior model for this real-time controller contains two main subsystems: the
server and the controller.

0  The server is composed of a finite state machine that receives external commands
and changes state among OFF, INIT, and ONLINE. Another component passes
control parameters to the controller through a shared memory.

0  The controller implements the periodic execution of a control algorithm that is a
simple sine wave convolution. The output of the controller could represent, for
example, the trajectory of a linear electromechanical actuator.

m  The architecture model for this real-time controller contains two CPUs; one CPU hosts
the server application and the second CPU hosts the controller application. Shared
memory communication is realized by a simple memory over a data bus.

NIV
~(y)~ Tip
" To provide optimum screen space for the Cadence® Virtual Component Co-Design
(VCC) tool, it is best to use the tutorial in printed form, so print the PDF version of

this tutorial before you begin any of the exercises.

Note: The library you will create in this tutorial is named Tutorial2; however, some screen
graphics might show the generic name Tutorial. Please use only the name Tutorial2 as
specified in the instructions.
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Introduction

Start the VCC Software

1. To start the VCC Create software:
0  Windows: Choose Start > Programs > Cadence VCC > Create.
0  Solaris or HP-UX: Type create&.

2. If VCC Create opens with all the toolbars displayed, use the View > Toolbars menu
command to close them:

O Choose View > Toolbars > <Toolbar name>.
O One at a time, choose each of the toolbars with a check in front of it.

You won'’t need the toolbars for this tutorial, and closing the toolbars gives you more
screen space for your designs.

& Cierto VCC create - Cierto VCC create
File ‘#orkspace Edit Analysiz Yiew Tools Help

m =l B B Petomance [ 80O B 10 || 0 A 2 il
=l

= Praject Folder =
-y, add_mul
it add_riult_zdlmni
g, add_rul_sdlommi
it add_riul_spwarii
it add_riult_testbench
it belt_cantraller_behaw
it cycle_behy
it cycle_test
s, cucle_type
i, CucleEcos
fits, Tutorial
it types
it WEC_ArchitectureS ervices
iy, VCC_ASIC
gy, VCC_Bus
gy, VCC_CPU
figs, V/CC_Defaults
it WCC_Ewparters
it WCC_FivedPattemServices
it WEC_Internal:
it WEC_IntermalServices
it WCC_Memary
fs, \/CC_Pattems
fis, \/CC_PattemServices
6, WCC_RTOS
s, WCC_ServiceDeclarations
s, VOO _Test
s, VCC_Types
s, VCOIP_ARM7
fis, VCOIP_ECOS =

| &... ETSERL TEES

e T T T T T T T T T e T T T T T T
Eel- - B B B B - - - - - - - - - - - - - - - - - - - - - - -]

[ |
[ |
A [ [, Meist 3, Analysis utput / | K|
For Help, press F1 |Dore |0.000000000000 [
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Behavior Model

The behavior model for this real-time controller design contains two main subsystems: the
server and the controller.

m  The server is composed of a finite state machine that receives external commands and
changes state among OFF, INIT, and ONLINE. Another component passes control
parameters to the controller through a shared memory.

m  The controller implements the periodic execution of a control algorithm that is a simple
sine wave convolution. The output of the controller could represent, for example, the
trajectory of a linear electromechanical actuator.

This model implements the following behavior:
m  While the server is in the OFF state, the controller output is zero.

m  While the serveris in the INIT state, the controller output is equal to the offset parameter
value.

m  While the server is in the ONLINE state, the controller output is the offset plus a sine
waves convolution.

To create this real-time controller behavior model, you will

m  Create New Data Types on page 11

m  Create the Server Behavior Diagram on page 14

m  Create the Controller Behavior Diagram on page 33

m Create a Top-Level Behavior Diagram on page 50

m  Create Functional Behavior Models on page 66

= Run a Functional Simulation on page 111

If you have problems with your behavior model that you can’t resolve, instructions for using a
golden copy from the database are in What if Your Model Won't Simulate? on page 116.
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Behavior Model

This tutorial uses a behavior memory and memory references. If the concept of memory
references is new to you, you might want to read How is the Behavior Memory Connected?
on page 117.

In the behavior models section of the tutorial, you will create custom behavior blocks for the
following functions:

rtc_testbench

A C++ model that simulates the commands coming from external word and trigger co-
design finite state machine (CFSM) state transitions.

server_std

A state transition diagram (STD) that implements the server finite state machine.
server_db

A Whitebox C model that passes parameters.

sinComb

A Whitebox C model that implements the sine waves convolution algorithm.
Timer

A C++ model whose outputs trigger the sinComb execution.

You will then instantiate these blocks into higher-level blocks to create the real-time controller
behavior model.

December 2002 10 Product Version 2.2
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Behavior Model

Create New Data Types

This behavior model requires the data types: OFF, INIT, and ONLINE. These data types do
not exist, SO you must create them.

1. To open the Data Types browser, choose Edit > Data Types from the main menu.

Name |Typt:| ‘I.Falut:l Comment |[ﬁ| y|;
= ﬂ Ofect The object type Is the base for alf data type s,
.,f, Cormposite The camposite bype is the base for wser defined records.
¢ Union The Unjon type s the base for ser defined unions,
m et The setbype iz the base for wser defined enumerations.
_"_|_| Aligs The alias bype s the base for wser defined aliases to other types.
c Class The class hype Is Wsed to refer to anather data bepe.
= G Nurneric The pumeric type 1s the base type for Integral and Real,
c Integer The Integer wpe Is ysed to represent 32-0it integers. The range...
G Unsigned The Unsighed type Is wsed to represent ansigned 32 bit integer 5.
c Real The real ype Js used to represent B4 bit floating point nmbers. ..
G Booleah The boolean type 15 nsed to represent brieffalse valdes.
c Steing The string type Is wsed to represent character strings.
[~
Scan Apply Close

The new data type you are going to create is a Set type.

2. To expand the Set data types, click the plus sign to the left of the Set heading.

December 2002
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Behavior Model

Make sure you can see both the heading for the Set data types and the last Set data type

in the list.
Name | Type | '\Falut:| Comment | Pl ik I;l
[F]-mm Sed The set e Js the base for .

@types QMNOFF

@add_mult_sdimm.import _pointype

@YCC_Types YesMoType

@ CC_Types ServerMechanism

@ CC_Types SchedulingPalicy

@ CC_Types SchedulerPreemptionStyle Type

@Y CC_Types Register AllocationType

@ CC_Types PatternType

@Y CC_Types MemoryAccessPerfiode

@ CC_Types LinkerSegment Type

@ CC_Types DataReadMode

@ CC_Types CacheSnoopPalicy

@Y CC_Types CacheReplacePalicy

@ CC_Types CachemizsritePolicy

@Y CC_Types CacheHbWritePolicy

@ CC_Types CacheContentType o
R RO _Types AddressSetting

Aligs The glias type 1z the base fo..

[+

Class The ciass type Js wsed to ref..

Oy B B = EE R EE
L |
u

Tl

MNurneric The nameric e is the bas.. LI

Scan Apply Close |

3. Right click on the Set heading and choose New Set from the pop-up menu.

VCC adds a new data type to the bottom of the list. This new data type name defaults to
@voicemail_behav.SetO.
4. Change the new data type name to:

@ut ori al 2. ConmandType
Note: Do not press Enter after you change the names of the data type or the members.
Simply move the mouse as the instructions indicate. If you press Enter at any time while

in the Data Types editor, you trigger the Apply function and you will get the Save dialog.
If this happens, click Save and continue working in the Data Types editor.
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Behavior Model

5. To add a new Set member, right click on the @ Tutorial2.CommandType name and

choose New Set Member from the pop-up menu.

VCC adds a new member to the bottom of the Set data types list. This new member

name defaults to memberO.

6. Change the new member name to OFF.

7. Repeat steps 5 and 6, naming the second member INIT and the third member ONLINE.

The list of Set data types now looks like this:

Name | Type | Value | Comment [Fa] 2 =]
= as Set The set type s the base f...

@types OMNOFF
@add_mult_sdimm.import_pointype

@ CC_Types YesMaType

@ CC_Types Serverhechanism

@ CC_Types SchedulingPolicy

@ CC_Types SchedulerPreemptionStyleType
@ CC_Types RegisterAllocationType
@ CC_Types PatternType

@ CC_Types MemoryAccessPerfMode
@ CC_Types LinkerSegmert Type

@ CC_Types DataReadhode

@Y CC_Types CacheSnoopPalicy

@ CC_Types CacheReplacePalicy
@Y CC_Types CachehizsivritePolicy
@ CC_Types CacheHibWritePolicy
@Y CC_Types CacheContert Type

@ CC_Types AddressSetting

N R R e e e R e R e R e R e R Ea R A RR Ea R A RR e |
Il
u

nm g@Tutorisl CommancType &
=2 OFF
ne T
== ORILINE =
Scan Apply Close |

8. When you have finished entering the new data type and its three members, click Close

in the Data Types dialog.

December 2002 13
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Behavior Model

The Save Edited Data Types? dialog asks if you want to save the new data type.

Save Edited Data Types?

The following data types have been
edited, but not sawved:

@Tutorial2.CommandType

Cancel

9. Click Save in the Save Edited Data Types? dialog.

Note: If you press Enter at any time while in the Data Types editor, you trigger the Apply
function and you will get this dialog.

Create the Server Behavior Diagram

The real-time controller requires a custom server. In this section, you will:

Create a New Behavior Diagram on page 15

Verify Configuration Rules on page 16

Create the server_std and server_db Blocks on page 19

Add Ports to the Blocks on page 22

Add an Input Port on page 27

Connect the Ports on page 29

Add Memory References on page 30

Generate the Symbol on page 32

December 2002 14 Product Version 2.2
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Behavior Model

Create a New Behavior Diagram

1. To open a new behavior diagram, choose File > New from the main menu.

MNew

Diiagram | Source Codel Analysisl

[=4 Architecture

B8 B chavior Behavior
=¥ Drawing
B tapping
alette

tate Tranzition

Description
Select the type of docunent to create.

¢ | Cancel |

2. Double-click the Behavior icon in the New dialog.

A new window opens. The default name is Behaviorl.

%5 Behaviorl

-

KN Ay

3. To save the behavior diagram, choose File > Save from the main menu.

VCC prompts you to choose a library.

December 2002 15 Product Version 2.2
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Behavior Model

4. Double-click the Tutorial2 library icon.

Tutorial2 library

Save As
Look jn: I @ Praject Folder j !I ﬁi (e ey
add_mult ﬁ\ oycle_test ﬁ\VEC_B uz
add_riult_zdlmni ﬁ\ cycle_type ﬁ\VEC_EPU
add_rmult_sdlomi ﬁ\ CycleEcos ﬁ\\-"CC_D efaultz
add_mulk_spwomi ﬁ\ Tutorial m LI gy o) =1
add_mult_testbench ﬁ\ types ﬁ\\-"CC_FixedPat
belt_controller_behay ﬁ\ WCC_aArchitectuneServices ﬁ\\-’CC_Internals
cpcle_behy ity vor_asic s VO _Intemals
al | 0
Loay | [ g |
e I Canicel |
Shaow views with: Iﬂrchitecture Files [*.arch] j

VCC prompts you to specify a cell name. The View name defaults to behav.

Save As HE
Look jn: I ffty Tutorial j @I Use view:
CommandT ype
Celt Il Save I
i Ibehav [ — |
Show views with: IBehavior Filez [* beh) j

5. Enter the Cell name server and click Save in the Save As dialog.

Note: You can save your cellviews as often as you like. If you are required to save your
changes, a dialog asks if you want to “Save session changes?” Click Yes in the dialog. Any
time the system asks if you want to save a session or a configuration, click Yes.

Verify Configuration Rules

The Configuration Rules for a diagram tell the simulator which view to use. To verify that all
possible views are specified in your configuration rules, take a look at the current values for

the Global Viewlist.

December 2002 16
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Behavior Model

1. Click the Config Rules tab at the bottom of the workspace.

s, veoiP_aRmM7
e, COIP_ECDS
g, WOCIP_Hw
e, voicemail_arch
s, woicemail_behay
s, voicemail_map

e, voicemail_types /

@ Libraries |3 Hierarchy | %) Config Rules __

Config Rules tab

The Config Rules tab displays the views specified for your design.

Config:

BB | .
Instance | Value =
.ﬁ: Global Wienlist behay arch blk_cpp blk_bones bik_spe blk_sdl wht_c clr_s...

.ﬁ: Performance “iewlist delay annotated_c annotated_cpp
.ﬁ: Implementation Wiewlist | protolmpl verilog whel blk_swe whit_sw refined
@ Ccour Bindings
dhip Cocur Yiewlists
¥ Cccur SubConfigurstions
@ Cell Bindinos
3

& Libraries I S Hieratchy &) Config Rules I

2. Double-click the Global Viewlist heading.

: Global Viewlist [ X]

behav arch blk_cpp blk_bones blk_spw blk_sdl whi_c ;I
clr_zdl chr_std blk_zervice scheduler proc asic buz cache
memony processor bridge dma rhos task fifo_sched proto
fiwed_pattern

[~
] I Cancel |

3. Verify that your Global Viewlist contains the following views:

December 2002 17
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Behavior Model

behav arch bl k_cpp bl k_bones bl k_spw bl k_sdl wht_c clr_sdl clr_std bl k_service
schedul er proc asic bus cache nenory processor bridge
dma rtos task fifo_sched proto fixed_pattern

This specifies the order in which to bind a model to a symbol; therefore, which model to
simulate. If a symbol doesn’t have a behav view, the system looks for an arch view, then
blk_cpp, and so forth. Following this order, the system uses the first view it encounters
for a simulation.

If any of these views are missing from the list, add the view name to the list.

. When you are finished, click OK in the Global Viewlist dialog.

If a dialog prompts you to edit the default or edit a copy, click Edit Default.

Double-click the Performance Viewlist heading.

! Performance Yiewlist E3

delay annotated_c annotated_cpp ;I

[~
(] I Cancel |

. Verify that your Performance Viewlist contains the following views:

del ay annotated c annotated _cpp

If any of these views are missing from the list, add the view name to the list.

. When you are finished, click OK in the Performance Viewlist dialog.

. To return to the Project Folder list, click the Libraries tab at the bottom of the workspace.

-fffy, VCOIP_ARMT
o-fffs, VCOIP_ECOS
£-fffs, VOOIP_Hw

by, woicemail_arch

s, voicemail_behaw
e, voicemail_map

by, woicemail_tupes

/ Libraries tab

i $Libraries |_ﬁ.Hierarchr_.r I & Confiy Rules Iﬁ
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Behavior Model

Create the server_std and server_db Blocks

The server_std and server_db blocks do not exist, so you will create them.

m  The server_std block is a state transition diagram that implements the finite state
machine.

m  The server_db is a Whitebox C model that passes parameters.

Draw the Blocks
1. To draw a new block, choose Behavior > Block from the main menu.

2. In the behavior diagram, click to place the upper-left corner of the block, then click to
place the lower-right corner of the block.

3. Repeat steps 1 and 2 to draw a second block.

Your blocks should look something like this:

-E Tutonal.server:behavy *

o ol
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Behavior Model

Specify Block Properties

1. To specify the properties for the first block, right click on the leftmost block and choose
Properties from the pop-up menu.

The Properties dialog opens.

I[=] E3

Properties

Block |Ports I Palametersl Memans Heferencesl TimerHeferencesI Style I

Library M ame ITutoriaI

Browese |

Cell Mame

Symbol Yiew Mame

IV Visible

Iserver_std

Is_l,lmbol

Cell Name is visible

Resource Type I

=

Instance Name

Iserver_std ™ Wisible

Label f I~ Visible

For this block, you will enter the following values:

Library Name Tutorial 2

Cell Name server _std
Symbol View Name synbol

Instance Name server_std

To enter each of these values, type the value in the appropriate field.
Make the Cell Name visible.

When you have entered all these values, click OK in the Properties dialog.

a ~ 0D

To specify the properties for the second block, right click on the rightmost block and
choose Properties from the pop-up menu.
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Behavior Model

The Properties dialog opens.

Properties - |O) =
Block |F‘0rts I F‘arametersl WMemom Fleferencesl TimerFleferencesI Style I
Library Mame ITUlUfiEﬂ Browse |
Cell Hame Iserver_dh ¥ Visible
Symbol Yiew Name IS_'r'mb0|
Fesource Type I j
Instance Mame ISEWELdb ™ Visible
Label | I~ Visible

For this block, you will enter the following values:

Library Name

Cell Name

Symbol View Name

Instance Name

© © N o

menu.

December 2002

Tutorial 2
server _db
synbol

server _db

To enter each of these values, type the value in the appropriate field.

Make the Cell Name visible.

21

When you have entered all these values, click OK in the Properties dialog.

To save the changes to the server:behav diagram, choose File > Save from the main

Product Version 2.2
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Behavior Model

Add Ports to the Blocks

You will now add an input port to the server_db block and an input and an output port to the
server_std block.

1. Click the server_db block to select it.

Make sure you see the green markers indicating that the block is selected.
2. Choose Behavior > Add Port from the main menu.

When your cursor returns to the diagram, you'll see a port attached to it.

3. To place the port, click on the left edge of the block.

P 0

c server_db

4. To specify properties for the port, right click on the port and choose Properties from the
pop-up menu.

server dh
[Eszemd!.

fgrerd

Cut
[Eapy
Paste
DupliEate
Delete

Froperties. ..

The Properties dialog opens.

Properties M=
Part | F‘arametersl
PortName:  [ic_Hods ¥ wisile
Drata Type: IInteger j |
Direction: IInput j

December 2002 22 Product Version 2.2
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Behavior Model

For this port, you will enter the following values:

Port Name rtc_Mbode
Data Type | nt eger

Direction | nput

Type rtc_Mode in the Port Name field.
Make the Port Name visible.
To enter the Data Type, you can type Integer or choose from the pulldown menu.

To enter the Direction, you can type Input or choose from the pulldown menu.

© © N o 0

When you have entered all these values, click OK in the Properties dialog.
10. Click the server_std block to select it.

Make sure you see the green markers indicating that the block is selected.
11. Choose Behavior > Add Port from the main menu.

When your cursor returns to the diagram, you'll see a port attached to it.
12. To place the first port, click on the left edge of the block.
13. Select the server_std block and choose Behavior > Add Port again.

14. Place the second port on the right edge of the block.

Pl P4

I b server_std a I
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Behavior Model

15. To specify properties for the right port, right click on the port and choose Properties from
the pop-up menu.

Pl l
I c server_std ?

[eseend.
fseend

Cut

[Eopy
Paste
Diplieate
Delete

Properties...

The Properties dialog opens.

Properties =]
Part | Parametersl
PortName:  [ic_Hode ¥ ishle
Data Type: Ilntegeri j |
Direction: IDutput j

For this block, you will enter the following values:

Port Name rtc_Mbde
Data Type | nt eger
Direction Qut put

16. Type rtc_Mode in the Port Name field.

17. Make the Port Name visible.

18. To enter the Data Type, you can type Integer or choose from the pulldown menu.
19. To enter the Direction, you can type Output or choose from the pulldown menu.

20. When you have entered all these values, click OK in the Properties dialog.
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21. To specify properties for the left port, right click on the port and choose Properties from
the pop-up menu.

1

F:l

rte_Mapde

escend..
Sscend

Cut
[Sapy
Paste
[nrlieate
Delete

The Properties dialog opens.

Properties =]
Part | F‘arametersl
Part Marne: Icommand ¥ Visible
[rata Type: I@Tutorial.EommandType j
Direction: IInput j

For this port, you will enter the following values:

Port Name conmmand
Data Type @utori al 2. ConmandType

Direction | nput

22. Type command in the Port Name field.

23. To enter the Data Type, click the browser (...) button.
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The Data Types browser opens.

i Data Types [_ (O] x|
Name | Comment =
= n Ofect The object lype Ts the base for all data types.
g Composite The composite hae 15 the base for user defined records.
Q. Union The Union type s the base for user defined unions,
n et The set tvpe s the base for user defined enumerations.
_"_I_. Aligs The glias type 1o the base for weer defined aliases to other bipes.
&£ Numeric The nimerlc vpe Is the base type for integral and Real
G Integer The Integer ype s need to represent 32-bit integers. The range of v...
£ Unsigned The Unsigned bype i Dsed o represent Unsigned 32 it integer =,
G Real The real bupe Is nsed to represent GBIt floating point humbers. The...
£ Boolean The boolean vpe Is used to represent troeffalse values.
G String The string type Js nsed to represent character strings. El

The new data type you created, @ Tutorial2.CommandType, is a Set type.
24. Click the plus sign to expand the Set data types.
25. Scroll to the bottom of the Set types list and double-click @ Tutorial2.CommandType.

i Data Types [_ (O] x|

Name | Comment |;|
@Yoo _Types PatternT...

@Y CC_Types Memoary ...

@ CC_Types LinkerSe...

@y CC_Types DataRea. ..

@ CC_Types . CacheS. .

@ oC_Types CacheR...

@ CC_Types . Cachehi...

@ CC_Types CacheHit. ..

@ CC_Types.Cachel...

@CC_Types Address. .

@Tutorial CommandType ;I

[ T R e e e R e R Ea R I R e R L
Il
u

The Data Types browser closes and @ Tutorial2.CommandType is entered in the
Properties form.

26. To enter the value for Direction, you can type the value Input or click the down arrow and
choose from the pulldown menu.

27. When you have entered all these values, click OK in the Properties dialog.

28. To save the changes to the server:behav diagram, choose File > Save from the main
menu.
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Add an Input Port

When you place the server block in the next level of hierarchy, you must have access to the
blocks. For this, you will use a dedicated Input Port.

1. To add an input port to the server diagram, choose Behavior > Input Port from the main
menu.

When you move your cursor back to the behavior diagram, you'll see an input port
symbol attached.

The input port symbol looks like this:

g

2. To place the input port, click to the left of the server_std block.

3. Right click on the input port symbol and choose Properties from the pop-up menu.

P_3 cogunand rte_Made

1 q server_std a I

[Eseend..
Sscend

Cut

Copy
Paste
Duplicate
Delete

Properties...

The Properties dialog opens.

Properties =]
Part | F‘arametersl Style I
Port Name: Icomm_in ¥ Wisible
[rata Type: I@Tutorial.EommandType j |
Direction: IInput j

For this block, you will enter the following values:

Port Name comm.in

Data Type @ut ori al 2. CommandType
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4. Type comm_in in the Port Name field.

5. Make the Port Name visible.

6. To enter the Data Type, click the browser (...) button.

The Data Types browser opens.

i Data Types =] E3

e

Name | Comment
E- Object The abject bvpe iz the base for gif data bwes.
Q. Cokmposite The compasite type s the base for eer defined records.
g Linian The Unjon hvpe s the base for user defined upions,
m Set The set type Is the base for Deer defined enumerations.
_:l'_. Alias The alias bye i the base for wser defined aliases to other hypes.
= G MNurneric The pomeric hipe is the base type for Integral and Real.
£ integer The inteoer bype is Wsed to represent 32-bit Integers. The range of v
G Unsighed The Unsigned bepe Is need to represent unsigned 32 bit integer s,
£ Real The realtype iz naed o represent 64pit floating point nambers. The. .
G Boolean The boolean bpe is Bsed to represent brnefalse valnes,
£ Siving The string hpe Is used to represent character strings.

=

The new data type you created, @ Tutorial2.CommandType, is a Set type.

7. Click the plus sign to expand the Set data types.

8. Scroll to the bottom of the Set types list and double-click @ Tutorial2.CommandType.

i Data Types H=] E3

MName

| Comment

B

[+

F-H

F-H

F-H

F-H

F-H

@ oo _Types PatternT...
@Y CC_Types Memoary...
@ oo _Types LinkerSe...
@Y CC_Types . DataRea...
@Yoo _Types Caches ..
@Y CC_Types.CacheR...
@ CC_Types . Cachehi...
@Y CC_Types.CacheHit...
@Yoo _Types CacheC...
@Yoo _Types Address...
@Tutorial CommandType

[

The Data Types browser closes and @ Tutorial2.CommandType is entered in the
Properties form.

9. When you have entered all these values, click OK in the Properties dialog.
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Your diagram now looks like this:

corm_in cofumnand rte| Maode

rte_Mpde |
I o server_std Ca I Io server_dh

Connect the Ports

You now have ports on each of your two blocks and an external port (comm_in) at the top
level of the server block. In this section, you will connect all the ports within the server block.
Later, you will connect the comm_in port to the next level of hierarchy.

1. Choose Behavior > Wire from the main menu.

2. Click the comm_in input port, then click the command input port on the server_std
block.

3. Choose Behavior > Wire again.

4. Click the rtc_Mode output port on the server_std block, then click the rtc_Mode input
port on the server_db block.

Your diagram now looks like this:

Ccomm_in cofumand rte

5. To save the changes to the server diagram, choose File > Save from the main menu.
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Add Memory References

As you can see, there is no obvious output for this block. The output of the server block will
be a virtual connection (a memory reference) to a shared memory in the next level of
hierarchy. To specify this connection, you will add a memory reference to the top level of this
diagram.

1. Right click in the background of the diagram.

Do not click on any of the objects in the diagram. The parameter you are going to specify
is at the top level, not on one of the blocks.

[Mezeend),.
Agcend

[k

[Sepy
Paste
[Niplizate
et

conum_in corunand e Properties... de

a server std c D server_db
2. Choose Properties from the pop-up menu.
The Properties form opens.
Properties M=] E3
Name | Type | Direction | @A
}___, COMmIm_in @Tutorial CommandType | fput .ﬁ

3. Click the Memory References tab.
There are no Memory References specified, so all the fields are blank.
4. Right click in any of the blank fields, and choose New Property from the pop-up menu.

A green arrow and a flashing cursor in the Name field indicate that you can enter a new
property name.
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You will enter this new property.

Name Type Instance Mode
sh_mems Real [ 6] WiteOnly

5. In the Name field, enter sh_mem_s.

6. Tab to the Type field and enter Real[6].

()~ Tip

You can simply type the Real[6] value, or you can use the pulldown menu. If you
choose Real from the pulldown menu, you must type the [6] to complete the value.

7. Tab to the Mode field and choose WriteOnly from the pulldown

menu.

For now, you cannot enter a value for Instance. At the next level in the hierarchy, you will
specify a shared memory instance to which this memory reference is connected.

Your new property looks like this:

Properties [_ (O] x]
Parts | Parameters S TimerHeferencesl
Name |Type | Instance | Mode |A
}_, sh_mem_s Reall5] Wiritenly

8. When you have entered all these values, click OK in the Properties dialog.

9. To save the changes to the server diagram, choose File > Save from the main menu.
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Generate the Symbol

All blocks are saved as cells. All cells have an interface view and a symbol view.
m  The interface view describes the ports and parameters for the cell.

m  The symbol view is the graphical representation of the cell and can be instantiated into
designs.

When you “generate a symbol” for the server, VCC creates the interface and symbol views,
bundles them with the behav view you created, and adds the new cellview to the Project
Folder. This new cellview is now reusable like any other cellview in a library.

Note: The parameters of the cellview are no longer at the top level of the behavior diagram
in which the block was created. If you need to change any of these parameters later, you must
edit the symbol view.

1. To generate a symbol for this behavior diagram, choose Behavior > Generate Symbol
from the main menu.

The Behavior Notation dialog tells you this will create an interface file and a symbol file.
2. Click OK in the Behavior Notation dialog.

You can see in the Project Folder that the new server cell is added to the Tutorial2

library.

=3 server

..... % biehawy

ol Interface
spmbol

The system creates the server:interface and the server:symbol views.

3. Make sure the server:behav file is the active window, choose File > Save from the
main menu, then choose File > Close from the main menu.
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Create the Controller Behavior Diagram

The real-time controller requires a custom controller. In this section, you will:

m  Create a New Behavior Diagram on page 33

m  Create the Timer and sinComb Blocks on page 35

=  Add Ports to the Blocks on page 38

= Add an Output Port on page 44

= Add a Behavior Timer on page 45

= Connect the Ports on page 46

m  Add Parameters and Memory References on page 47

m  Generate the Symbol on page 49

Create a New Behavior Diagram

1. To open a new behavior diagram, choose File > New from the main menu.

New HE

Diagram | Source Eodel Analysisl

|54 Asichitecture

f%) B ehavior

Description

Select the type of document bo create.

] Cancel
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2. Double-click the Behavior icon in the New dialog.

A new window opens.

-a Behaviorl

3

<] |

-

A

3. To save the behavior diagram, choose File > Save from the main menu.

4. The Save As browser opens and VCC prompts you to choose a library.

Save As
Loak in: I @ Project Folder j !I ﬁi Wse e
add_mult ﬁ\ cycle_test ﬁ\VCC_B uz
add_rmult_sdlmm cycle_type ﬁ\VCC_CF'U
add_rmult_sdlomi ﬁ\ CycleEcos ﬁ\VCC_D efaults
add_rult_spwormi ﬁ\ Tutorial ﬁ\VCC_E wporters

add_mult_testbench
belt_controller_behay

lypes ﬁ\VCC_FixedPat
ﬁ\VCC_ArchitectureS ervices ﬁ\VCC_I ntemals

cycle_behy ffis Voo _asic s VCC_Intemals
4| »
Library: I Open I
Yiew: I Cancel |
Show views with: IBehavior Files [*.beh) j

5. To choose the Tutorial2 library from the Project Folder, double-click the Tutorial2 icon in

the library list.
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VCC opens the Tutorial2 library and prompts you to specify a Cell name. The View name
defaults to behav.

Save As
Look in: Iﬁ\ Tutorial j ﬁl Use view:
ECommandType

Server
Cell: I Save |
Wiew: |behau Cames] |
Show views with: IBehauior Files (*.beh) j

6. Enter the Cell name controller and click Save.

Create the Timer and sinComb Blocks

The Timer and sinComb blocks do not exist, so you must create them.
m  The Timer block is a C++ model whose output triggers the sinComb execution.

m  The sinComb block is a Whitebox C model that implements the sine waves convolution
algorithm.

Draw the Blocks
1. To draw a new block, choose Behavior > Block from the main menu.

2. In the behavior diagram, click to place the upper-left corner of the block, then click to
place the lower-right corner of the block.
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3. Repeat steps 1 and 2 to draw a second block.

#gg Tutorial_controller_:behav

Specify Block Properties

1. To specify the properties for the first block, right click on the leftmost block and choose
Properties from the pop-up menu.

The Properties dialog opens.

Properties =]
Block IF'orts I Parametelsl P emaory Heferencesl TimelHeferencesl Style |
Library Marme ITUlUTiEﬂ Browse |
Call Mame [Timer W Visible

Symbal Yiew Name IS.'r'l'ﬂbD|

Resource Type I j
Instance Mame ITimerI I Wisible
Label | I~ visitle

For this block, you will enter the following values:

Library Name Tutorial 2
Cell Name Ti mer

Symbol View Name synbol
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Instance Name Ti mer

Enter Tutorial2 for the Library Name.

Enter Timer for the Cell Name and make it visible.
Enter symbol for the Symbol View Name.

Enter Timer for the Instance Name.

When you have entered all these values, click OK in the Properties dialog.

N o g bk~ W N

To specify the properties for the second block, right click on the rightmost block and
choose Properties from the pop-up menu.

The Properties dialog opens.

Properties = B
Block I Parts I Parametelsl Memary References | Timer References | Style |
Library Mame ITutoliaI Browse |
Cell Hame ISinEomb W Visible

Symbol Yiew Mame IS_'HITIbD|

Resource Type I j
Instance Mame Isinl:ornb I Visible
Label | I~ isible

For this block, you will enter the following values:

Library Name Tutorial 2
Cell Name si nConb
Symbol View Name synbol

Instance Name si nConb

8. Enter Tutorial2 for the Library Name.
9. Enter sinComb for the Cell Name and make it visible.
10. Enter symbol for the Symbol View Name.

11. Enter sinComb for the Instance Name.
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12. When you have entered all these values, click OK in the Properties dialog.

13. To save the changes to the controller diagram, choose File > Save from the main menu.

Add Ports to the Blocks

You will add an output port to the Timer block and input and output ports to the sinComb
block.

1. Click the Timer block to select it.

Make sure you see the green markers indicating that the block is selected.
2. Choose Behavior > Add Port from the main menu.

When your cursor returns to the diagram, you'll see a port attached to it.

3. To place the port, click on the right edge of the block.

4. To specify properties for the port, right click on the port and choose Properties from the
pop-up menu.

P

T]]Tler j [escend..

Lecend

Cut
[Say
Paste

[uplicate
Delete

Praperties...
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The Properties dialog opens.

Properties =]
Paort |Parameters| PoltAttributesI
Port Name: ItfiQQET v Visible
[rata Type: ITrigger ﬂ |
Direction: IDutput j

For this block, you will enter the following values:

Port Name trigger
Data Type Trigger
Direction Qut put

5. Enter trigger for the Port Name.
6. To enter the Data Type, click the browser (...) button.

The Data Types browser opens.

Name | Comment =
= n Ofect The object type Ts the base for all data types.
g Composite The composite hae 15 the base for user defined records.
¢ Union The Union type s the base for wser defined unions,
m et The set tvpe s the base for user defined enumerations.
_"_I_. Aligs The alias type 15 the base for wser defined aliases to other types.
= c Ny reric The nimerlc vpe Is the base type for integral and Real
= Integer The Integer type s nesed to represent 32-bit integers. The range of v...
c Linsigned The Unsigned bype i Dsed o represent Unsigned 32 it integer =,
= Real The real ype 15 nsed to represent GBIt floating point humbers., The...
c Boolean The boolean vpe Is used to represent troeffalse values.
= String The string type Js wsed to represent chavacter strings. EI

Trigger is an Alias type.
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7.

10.
11.

12.

13.

14.
15.

Click the plus sign to expand the Alias data types.

i Data Types _ O] x|

Name | Comment -
= n Ofect The object lype Ts the base for all data types.
g Composite The composite hae 15 the base for user defined records.
Q. Union The Union type s the base for user defined unions,
n et The set tvpe s the base for user defined enumerations.
= _"_I_. Aligs The glias type 1o the base for weer defined aliases to other bipes.
_'J'_. Trigger The trigger e i Daed o trigoer events.

_"J_. Ervoicemail_types float. .
sp @voicemail_types buff...
_"J_. @ CC_Types voclnsi...
sp @YCC_Types voclnsi.
_"J_. @ CC_Types voclnsi...
=p @YCC_Types voolntd ;l

Double-click Trigger.

The Data Types browser closes and Trigger is entered in the Properties form.

To enter the value for Direction, you can type Output or choose from the pulldown menu.
When you have entered all these values, click OK in the Properties dialog.

Click the sinComb block to select it.

Make sure you see the green markers indicating that the block is selected.

Choose Behavior > Add Port from the main menu.

When your cursor returns to the diagram, you'll see a port attached to it.

To place the first port, click on the left edge of the block.

Select the sinComb block and choose Behavior > Add Port again.

Place the second port on the right edge of the block.
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16. To specify properties for the input port on the sinComb block, right click on the leftmost

port and choose Properties from the pop-up menu.

P2 F1
Ir DESC;BQ‘EI... : o I

Aseetn

Cut
L Copy
Paste

uplicate
Delete

Froperties...

The Properties dialog opens.

Properties P ]
Part |Parameters| F'ort.-’-\ttributesl
Fort Mame: I“iQQET v Yisible
[rata Type: ITrigger j I
Direction: Ilnput j

For this block, you will enter the following values:

Port Name trigger
Data Type Trigger

Direction | nput

17. Enter trigger for the Port Name.

18. To enter the Data Type, click the browser (...) button.
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The Data Types browser opens.

i Data Types M= E3

e

I

Name | Comment |
= n Ofect The object lype Ts the base for all data types.
g Composite The composite hae 15 the base for user defined records.
Q. Union The Union type s the base for user defined unions,
n et The set tvpe s the base for user defined enumerations.
_"_I_. Aligs The glias type 1o the base for weer defined aliases to other bipes.
&£ Numeric The nimerlc vpe Is the base type for integral and Real
G Integer The Integer ype s need to represent 32-bit integers. The range of v...
£ Unsigned The Unsigned bype i Dsed o represent Unsigned 32 it integer =,
G Real The real bupe Is nsed to represent GBIt floating point humbers. The...
£ Boolean The boolean vpe Is used to represent troeffalse values.
G String The string type Js nsed to represent character strings.
Scan Cancel 0K

Trigger is an Alias type.

19. Click the plus sign to expand the Alias data types.

i Data Types _ O] x|

e

Name | Comment
= n Ofject The obfect type 1s the base for aif data types.
..} Corposite The compasite type Is the base for ser defined records.
Q, Uinfon The Union type 15 the base for User defined unions,
n Set The set type Is the base for ser defined enumerations.
= _j_. Aligs The glias type 1s the base for nser defined aliases to other types,
_j_. Trigger The trigger lype Is nsed to trigger events.

_j_. @rvoicemail_types float. .

_j_. wvoicemail_types buff

_j_. @nCC_Types vooldnai...

_j_. EnCC_Types voclnsi

_j_. @nCC_Types vooldnai...
_j_. T _Types voclntd

Scan Cancel

0K

20. Double-click Trigger.

The Data Types browser closes and Trigger is entered in the Properties dialog.

21. To enter the value for Direction, you can type Input or choose from the pulldown menu.

22. When you have entered these values, click OK in the Properties dialog.
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23.

24,
25.
26.
27.
28.

To specify properties for the output port on the sinComb block, right click on the rightmost
port and choose Properties from the pop-up menu.

b Meszend.,
Sgeend

—  Cut
Copy
Paste
Duplicate
Delete

Properties...

The Properties dialog opens.

Properties !E
Part | F‘alametetsl PortAttrihutesI
Part Mame: Iout_sinEomh ¥ isble
Data Type: IHeaI j I
Directiar: =

For this block, you will enter the following values:

Port Name out _si nConb
Data Type Real
Direction Qut put

Enter out_sinComb for the Port Name.

To enter the Data Type, you can type Real or choose from the pulldown menu.
To enter the Direction, you can type Output or choose from the pulldown menu.
When you have entered all these values, click OK in the Properties dialog.

To save the changes to the controller diagram, choose File > Save from the main menu.

December 2002 43 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Behavior Model

Add an Output Port

When you place the controller block in the next level of hierarchy, you must have access to
the output of the controller. For this, you will use a dedicated Output Port.

1. To add an output port to the controller diagram, choose Behavior > Output Port from
the main menu.

When you move your cursor back to the behavior diagram, you'll see an output port
symbol attached.

2. To place the output port, click to the right of the sinComb block.

11} oxt_sinQoanb P_S
19 e Ol o

3. Right click on the output port symbol and choose Properties from the pop-up menu.

The Properties dialog opens.

Properties !EI E
Part |F‘alameters| Shyle I
Fort Mame: IDUt I Wisible
Data Type: |Hea| j _I
Direction; I Output j

For this port, you will enter the following values:

Port Name Qut
Data Type Real

4. Enter Out for the Port Name and make it visible.
5. To enter the Data Type, you can type Real or choose from the pulldown menu.

6. When you have entered all these values, click OK in the Properties dialog.
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Your diagram now looks like this:

trigzar tizzer out_sintomh Chat
Tos O [0 son Ol o

Add a Behavior Timer

Behavior timers model periodic or pre-scheduled activation of a behavior model. In this
diagram, the behavior timer will activate the Timer.

1. Choose Behavior > Behavior Timer from the main menu.

When you move your cursor back to the behavior diagram, you'll see a behavior timer
block attached.

2. To place the behavior timer, click above the Timer and sinComb blocks.

3. Right click on the behavior timer and choose Properties from the pop-up menu.

]
The Properties dialog opens.

Properties =]

Behavior Timer l Style ]

Instance Mame: |Interrupt| [v Wisible

|z Repeating: i« On {0 Off
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7.

For this block, you will enter the following values:

Instance Name | nterrupt

Is Repeating On

Enter Interrupt for the Instance Name and make it visible.
Set Is Repeating to On.
When you have entered all these values, click OK in the Properties dialog.

Your diagram now looks like this:

Intermpt

&

trizsar tHizzer out_sint]orb Chat
T O 6 won Ol o

To save the changes to the controller diagram, choose File > Save from the main menu.

Connect the Ports

1.
2.

Choose Behavior > Wire from the main menu.

Click the trigger output port on the Timer block, then click the trigger input port on the
sinComb block.

Choose Behavior > Wire again.

. Click the out_sinComb output port on the sinComb block, then click the Out output

port.
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Your diagram now looks like this:

Intermpt

il

trigsdy tfigmer ont_sintjomh Chat
T (] B e OF—

5. To save the changes in the controller diagram, choose File > Save from the main menu.

Add Parameters and Memory References

As you can see, there is no obvious input for this controller block. The input of the controller
will be a virtual connection (a memory reference) to a shared memory in the next level of
hierarchy. To specify this connection, you will add a memory reference to the top level of this
diagram.

1. Right click in the background of the diagram.

Do not click on any of the objects in the diagram. The parameter you are going to specify
is at the top level, not on one of the blocks.

2. Choose Properties from the pop-up menu.

The Properties form opens. The default tab is the Ports tab. This tab shows the
parameter for the top-level output port, Out.

Properties M=] E3
Name | Type | Direction | @ -
S Out Real Output g

3. Click the Parameters tab.
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10.

11.

There are no Parameters specified, so all the fields are blank.
Right click in any of the blank fields, and choose New Property from the pop-up menu.

A green arrow and a flashing cursor in the Name field indicate that you can enter a new
property name.

You will enter this new property.

Name Type Value

sanpl i ngTi me Real 0.01

Enter samplingTime for the Name.
Tab to the Type field and type Real or choose from the pulldown menu.
Double-click in the Value field and enter 0.01.

Your new property looks like this:

Properties M=] E3

Portz  Parameters | b ernicry Heferencesl Tirner Heferencesl

Name | Type | Value @;H
O

“w samplingTime Resl 00| E

Click Apply.

Click the Memory References tab.

There are no Memory References specified, so all the fields are blank.

Right click in any of the blank fields, and choose New Property from the pop-up menu.

A green arrow and a flashing cursor in the Name field indicate that you can enter a new
property name.

You will enter this new property.

Name Type Instance Mode

sh_nmemc Real [ 6] ReadOnl y

Enter sh_mem_c for the Name.
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12. Tab to the Type field and enter Real[6].
If you choose Real from the pulldown menu, you must type the [6] to complete the value.
13. Double-click in the Mode field and choose ReadOnly from the pulldown menu.

For now, you cannot enter a value for Instance. At the next level in the hierarchy, you will
specify a shared memory instance to which this memory reference is connected.

Your new property looks like this:

Properties _ (O] x|

Forts I Parameters | Memory References | TimerHeferencesI

Name Type Instance Mode |=
:_, sh_mem_c Real[E] Readnly

14. When you have entered all these values, click OK in the Properties dialog.

15. To save the changes to the controller diagram, choose File > Save from the main menu.

Generate the Symbol

When you “generate a symbol” for the controller cellview, VCC creates the interface and
symbol views, bundles them with the behav view you created, and adds the new cellview to
the Project Folder. This new cellview is now reusable like any other cellview in a library.

1. To generate a symbol for this behavior diagram, choose Behavior > Generate Symbol
from the main menu.

2. Click OK in the Behavior Notation dialog.

You can see in the Project Folder that the new controller cell is added to the Tutorial2
library.

=& controller

..... % behas

odem INterface
gpmbol

The system creates the controller:interface and the controller:symbol views.

3. Make sure the controller:behav file is the active window, choose File > Save from the
main menu, then choose File > Close from the main menu.
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Create a Top-Level Behavior Diagram

To create the top-level behavior model for this real-time controller, you will instantiate the two
main subsystems: the server and the controller. In this section, you will:

Create a New Behavior Diagram on page 50

Instantiate the Blocks on page 52

Specify Block Parameters on page 55

Wire the Blocks on page 61

Specify Top-Level Parameters on page 62

Bind the Parameters on page 63

Associate the Memory References with the Behavior Memory on page 64

Create a New Behavior Diagram

1. To open a new behavior diagram, choose File > New from the main menu.

MNew EE

Diagram | Source Ecn:lel .-'-‘-.nal_l,lsisl

!& Architectura
-[1_-] Behavior
ﬂ Cirawing
.| M apping
Palette

53| State Transition
Syrnbol

Description

Select the twpe of document to create.

] Cancel
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2. Double-click the Behavior icon in the New dialog.

A new behavior window opens.

-

KN Ay

3. To save the behavior diagram, choose File > Save from the main menu.

VCC prompts you to choose a library.
4. Double-click the Tutorial2 icon in the browser.

VCC opens the Tutorial2 library and prompts you for a Cell name. The View name
defaults to behav.

Save As HE |

Lok, i I figy, Tutorial j ﬁi Use view:
CommandT ype
controller
TEMVET

LCell: Irtc:_l:uehav Save I

Wiew: Ibehav Cancel |

Shiow views with: IBehaviur Files [*.beh) j

5. Enter the Cell name rtc_behav and click Save.
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Instantiate the Blocks

1. On the Project Folder, expand the Tutorial2 library, then expand the controller cell.
2. Instantiate the controller symbol view in your diagram.

To instantiate a block, click the symbol view, drag the symbol to your diagram, and drop
the symbol.

3. In the Tutorial2 library, expand the server cell.
4. Instantiate the server symbol view in your diagram.

5. When you finish instantiating the server block, click the minus sign to collapse the
expanded Tutorial2 library.

Your diagram now looks like this:

_ SEFVEr contreller
Co it it

> ol

You will now add three blocks to this diagram: a real_sink, a behavior memory, and a
testbench.

6. On the Project Folder, expand the add_mult_testbench library, then expand the
real_sink cell.

7. Instantiate the real_sink symbol view in your diagram to the right of the controller block.

8. To instantiate a Behavior Memory in your diagram, choose Behavior > Behavior
Memory from the main menu.

9. Instantiate the Behavior Memory in your diagram above the controller and server
blocks.
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Your diagram now looks like this:

. SEIVEr controller
comm in

Because of the memory references in the server and controller blocks, the behavior
memory is virtually connected to these blocks. You can see these connections only when
the cursor is over the behavior memory.

Shared

SETRRET copdroller
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10. To create a new block that you will use for the rtc_testbench, choose Behavior > Block
from the main menu.

11. In the behavior diagram, draw a block to the left of the server block.

12. To add an output port to this new block, choose Behavior > Add Port from the main
menu.

When you move your cursor back into the diagram, a port is attached to it.
13. Place the port on the right edge of the block.

The new block looks like this:

co €l

14. To save the behavior diagram, choose File > Save from the main menu.

December 2002 54 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling

Behavior Model

Specify Block Parameters

Your diagram looks like this:

SETVEr controller
P co in
. 6+ #o

Moving from left to right, you will specify parameter values for each of the blocks.

Specify rtc_testbench Parameters

1. Right click on the new block to the left of the server block and choose Properties from

the pop-up menu.

2
MHew View. .
E dit “iew. ..
Bind “iew. ..

Wescend..,
=g

Cut

Copy
Paste
Duplicate
Delete

Froperties. ..
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The Properties dialog opens.

Properties [ ]
Black |F'0rts I Parametersl Memary Heferencesl TimerHeferencesI Style I
Library Mame ITutoriaI Bz |
Cell Mame Irtc:_testbench v “isible
Symbol Yiew Name |35'me|
Rezource Type I j
Instance Mame Itestbench I visble
etz | I visible

For this block, you will enter the following values:

Library Name

Cell Name

Tutorial 2

rtc_testbench

Symbol View Name synbol

Instance Name

Make the Cell Name visible.

a b~ w0 DN

menu.

rtu:_testber% L

[Nescendl,

Sgeend

Cut

[Eny
Paste
[uplicate
Delete

Properties...

December 2002
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To enter each of these values, type the value in the appropriate field.

When you have entered all these values, click OK in the Properties dialog.

Right click on the rtc_testbench output port and choose Properties from the pop-up
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The Properties dialog opens.

Properties

Fart | Parameters I

Port Marne:
Data Tupe:

Direction:

- [O] %]

Icomm_ouli ¥ Wisible
I@T utorial. CommandT ype d _I
I Clutput j

L3

For this block, you will enter the following values:

Port Name
Data Type

Direction

conm out

@ut ori al 2. CommandType

Cut put

6. Enter comm_out for the Port Name and make it visible.

7. To enter the Data Type, click the browse (...) button.

8. Expand the Set types.

i Data Types | [O] %]

=]

B

FEH

e

B

[E RN RR e R

@EYCC_Types . YeshoT..
EVCC_Types Serverhd. .
EWVCC_Types Scheduli. .
EVCC_Types Schedul..
@EVCC_Types Register. .
EYWCC_Types PatternT ..
EVCC_Types Memory ...
ECC_Types LinkerSe. .
@EYCC_Types DataRea. ..
@YWCC_Types Caches...
EWVCC_Types CacheR...
EVCC_Types Cachemi. ..
@EVCC_Types CacheHt ..
@WCC_Types CacheC...
EVCC_Types Address..
@ Tutorial CommandType

Name |Commem
= o Object The object type Is the base for all data bypes.
\‘, Corposite The composite type is the base for Dser defined records.
é Unlon The Union type s the base for user defined unions.
am Set The set type s the base for user defined enumerations.
= @types ONOFF
1 @acd_mutt_sdimm.impa..

Scan

Cancel ”

9. Scroll to the bottom of the Set types list.
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10. Double-click @ Tutorial2.CommandType.

The Data Types browser closes and the @ Tutorial2.CommandType data type is

entered in the Data Type field.

11. To enter the Direction, you can type Output or choose from the pulldown menu.

12. When you have entered all these values, click OK in the Properties dialog.

Specify server Parameters

1. Right click on the server block and choose Properties from the pop-up menu.

o

. SEYET
co i

o

MHew View, ..
E dit Wiew...
Bind Yiew...

Descend...
Serend

Cut

Copy
Paste
Duplicate
Delete

Froperties...

The Properties dialog opens.

Properties

Black |F'0rts I Parametersl I ey Heferencesl TimerHeferencesI

Library Mame ITutorial

Cell Marne [erver

Symbol Yiew Name Isymbol

Fiesource Type I

=

Instance Mame ISEWEI

Label |

- [O] %]

Browse |

I= | isitile

™ Visible

™ Visible

For this block, you will enter the following value:

Instance Name Server

2. Enter Server for the Instance Name, then click OK in the Properties dialog.
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Specify controller Parameters

1. Right click on the controller symbol and choose Properties from the pop-up menu.

(]

controller

MHew Wiew. ..
Edit iew...
Bird *igw. ..

Dezcend...

Sgcend

Cut

Copy
FPazte
Duplicate
Delete

Froperties. .

Chy

o

The Properties dialog opens.

Properties =]
Black | Partz I Parametersl Memaory References I Timer References I
Library Mame ITutoriaI Brae |
Cell Mame Icontroller = | isitle
Symbal Yiew Name Isymbol
Resource Type I j
Instance Name IControIIerI [ Visble
el | I vishle

For this block, you will enter the following value:

Instance Name

Controller

2. Type Controller in the Instance Name field.

3. When you have entered this value, click OK in the Properties dialog.
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Specify Behavior Memory Parameters

1. Right click on the Behavior Memory and choose Properties from the pop-up menu.

[Meznend.,.
Sscend

Cut

Capy
Pazte
Duplicate
Delete

Properties. ..

The Properties dialog opens.

Properties =]

Behavior Memary | Style I

Instance Name: ISharet:l_memor}I ¥ Wisible
Diata Type: IHeaI[B] j _I
Initial Y alue: |{n. 0.0.0,0.0,0.0.00, 0.0

For this block, you will enter the following values:

Instance Name Shar ed_nenory
Data Type Real [ 6]
Initial Value {0.0, 0.0, 0.0, 0.0, 0.0, 0.0}

2. Enter Shared_memory for the Instance Name and make it visible.
3. To enter the Data Type, you can type Real[6] or choose from the pulldown menu.
4. In the Initial Value field, enter:
{o.0, 0.0, 0.0, 0.0, 0.0, 0.0}
5. Click OK in the Properties dialog.

6. To save the behavior diagram, choose File > Save from the main menu.
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Wire the Blocks

You will wire the blocks at the top level. Remember the Shared Memory is already connected
to the server and controller using memory references.

1. To create a connection wire, choose Behavior > Wire from the main menu.

2. Click the comm_out output port on the rtc_testbench, then click the comm_in input
port on the server.

3. Choose Behavior > Wire again.

4. Click the Out output port on the controller, then click the (unnamed) input port on the
Real Sink.

Your diagram looks like this:

$ILIcL GL_ LLLIGLLIUL Y

SEIVEr controller

5. To save the behavior diagram, choose File > Save from the main menu.
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Specify Top-Level Parameters

You can now add properties to the top level of the rtc_behav model. These are not block
properties like you've seen before; these are properties for the top-level diagram.

1. Right click in the white space in the behavior diagram and choose Properties from the
pop-up menu.

The Properties dialog opens.
2. Click the Parameters tab in the Properties dialog.
There are no properties displayed for the Parameters tab.

3. Right click in the white space on the dialog and choose New Property from the pop-up
menu.

Properties H=]

Ports | I Memary Heferencesl Tirner Heferencesl

Name | Type | Value | a';

L\\S Reset All to Default ¥alues

MNew Property
=0 i )

[Velete

Hide “@library. "

A green arrow and a flashing cursor in the Name field indicate that you can enter a new
property name.

You will enter this new property:

Name Type Value
sanpl i ngTi ne Real 0.01

4. Enter samplingTime for the Name.
5. Tab to the Type field and type Real or choose from the pulldown menu.

6. Double-click in the Value column and type 0.01.

Properties =]

Portz  Parameters I Memory References I Timer References I

Name |Type |Va|ue @\|;
O

> samplingTime Real o.m | E

7. When you have entered all these values, click OK in the Properties dialog.
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Bind the Parameters

Bind the top-level samplingTime parameter with the controller's samplingTime parameter.

1. Right click the controller block and choose Properties from the pop-up menu.

(]

controller
Chat

% e vieu. - o

E dit “fiew...
Birnd Wiew. a

Descend...
Secend

Cuit

Copy
Pazte
Duplicate
Delete

Froperties. ..

The Properties dialog opens.

2. Click the Parameters tab.

Properties =]
| Memary References I Timer References I
Name |Type | Value | @,'.
>_, sarnpling Time REAL sampling Time O

3. Change the Value to samplingTime, then click OK in the Properties dialog.

4. To save the behavior diagram, choose File > Save from the main menu.
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Associate the Memory References with the Behavior Memory

You will establish the relationship between the memory references in the server and controller
and the Shared_memory instance at the top level of the diagram.

1. Right click the server block and choose Properties from the pop-up menu.

(|

_ SErver
co in

o

Mew Wiew. ..
Edit Wiew...
Bind Wiew. .

Dezcend...
Sgcend

Cut

Copy
Paste
Duplicate
Delete

Properties. ..

The Properties dialog opens.

. Click the Memory References tab.

Properties =] 3
| Timer References I
Name | Type | Instance | Mode |A
> Sh_mer_ s REALTE] Shared_memory Wieite Qe

You will enter these values for the memory reference:

Name Type Instance Mode

sh_nmem s Real [ 6] Shar ed_nenory WiteOnly

Note: The Name, Type, and Mode values are already set. These are the values you
specified at the block level for the server block. At the top level of this behavior diagram,
you are now connecting the memory reference in the server block to the
Shared_memory block.

3. Double-click in the Instance field of the sh_mem_s memory reference.

4. Click the down arrow and choose Shared_memory.
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Shared_memory is the instance name you assigned to the Behavior Memory.

5. Repeat steps 1-4 for the controller block, entering these values for the memory
reference:

Name Type Instance Mode

sh_mem c Real [ 6] Shar ed_nenory ReadOnl y

Note: The Name, Type, and Mode values should already be correct. These are the
values you specified at the block level for the controller block. At the top-level of this
behavior diagram, you are now connecting the memory reference in the controller block

to the Shared_memory block.

6. When you have entered these memory references for both the server and the controller,
click OK in the Properties dialog.

7. To save the behavior diagram, choose File > Save from the main menu.
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Create Functional Behavior Models

For each of the blocks that make up the rtc_behav diagram and the lower-level blocks that

make up the server and controller, you will specify a functional model.

A functional model can be in one of many forms: Blackbox C++, Whitebox C, Clearbox STD,

and so forth.

In this section, you will:

m  Create a Functional Model for the rtc_testbench Block on page 66

m  Create a Functional Model for the server_db Block on page 76

m  Create a Functional Model for the server_std Block on page 83

m  Create a Functional Model for the sinComb Block on page 94

m  Create a Functional Model for the Timer Block on page 105

Create a Functional Model for the rtc_testbench Block

1. To create a new functional view for the rtc_testbench, right click on the rtc_testbench

block and choose New View from the pop-up menu.

December 2002

M Wiew. .
Edit Wiew. ..
Bind Wiew. ..

Dezcend...

BEEen

Cut

Copy
Paste
Duplicate
Delete

Froperties. ..

New View
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The New View dialog opens.

New Yiew

" Behavior Diagram Create a new view ta define this
— Behavior Models ——— |block as a blackbox C++ madel.

" Clearbox 5TD

Thiz choice brings up a source

" Clearbox Textual SDL editor with an C++ description of
 wihitehox C wour model with the ports and
ters already declared.
& Bisii +‘< parameters already declare: Blackbox C++
— Performance Models
" Delay Script
© dnnotated C

' Annotated CPP

— Implementation Models
£ Blackbox - Software

 Whitshox - Software

" Device Driver View Mame:
© Merilog Iblk p—
© WHDL -

Cancel |

2. In the Behavior Models section of the New View dialog, choose Blackbox C++, then
click OK.

The View Name defaults to blk_cpp.
The rtc_testbench:blk_cpp black.cpp template file opens.

Ei Tutorial.rtc_testbench:blk_cpp black.cpp M=l B3

#include "black.h”

-

CPP_MODEL_IMPLEMENTATION::CPP_MODEL TMPLEMENTATION (const ModuleProto sproto, Instancelr
: CPP_MODEL_INTERFACE (proto, inst)

{

}

woid CPP_MODEL_IMPLEMENTATION::Init()

44 Bhould you chose to use Await(), uncomment the following member

A4 function definition and uncomment the declaration for it within the .h
A4 file. It will be called after the beginning of the simlation

/4 as soon as the block gets scheduled.

/4 MuB., this function should never returh.

/¢ M.B., be sure to set the functional package parameter for this
/4 block named "Useshwait™ to "@VCC_TYpes.YesNDType::Yes".

i

F#woid CPP_MODEL_TMPLEMENTATION: :Eegin()

7R

17

44 Bhould wou chose to use Await (see abowve), this member function will I
/¢ newer be called unless your Eegin() member function calls it explicitly.
A4 We suggest that you comment it out, but this is not required.

/4 Should wou chose not to use Await(), ¥ou must prowvide a definition
/4 for thiz member function. It will be called each time the block reacts.
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3. Right click in the template file and choose Properties from the pop-up menu.

#include "black.h™

CPP_MODEL THMPLEMENTATION::CPP_MODEL THMPLEME
to, inst)

: CPP_MODEL_INTERFACE (pro
i

} Edit black_interface.h
) Edit black.h
wvoid CPP_MODEL
{ Lscetid
}
[zt

A4 Should wou Eopy
44 function de| Paste

oI e
£ ode

A4 file. It w
/4 as soon as Find...
Find Mext
A4 WN.B., this Feplace...
44 N.B., be 5U GoTo.

Chrl+F
F3

Chrl+H
Chrl+G

gir

ri.
pack
.7

A4 block named
A Froperties...

J4woid CPP_MODEL IMFLEMENTETION: :Begini)

LES

The Properties dialog opens.

Properties =13

Parameters | zes |

Name

| Type

| Value

ISINEIE

| Parameters
= Functional Maocdel

4. Click the plus sign to expand the Functional Model heading.

5. Click the plus sign to expand the Platform Configurations heading.
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6. Click the plus sign to expand the all heading.

Properties E=] E
| Uzes |
Name | Type | Value | | @J;
| 3 Farameters
Bl Functionsi Modei < Expand this heading
> Simdfation Twoe stving "FelixCPP" O
o Shnulstion Version real 10 O
B Platform Configurations - Expand this heading
o ot - Expand this heading
}_, usesywait @YOC_Types YesNoType @CC_Types YesNoType:No O
}_, asyncEverts | string " O
}__, testhench string "FALSE" O
}__, otherTypes string " O
I hope
= Slndy
L nt b
- List of liew Ports ﬂ
0K I Cancel | Ll |

You will set these parameter values:

Name Type Value

asyncEvents string "AsyncEvent: i nt eger”

7. Double-click in the Value field for the asyncEvents parameter.
8. Enter the value:
"AsyncEvent: i nteger"
The value must include the beginning and ending quotations.
9. When you have completed these changes, click OK in the Properties dialog.

The Properties dialog closes and you return to the rtc_testbench:blk_cpp black.cpp
template file.
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Edit the Header File

Bi Tutorial.rtc_testbench:blk_cpp black cpp M=l

#include "hlack.h' —

CPP_MODEL_IMPLEMENTATION::CPP_MODEL_TMPLEMENTATION(const ModuleProto &proto, Instancelr
CPP_MODEL_INTERFACE (proto, inst)

1

}

woid CPP_MODEL IMPLEMENTATION::Init()
{
i

A4 Ghould you chose to use Await(), wncomment the following member

A4 function definition and uncomment the declaration for it within the .h
A4 file. It will be called after the begimning of the simlation

A4 as soon as the block gets scheduled.

A4 N.B., thizs function should newer return.
A4 N.E., be sure to set the functional package parameter for this
/4 block named "Usesdwait” to "BVCC_Types.YesNOType::Yes™.

Aiwold CPP_MODEL_IMPLEMENTATION: :Eegini)
TR
AL

A4 Should you chose to use Await (see abowe), this member function will
A4 never be called unless your EBegin() member function calls it explicitly.
A4 We suggest that you comment it out, but this is not recuired.

A4 Ghould you chose not to use Await(), ¥ou must prowide a definition

s

1]

A4 Lor thiz member function., It will be called each time the block reacts. _I_I
-
3

1. Right click in the template file and choose Edit black.h from the pop-up menu.

#include "black.h'

CPP_MODEL_IMFLEMENTATION: : CFP_MODEL_IMPLEME
CPP_MODEL_INTERFACE (proto, inst)

{
} Edit black_interface.h .
_ Edit black.h g black.h file
woid CPP_MODEL
{ Lscetid
¥
[=iut
A4 Should wou [EapE o e
A4 function de Pagste = de
A4 Eile. It w gir
/4 as soon as Find... Cirl+F
Find Mext F3
A4 N.EB., this Feplace... Chrl+H TIL.
A4 HN.B., be 23U GgTo. ChleG back
// block named—— 2.1
A Froperties...
Aiwoid CPP_MODEL _IRFLERENTATION: TEegint )
R
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The rtc_testbench:blk_cpp black.h template file opens.

B Tutonal.rtc_testbench:blk_cpp black h Mi=] =

include "black_interface.h” A/generated by "fabricate™
#ifndef _rtc_testhench h

#define _rtc_testbench h

3]

class CPP_MODEL_IMPLEMENTATION : public CPP _MODEL_ INTERFACE
{
public:
CPP_MODEL_IMPLEMENTATION(const ModuleProto &, Instancelnit &):

woid Initi);

Enter new code here
£¢ Should you chose to use Await(), wuncomment the following member

f4 function declaration and prowide a definition for it within the .cpp
A4 file. It will be called after the beginning of the simlation

F/ as soon as the block gets scheduled.

f4 W.B., this function should newver return.

ff W.B., be sure to set the functional package parameter for this
/¢ block named "Usesdwait” to "EVCC_Types.YesNOType::¥es™.

i

A4 woid Begin )

A4 Should you chose to use Await (see abowve), this member function will
/4 newver be called unlessz your EBegin() mewmber function calls it explicitly.
F4 WMe suggest that you comment it out, but this is not required.

44 Should you chose not Co ude Await(), ¥ou must provide a definition
£ for thizs member funmction. It will be called each time the block reacts.
I

woid Buni):

NN 2w

2. Enter the following code after the void Init(); statement:

bool started;
bool initialized;

The Init block of the black.h file now looks like this:

public:
CPP_MODEL IMPLEMENTATION(const ModuleProto &, Instancelnit &):

woid Initi):
bool started;
bool initialized:;

3. Make sure the rtc_testbench:blk_cpp black.h text file is the active window, choose
File > Save from the main menu, then choose File > Close from the main menu.

The black.h text file closes and you return to the black.cpp template file.
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4. Enter the following code in the void CPP_MODEL_IMPLEMENTATION::Init() block
between the opening and closing braces.

/1 Schedule itself in one second
float deltaT = 1.0;
typeoj ect | nt eger one = 1,
AsyncEvent . Schedul e(TNow() + (float) deltaT, one);
initialized = fal se;
started = fal se;

Ei Tutorial rtc_testbench:blk_cpp black_cpp
#include "hlack.h"™ —

CPF_MODEL_IMPLEMENTATION: : CFP_MODEL_IMPLEMENTATION(conzst ModuleProto sproto, Instancelr
: CPP_MODEL_INTERFACE (proto, inst)

{

'

woid CPP_MODEL_IMPLEMENTATION::Initi)
{ - Enter new code here

A4 Ghould you chose to use Await(), uncomment the following member

44 function definition and uncomment the declaration for it within the .h
44 file. It will be called after the begimming of the simlation

/4 as soon as the block gets scheduled.

A4 NGB, this function should newer return.
/4 N.B., be sure to set the functional package parameter for this
// block named "Usesdwait” to "@VCC_Types.YesNOType::¥es™.

Siwold CPP_MODEL_IMPLEMENTATION: :Beging)
£
Y

A4 Should you chose to use Await (see abowve), this member function will
/4 never be called unless your Eegin() mewmber function calls it explicitly.
S We suggest that you comment it out, but this is not required.

44 Shoald you chose not to wse Await(), ¥ou must provide a definition
4 for this member function. It will be called each time the block reacts.
]

1 oW

The Init block of the black.cpp file now looks like this:

woid CPP_MODEL IMPLEMENTATION::Initf)
{
A4 Schedule itzelf in one second
float deltaT = 1.0;
typelbjectInteger one = 1;
AzyncEvent. 3chedule (THNow() + (float) deltaT, one);
initiali=zed = falze:
started = false;
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5. Enter the following code in the void CPP_MODEL_IMPLEMENTATION::Run() block
between the opening and closing braces.

i f (AsyncEvent. Enabled()) {

if
11

(!'started) {
Initialize the state of server to be OFF

typeoj ect Set
OFF(typeDefinition::|oadStandardType(" @utorial 2. ConmandType"), "OFF");

}

conm out . Post (OFF) ;
started = true;

/1 Schedule itself to set INIT state on in one nore second
float deltaT = 1.0;

typeoj ect | nt eger one = 1;

AsyncEvent. Schedul e(TNow() + (float) deltaT, one);

return;

if (linitialized) {

11

INIT

typeoj ect Set

I NI T(typeDefinition::|oadStandardType(" @utorial 2. CommandType"), "IN T");
commout. Post (INIT);
initialized = true;

/1l Schedule itself to set ONLINE state on in 2 seconds
float deltaT = 2.0;

typeoj ect | nt eger one = 1;

AsyncEvent . Schedul e(TNow() + (float) deltaT, one);

} else {

/1 ONLI NE

typeoj ect Set
ONLI NE(t ypeDefinition::| oadStandardType(" @utorial 2. CommandType"), "ONLINE");

comm out . Post (ONLI NE) ;

}
}

B Tutorial.rtc_testbench:blk_cpp black.cpp =

woid CPP_MODEL_ IMPLEMENTATION::Runi)

I -
}
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The Run block of the black.cpp file now looks like this:

void CPP_MODEL IMPLEMENTATION: :Runf)
1
if (hsyncEvent.Enabled()) {
if [!started) !
// Initialize the state of server to be (FF
typelbiectiet
OFF (typelefinition: : LoadStandardType ("ATutorialZ, CouwandType™) , "OFF);
coum_out. Post.{0FF) ;
started = true;
/f Gchedule itzelf to set INIT state on in one more second
float deltal = L.0;
typelbjectInteger one = 1;
hdayncEvent, Schedule (TNow() + (£loat] deltaT, one);
return;
}
if ('initialized) {
Jf THIT
typelbjectiet
INIT typelefinition:: loadStandardType ("fTutorial, CommandType™), "INIT™;
comm_out. Post{INIT);
initialized = true;
J/ Schedule itself to set ONLINE state on in 2 seconds
float deltaT = Z.0;
typelbjectInteger one = 1;
bdayncEvent, Schedule (TNow() + (float) deltaTl, one);
Velse {
// INLINE
typelbjectiet
ONLINE | typeDefinition: : load3tandardType ("[{TutorialZ, CommandType™), "ONLINE™);
comm out. Post (ONLINE) ;

)
)
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6. Make sure the rtc_testbench:blk_cpp black.cpp is the active window, choose File >
Save from the main menu, then choose File > Close from the main menu.

The rtc_testbench:blk_cpp black.cpp text file closes and you return to the
rtc_behav:behav diagram.

Generate the Symbol

When you “generate a symbol” for the rtc_testbench cell, VCC creates the interface and
symbol views, bundles them with the behav view you created, and adds the new cellview to
the Project Folder. This new cellview is now reusable like any other cellview in a library.

1. Click the rtc_testbench block to select it.
2. Choose Behavior > Generate Symbol from the main menu.

At the bottom of the Create window, VCC reports:

Info: Interface file was generated successfully

3. Choose Workspace > Refresh Workspace from the main menu.

You can see in the Project Folder that the new rtc_testbench cell is added to the
Tutorial2 library.

The system creates the rtc_testbench:interface and the rtc_testbench:symbol
views.
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Create a Functional Model for the server_db Block

1. To open the server behavior model, double-click on the server block in the
rtc_behav:behav diagram.

The server:behav diagram opens.

-a Tutonal. server:behay [/[Tutonal.itc_behav:behav]Server]
COtntr in Cotfuriand ttc Mgde rtc_ Mpde
o serwer std c I i] server_db
<] [ v

Note: The title of the window indicates the hierarchy of this model as it is instantiated in the
rtc_behav diagram. If you had opened the server:behav model by double-clicking the
cellview in the Project Folder, the title would not display the hierarchy within the rtc_behav
diagram. You can use either method to open and edit low-level blocks in a diagram.
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Add Parameters and a Memory Reference to the server_db Block

1. Right click on the server_db block and choose Properties from the pop-up menu.

[} 0
rte_Ivipde
—Io server_dh
Mew Wiew...
Edit Wiew. ..

O——— 3 Bind Yiew...

Descend...
Ascend

Cut

Copy
Paste
Duplicate
Delete

Properties...

The Properties dialog opens.
2. Click the Parameters tab.
There are no Parameters specified, so all the fields are blank.

3. Right click in the blank area of the dialog and choose New Property from the pop-up

menu.
Properties =] E3

Block I Ports I Memory References I Timer References I Style I

Name | Type | value | 7 ]
Reset All to Default ¥ alues
Mew Property
[ B ErEuE
[ElEte
Hide "@library."

A green arrow and a flashing cursor in the Name field indicate that you can enter a new
property name.
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You will create these five new properties:

Name Type Value
O fset Real 15.0
St eps | nt eger 1

Del t aFr Real 0.0
Gai n Real 5.0
StartFr Real 1.0

4. Enter the first new property name in the Name field.

5. Tab to the Type field, click the down arrow, and choose the property type from the
pulldown menu.

\®/ Tip

If you prefer, you can type the property types in the field; you don’t have to use the
pulldown menus.

o

Double-click in the Value field and enter the value for the new property.

~

Click Apply in the Properties dialog.

©

Repeat steps 3 through 7 for each of the new properties.

Your new properties look like this:

Properties =]
| t emany Heferencesl Timer Heferencesl Style I
Name | Type | value | & =]
S Offset Reeal 130 O
\/ Steps Integer 1 O
}, DetaFr Real oo O
> Gain Real 50 O
e StartFr Real 1.0 O

9. When you have entered the last of the new properties, click the Memory References
tab in the Properties dialog.

There are no Memory References specified, so all the fields are blank.
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10. Right click in the blank area of the dialog and choose New Property from the pop-up

menu.
Properties H=]
Block I Parts I Parameters | b TimerHeferencesI Shyle I
Name vp | Instance | Mode [«

Feset All to Default Yalues

Mew Property
[ B ETEuE

[elefe

Hide "t@library."

A green arrow and a flashing cursor in the Name field indicate that you can enter a new
property name.

You will enter this new property:

Name Type Instance Mode
sh_nmem db Real [ 6] sh_nmem s WiteOnly

11. Type sh_mem_db in the Name field.
12. Tab to the Type field and enter Real[6].

If you choose Real from the pulldown menu, you must type the [6] to complete the
value.

13. Tab to the Instance field and type sh_mem_s.
14. Tab to the Mode field, click the down arrow, and choose WriteOnly.

Your new property looks like this:

Properties 9= E3

Block I Parts I Parameters | TimerHeferencesI Style

MName | Type | Instance Mode |;”

> sh_mem_db | ReallE] zh_mem_z Wiriteonly

15. When you have entered all these values, click OK in the Properties dialog.

The sh_mem_db memory reference in the server_db block is now referenced to the
sh_mem_s memory reference at the top level of the server block.
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Specify a Whitebox C Behavior Model for the server_db Block

1. Right click on the server_db block and choose New View from the pop-up menu.

[} 1 1
ric_Dipde
serwer db [IJ

Mew Viev. < New View
Edit Yigw. .

o Bind Yiew...
Dezcend...
Ascend
Cut
Copy
Paszte
Duplicate
Delete
Froperties. .

The New View dialog opens.
Hew Yiew HE
" Behavior Diagram Create a new view to define this
—Behavior Models———— |black as a whitebox C model.
€ Clearbox STD This choice brings up a source
Textual SDL editor with an AMSI-C description

of yourmodelwiththepotzand [ Whitebox C

parameters already declared.

" Blackbox C++

— Performance Models
€ Delay Script

" Annotated C
 Annotated CPP

— Implementation Modelz
 Blackbox - Software

 wihitebox - S oftware

€ Device Driver Vi Mame:
" Werilog Iwht c
" yHOL -

Cancel |

2. In the Behavior Models section, select Whitebox C.
The View Name defaults to wht_c.
3. Click OK in the New View dialog.

The server_db:wht_c white.c template file opens.
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4. Enter the following code in the void poin_entry_Run() block:
doubl e rtcPar] 6] ;

if (rtc_Mbde_Enabled()) {

rtcPar[0] = (doubl e) rtc_Mode_Val ue();
rtcPar[ 1] = O fset_Val ue();

rtcPar[2] = (doubl e) Steps_Val ue();
rtcPar[ 3] = Del taFr_Val ue();

rtcPar[ 4] = Gai n_Val ue();

rtcPar[5] = StartFr_Val ue();

sh_memdb_Wite(&tcPar);

B Tutonal.server_db:wht_c white_.c

#include "white interface.h”

L

A% Init Function */
wold poin entry Init() {

}

A% Fun Function */
void poin entry Fumn() { - Enter new code here
'

The poin_entry Run block of the white.c file now looks like this:

% Pan Punction */
woid poin_entry Bun()

I:lu:uu.hle rtocPar[6];

if (rtc_Mode Enabled()) {
rtcPar[0]= (double) rtc_Mode Walue():
rtcPar[l]= O0ffset Valuei):
rtcPar[2]= (double) Steps Value():
rtcPar[3]= DeltaFr Value():
rtcPar[4]= Gain Walue():

rtcPar[5]= StartFr Value():

sh _mem dbh_Write{srtcPar):

}

5. Make sure the server_db:wht_c white.c is the active window, choose File > Save from
the main menu, then choose File > Close from the main menu.
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Generate the Symbol

When you “generate a symbol” for the server_db, VCC creates the interface and symbol
views, bundles them with the wht_c view you created, and adds the new cellview to the
Project Folder. This new cellview is now reusable like any other cellview in a library.

1. Click the server_db block to select it.
2. Choose Behavior > Generate Symbol from the main menu.

At the bottom of the Create window, VCC reports:

Info: Interface file was generated successfully.

3. Choose Workspace > Refresh Workspace from the main menu.
You can see in the Project Folder that the new server_db cell is added to the Tutorial2
library.

EI zerver_db
= L interface

The system creates the server_db:interface view and a server_db:symbol view.
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Create a Functional Model for the server_std Block

You will now create a Clearbox state transition diagram (STD) model for the server_std
block. A state transition diagram consists of a set of states, a set of input events, a set of
output events, and a state transition function.

This model implements the following behavior:
= While the server is in the OFF state, the controller output is zero.

m  While the serveris inthe INIT state, the controller output is equal to the offset parameter
value.

= While the server is in the ONLINE state, the controller output is the offset plus a sine
waves convolution.

Create a New STD Diagram
1. Right click on the server_std block and choose New View from the pop-up menu.

Ct I

cotputnand ttc Mpde

—:Jo server std
Mew Wiew. . 4'7 New View

Edit Wiew.
Bind Wiew...

Descend...
Sgemd

Cut

Copy
Pazte
Duplicate
Delete

Froperties. ..
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The New View dialog opens.

Mew View

" Behavior Diagram
—Beh

Create a new view to define this
block as a state transition
dianram

 Clearbox Testual SDL
€ whitebos C
" Blackbox C++

— Performance Modelz
' Delay Script

€ Annotated C
 Annotated CPP

— Implementation Models
€ Blackbox - Software

€ whitebo - S oftware
 Device Driver
 Werilog

& WHDL

Thig choice brings up a state
transition diagram window.

Wieww M arne:

Clearbox STD

Icll_std

Cancel |

2. In the Behavior Models section, select Clearbox STD.

The View Name defaults to clr_std.

3. Click OK in the New View dialog.

A new empty window for the server_std:clr_std view opens.

utonial. server_std:clr_std
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Place States in the Diagram
1. Choose State Transition > Single State from the main menu.
When you move your cursor back into the window, you see a state symbol attached to it.
2. Click to place this state in your diagram.

3. Repeats steps 1 and 2 until you have three states in your diagram:

4. Right click on State0 and choose Properties from the pop-up menu.

Set Az Initial State
Clear Priority
Edit State

[Mezrend),.
Sscend

Cut

Copy
Fazte
Duplizate
Delete

Properties. .

The Properties dialog opens.

Properties =]
State | Siyle |
— State Propertie:
MName:  [0FF [~ Initial State
¥ ze Pricrity
State Transitions:
Ta | Pricrity | Relation |
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© © N o O

Change the Name to OFF and click OK.

Right click on Statel and choose Properties from the pop-up menu.
Change the Name to INIT and click OK.

Right click on State2 and choose Properties from the pop-up menu.
Change the Name to ONLINE and click OK.

The states now look like this:

Connect the States

You will now create the connections between each of the states.

Each of the states connects to itself.

The OFF state connects to the INIT state.

The INIT states connects to the ONLINE and the OFF states.
The ONLINE states connects to the INIT and the OFF states.

To connect each state to itself, choose State Transition > Transition from the main
menu, then double-click on the state.

Repeat this step for each of the three states.

The states now look like this:

<condi Taction:= =cond daction= <cond] daction=
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2. To make it easier to represent the connections between the states, rearrange them like
this:

=condi daction=

=condi Jaction:> <condi Jaction:=

3. To create the following connections, choose State Transition > Transition from the
main menu, click on the “from” state, then click on the “to” state.

0 From the OFF state to the INIT state
0  From the INIT state to the OFF state
0O  From the INIT state to the ONLINE state
0 From the ONLINE state to the OFF state
0  From the ONLINE state to the INIT state

N/

()" Tip

=

To create bends in the transition lines (as you see on the following page), click once
at the beginning of the transition, click to place ‘elbows’ in the line, then click at the
terminus. You can later move the bend to get the arc you want. Creating these bends
prevents the transitions from being straight lines directly on top of each other.
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s
—(¢)~ Tip
To confirm that your transitions are connected to the states as you place them, look
for red markers at the ends of the transition lines. A red marker indicates that the
transition line is connected. After all the transitions are placed, you can drag a state
to confirm that all the transitions are connected. If a transition does not move with
the state, it is not connected.

You can arrange the state transition connections however you like. Your diagram will look
something like this:

daction:=

=conditic

Taction>

<condil

You will define values for all these state transition conditions and actions later.

December 2002 88 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Behavior Model

Set the Initial State
1. Click the OFF state to select it.
2. Choose State Transition > Initial State from the main menu.

The OFF state is now set as the initial state. The state symbol changes to indicate this.

Indicates the initial state

Define the State Transition Conditions and Actions

For each connection you created in the “Connect the States” section, you will now define the
condition and action.

1. Right click on the OFF state and choose Properties from the pop-up menu.

AT -

Clear Initial State
Clear Priority
Edit State

[Mezeend.,.
Sacend

Cut

Copy
Fazte
Duplicate
Delete

Properties. ..
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The Properties dialog opens.

Properties =]
stae | sy | The "from" state
— State Properties
Name: [ Inital State
¥ Uze Pricrity
State Transitions The "to" states
To | Priority | Fielation |
INIT m <condition: =» {action:
OFF 102 <condition: =» <action:

The State Transitions list defines the connections “from” the OFF state “to” other states.
For the OFF state, you created a connection from the OFF state to itself and a connection
from the OFF state to the INIT state.

2. In the State Transitions list, double-click the INIT entry.

The Edit Transition dialog opens.
Edit Transition

Transition |

Start: OFF End: INIT

Condition; |ESa ey

Friarity: | 102 ﬁ

Actions I

<action>

This defines the connection from the OFF state to the INIT state.

3. Change the Condition definition to

Enabl ed(command) && (command != @utorial 2. CommandType: : | NI T)

T

The "to" state

s

()" Tip

=

You can copy and paste the Condition definition text and reuse it in the following
Condition definitions. Only the End or “to” state (for this condition, INIT) in the
Condition definition changes each time.

4. Double-click the Action definition and change it to
rtc_Mode =1
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In each entry, the value for rtc_Mode is determined by the “to” state:
O  When the “to” state is OFF, the rtc_Mode is 0.

0 When the “to” state is INIT, the rtc_Mode is 1.

O  When the “to” state is ONLINE, the rtc_Mode is 2.

The Condition and Action definitions look like this:

Edit Transition HE
Tranzition |
Stat  OFF End: INIT - o
_ | | This is the "to" state
Conditior: IEnabled[command]&&[command 1= @Tutorial CommandT ype::IN| el =]
Priarity: Im1 j
Actiohs | .
to_Mode =1 < Determined by the "to" state

5. Click OK in the Edit Transition dialog.

The Edit Transition dialog closes and you return to the Properties dialog.
6. In the State Transitions list, double-click the OFF entry.

The Edit Transition dialog opens.

7. Change the Condition to
Enabl ed( command) && (command != @utorial 2. CommandType: : OFF)

8. Change the Action to

rtc_Mdde =0

This defines the connection from the OFF state to itself.
9. Click OK in the Edit Transition dialog.

The Edit Transition dialog closes and you return to the Properties dialog.
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The properties for the OFF state look like this:

Properties 9= E3
State | Style |
— State Properties
Mame: [0FF [ Initial State
¥ Use Pricrity
State Transitions:
To | Priority | Fielation |
INIT o Enabled(command)tilcommand |= @Tutonial. CommandT ypes:IMIT) =3 1te_Mode =1
OFF 102 Enabled(command)éélcommand |= @Tutonial. CormmandT ype: OFF) = te_Mode = 0

10. When your Conditions and Actions are defined, click OK in the Properties dialog
11. Repeat steps 1 through 10 for the INIT and ONLINE states.

0  The properties for the INIT state look like this:
Properties 9= E3
State | Style |
— State Properties
Mame:  [iNIT ™ Initial State
¥ Use Priarity
State Transitions:
To | Priarity | Relation |
INIT 100 Enabled(command)tilcommand |= @Tutarial CommandT ype:IMIT) =3 1te_Mode =1
OFF 101 Enabledcommand)édlcommand |= @Tutonial. CormmandT ype:: OFF) = tc_Mode = 0
OMLIME 102 Enabledcommand)éilcommand = @ T utorial. CommandT ype: OMLINE] = te_Mode = 2
0  The properties for the ONLINE state look like this:
Properties 1 =1
State | Siyle |
— State Propertie:
Name: |DNLINE ™ Initial State
[+ Use Priority
State Transitions:
To I Priority I Relation I
IMIT 1m Enabled(command)i&{command 1= @Tutonal CommandT ype: IMIT] => 1te_Mode =1
OFF 02 Enabled(command)it{command |= @Tutarial CommandType: OFF) = te_Mode =0
OMNLIME 100 Enabled(command)ét{command |= @Tutorial CommandT ype: OMLIME] = rte_Mode = 2

NIV
~(y)~ Tip
~ When you have defined all your connections, your state transition diagram is

probably impossible to read. If you want to read the text, click and drag any of the
states to separate them.
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12. When you have defined all the connections for the state transition diagram, make sure
server_std:clr_std is the active window, choose File > Save from the main menu, then
choose File > Close from the main menu.

The state transition diagram closes and you return to the server:behav diagram.

Generate the Symbol

When you “generate a symbol” for the server_std, VCC creates the interface and symbol
views, bundles them with the clr_std view you created, and adds the new cellview to the
Project Folder. This new cellview is now reusable like any other cellview in a library.

1. Click the server_std block to select it.
2. Choose Behavior > Generate Symbol from the main menu.

At the bottom of the Create window, VCC reports:

Info: Interface file was generated successfully

3. Choose Workspace > Refresh Workspace from the main menu.

You can see in the Project Folder that the new server_std cell is added to the Tutorial2
library.

EI server_shd

The system creates the server_std:interface view and the server_std:symbol view.

4. Make sure the server:behav file is the active window, choose File > Save from the
main menu, then choose File > Close from the main menu.
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Create a Functional Model for the sinComb Block

The sinComb block is one of the components of the controller block.

1. To open the controller block, double-click on the controller block in the
rtc_behav:behav diagram.

The controller:behav cellview opens.

&

trizedr tHzzer ot sint]orh Chit
Timer @I i% smComt (@} >

2. Right click the sinComb block and choose Properties from the pop-up menu.

tiigzer onut_sintjomb
—|§ ancomt (F—

Mew Wiew...
Edit Wigw...
Bind Yiew...

Descend...
Sscetd

Cut

Copy
Faste
Duplicate
Delete

Froperties...
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The Properties dialog opens.

Browse |

Properties
Black. |F‘0rts I Parametersl Memarny Fleferenc:esl TimerFleferencesI Style I
Library M ame ITutoriaI
Cell Name ISinEomb

¥ Visible

Symbol View Mame IS_'r'l'ﬂbD|

Resource Tupe I

Instance Name Isinl:omb

I Visible

Label |

3. Click the Parameters tab.

I Visible

IS[=1 E3

There are no Parameters specified, so all the fields are blank.

4. Right click in the blank area of the dialog and choose New Property from the pop-up

menu.
Properties =]
Block. I Parts ¢ | temary References I Timer References I Style I
Name | Type | Value | % |;
Reset All to Default Values
Mew Property
L= E i)
[e|ete
Hide "“@library."

A green arrow and a flashing cursor in the Name field indicate that you can enter a new

property name.

You will enter this new property:

Name Type Value

sanpl i ngTi ne Real 0.01

5. In the Name field, enter samplingTime.
6. Tab to the Type field and enter Real.
7. Tab to the Value field and enter 0.01.
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10.

11.
12.

The new property looks like this:

Elock I Poarts temory References I Timer References I Stwle I
Mame | Twpe | Value | @ -
\/ Sarpling Time Real 0.1 O
Click Apply.

Click the Memory References tab.
There are no Memory References specified, so all the fields are blank.

Right click the blank area of the dialog and choose New Property from the pop-up
menu.

You will enter this new property:

Name Type Instance Mode

sh_mem sc Real [ 6] sh_nmem c ReadOnl y

In the Name field, enter sh_mem_sc.

Tab to the Type field and enter Real[6].

13.
14.

If you choose Real from the pulldown menu, you must type the [6] to complete the
value.

Tab to the Instance field and enter sh_mem_c.

Tab to the Mode field, click the down arrow, and choose ReadOnly from the pulldown
menu.

The sh_mem_sc property looks like this:

Properties 1 =1
Black I Parts I Parameters  Memary References | Timer Heferencesl Style I
Name |Type | Instance Mode |.
> sh_metn_sc Resl[E] sh_mem_c LI ReadCnly
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onb

tfizzer ot _sind
—|]3 snComd (F——

Descend...

Ascend

Cut

Eopy
Haste
Duplicate
Delete

Properties...

The New View dialog opens.

New Yiew

i Behavior Diagram
— Behavior Models
" Clearbox STD

" Clearbox Testual SDL

Create a new view to define this
block as a whitebox C model.

This choice brings up a zource
editor with an AMSI-C description
aof your rodel with the parts and

-

"~ Blackbox C++

- Performance Models
™ Delay Script

" Annotated C
 Annotated CPP

— Implementation M odelz
™ Blackbos - Software

" Whitebox - Software
£ Device Driver

" Werilog

= YHDL

parameters already declared.

Wiew MName:

Iwht_c

Cancel |

The View Name defaults to wht_c.

December 2002

Specify an Implementation Model for the sinComb Block

NewView. <g———— New View

Edit ‘iew...
B BindView...

Whitebox C

. In the Behavior Models section, select Whitebox C.

97

15. When you have defined these new properties, click OK in the Properties dialog.

The sh_mem_sc memory reference in the sinComb block is now referenced to the
sh_mem_c memory reference at the top level of the controller block.

. Right click on the sinComb block and choose New View from the pop-up menu.
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3. Click OK in the New View dialog.

The sinComb:wht_c white.c template file opens.

B Tutonal.sinComb:-wht_c white_c

#include "white_interface.h™

A% Init Punction */
woid poin_entry Init() {

'

A7 Bun Function %/
woid poin_entry Bunf() {l

'

Because you are using a Whitebox C model that calls Standard C library methods, you
must declare your standard C library in the Properties dialog.

4. Right click anywhere in the text window and choose Properties from the pop-up menu.

#include "white interface.h"”

¥ Init Function 5
wold poin entry Init() {

Edit white_interface. h

} fzcet

/% Bun Function */ (eut
void poin entry Fum() { [Sopy
} Paste

Find...
Find Mext

Replace...

GoTao...

Chrl+F
F3

Chrl+H
Chr+E

Properties. ..

The Properties dialog opens.

Properties

M= E3

Name ] | Type | Value

» Parameters
P Functional Mode!

ESINEIE

5. Click the plus sign to expand the Functional Model heading.

6. Click the plus sign to expand the Platform Configurations heading.

If you are using an HP-UX or Solaris platform, skip to the “For HP-UX or Solaris Users

Only” section on page 108.
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7. Click the plus sign to expand the nt heading.

Properties H=] 3
| Type [ value | @] & [l
» Farameters
B b Functions! Mact! g Expand this heading
> Simulation Type siting | "FelixCPP" O
>, Sirlation Version real 10 O
E e Platform Configueations Expand th|5 heading
L= ail
B hopa
= sundy i i
O ot -t Expand this heading
\/ linkLibraries string | "mswertd ik MODEFAULTLIB: msvert lib" O
> c_defines string | "-D_tMWIM32" O
>_, includeDirs string | "-lcprogram filesmicrosoft visual studiowc93Ninclude" O &

8. Double-click in the Value field for the linkLibraries parameter.
The following values must include the beginning and ending quotations.

9. Enter the value

"mevcrtd. |ib;/ NODEFAULTLI B: nsvert. lib"

10. Double-click in the Value field for the c_defines parameter.

11. Enter the value
"-D_W N32"

12. Double-click in the Value field for the includeDirs parameter.

13. Enter the path to devstudio in your Microsoft Visual C++ installation, for example:
"-lc:\programfiles\mcrosoft visual studio\vc98\include"

14. When you have entered all these values, click OK to close the Properties dialog.

The Properties dialog closes and you return to the sinComb:wht_c white.c template
file.
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For HP-UX or Solaris Users Only

1. Click the plus sign to expand the hppa or sun4v heading.

Properties M=]
Parameters |
Name | Type | Value | | 5 |;
= Parameters
S Funciional Mode!
\/ Simualation Type string | "FelixCPP" O
\/ Simaiation lersion redl 10 O
= Piatforem Configurations
= all
B e Expand for HP-UX
> coroutineStac... integer | 8192 O
> linkLibraries string O
\/ c_defines string O
\/ includeDirs string | "-lusrinclude” O
B sundy Expand for Solaris
> coroutineStac... | integer | 8192 O
\/ linkLibraries string O
\/ c_defines string O
% includeDirs string  "Ausrfinciude'| _I O
= nt

2. Double-click in the Value field for the includeDirs parameter.

3. Enter the value

"-1/usr/include"

This value must include the beginning and ending quotations.
4. Click OK to close the Properties dialog.

The Properties dialog closes and you return to the sinComb:wht_c white.c template
file.

Edit the Whitebox C Template File

B Tutonal.sinComb:wht_c white.c

#include "white interface.h” —
4 —_

A% Init Punction */

woid poin entry Init() { -4

}

L Enter new code here
A% Bun Function */

woid poin entry Runi) {l -
b
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1. Enter the following lines of code after the #include “white_interface.h” statement:

#i ncl ude <mat h. h>
#i ncl ude <stdio. h>
FI LE *f;

The #include section in the code in the white.c file now looks like this:

#include "white interface.h”

#include <math.l-
#include <stdio.lv-

FILE *f;

2. Enter the following lines of code in the poin_entry_Init() block between the opening and
closing braces.
f = fopen("debug_out.txt", "w');
fprintf(f, "Debugging data \n\n\n\n");

The poin_entry_Init() code in the white.c file now looks like this:

#% Init Function %/
woid poin entry Init{) {
£ = fopen("debug out.txt", "w");
fprintf(f, "Debugging data ‘nininin™);
'

3. Enter the following lines of code in the poin_entry_Run() block between the opening
and closing braces.
doubl e (*rtcPar)|[6];
double O fset, DeltaFr, StartFr, Gain, pQut, output, sanplingTineg;
int i, rtc_Mdde, Steps;
static doubl e nCount;

if (trigger_Enabled()) {

rtcPar = sh_nemsc_Read();

rtc_Mdde = (int) (*rtcPar)[0];

O fset = (*rtcPar)[1];

Steps = (int) (*rtcPar)[2];

DeltaFr = (*rtcPar)[3];

Gain = (*rtcPar)[4];

StartFr = (*rtcPar)[5];

sanmpl i ngTi me = sanpl i ngTi ne_Val ue();
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/* Debugging info into output file */

fprintf (f, "rtc_Mode % ", rtc_Mde);

fprintf (f, "Offset % ", Ofset);

fprintf (f, "Gin % ", Gin);

fprintf (f, "sanplingTinme % \n", sanplingTine);

switch (rtc_Mde)
{
case O:
out _si nConb_Post (0. 0);
nCount =1,
br eak;

case 1:
out _si nConmb_Post (O fset) ;
nCount =1;
br eak;

case 2:
pQut =0;
for(i=0;i<Steps;i++)

pQut +=(doubl e) si n(6.283*(Start Fr+i *Del taFr)\
*sanpl i ngTi ne*nCount ) ;

output = Ofset + Gain * pQut;
nCount ++;

out _si nConb_Post (out put);

br eak;

defaul t:
/* nothing to do */
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The poin_entry_Run() code in the white.c file now looks like this:

£* Puan Panction %

woid poin entry Punl] |

double [(*rtcParl[&];
double O0ff=xet, Deltalr, StartFr, Fain, plut, output, s=amplingTime;
int i, Iti:_!'[\:'di:.- Steps;
=tatic double nlount;

if (trigger_Enabled(]]1 {

rt=cFar = sh_:l'ne:m_si:_Read[]l:
:tc_!-[od-: = [int]) [(*rtcFazl[0];
Off=zet = [*rtwcParl[l];

Stepr = [ink] [(*recParll[2];

DeltaFr = [(*rtcParl[2];
Fain = [*rtcParl[4];
tartFr = [(*rtcPar][5];
manmpl ingTime = =ampl ingTime Walue(];

/* Debugging info inks ocutput file =/

fprintf( £, "rtc_!-[nde%d ", rti:_!-[c-de].:

fprintf (£, "Off=et £ ", Off=et];

fprintf (£, "Fain #%#f ", Fain];

fprintf (£, "=samplingTims #£f “"n", =amplingTime];

switch [rtc_Mode)
i
ca=ze 0:
cut_=infomb Fo=t(0_0);
nCount=1;
Lreak;

ca== 1:
ok = :i.:nEo-m]:-_Pnst[I:lffset] :
nlouant=1;
break;

came Z:
pluas=0;
for(i=0;i<3teap=_it++]
plutt=[{docublael=in(&_ 252*[BtcartFrt+i*Deltafr] *=anpl ingTime*nlonunt] ;
output = 0ff=et + Fain * plut;
nCount++
ouk = inC -c-:mh_Post [output] ;
break;

default:

f* nething o do *f

’
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4. Make sure the sinComb:wht_c white.c file is the active window, choose File > Save
from the main menu, then choose File > Close from the main menu.

The sinComb:wht_c white.c text file closes and you return to the controller:behav
diagram.

Generate the Symbol

When you “generate a symbol” for the sinComb, VCC creates the interface and symbol views,
bundles them with the wht_c view you created, and adds the new cellview to the Project
Folder. This new cellview is now reusable like any other cellview in a library.

1. Click the sinComb block to select it.
2. Choose Behavior > Generate Symbol from the main menu.

At the bottom of the Create window, VCC reports:

Info: Interface file was generated successfully.

3. Choose Workspace > Refresh Workspace from the main menu.
You can see in the Project Folder that the new sinComb cell is added to the Tutorial2
library.

El sitCarnb

ol Interface

The system creates the sinComb:interface view and the sinComb:symbol view.

4. Make sure the controller:behav is the active window and choose File > Save from the
main menu.

5. Leave the controller:behav diagram open and continue to the next section.
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Create a Functional Model for the Timer Block

1. Right click the Timer block and choose Properties from the pop-up menu.

o 1

|

(] Tirner

Deszcend...

Sgcend

Cut

Copy
Pazte
Duplicate
Delete

Froperties. ..

Mew Wiew. ..
Edit Wiew...
O—— BindYiew...

The Properties dialog opens.

Properties

Library Mame

Cell Mame

Symbol Yiew Name
Fesource Type
Instance Mame

Label

I[=] E3
Block IF'orts | Parameters | Memory References | Timer References | Styie |

ITutoriaI Browse |
ITime[ V! Wisible
Is_\.lmbol
| =
[Timer I~ isible
| ™ visible

0K I Cancel I Al

2. Click the Parameters tab.
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There are no Parameters specified, so all the fields are blank.

Properties 1 =1
Elock I Parts Memory R eferences I Timer References I Shyle I
Name | Type | Value | @\|;
Reset All to Default Yalues
Mew Property
=N E i)
[ElEtE
Hide "@libramy."

3. Right click in the blank area of the dialog and choose New Property from the pop-up
menu.

A green arrow and a flashing cursor in the Name field indicate that you can enter a new
property name.

You will enter this new property:

Name Type Value
sanpl i ngTi ne Real 0.01

4. In the Name field, enter samplingTime.
5. Tab to the Type field and enter Real.
6. Tab to the Value field and enter 0.01.

Your new property looks like this:

Block I Parts | Memary References I Timer References I Style |
Mame | Twpe | Value | @ -
\/ Sarpling Time Real 0.1 O
7. Click Apply.

8. Click the Timer References tab.
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10.
11.
12.

13.

There are no Timer References specified, so all the fields are blank.

Properties =]
Block. I Portz I F‘alametersl Memary References
Name | Instance | Direction |;
Reset All to Default ¥ alues
Mew Property
2R E e
[elete
Hide "@library."

Right click the blank area of the dialog and choose New Property from the pop-up
menu.

A green arrow and a flashing cursor in the Name field indicate that you can enter a new
property name.

You will enter this new property:

Name Instance Direction

Ti mer | nt errupt Pr ogr amAndEvent

In the Name field, enter Timer.
Tab to the Instance field and enter Interrupt.

Tab to the Direction field, click the down arrow, and choose ProgramAndEvent from the
pulldown menu.

The new property looks like this:

Properties =1

Style I

Name | Instance | Direction |;‘

}, Timer Iriterrupt ProgramindEwvent

When you have defined these new properties, click OK in the Properties dialog.
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Specify a Blackbox C++ Model for the Timer Block

You will create a Blackbox C++ model for the Timer block.

1. Right click on the Timer block and choose New View from the pop-up menu.

triozer
Y, I

Mew Wiew. ..
Edit Wiew...
O——  BindYiew. .. —

Dezcend...
Saeend

Cut

Copy
Paste
Duplicate
Delete

Properties. ..

The New View dialog opens.

New Yiew H
" Behavior Diagam Create a new view ta define this
— Behavior Modals ———  |block as a blackbox C++ model.

€ Dlearbox STD Thig choice brings up a source

¢ Clearbox Testual S0L editor with an C++ description of
 whitehos C wour model with the ports and
.................................. parameters already declared.
& Biackbos b Blackbox C++
— Performance Models
 Delay Script

 Annotated C
 Annotated CPP

— Inplementation Models
€ Blackhox - Software

 Whitehow - Software

 Device Diiver View Name:
 Verilog Iblk -
& WHDL

Cancel |

2. In the Behavior Models section, select Blackbox C++.

The View Name defaults to blk_cpp.
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3. Click OK in the New View dialog.

The Timer:blk_cpp black.cpp template file opens.

Ei Tutonal. Timer-blk_cpp black.cpp * M= E3

#include "hlack.h™

{
'

}

A
ryy
I
A

ryy
I
A
A

ryy
I
A

ryy
I
A

}

K1l

CPP_MODEL TMPLEMENTATION::CFP_MODEL TMPLEMENTATION (const ModuleProto &proto, Instanc
: CPP_MODEL_INTERFACE (proto, inst)

woid CPP_MODEL IMPLEMENTATION::Init()
{ - Enter new code here

Should vyou chooze to use Await(), uncomment the following member
function definition and uncomment the declaration for it within the .h
file. It will be called after the beginning of the simlation

as soon as the block gets scheduled.

Tuportant: This function should never returh.
Twportant: Ee sure to set the functional package parameter for this
block nawed "Usesiwait”™ to "AVCC_Types.YesNOType::¥es”.

A /woid CPP_MODEL_IMPLEMENTATION: :Begin()
A1
A

Should wou choose to use Await (see abowe), this member function will
never be called unless your Begin() mewmber function calls it explicitly.
We suggest that you colment it out, but this is not required.

Should wou choose not to use Await(), vou must provide a definition
for this member function. It will be called each time the block reacts.

woid CPP_MODEL IMPLEMENTATION: :Runi()
| - Enter new code here

FY

-

A7

4. Enter the following lines of code in the void CPP_MODEL_IMPLEMENTATION::Init()

block.

Be sure to enter the new code between the opening and closing braces in the template.

Ti mer
Ti mer

. Set Ti mer (sanpl i ngTi nme. Val ue());
.StartTiner();
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The code in the black.cpp file now looks like this:

woid CPP_MODEL TMPLEMENTATION: :Init()
{

Timer.3etTimer (sanplingTime., Value())]
Timer.3tartTimer();

!

Enter the following lines of code in the
void CPP_MODEL_IMPLEMENTATION::Run() block.

Be sure to enter the new code between the opening and closing braces in the template.
typeQoj ect Tri gger (X);
trigger. Post (x);

The code in the black.cpp file now looks like this:

woid CPP_MODEL IMPLEMENTATION: :Funf()

{

typelbjectTrigger (x);
trigger. Post(x);

!

Make sure the Timer:blk_cpp black.cpp file is the active window, choose File > Save
from the main menu, then choose File > Close from the main menu.

The Timer:blk_cpp black.cpp text file closes and you return to the controller:behav
diagram.

Generate the Symbol

When you “generate a symbol” for the Timer, VCC creates the interface and symbol views,
bundles them with the blk_cpp view you created, and adds the new cellview to the Project
Folder. This new cellview is now reusable like any other cellview in a library.

1.
2.

Click the Timer block to select it.
Choose Behavior > Generate Symbol from the main menu.

At the bottom of the Create window, VCC reports:

Info: Interface file was generated successfully.

Choose Workspace > Refresh Workspace from the main menu.
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You can see in the Project Folder that the new Timer cell is added to the Tutorial2
library.

The system creates the Timer:interface view and the Timer:symbol view.

4. Make sure the controller:behav file is the active window, choose File > Save from the
main menu, then choose File > Close from the main menu.

Run a Functional Simulation

A functional simulation verifies that your behavior design works correctly.

In this section, you will:

m  Create an Analysis Session on page 112

= Run the Simulation on page 114
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Create an Analysis Session

Each time you run an analysis, you can create a new analysis session. You might want to
create multiple configurations, run analysis on each configuration, then compare the results
of the analysis sessions.

1. Choose File > New from the main menu.

The New dialog opens.

New

Diagrarn | Source Codel Analysisl

[ Architecturs

Description
’7 Select the type of document bo create.

2. Click the Analysis tab, then double-click the Analysis icon.

The New Analysis Session dialog opens.

i New Analysiz Session
Dissign: ITutoriaI.rtcibehav:behav J
Session: IT utorial. tc_behav: analyzis1 J
Flesullis: IT utorial. c_behav:rezultz J
Confiquraion: |CC_Defauls ConfigDefat J

3. Accept the default values and click OK.
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Specify Settings
1. Choose Analysis > Settings from the main menu.

The Analysis Settings dialog opens.

Analysiz Settings E
General | Session Infol EnvironmentVariabIesI Serverl F'leferencesl
Tygpe————————————— — Compile:
- ™ Recompile Design
IFunctlonaI 'I
™ Debug Design
—Mode—————— ~lerations——————————————
& |nteractive
&l |n = |
" Background =
End Time 1o
Configuration IVCC_Defaults.Config:DefauIt J
Riesults Directary ITutorial.rtc_behav:resultﬂ J
Arguments Il

Ok I Cancel | Apply Help

2. Set the Type to Functional.

3. Set the Mode to Background.

4. Set the End Time to 10.

5. Click OK in the Analysis Settings dialog.
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Run the Simulation

Note: When the session runs in Background mode, you don’t have to explicitly run the
Analysis > Initialize command.

1. To begin the analysis, choose Analysis > Go/Continue from the main menu.
A dialog asks if you want to “Save session changes?”
2. Click Yes in the Analysis Cockpit dialog.
VCC reports the progress in the Analysis Output window at the bottom of the screen.

Successful analysis message:

Info: Run(0): Linking nodels into sinulator ...
Info: Run(0): Done.

Unsuccessful analysis message (caused by a missing parameter value):

Error: The paraneter "<parameter name>" has no val ue.
{in /(Tutorial 2.rtc_behav: behav)rtc_testbench}.

This error message is only a sample. You might see other types of messages, but the
information in the message should help you correct your design.

3. Correct any errors and run the analysis until the simulation is successful.

There are several ways to display and locate errors in your simulation. The following tips
describe some of these methods.
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How to Locate Errors

To control the output of messages to the Analysis Output window, right click in the
window and choose Output Filters.

The Output Filter dialog lets you choose which types of messages you want displayed in the
Analysis Output window.

Output Filter 7| x| |
Dizplay:
v Debug Ok, |
' Infa Cancel
W “wWamnings
¥ Ermors

m  Debug reports detailed information about what the simulator is doing.
m Info reports the block-by-block progress of the simulation.
= Warnings do not cause the netlist generation to fail.

Errors cause the netlist generation to fail.

NMeo o

*@* Tip

" To open the object where an error occurred, double-click on the error in the Analysis
Output window.

NIV
~(y)~ Tip
" To view the complete output of the analysis, open the following directory:

W ndows NT: C\MWrkspace\ Tutorial 2\rtc_behaviresults

Sol aris and HP- UX
<install directory>/ myworkspace/ Tutorial 2/rtc_behav/results

This directory contains several error, debugging, and information files.

For the rtc_behav model, the most important output information is in the debug_out.txt file for
the sinComb block.
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What if Your Model Won’t Simulate?

If you are unable to correct all the errors in your behavior model, you can use the example
behavior model for your mapping diagram later in this tutorial.

The example behavior cellview is named x_rtc_behav. When the instructions for the mapping
diagram tell you to instantiate rtc_behav, you can use x_rtc_behav.
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How is the Behavior Memory Connected?

As you can see in your diagram, you didn’t add any wires between the server,

Shared_memory, and controller blocks. So how are these blocks connected? If you place
your cursor over the Shared_memory block, you can see red lines that indicate connections
to both the server and controller blocks. Where did these connections come from?

Beginning with the low-level blocks in the server and controller, you specified memory
reference parameters. Using hierarchical memory reference parameters, you connected
these low-level blocks to higher-level blocks, eventually connecting to the Shared_memory at

the top level.

Memory Reference Hierarchy

Shared_memory

Memory reference parameters are specified on the Memory References tab of the Properties

dialog for each block in the hierarchy.

m  The sh_mem_db memory reference in the server_db block is assigned to the sh_mem_s

memory reference in the server block.

Elock | Ports | Parameters | Memom References I TimerHeferencesl Style |
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m  The sh_mem_s memory reference in the server block is assigned to the
Shared_memory behavior memory at the top level.

Block I Farts I Parameters | Memom References I TimerHeferencesI

Name | Type | Instance | Mode |A
.\--’ sh_mem_ 5 REALG] Shared_memary lskite Oty

m  The sh_mem_sc memory reference in the sinComb block is assigned to the sh_mem_c
memory reference in the controller block.

Block I Farts I Parameters  Memom References |TimerF|eferenc:es

Name | Type | Instance Mode |A
_\___, sh_mem_sc Real[6] sh_mem_c LI Readonly

m  The sh_mem_c memory reference in the controller block is assigned to the
Shared_memory behavior memory at the top level.

BElock | Ports | Parameters | Memom References I TimerHeferencesl

Name | Type | Instance | Mode |4
F\__, sh_merm_ ¢ REALE] Shared_memary ReadOnly

The Instance specified for each memory reference parameter defines the connection to the
next level. The Mode specifies the direction of the data flow. The memory reference
parameters in the server block are WriteOnly; the memory reference parameters in the
controller block are ReadOnly. Through these memory reference connections, data is written
from the server block to the behavior memory, then read from the behavior memory to the
controller block.

Memory Reference Connections

3 (o4
6’5\ Oé(‘
e ?
N
. SETVET cortroller
C 148
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Architecture Model

The architecture model for this real-time controller design contains two CPUs; one CPU hosts
the server application and the second CPU hosts the controller application. Shared memory
communication is realized by a simple memory over a data bus.

To create this architecture model, you will

Create a New Architecture Diagram on page 120

Place the Architecture Blocks on page 122

Specify Block Properties on page 123

Add Buses to the Diagram on page 132

Wire the Architecture Blocks on page 140

Generate the Netlist on page 145

If you have problems with your architecture model that you can’t resolve, instructions for using
a golden copy from the database are in What if Your Netlist Won't Generate? on page 147.
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Create a New Architecture Diagram

1. To open a new architecture diagram, choose File > New from the main menu.

New HE

Diagram | Source Eodel Analysisl

Architecture

Dezeription

Select the type of document to create.

0 | Cancel |

2. Double-click the Architecture icon in the New dialog.

A new window opens. The default name is Architecturel.

[« | 2w

3. To save the architecture diagram, choose File > Save from the main menu.
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VCC prompts you to choose a library.

Tutorial2 library

Save As H

Loak in: I @ Project Folder j H ﬁi [Tze i
add_rault ﬁ\ cycle_test ﬁ\\VEE_Bus
add_mult_sdlmm ﬁ\ cycle_type ﬁ\VEC_CPU
add_mult_sdlarmi ﬁ\ CycleEcos %VCC_D efaultz
add_mult_spworni ﬁ\ Tutarial m LI gy T =
add_mult_testbench ﬁ\ ypes ﬁ\VEC_FixedF'at
belt_controller_behay ﬁ\\-’EC_ArchitectureServices ﬁ\VEE_Intemals
cycle_behy s oo _asic fits v _intemals

J | ol
Library: || Open I
Wiew: I

Cancel |

Show views with: IArchitecture Files [* arch)

=

4. Double-click the Tutorial2 library icon.

VCC prompts you to specify a cell name. The View defaults to arch.

Look jn: I ﬁ\ Tutarial

j ﬁl Use view:

E& CommandType  E& sinComb
] controller R Timer

EE server_db
B server_std

Lell: Itwo_cpu Save I
Miew: Iarc:h Cancel |

Show views with: Ihrchitecture Files [*.arch]

=

December 2002

5. In the Cell field, enter two_cpu and click Save.
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Place the Architecture Blocks

This design uses architecture blocks from the VCCIP_ECOS, VCCIP_ARM7, and
VCC_Memory libraries.
1. On the Project Folder, expand the VCCIP_ECOS library, then expand the eCos cell.
2. Instantiate two copies of the eCos symbol view in your diagram.

3. Onthe Project Folder, expand the VCCIP_ARMY7 library, then expand the ARM7TDMI
cell.

4. Instantiate two copies of the ARM7TDMI symbol view in your diagram.

5. On the Project Folder, expand the VCC_Memory library, then expand the
SimpleMemory cell.

6. Instantiate the SimpleMemory symbol view in your diagram.

Your diagram now looks like this:

Sirnp b
Rlariv rp
&)
¥
ey AFACTTIRID
A =
L

7. When you finish instantiating these blocks, click the minus signs to collapse the
expanded VCCIP_ECOS, VCCIP_ARM7, and VCC_Memory libraries.
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Specify Block Properties

Each of the blocks you instantiated from the standard libraries requires parameters that are
specific to this design.

m  Some properties are specified at the instance level. These properties affect only one
instance of a block.

m  Other properties are specified at the view level. These properties affect all occurrences
of a cellview.

MHew View. . _ 3
Edit Yiew <a—4———— Properties specified here affect all

: . occurrences of the cellview
Bind Wiew. .

Descend...
Smi=gn

Cut

Copy
Paszte
Duplicate
Delete

Properties specified here affect only

. 4_ .
Properties. . the current instance of the block
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Simple Memory

1. To specify an instance name for the Simple Memory block, right click on the block and
choose Properties from the pop-up menu.

Mew Wiew. .
Edit Wiew...
Bind Wigw. ..

Dezcend...
Sgerd

Cut

Copy
Pazte
Duplicate
Delete

Froperties. ..

The Properties dialog opens.

Properties !E
Block IF'orts I Service Declarationl F‘erformancel Implementationl
Library Mame IVCC_Memory Biowse |
Cell Name ISimpIeMemory I isitle

Symbaol View Name |35'me|

Resource Type IHandom Access Memony j
Instance Mame IHAM ™ Wisible
Label | I visible

Ok I Cancel | Apply |

2. Enter RAM for the Instance Name and click Apply.

3. Click the Performance tab.
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4. Click the plus sign to expand the Memory header.

Properties =]
Name | Type | Value | @;
= > DN

> Readlatency Real 1.0e-006 O
> WriteLatency Real 1.0e-008 O
\/ Setuplatency Real 1.0e-006 O
}_, WordSize Integer 32 O
> BurstModeSupported Boolean False O
> ShoopDdration Real o.g O
-
0K I el

5. Double-click the Value field and enter the value 1.0e-6 for each of the following

parameters:

ReadlLat ency
WitelLatency
Set upLat ency

O On Windows NT, when you enter 1. Oe- 6, the system automatically changes it to

1. Oe- 006.

0 On Solaris and HP-UX, when you enter 1. Oe- 6, the system automatically changes

it to
1. Oe- 06.

6. When you have entered these three parameter values, click OK in the Properties form.
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eCos

1. To specify an instance name for the first eCos block, right click on the block and choose
Properties from the pop-up menu.

Edit Wiew...
Bind Wiew...

Dezcend...
Saeend

Cut

ec, LCoRy

Paste
o Duplicate

Delete

Properties...

The Properties dialog opens.

Properties =] E3

Block |Puns | Service Declaratiunl Perfurmancel Implementatiunl

Library Mame IVCUP_ECDS Browse |
Cell Mame Jetos I sl

Symbol View Name IS_'r'l'ﬂb0|

Fesource Type IHTDS _EJ
Instance Mame IF‘TUS_IJ ¥ Wisible
Label | I~ visible

0K | Cancel | Apply |

2. Enter RTOS_0 for the Instance Name and make it visible.

3. Click OK in the Properties dialog.
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4. Repeat steps 1-3 for the second eCos block, setting the Instance Name to RTOS 1.

Properties =]

Block |Ports | Service Declarationl F‘erformancel Implementationl

Library Mame IVEEI F_ECOS Browee |
Cell Mame IECUS I | &isitle

Symbal Yigws Mame Isymbol

Fesource Type IHTDS _EJ

Instance Mame IHTUSJ ¥ Wisible

Label [ [ wisible
0K | Cancel Apply

Your eCos blocks now look like this:

RTOS 0

eCos

o 9l

RTOS I

eCos

o Jal

5. To specify the scheduler parameters, right click on the RTOS_0 block and choose
Properties from the pop-up menu.

6. Click the Performance tab.
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7. Click the plus sign to expand the scheduler header.

il Implementation I

Block I Parts I Service Declaration

Mame | Type | Value
= \/ schedler
}, Timers TickiSRinterruptiiumber Unslaned Q
> Timers TekiSR Overhead Real a0
\/ Timers TickHandlerOverfead Real o8
Timers_Ti merResolution — P Timers TimerResoistion integer 1000
}, Timers MaximumNomberOfTimers Unslaned 1000
> Timers UseHW Timer Boolean False
\/ Scheduling TimeSlice Real Q.00
\/ Schednling LargerPrioritylsHigherPriority . Boolean True
*_Ove rh ead pal’amete Is _+> Schediiing Overhead @CC_ Tipes Schedisr Overhead Type @CC Tipes SchediierOrerhed
>, stant overhead real 3 8e-005
)., finish_overhead real 7. 0e-008
‘\/, suspend overhead real 7. 0e- 008
} resume overhead real 7 0e-008
> Mutexes MaximurmNomber OfMotexes Unsigned 1008
P reem ptl on Sty| e __>\/ FPregmptionShyls @ICE_ Tipes SchedierPreemptionstyie Type | @G Types SchedwierPrecmpt
\/ PROVIDERNAME STRING “Cadence Desigh Systems, Inc.”
}, REVISION STRING i

8. Enter the following values for these parameters:

Ti mers_Ti mer Resol uti on 1000

start_over head 3.8e-5
finish_overhead 7.0e-6
suspend_over head 7.0e-6
resunme_over head 7.0e-6
Preenpti onStyl e Suspend

9. When you have entered all these parameter values, click OK in the Properties dialog.

10. Repeat steps 5-8 for the RTOS_1 block.
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ARM7TDMI

1. To specify an instance name for the first ARM7TDMI block, right click on the block and

choose Properties from the pop-up menu.

MHew Wiew. ..
Edit iew...
Bird Yigw. ..

Dezcend...
Sgcend

Cut

Copy
ARM? Pazte

o Duplicate

Delete

Froperties. ..

The Properties dialog opens.

Properties =]

Block |Puns | Service Declaratiunl Perfurmancel Implementatiunl

Library Name IVCEIF‘_AFEM? Brayise |
Cell Mame IAHM?TDMI I= | sl

Symbol View Name IS_'r'l'ﬂb0|

Fesource Type IProcessor _EJ

Instance Mame ICPU_U

Label | ™ Visible

0K | Cancel | Apply |

2. Enter CPU_O for the Instance Name and make it visible.

3. Click OK in the Properties dialog.
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4. Repeat steps 1-3 for the second ARM7TDMI block, setting the Instance Name to CPU_1.

Properties

- [O] %]

Block |Ports | Service Declarationl Perfurmancel Implementationl

Library Hame

Cell Mame

Symbol Yiew Name
Resource Type
Instance Mame

Label

IVEEIP_AHM? Biayse |
IAF!M?TDMI I= | isile
Is_l,lmbol

|Processor |

N ¥ isible

| I vishle

0K | Cancel | Appliy

Your ARM7TDMI blocks now look like this:
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5. To specify the processor parameters, right click on the CPU_0 block and choose
Properties from the pop-up menu.

Mew Yiew. ..
E dit Wiew...
Bind Wiew. .

Descend...
Szcend

Cut
Copy
ARMT] Eas[e

o Duplizate

Delete

c Properties...

The Properties dialog opens.

6. Click the Performance tab.

7. Click the plus sign to expand the proc header.

Block. I Ports I Service Declaration  Performancs | Implementationl
Name | Type Value [ & =]
= \/ prac
\/ WordSize Unsigned 32 O
> IC_ ControflerOn Boolean True O
Yo IC_NumberOfiR Qs Uinsigned 28 O
\/ IC_PrioritiesOn Boolean Tiie O
\/ Compiler_StackSize Unsigned 1024 O
> Cormpiler BitsPerByte Unsigned g8 O
> Commpiler_ TypeSpecification SireofSpecification @YCC_Types SizeofSpecification{d,81 444, 7]
\/ Memargdccess MaxTimeSpanFar.. | Real 0o O
\/ Memorgdccess MaxByles OfWerge..| Unsigned o O
> Memorngocess Merge Transachion. integer 4 O
> Memongdcoess Merge Transactions | Boolean Falze O
\/ Memargdccess instructionMade Memand ccessPeriMode @CC_Types MemoryAccessPerfiode: None O
\/ Memongdccess Dataliite Mode Memond coessPeriMode E@WCC_Types MemoryAccessPerfiode:: None O
> Memorngdccess DataReadMode Memord ccessPeriWode EVCC_Types MemoryAccessPerfiode: Mone O
> Memongdcoess CommunicationMao... Memond ceessPerlode @YCC_Types MemoryfccessPerfMode:Bus... . [
w cPS Reat 330000000 - — CPS
8. For the CPS parameter, double-click the Value field and enter 33000000.0 (thirty three

million).

Note: You can enter this value as 33e6 and the system will automatically change it to
33000000. 0.

9. Click OK in the Properties dialog.
10. Repeat steps 5-9 for the CPU_1 block.
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Add Buses to the Diagram

This architecture diagram uses two buses: a data bus and an interrupt bus. In many ways, a

bus is just like any other architecture block with instance information and assigned
parameters.

Add a Data Bus

1. To add a bus to your diagram, choose Architecture > Bus from the main menu.

2. At the top of the diagram, click to place the starting point of the bus, drag your cursor
across the diagram, and double-click to terminate the bus.

Your diagram should look like this:

4 )

RETOE_0

eCosz ARMTTDRMI

O Simple

Menwory

FETOE_1 o

e Coz ARMTTDRMI
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3. Right click on the bus and choose Properties from the pop-up menu.

The Properties dialog opens.

Properties

4. To open a browser where you can specify the Library Name and Cell Name, click Browse.

5. Scroll to the VCCIP_ARMY library and double-click the library icon.
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6. Select the TDMI_DataBus cell and click Open.

Open H

Look in; I ﬁ\ VECIP_ARMY j @I Use vigw:

EIE ARM7T DM ' bus

S TOMI_DataBus conn_ aster

S TOMI_InteruptBus conn_Slave
coht_Top
interface
refined
verlog

LCell: ITDMI_DataBus Open I plg_auta_file

Yigw: Ibus o | %j """

Shiow wvigws with: IAII Files %) j

The View defaults to bus.
7. In the Properties dialog, set the Instance Name to data_bus.

8. Set the Label to Data Bus and make it visible.

Properties =]
Bus |Service Declarationl F'erformancel Implementationl Style I

Librarny Mame IVCUP_-"-'\HM? Browse |
Cell Name [TDMI_DataBus I visible
Resource Type I Buz ﬂ
Instance Name Idata_bus I Visible
Label IData Bus
Shape Width D';I . DI'B

[x10Milmeters)  ——————

ak. I Cancel Apply

9. To save these values, click Apply.

Do not close the Properties dialog. You will now set the Performance properties.

10. Click the Performance tab.

The Performance tab displays the bus parameter header.
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11. Click the plus sign to expand the bus header.

Properties =]
Bus I Service Declaration  Performance I Implementationl Style:
Name | Type Value | @A
= > bus
>, Arbitration Overhead Real oo O
S busClock Real 1000000.0 O

12. Double-click the Value field for busClock and enter the value 1000000.0 (one million).

Note: You can enter this value as 1. 0e6 and the system will automatically change it to
1000000. 0.

13. Click OK in the Properties dialog.

Add an Interrupt Bus

1. To add a second bus to your diagram, choose Architecture > Bus from the main menu.

2. At the bottom of the diagram, click to place the starting point of the bus, drag your cursor
across the diagram, and double-click to terminate the bus.
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Your diagram should look like this:

P RTO: O

elCos

h Simple
Memory
P RTOS_1 | .
elCos ARMT7TTDMI
i ol Q
A O
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3. Right click on the new bus and choose Properties from the pop-up menu.

The Properties dialog opens.

Properties

4. To open a browser where you can specify the Library Name and Cell Name, click Browse.

5. Scroll to the VCCIP_ARM?Y library and double-click the library icon.
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6. Select the TDMI_InterruptBus cell and click Open.

Open EH
Loak jn: I ﬁ\ WECIF_ARMY j @I Use view:

B3 ARM7TDMI ' lbus
EE TOMI_D ataBus cohn_[ntSrc

S TOMI_InterruptBus: interface
refined
werlog

Lell: ITDMI_InterruptB uz Open I pkg_auta_file
e Ibus Canicel | @

Shaow views with: IAII Filez [*¥] j

The View defaults to bus.
7. In the Properties dialog, set the Instance Name to interrupt_bus.

8. Set the Label to Interrupt Bus and make it visible.

Properties 1 =1

Buz |Service Declarationl F‘etformancel Implementationl Style I

Library Mame IVCUF'_AHM? Eliamas |
Cell Mame ITDMI_IntenuptBus I Visible
Fiesource Type IBus j
Instance Mame Iinterrupt_bus ™ Visible
Label Ilntenupt Bus
Shaps Width are 08

(x10 Milimeters)  —————

ak. I Cancel | Apply

9. Click Apply, then click the Implementation tab.
10. Expand the verilog and refined headers.
11. Double-click in the Value field for the verilog > interBusConnection parameter.
12. Click the down arrow and choose “interrupt_bus”.

13. Double-click in the Value field for the refined > interBusConnection parameter.
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14. Click the down arrow and choose “interrupt_bus”.

Properties

Bus I Semvice Declalationl Performance  Implementation | Style I

= E3

=B

\/ InterBusCannection @VCC_ Types DataBusParticipant interrupt_bus"

@VCC_ Types DataBusParticipant interrupt_bus"
AddressRange

T InterBusCannection

“» BaseAddress

[+

Name | Type | Value
= > variiog
>, InterruptNumberRange | AddressRange EYCC_Types AddressRange{1,31 1 @VCC_Types AddressSetting: .|

\/ Basedddress AddressRange @ CC_Types AddressRange{1 31 1 ,@%CC_Types. AddressSetting: ..
= > refined
>, InterruptNumberRange | AddressRange EYCC_Types AddressRange{1,31 1 @VCC_Types AddressSetting: .|

@ CC_Types AddressRange{1 31 1 ,@%CC_Types. AddressSetting: ..

[ o o o

15. Expand the verilog > BaseAddress and refined > BaseAddress headers.

Properties =]

Bus I Semvice Declarationl Performance  Implementation | Style I

Name | Type | Yalue | @;
=T veniing
> InterruptNumberRange | AddressRange @NVCC_Types AddressRange{ 31,1 @YCC_Types AddressSefting: ... [
\/ InterBusCannection @ICC Tepes DataBusParticipant | interrupt _tus" O
= > Basedddress AddressRange @VCC_Types AddressRange1 31,1 @vCC_Types AddressSetting:... ]
,\x sitart Unslaned 1
> ehil Unsigned 3
:., resalution Unslgned 1
;, setting AddressSetting EVCC_Types AddressSetting::Fixed
= }, vefined
> InterruptNumberRange | AddressRange @NVCC_Types AddressRange{ 31,1 @YCC_Types AddressSefting: ... [
\/ InterBusCannection @ICC Tepes DataBusParticipant | interrupt _tus" O
= > Basedddress AddressRange @VCC_Types AddressRange1 31,1 @vCC_Types AddressSetting:... ]
,\x sitart Unslaned 1
> ehil Unsigned 3
:., resalution Unslgned 1
;, setting AddressSetting EVCC_Types AddressSetting::Fixed

16. Enter the following values for the verilog > BaseAddress and refined > BaseAddress

parameters:

start 1

end 31
resolution 1
setting Fi xed

17. Click OK in the Properties dialog.
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Wire the Architecture Blocks

Architecture communication wires can connect blocks to blocks or blocks to buses. Scheduler
assignments can connect schedulers to other blocks.

When you complete the wiring steps in this section, your diagram should look like this:
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Organize the Blocks

1. Make sure your blocks are arranged similar to this diagram:

< Bt >

RTOS 0

eCos

Q ol
o eCos OI o

< Interrupt Bus >

Wire the Blocks

To connect the blocks in this diagram, you will connect some of the ports to the data or
interrupt bus. You will connect some of the ports using a scheduler assignment and others
using a communication wire.

RTOS to CPU
You will first connect RTOS_0 to CPU_0 and RTOS_1 to CPU_1.

1. Choose Architecture > Scheduler Assignment.

2. Click the output port of RTOS_O, then click the input port of CPU_O.
3. Choose Architecture > Scheduler Assignment.
4

. Click the output port of RTOS_1, then click the input port of CPU_1.
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The connections look like this:

ETOE_0

eLos

ETOS_1

eLos

This connection is not an ordinary communication wire; it is a scheduler assignment. A
scheduler represents a scheduling policy for an architecture resource that governs how the
behavior models assigned to the resource gain access to and share the resource.

December 2002 142 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Architecture Model

CPU to Data Bus

You will connect both CPU_0 and CPU_1 to the Data Bus.
1. Choose Architecture > Communication Wire.
2. Click the upper bidirectional port of CPU_O, then click the edge of the Data Bus.
3. Choose Architecture > Communication Wire.
4. Click the upper bidirectional port of CPU_1, then click the edge of the Data Bus.

The connections look like this:

Data Bus

CPU to Interrupt Bus
You will connect both CPU_0 and CPU_1 to the Interrupt Bus.

1. Choose Architecture > Communication Wire.

2. Click the lower bidirectional port of CPU_0, then click the edge of the Interrupt Bus.
3. Choose Architecture > Communication Wire.
4

. Click the lower bidirectional port of CPU_1, then click the edge of the Interrupt Bus.
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The connections look like this:

Intermpt Bus

Simple Memory to Data Bus

You will connect the Simple Memory block to the Data Bus.
1. Choose Architecture > Communication Wire.
2. Click the input port of the Simple Memory, then click the edge of the Data Bus.

The connection looks like this:

Data Bus

Simple
Memory

O
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Save the Diagram

0  To save the architecture diagram, choose File > Save from the main menu.

Generate the Netlist

1. To generate a netlist (and discover any errors) for the architecture diagram, choose
Tools > Verify from the main menu.

2. Ignore the following messages that the Child ports on both RTOS blocks are
unconnected:

Warni ng: The port 'Child" is not connected.
{in /(Tutorial 2.two_cpu: arch) RTCS_0. Chi | d}:

Warni ng: The port 'Child" is not connected.
{in /(Tutorial 2.two_cpu: arch) RTCS_1. Chi | d}:

Warni ng: Sone ports in the instance 'eCos[RTOS 0]’ are not connected.
{in /(Tutorial 2.two_cpu: arch) RTOS_0}

Warni ng: Sone ports in the instance ‘eCos[RTOS 1]’ are not connected.
{in /(Tutorial2.two_cpu: arch) RTOS 1}:

Successful netlist generation message:

Info: Code generation for Tutorial 2.two_cpu: arch was successf ul

Unsuccessful netlist generation message (caused by a missing parameter
value):

Error: The paraneter "<paraneter nane>" has no val ue.
{in /(Tutorial 2. two_cpu: arch) RTCS_1}.

This error message is only a sample. You might see other types of messages, but the
information in the message should help you correct your design.

3. Correct any errors and run Tools > Verify until the code generation is successful.

There are several ways to display and locate errors in your netlist generation. The following
tips describe some of these methods.
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How to Locate Errors

To control the output of messages to the Netlist window, right click in the window and
choose Output Filters.

The Output Filter dialog lets you choose which types of messages you want displayed in the
Netlist window.

Dutput Filter 7| x| |
Dizplay:

v Debug ok |
IV Info Cancel |

V¥ warnings
v Emors

m  Debug reports detailed information about what the simulator is doing.
m Info reports the block-by-block progress of the simulation.
= Warnings do not cause the netlist generation to fail.

Errors cause the netlist generation to fail.

s

()" Tip

=

To open the object where an error occurred, double-click on the error in the Netlist
window.
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What if Your Netlist Won't Generate?

If you are unable to correct all the errors in your architecture model, you can use the example
architecture model for your mapping diagram later in this tutorial.

The example architecture cellview is named x_two_cpu. When the instructions for the
mapping diagram tell you to instantiate two_cpu, you can use X_two_cpu.

December 2002 147 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Architecture Model

December 2002 148 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling

Mapping Diagram

The mapping diagram maps the real-time controller behavior to the real-time controller
architecture.

In this chapter of the tutorial, you will map the behavior you created in Chapter 2 to the
architecture you created in Chapter 3.

To create this mapping diagram, you will do the following:

Specify Performance Views on page 150

Create the Mapping Diagram on page 158

Set Communication Patterns on page 171

Bind Memory Segments to RAM on page 175

Run a Simulation on page 177

What if Your Model Won't Simulate? on page 181

If you have problems with your mapping diagram that you can’t resolve, instructions for using
a golden copy from the database are in What if Your Model Won'’t Simulate? on page 181.
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Specify Performance Views

Each of the behavior blocks must have at least one performance view.

Server Performance Views

You will open the server behavior diagram and specify performance views for each of the
behavior blocks.

1. On the Project Folder, expand the Tutorial2 library, then expand the server cell.

2. To open the server behavior diagram, double-click the behav icon.

-a Tutonal_server-behav
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server_std

1. Right click the server_std block and choose New View from the pop-up menu.

| O

corunand rte_Mapde

40 server_std

M Wiew. .
Edit Wiew. .
o Bind Yiew. ..

Descend...
Asnend

Cut

Copy
Fazte
Duplicate
Delete

Properties. .

The New View dialog opens.

New View
" Behavior Diagram Create a new view ta define the
— Behavior Models=——— |perfarmance of thiz block as an
£ Cleabox STO estimation of a whitebox or
clearbox model.
" Clearbox Textual SDL
£ hitebox C This choice _brings up a
parameter dialog where you
" Blackbox C++ zpecify the name of the whitebox

or clearboy view a3 well as other
— Performance Models parameter values that impacts
- i performance.

- Annotated C

© Annotated

— Implementation Models
" Blackbox - Software

 Whitehox - Software

" Device Driver
© Merilog
& WHDL

View Mame:

Iannotated_c

Cancel |

2. In the Performance Models section, select Annotated C and click OK.

The View Name defaults to annotated_c.
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The dialog asks if you want to update the server_std interface.

New View

& Do you want to create or update the interface of the cell 'Tutornial zerver_std'?

e |

3. Click Yes in the dialog.

The Properties dialog opens.

Properties
Sl Uses I

Name | Type | value [ ] & [«
e Farameters
e Functional Mode!

= > Performance Mode! "Annotated C"
> DELAYMULTIRLIER real 1.0
\/ REGISTERALLOCATION. . | @V CC_Types Registerdllocatio.., @ CC_Types RegisterAllocationType...
e FUNCTIONALWEWNAME | string "clr_ste"
> FELIX DELAY META_MO.. string CANNOTATED DELAY MODELY

-

,TI Carcel | Apply |

4. Click the plus sign to expand the Performance Model header.

5. Double-click the Value field for FUNCTIONALVIEWNAME and enter the value:
"clr_std"

You must enclose the string in quotes.

6. Click OK in the Properties dialog.
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server_db

1. Right click the server_db block and choose New View from the pop-up menu.

The New View dialog opens.

New Yiew H
£ Behavior Diagiam Create a new view ta define the
— Behavior Modals———— |perfarmance of this block as an
¢ Clearbox 5TD estimation of a whitebox or

clearbox madel.
" Clearbox Testual SDL

 wihitehou C This choice brings up a
parameter dialog where you
' Blackbox C+r specify the name of the whitebox

or clearbox view as well as ather
parameter values that impacts
perfarmance.

- Annotated C

— Performance Models
(o} i

£ Arnotated CPP

— Irplementation Models
€ Blackhox - Software

 Whitehow - Software
© Device Driver

© Werilog

© WHDL

Wiew Mame:

Iannotated_c

Cancel |

2. In the Performance Models section, select Annotated C and click OK.
The View Name defaults to annotated_c.

The dialog asks if you want to update the server_db interface.

3. Click Yes in the dialog.

The Properties dialog opens.

Properties

| Uses |
Name | Type | Value | | @J‘
e Favameters
B Functional Model
e Performance Mode! "Arnotated C"

4. Accept the current values and click OK in the Properties dialog.

Save and Close

0 To save and close the server diagram, choose File > Save from the main menu, then
choose File > Close from the main menu.
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Controller Performance Views

You will open the controller behavior diagram and specify performance views for each of the
behavior blocks.

1. On the Project Folder, expand the Tutorial2 library, then expand the controller cell.

2. To open the controller behavior diagram, double-click the behav icon.

Intermpt

a

trigear tHizzer out_sintomb Chat
o P oo b1

sinComb

The sinComb block has a delay script performance model.

1. Right click the sinComb block and choose New View from the pop-up menu.

December 2002 154 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Mapping Diagram

The New View dialog opens.

New View

" Behavior Diagram

— Behavior Modelz

" Clearbox STD

© whitehow C
" Blackbox C++

" Clearbox Textual SDL

¢ Delay Script
 Annotated C
" Annotated CP

— Performance Models

Create a new view to define the
perfarmance of thiz block az a
delay zcript model.

Thig choice brings up a source
editor with a delay script model
with the parts already declared.

MNaote that, there should be at
least a behavior madel

Delay Script

P

" Blackbox - Sol

" Device Driver
 Werilog
© WHDL

— Implementation Models

fhwware

 WwWhitehos - Software

e et
cell

2. In the Performance Models section, select Delay Script and click OK.

Yiew N ame:

Idela}l

Cancel |

The dialog asks if you want to update the sinComb interface.

3. Click Yes in the dialog.

The delay script (perf.dsl) file opens.

Bi Tutorial. sinComb:delayD perf.ds|

delay model()
{

inputicri

un();

L]

gyer);

output{out_sinComhb) ;

#praguwa "DELAT MODEL VERSION™ 1.0

A4 add wviewport declarations here for any applicable wiewports:
A4 wiewport <viewportTyper <wiewportNames::

A4 add attribute declarations here for any architecture attributes of interest:
A4 attribute <attributeTyper <attributeNames;

A4 add delay statements anywhere throughout the body of this script:
A4 delayi'<expression:')

M=l 3

X

[

Bl

4. After the Run expression, enter the following delay expression:

del ay(' 120e-6');
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Your delay script now looks like this:

delay modeli)
i

A4 Add delay statements anywhere throughout the body of this script:
Af delay('<expression="');

inpuc(trigger) 2

rumi) ;
delay('lZ0e-5'];
output{out_sinComb) ;

}
5. To save the perf.dsl file, choose File > Save from the main menu.

6. To close the perf.dsl file, choose File > Close from the main menu.

Timer
1. Right click the Timer block and choose New View from the pop-up menu.

The New View dialog opens.

New View HE
" Behavior Diagram Create a new view to define the
— Behavior Models———  |performance of this block az a
¢ Cleahox STO delay zcript model.
" Clearbox Textual SDL Thiz chaice brings up a source
£ \whitebos C editor with a delay script model

with the parts already declared.
" Blackbox C++

Mate that, there should be at
— Performance Models least a behavior madel

¢ Delay Script Nimplemented ynder the same H
- Delay Script

 Annotated C

 Annotated CPP

— Implementation Models
" Blackbox - Software

" wihitebo - Software
" Device Driver

© Werilog

 WHDL

Wiew N ame:

Idelay

Cancel |

2. In the Performance Models section, select Delay Script and click OK.
The dialog asks if you want to update the interface of the Tutorial2.Timer.

3. Click Yes in the dialog.
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The delay script (perf.dsl) file opens.

B Tutorial Timer:delay perf.dsl =
#praqma "DELAT MODEL_VERIION™ 1.0 I

A4 bdd viewport declarations here for any applicable wiewports:
A4 wiewport <viewportTyper <viewportNames:;

A4 add attribute declarations here for any architecture attributes of interest:
/4 attribute <attributeTypes <attributeNames:

delay model ()
i

£¢ add delay statements anywhere throughout the body of this script:
A4 delay('<expressions');

run():
output(trigger) ;
}

i o

4. After the Run expression, enter the following delay expression:
del ay(' 15e-6");

Your delay script now looks like this:

delay modelf)

i
J4 Add delay statements anywhere throughout the body of this script:
/4 delay('sexpressiomn:'):
runij;
delay('lSe-6'];
output (Crigger) :
}

5. To save and close the perf.dsl file, choose File > Save from the main menu, then choose
File > Close from the main menu.

Save and Close

0  To save and close the controller diagram, choose File > Save from the main menu, then
choose File > Close from the main menu.

December 2002 157 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Mapping Diagram

Create the Mapping Diagram
1. To open a new mapping diagram, choose File > New from the main menu.

MNew

Diiagram | Source Codel Anal_l,lsisl

Description
Select the tpe of document to create.

] € I Cancel |

2. Double-click the Mapping icon in the New dialog.

A new window opens. The default name is Mappingl.

%& Mappingl

N o

3. To save the mapping diagram, choose File > Save from the main menu.
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VCC prompts you to choose a library.

Save As

Look in: I & Project Folder

j !I ﬁi WEe e

add_mult ﬁ\ cycle_test ﬁ\VCE_B uz
add_rnult_zdlrmm ﬁ\ cycle_type ﬁ\VCE_EF'U
add_rult_zdlomi ﬁ\ CycleEcos ﬁ\VCE_D efaults
add_rmult_zpwormi ﬁ\ Tutorial ﬁ\VCE_E wporters
add_mult_testbench ﬁ\ types ﬁ\VCE_FixedPat

belt_controller_behay

ﬁ\VEE_ﬁrchitectureS ervices ﬁ\VCE_I nternals

cucle_behy i voo_ssic s VCC_Intemals

< | ]

Librany: I Open I

Yiew: I Cancel |
Show views with: IBehavior Files [* beh) j

4. To choose the Tutorial2 library from the Project Folder, double-click the Tutorial2 icon in

the library list.

VCC prompts you to choose a cell name. The View name defaults to mapping.

Save As

[ 7]x]

Laok i I ﬁ‘ Tutarial

j &I Uze view:

EE rte:_testbench twa_cpu2

E5 zerver_db
EE server_std

EE CommandType sinComb

Cel: || Save I
Wien: Imapping Cancel |
Show views with: IMapping Files [*.map) j

5. Enter the Cell name rtc_map and click Save.
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Instantiate Behavior and Architecture
1. Instantiate Tutorial2.rtc_behav:behav in your diagram.
2. Instantiate Tutorial2.two_cpu:arch in your diagram.

Your mapping diagram now looks like this:

GHToaD et GoIm in ’ Cha
= _uiten{ ) i (-

Map the Behavior to the Architecture

Because you used lower-level blocks to make up the server and controller, the behavior is a
hierarchical diagram. To map the lower-level behavior blocks to the architecture, you must

expand the server and controller blocks.
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Expand the Hierarchy

1. To expand the hierarchy of the server, select the server block in the behavior diagram,
then choose Mapping > Hierarchical Mapping from the main menu.

When you return your cursor to the mapping diagram, you will see the expanded
hierarchy of the server. You will also see a blue virtual connection between the server
and its expanded diagram.

2. To place the expanded hierarchy, click in the upper left corner of the mapping diagram.

You can place this anywhere that doesn’t interfere with the behavior or architecture
diagrams at the top level.

Your diagram now looks like this:

3. To expand the hierarchy of the controller, select the controller block in the behavior, then
choose Mapping > Hierarchical Mapping from the main menu.

4. To place the expanded hierarchy, click in the upper right corner of the mapping diagram.
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Your diagram now looks like this:
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Connect the Blocks

You will now connect the following behaviors to the specified architectures:

Behavior Architecture
server_std RTOS 0

server_db RTOS_0O

Shared Memory RAM (Simple Memory)
Timer RTOS 1

sinComb RTOS 1

1. Choose Mapping > Mapping Connection from the main menu.

2. Click the specified block in the behavior diagram, then click the specified block in the
architecture diagram.

3. Repeat these steps for all five connections.
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Your diagram now looks like this:
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Specify Performance Parameters

Each of the mapping connections you created in the previous section must have its
performance parameters defined.

server_std

1. To specify the performance parameters for the mapping connection between the
server_std and the RTOS_O0, right click the connection and choose Properties from the
pop-up menu.

The square markers at the end of the connection
confirm that the connection wire is selected.

— MewYiew. . B
Edit Wiew...
Bind View...

[MEzmemnd..
Sgoend

Cut B
Copy
Pazte
“mm Duplicate nm
Delete B

Properties. .. F

The Properties dialog opens.

Properties I ] B9

tap Cannectar I Performance I Implementation I

Marne |uinka

Connected From: IBehavior.-"Sewera"sewer_st
Connected To: IArchitecture.-"FlTElS_El
Connection Type: ICDmputation

Performance Wiew: Iannotated_c

|
|

Implementation “iew: I

2. Click the Performance tab.

3. Click the plus sign to expand the Architecture Views header.
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4. Click the plus sign to expand the scheduler header.

5. Double-click the Value field for task_priority and enter 2.

Properties =]
Map Connector  Perfarmance I Implementation I
Name | Type | Value | 3‘"
= > Architectire Views eCos

= \/ scheduler
\/ task_priority Integer 2 _I O

6. Click OK in the Properties dialog.

server_db

1. To specify the performance parameters for the mapping connection between the
server_db and the RTOS_0, right click the connection and choose Properties from the

pop-up menu.

The Properties dialog opens.

Properties =] E3

Performance I Implementation I

Mame ILink1

Connected From: Im
Connected To: IW
Caonnection Type: IW
Perfarmance Wiew: W _l

Implementation Wiew: I |

2. Click the Performance tab.
3. Click the plus sign to expand the Architecture Views header.
4. Click the plus sign to expand the scheduler header.
5. Double-click the Value field for task_priority and enter 1.
Properties =]

ap Conmectar  Performancs | Implementationl

Name | Type | value | &=

= \/ Avchitectire riews elos

= \/ scheduier
> task_priority| Integer 1 O

6. Click OK in the Properties dialog.
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Timer

1. To specify the performance parameters for the mapping connection between the Timer
and the RTOS_1, right click the connection and choose Properties from the pop-up
menu.

The Properties dialog opens.

o ~ w0 D

Properties =]

| F‘erformancel Implementatioh I

Name ILink2

Connected From: lm
Connected To: lm
Connection Type: W
Performance Yiew: ldehay— _I

Implementation Yiew: I |

Click the Performance tab.
Click the plus sign to expand the Architecture Views header.
Click the plus sign to expand the scheduler header.

Double-click the Value field for task_priority and enter 2.

Properties =] E3
Map Connector - Perfarmance I Implementationl
Name | Type | value [ /&=
El-Tw Architecture Views eos
= \/ scheduler
> task priority | Integer 2 O

6. Click OK in the Properties dialog.

December 2002 167

Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Mapping Diagram

sinComb

The sinComb block has more than one performance view, so you will tell the system to use
the delay view for this mapping connection.

1. To bind the mapping connection to the delay performance view, right click on the
connection between sinComb and RTOS_1 and choose Bind View from the pop-up
menu.

>

M ew Wiew. ..

Edit Yigw...

Bind View... L— Bind View

[Mezcend.,.

Szend

Cut

Copy

Paszte

Duplicate
|

Delete

Froperties...
e |

The Bind View dialog opens.

Bind View ]|

Perfarmance Yiew: I delay

Implementation *fiew: I

2. To bind the delay view, click the down arrow for Performance View, choose delay, then
click OK.

Note: If the delay view is already displayed, you can click Cancel in the Bind View
dialog.

3. To specify the performance parameters for the mapping connection between the
sinComb and the RTOS 1, right click the connection and choose Properties from the
pop-up menu.
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The Properties dialog opens.

Properties

Ferformance I Implementation I

Name ||_|nk3—
[Behavior/Cantoller/sinCo
Connection Type: IComputation

Perfarmance Wiew: |C|B|Q'r'— J

Irplementation Wigw: I |

Connected Fram:

Connected To:

4. Click the Performance tab.

S[=1 E3

5. Click the plus sign to expand the Architecture Views header.

6. Click the plus sign to expand the scheduler header.

7. Double-click the Value field for task_priority and enter 1.

Properties =]
tap Connector  Performance | Implementationl
Name | Type | Value | 3|A
= \/ Avrchitectire liews eCos
= > schednier
> task_priovity | integer 1 O

\/ Behaviar Views sinCamb

8. Click OK in the Properties dialog.
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Shared_Memory

1. To specify the performance parameters for the mapping connection between the
Shared_Memory and the Simple Memory, right click the connection and choose

Properties from the pop-up menu.

The Properties dialog opens.

Properties

| F‘erformancel Implementationl

(O] x]

Mame ILink4
Connected From: IBehaviorfShared_memory
Connected Ta: IArchitectule.-"Fl.&M
Connection Type: IEDmputation
Performance Wiew: I _I
Implementation Yiew: I _I
2. Click the Performance tab.
3. Click the plus sign to expand the Architecture Views header.
4. Click the plus sign to expand the memory header.
5. Click the plus sign to expand the offset header.
6. Double-click the Value field for the offset parameter and enter
0x0
7. Double-click the Value field for the setting parameter, click the down arrow, and choose
Floating.
Properties =]
Map Connectar  Performancs | Implementationl
Name | Type | value | &=
= \/ Architectire riews SimpleMermony
= \/ memory
= > offset @CC_ Tepes Address {00 Floating O
:, offset | dpsigned 00
:, sefting | @VCC_TypesAddressSetting | Floating
The values you specified for the two offset parameters are automatically entered for the
offset header.
This parameter lets VCC select a valid address.
8. Click OK in the Properties dialog.
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Set Communication Patterns

To correctly model the delays on the communication links in the model, you must use
communication patterns. You can automatically map these patterns from the Mapping Table.

1. To open the Mapping Table, choose Mapping > Mapping Table from the main menu.

Mapping Table EHE
temormy Reference kappings | Timer Feference Mappings I Communication R efinements I
Instance M appings Communication Mappings
i
’7(:' Mapped ¢ Unmapped € all ‘
Behavior instances | Architecture instances | Performance view | Implementation view
B ehavior/ControllersTimer Architecture/ARTOS_1 delay
Behaviar/Contraller/sinComb Architecture/RTOS_1 delay
Behaviar/S erver/zerver_db Architecture/RTOS_0 ahhatated_c
B ehavior/S erver/zerver_std Architecture/ATOS_0 annotated_c
Behavior/Shared_memory Architecture/Fatkd
1] |
Map Mew Instance... | Fap Exsting [netance, [Elete i apping |

ak. I Cancel | Appll |

The Instance Mappings tab shows the five mapping connections you created at the top
level of the mapping diagram.

2. Click the Memory Reference Mappings tab.

This tab defaults to mapped references, but you have no mapped references, so the field
is blank.

3. On the Memory Reference Mappings tab, select Unmapped.

Mapping Table
Instance Mappings I Communication Mappings I
Memory Reference Mappings Timer Reference Mappings I Communication Fefinements
y; Unmapped
e
’7(‘ Mapped & Unmapped ¢ Al ‘
Auto I Behavior instances I Mem Ref I Pattern I Pattern Group I
Behavior/Server/server_db sh_mem_db Sw-x Memory
Behavior/Controller/sinComb — gh_mem_zc Sd-» Memory

Auto Mapping | | & e New Batem. || e e Existing...l [VElEtE Mappingl

] I Cancel I L |

You can now see the unmapped references in your model.
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4. To automatically map the server_db and sinComb shared memory communication links,
click Auto Mapping.

Mapping Table

Ihstance Mappings
Memary Reference Mappings

Communication Mappings

Timer Reference M appings Communication Refinements

Wiew
’7(" Mapped % Unmapped O Al |

At | Behavior instances | tem Ref | Pattern | Pattern Group

Behavior/Server/server_db sh_mem_db SwiDirectM emombcoess Shsbemary

Behavior/Controller/sinComb  sh_merm_sc StDirectM emanydicoess Staf-xbemoany

Auto Mapping

4| | i

Auta Mappingl I i e Pattern...l Fam i EHisting...l [Efete Mappingl

The system links these references to the SWDirectMemoryAccess communication
pattern. (This will be an orange star on your mapping diagram.)

Now that these references are mapped, select Mapped so you can see them listed as
mapped references.

Do not close the Mapping Table dialog.
Click the Timer Reference Mappings tab.
Select Unmapped.

To automatically map the Timer reference, click Auto Mapping.

Mapping Table

Instance Mappings
M emomy Reference kappings

Timer Reference Mappings

I

Communication Mappings
Communication Refinemerts

4]

i
’7(" Mapped & Unmapped &l ‘
Auto I Behavior instances I Timer Ref I Pattern I Pattern Graup
Behavior/Contraller/ Timer — Timer Swhintual Timer S/ Timer

I T E:-:isting...l [E[EtE Mappingl

The system links this timer reference to the SWVirtualTimer communication pattern.
(This will be an orange star on your mapping diagram.)

Do not close the Mapping Table dialog.
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9. Click the Communication Mappings tab.

10. Select Unmapped.

11. To automatically map the rtc_Mode and trigger ports, click Auto Mapping.

Mapping Table

temormy Feference kappings I Timer Reference Mappings | Communication R efinements

Instaknce Mappings Cammunication Mappings

iy
’7(" Mapped & Unmapped ¢ all

Auto Mapping | ap Ta HewPatem. | ap o E:-cisting...l [E[EtE Mappingl

Auto | Behavior instances | Port name | Architecture instances | Pattern group
Behavior/Server/server_db c_Mode Unprotected S 5w Intertazk,
Behavior/Controller/sinComb  trigger Unprotected S 5w Intertask Trigger

Ok I Cancel |

The system links these ports to the Unprotected architecture instance. (This will be a

blue star on your mapping diagram.)

12. Now that these references are mapped, select Mapped so you can see them listed as

mapped references.

13. To close the Mapping Table, click OK.

These mappings have added structures to the mapping diagram, but they might be

placed outside your current window.

14. To view these new structures, choose View > Fit Page from the main menu.
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Your diagram now looks like this:

December 2002 174 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Mapping Diagram

Bind Memory Segments to RAM

You will bind the memory segments for the CPUs to the Simple Memory whose instance
name is RAM.

1. Right click on CPU_0 and choose Properties from the pop-up menu.

£l

AFAMCTTRID

% e Wigw. .
0 Editview..
'[ Bind *iew. ..

Descend...
Anend 4

(B0t
[Sapy ~—
Easfe

AFAMTT

0

[upliate
[Nelete

Iwmo  Properties...

The Properties dialog opens.
2. Click the plus sign to expand the stack segment.
3. Click the plus sign to expand the code segment.
4. Click the plus sign to expand the bss segment.
Each of these segments contains a parameter named mem.

5. For each of the mem parameters, enter the value
" RAM
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The value must include the beginning and ending quotations.

Properties =]
temory Segrment | Block. I Ports I Service Declalationl F'erformancel Implementationl
Name | Type | Value I;
= \/ stack LinkerSegmentinia @Y CC_Types LinkerSegmentinfo{@' CC_Types LinkerSegment Type : STACK, ...
} hype LinkerSegmentTipe | @WVCC_Types LinkerSegmert Type: STACK
:, R MemaonyParticipant "R < StaCk Segment
Yo offset Address @EYOC_Types Address{0x0 @Y CC_Types AddressSetting: :Floating} mem pal’ametel’
} size SegmentSizeEstimate @WCC_TYPES SegmentSizeEstimate1024 True}
} cacheable Booleah True
= > code LinkerSegmentinfo @VCC_Types LinkerSegmentinfo{@y CC_Types LinkerSegmentType:: CODE". .
), e LinkerSegmentType | @VCC_Types LinkerSegmert Type:: CODE
} e MemonsParticipant "R 4 COde Segment
Yo offset Acldress EYCC_Types Address{x0 @YCC_Types AddressSetting::Floating mem parameter
:, size SegrmentSizeEstimate | @VCC_TYPES SegmentSizeEstimate{336 True}
T cacheabie Boolean Trug
= \/ bes LinkerSegmentinia @Y CC_Types LinkerSegmentinfo{@ CC_Types LinkerSegmentType::DATA "
Moo e LinkerSegmentTipe | @WVCC_Types LinkerSegmertType: DATA,
;, R MemonyParticipant "R bSS Segment
o offset Adedress @YCC_Types.Address{0x0 @Y CC_Types AddressSetting: Floating} mem parameter
} size SegmentSizeEstimate @WCC_TYPES SegmentSizeEstimate)112 True} |

6. To close the Properties dialog, click OK.

7. Right click on CPU_1 and choose Properties from the pop-up menu.
The Properties dialog opens.

8. Click the plus sign to expand the stack segment.

9. Click the plus sign to expand the bss segment.
Each of these segments contains a parameter named mem.

10. For each of the mem parameters, set the value to
n RAMI

The value must include the beginning and ending quotations.

Properties =]
Memam Segrment I Block I Portz I Service Declarationl Performancel Implementationl
Mame | Type | VYalue I;
= _\/ stack LinkerSegmentinfa @Y CC_Types LinkerSegmentinfo{@YCC_Types LinkerSeament ...
N p - ”
e typre LinkerSegmentType @Y CC_Types LinkerSegmert Type: STACK StaCk Segment
:. mem MemaryParticipant "RAM" <
:, offset Address @V CC_Types Address{0x0,@WCC_Types AddressSetting::Floa. . mem parameter
}_, size SegmenttizeEstimate @ CC_TYPES SegmentSizeEstimate{1024 True}
> cacheable Boolean True
B bss LinkerSegmentinfa @Y CC_Types LinkerSegmentinfo{@YCC_Types LinkerSegment...
- : p "
e tipe LinkerSegmentTipe @Y CC_Types LinkerSegmentType::DATA bSS Segment
}_, e MemorsParticipant "RAM"
> offset Address @Y CC_Types Address{0x0 @Y C0_Types AddressSetting: Floa. . mem parameter
:. size SegmentSizeEstimate @Y CC_TYPES. SegmentSizeEstimate]1 00, True}
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11. To close the Properties dialog, click OK.

Run a Simulation

1. To create a new analysis session, choose File > New from the main menu.

New HE

Diagram | Source Eodel Analysisl

Deszcription
Select the type of document ko create.

0 € | Cancel

2. Click the Analysis tab.
3. Double-click the Analysis icon in the New dialog.

The New Analysis Session dialog opens.

i Hew Analysiz Session 2]
Bl ITutorial.rtc_map:mapping J
Session: ITutorial.rtc_map:analysis1 J
Bl ITutorial.rtc:_map:results1 J
Barfisusian ITutorial.rtc:_map:mapping_confid J

Ok I Cancel |

4. Accept the default values and click OK.
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5. To specify the analysis settings, choose Analysis > Settings from the main menu.

Analysiz Settings [ x|
Server I Preferences I Implementation
General I Session Info I Environmert Variables

Ty r~ Compile

m ™ Recompile Design
erformance

™ Debug Design

rMode——— ~lerations ——————————
 Interactive
I/ &l ID _|:;i

& Backgound
End Time 10
Configuration ITutoriaI.rtc_map:mapping_config J
Fiesults Directom ITutoriaI. te_mapresults1 J
Arguments ||

Set Type to Performance.
Set Mode to Background.
Set End Time to 10.

© ® N o

Click OK in the Analysis Settings dialog.
A dialog asks if you want to “Save session changes?”
10. Click Yes in the Analysis Cockpit dialog.

11. Choose Analysis > Go/Continue from the main menu.
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VCC reports the progress in the Analysis Output window at the bottom of the screen.

# Cierto VCL create - [Tutorial.rtc_map:mapping]
Eile

‘Wiotkzpace Edit Analyzic Wiew Mapping Draw Layout Tool: Window Help

m 2l 3 Y Pefomance x| O O 0 | E W & @&l
=l
% Toject Folder =
% add_mult b
% add_mult_sdimm
-y, add_mult_sdlomi
% add_mult_spworni
- figs, add_mult_testbench
[+-fify, belt_controller_behay
-1 cycle_behe
By cycle_test Ao
-y cvcle_twpe
[+-if% CycleEcos
[E2R 1 (% T utorial
-k tvpes
- figs, VCC_ArchitectureServices
-y YCC_ASIC u....ﬁ..«
[+-fifs, YCC_Bus
[+-fifs, YCC_CPU
[+-fify, YCC_Defaults
[+-fifs, YCC_Exporters
-y, YCC_FiredPatternServices
-{ifs VCC_Intemals
-y, YCC_IntemalServices
-y, YCC_Memany
[+-fify, YCC_Patterns
-y, YCC_PatternServices
i YCC_RTOS
- figs, VCC_ServiceDeclarations
[+-fify, VCC_Test
-1y, YCC_Types
-y YCCIP_&RM7 —
[+-fifs, YCCIP_ECOS
[+-ifs, YCCIP_Hw
[+-fify, voicemail_arch -
LR ETIETN TET o |
{im /1

Info:

* Current Simulation Time is: 0

Segment Size Architecturehdemony Offset

stack 1024 Architecture/Rab 01023

bes 100 Architecturs/RaM 099

{in /1
e
For Help. press F1 |Done [10.000000000000 T

There are several ways to display and locate errors in your analysis output. The following tips
describe some of these methods.

December 2002 179 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Mapping Diagram

How to Locate Errors

~(y)~ Tip
" To control the output of messages to the Analysis Output window, right click in the
window and choose Output Filters.

The Output Filter dialog lets you choose which types of messages you want displayed in the
Analysis Output window.

Dutput Filter 7| x| |
Dizplay:

v Debug ok |
IV Info Cancel |

V¥ warnings
v Emors

m  Debug reports detailed information about what the simulator is doing
m  Info reports the block-by-block progress of the simulation
= Warnings do not cause the simulation to fail

Errors cause the simulation to fail

NMeo o

*@* Tip

" To open the object where an error occurred, double-click on the error in the Analysis
Output window.

NIV
~(y)~ Tip
" To view the output of the analysis, open the following directory:

W ndows NT: C\ M/Workspace\ Tutorial 2\rtc_map\results
Solaris or HP-UX: <install directory>/ nyworkspace/ Tutorial2/rtc_map/results

This directory contains several error, debugging, and information files.
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What if Your Model Won’t Simulate?

If you are unable to correct all the errors in your mapping diagram, you can use the example
mapping diagram named Xx_rtc_map:mapping.
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To perform analysis on your design, you can do any of the following:

m  Simulate using Probes on page 184

m  Simulate using Sweep Parameters on page 195

m  Simulate using a Single-CPU Architecture on page 202

Each of these analysis sessions can be independently created. You can also combine these
exercises. For example, you can run a single simulation that uses sweep parameters on a
single-CPU architecture and sample the output data with a probe.
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Simulate using Probes

To help you check for correct behavior in the model, you can add probes. Because probes are
part of an analysis session, not components of the mapping diagram, you must begin an
analysis session before you add a probe. After you add probes, you continue the analysis
session. In this exercise, you will add a probe to the output of the behavior diagram.

Begin an Analysis Session
1. In the Project Folder, open the rtc_map mapping diagram.

2. To create a new analysis session, choose File > New from the main menu.

New HE

Diiagrarn | Source I:odel Analysisl

Description
Select the type of document to create.

] | Cancel

3. Click the Analysis tab.
4. Double-click the Analysis icon in the New dialog.

The New Analysis Session dialog opens.

: MNew Analyziz Session

D ITutonal.rtc_map:mapplng

. Tutorial. te_map: analysis
Session: I —-map i

Results: ITutonal.rtc_map:[egults

Bt ITutorlal.rtc_map:mappmg_confld

ok I Cancel |

5. Accept the default values and click OK.
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6. To specify the analysis settings, choose Analysis > Settings from the main menu.

Analysis Settings E
Server I Preferences I Implementation
General I Session ko I Envitommerit VWariables
~Type—————————————— - Compile

lﬁ ™ Recompile Design
erformance

™ Debug Design

Mode————————— ~lterations ————————
 Interactive
v/ & ID _|:;'

& Backgound
EndTime |10
Configuration ITutoriaI. 1te_map:mapping_config J
Fesults Directary IT utorial. te_map:results J
Arguments ||

7. Set Type to Performance.
8. Set Mode to Background.
9. Set End Time to 10.
10. Click OK in the Analysis Settings dialog.

Add a Generic Probe to the controller Block

You will add a probe to the out_sinComb output port of the sinComb block in the behavior
diagram.

1. Select the output port on the sinComb block, then choose Analysis > Insert Probe from
the main menu.

out_sinComb port

y

1 ot el pmh Crat

—i8 7 o) I
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The Probe dialog opens.

i Probe H

Syrnbialic Marme: IDUt

Tupe (lib.cell:view) IVCC_Test.Generichbe:symbol j

oK | Cancel |

2. Enter the Symbolic Name out.

3. To enter the Type (lib.cell:view), click the browser (...) button.
The browser opens to your Project Folder.

4. Scroll to VCC_Test and double-click the icon.

5. Select the GenericProbe cell and click Open.

Open HE

Look i I ﬁ\ WCC_Test j @I Use view:

EE GenericHwProbe_Boolsan [Wecthoo & symbol
5] GenericHwProbe_Integer GeometicRNG [WectCreate

El5 GenericHwProbe_Trigger E& HistogramProbe [VectSet

= GenericHwSource_Bit & Iconst Localem

3 GenericHwS ource_Boalean  EE Init Merge
3 GerericHwSource_lnteger B IntDo MormalRMN{
B3l GenericHwS ource_Trigger InteruptBusGanttProbe PoizzonPul
i
LCel: IGenericF’robe Open I Create Symbol
Wiew: Is_l,lmbol Cancel |

Shaw wviews with: ISymboI Files [* spm] j

The View name defaults to symbol.
6. Click OK in the Probe dialog.

The graphical representation of the probe is quite small and hard to see because it sits
on top of the port. Immediately after you create this probe, you can see the green
markers that indicate the probe is selected.

7. Grab the selected probe and drag it away from the port.
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You can now see the blue arrow that represents the probe.

T omf il mb
el b Ii

If you don’t see this probe, refresh your view using any of the View menu commands.

Run a Simulation

Note: When the session runs in Background mode, you don’t have to explicitly run the
Analysis > Initialize command.

1. Choose Analysis > Go/Continue from the main menu.
A dialog asks if you want to save the session changes.

2. Click Yes in the dialog.
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VCC reports the progress in the Analysis Output window at the bottom of the screen.

ierto YCC create - [Tutonal_rtc_map:mapping]

e File ‘Workspace Edit Analysiz Miew Mapping Draw  Layout Tools Window Help

m El B | Petomance x| 1 00 OF 10 | B W & @ il ‘
x|
- Project Folder =
[+ l,' add_mult b
-y, add_mult_sdimm
[ add_mult_sdlormi
[ add_mult_spwomi
[ add_mult_testbench
[ belt_controller_behay
B cvcle_behy
[ crole_test P
[ cyole_type
- CycleEcos
281 (7} T utorial
- ks tvpes
-y, YCC_ArchitectureServices
-y YCOC_ASIC i
[+-fify, YCC_Bus ke /l =
-y YCC_CPU
[+-fify, YCC_Defaults
[+-fify, YCC_Exporters
iy, YCC_FixedPatternServices
iy, YCC_Internals
-y, YCC_InternalServices
iy, YCC_Memary
[+-fify, YCC_Patterns
-y, CC_PatternServices
=iy YCC_RTOS
-y, CC_ServiceDeclarations
iy, YCC_Test
iy, VYCC_Types
=i YCCIP_ARM7 —
=-fffs, WCCIP_ECOS
=i WCCIP_Hw'
iy voicemail_arch =
@ |24 | Fc. [Br.  4r. | o]
{in /%
Info:
* Current Simulation Time is: 0
Segment Size Architecturebdemary Offzet

stack 1024 Architecture/Rak 01023
bss 100 Architecturs/RAkM - 0:99

{in
A[ATETET Anatysis output / | KRN
For Help. press F1 [Dare [10. 000000000000 ]
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Analyze the Simulation

When the simulation completes, the Analysis Output window reports:

I nf o: Done.

| nf o:

* Current Sinmulation Tine is: O

Segnment Si ze ArchitectureMenory Of f set
st ack 1024 Archi tect ur e/ RAM 0:1023
bss 112 Archi tecture/ RAM 0:111

code 336 Archi tecture/ RAM 0: 335

| nf o:

* Current Sinmulation Tine is: O

Segnment Si ze ArchitectureMenory Of f set
st ack 1024 Archi tect ur e/ RAM 0:1023
bss 100 Archi tecture/ RAM 0: 99

You can now view the output data collected at the probe.
1. Choose Analysis > Chart Results from the main menu.

The dialog informs you that

charts file has zero charts - run File -> New Chart to get started.

2. Click OK in the dialog.

The Visualize tool opens with an empty results window.

E\v"isualize - Tutorial_rtc_map:results
File Edit ¥iew Window Help

== =N -] ®

EE Tutorial.ite_map:results

For Help, press F1 | | | o

3. From the Visualize main menu, choose File > New Chart > 2D.
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The New 2D Chart dialog opens.

2D Chart Properties

Chart | Datasets I

Chart Mame: Icharﬂ
Az Title: ITime
Az Title: IDut

Chart Type
= 2D Flot
= Eairits Wil

ak I Cancel | Help

Enter the Chart Name chartl.

Enter the X Axis Title Time.

Enter the Y Axis Title Out.

Set the Chart Type to 2D Bar.

Click OK in the New 2D Chart dialog.

© N o g &

The Add One or More Datasets dialog opens.

Add One or More Datasets

D atasets I

[Dratasets List:

Add.. ﬂl ge|ete|

1] I Cancel Help

9. Click Add.
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The Add 2D Dataset dialog opens.
Add 2D Dataset
D atazet |
Diataset Mame: Iset1|
1 Detetizse: I j J
Frobe: I[out_Dutput] j
# Expression: I[out_Dutput].[TNow] j
¥ Ewpression: I[out_Dutput].[FieId] j
Z EvpTESSinn: I ﬂ
I Filter bata; I j
Data Select: @ WCCSim O Import
ak I Cancel | Help l
o

10. Leave the Dataset Name as setl.

11. To set the Probe value, click the down arrow and choose [out_Output].

12. To set the X Expression value, click the down arrow and choose [out_Output].[TNow].

13. To set the Y Expression value, click the down arrow and choose [out_Output].[Field].

14. When you have entered all these values, click OK in the Add 2D Dataset dialog.
VCC returns you to the Add One or More Datasets dialog.

15. Click OK to close the Add One or More Datasets dialog.
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The output data collected at the probe is displayed in the chart.

| chartl
10 | 1]
18
16
14
12
= 10
B
B
4
2
0
005 1 156 2 25 3 35 4 45 &5 55 6 65 7 75 & B85 9 95 10

Time

set! 0]

The time axis on this chart displays the entire 10 seconds of the simulation. The data is
so compressed that it looks like one horizontal bar.

16. To view more detail in a smaller segment of time, draw a box around a small section of
the data.

Make sure the bottom of your box does not extend past the horizontal axis. The entire
box must be inside the X and Y axes.

25 3 35 4
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The display zooms in on this section of the bar graph.

m chartl

20
19
18
17
16
15
14
13
12
11
10

it

275 285 295 305 315 325 335 345 355 365 375 385 395 405 415 425 435
Time

sett []

You can see in this example that the output occurs every 1/100th of a second. This
agrees with the 0.01 sampling time you specified for the controller.
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17. To view the Index and Value for any individual data point, place your cursor over the bar.

2# Yisualize - Tutonial2.x_rtc_map:results1
File Edit Yiew window Help

| S H| B8 2P 0|+ | ]2

EE Tutorial2_ x_rtc_map:results1 M=l E3

chartl! r

20
19
18
17
16
14
14
13
12
i
10

"zefl" Index=3.240

it

275 285 205 305 315 325 335 345 3855 IG5 375 385 305 405 415 425 435
Time

sett ]
Kl | A

"zai]" Index=3. 24027 Y alue=20 | | | 4

The Index and Value for the data point are displayed in the lower left corner of the
Visualize window and in a pop-up on the chart.

Note: If you want to use this same probe for any of the other analysis exercises, keep this
analysis session open and continue to use it for the other exercises.
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Simulate using Sweep Parameters

For this simulation, you will define the samplingTime parameter to sweep through multiple

values during the session.

Note: If you are using the same analysis session you created in either of the other exercises,

skip to “Create the samplingTime Parameter” on page 196.

Begin an Analysis Session

1. In the Project Folder, open the rtc_map mapping diagram.

2. To create a new analysis session, choose File > New from the main menu.

New

Diagram | Source Eodel Anal_l,lsisl

HE

|54 Auchitecture
-m Behavior
P4 Drawing

= )
| M apping
Palette
3| State Transition
Hesh S ombal

Description
Select the type of document to create.

[}

I Cancel

3. Click the Analysis tab.

4. Double-click the Analysis icon in the New dialog.

The New Analysis Session dialog opens.

i Mew Analysiz Session

Design:
Sesgion:
Resuilks:

Configuration:

ITutorial.rtc_map:mapping

ITutorial.rtc_map:analysis

ITutorial.rtc_map:results

ITutorial.rtc_map:mapping_confid

(] 4 I Cancel |

BT -

5. Accept the default values and click OK.
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6. To specify the analysis settings, choose Analysis > Settings from the main menu.

Analysis Settings E
Server I Preferences I Implementation
General I Session ko I Envitommerit VWariables
~Type—————————————— - Compile
™ Recompile Design
I Performance < l
™ Debug Design
Mode————————— ~lterations ————————
 Interactive
I/ &l ID _|:;'
& Backgound
EndTime |10
Configuration ITutoriaI. 1te_map:mapping_config J
Fiesults Directon IT utorial. te_map:results J
Arguments ||

7. Set Type to Performance.
8. Set Mode to Background.
9. Set End Time to 10.
10. Click OK in the Analysis Settings dialog.

Create the samplingTime Parameter

1. Rightclick in the blank area of the mapping diagram and choose Properties from the pop-
up menu.

There are no Parameters specified, so all the fields in the Properties dialog are blank.
2. Right click in any of the blank fields, and choose New Property from the pop-up menu.

A green arrow and a flashing cursor in the Name field indicate that you can enter a new
property name.

You will enter this new property.

Name Type Value

sanpl i ngTi me Real 0.01

3. Enter samplingTime for the Name.

4. Tab to the Type field and type Real or choose from the pulldown menu.

December 2002 196 Product Version 2.2



Tutorial 2: VCC Hierarchical Modeling
Analysis

5. Double-click in the Value field and enter 0.01.

This is the value you will set to sweep, but the sweep values will be associated with the
analysis session, not with the mapping diagram itself.

6. Click OK in the Properties dialog.

Bind the samplingTime Parameter

You will bind the samplingTime parameter you just created to the samplingTime parameter in
the behavior diagram.

1. Right click on the behavior diagram and choose Properties from the pop-up menu.
2. Click the Parameters tab.

3. Change the Value to samplingTime.

This tells the simulation to use the value of the top-level samplingTime parameter.

4. Click OK in the Properties dialog.

Set the Sweep Parameters

Instead of using a static parameter value for samplingTime in this simulation, you will define
sweep parameters for this value.
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1. To display the top-level parameters in the workspace, click the Params tab.

# Cierto VCC create - Tutorial2.x_rtc_map:mapping
File ‘“Workspace Edit Analyziz Yiew Mapping Draw Lapout Tool: Window Help

m [El 3 E | Pertomance "?}{@'{_}1*{”.\*@

(= £ Tutorial2_x_rtc_map: mapping
MName | Type | Value =
e samplingTime Real 1M _I
/ """ v
| |
... button
,,,,,, £
Params tab
LI -
&Lihra... I 3 Hiera. .. I % corfi.. B Params |~*-,Pmbes | LI J W
A[ATEDET Anatysis output / [ENEID
For Help, press F1 [ |Ready [ [ [ [ [

The top-level samplingTime parameter is the only parameter displayed.

2. To open the Expression Builder, double-click in the Value field then click the (...) button.
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The Expression Builder displays the current values for the samplingTime parameter.

&samplingTime - Expression Builder

Mame | Type | Value |;
> samplingTime Regl nm

Ll

Inputs/Functions

= P jﬂﬂjrm
#-% Functions Ll il il _l ((i Eiztne ﬂl ‘ Sweeps
= =]
o [ =

Cancel I

3. In the Sweeps section, choose List, then click Add.

The Value for samplingTime now displays the format for entering the sweep parameters.

&samplingTime - Expression Builder 2]
Name | Type | value [«]
e sampling Time Reall} Reall2]{,} - sweep parameter format

4. Enter the following expression for the Value:
Real [ 5] { 250e- 6, 500e-6, 750e-6, 1000e-6, 1250e-6}

5. To confirm your new expression, click Check.
A dialog reports that your expression is OK.
6. Click OK in the Expression Check dialog.

Your expression now looks like this:

&samplingTime - Expression Builder

el

Name | Type | Value |.
%o samplingTime | Realf] | Real[5}0.000250.0005,0.00075,0.001,000125)
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7. Click OK in the Expression Builder.
8. To save these changes, choose File > Save from the main menu.

The sweep parameters are saved as part of the analysis session, not as part of the
mapping diagram. If you look at the samplingTime parameter for the top level of the
mapping diagram, you will see its value is still 0.01.

Run a Simulation

Note: When the session runs in Background mode, you don’t have to explicitly run the
Analysis > Initialize command.

1. Choose Analysis > Go/Continue from the main menu.
A dialog asks if you want to save the session changes.

2. Click Yes in the dialog.
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VCC reports the progress in the Analysis Output window at the bottom of the screen.

$ Cierto VCC create - Tutorial.rtc_map:-mapping
File ‘workspace Edit Analpsiz Miew Mapping Draw Layout Tools ‘Window Help

m =l F [ |Perfomance vil}{’ilﬁl-o{”‘\*m

=

Name | T... |value | <]
\/ samgdin... Real RealS[{0.000250..

£3 Tutorial.rtc_map:mapping

; & | =u. | =c. R |-lp...| a

Segment Size Architecturehd emary Offzet

stack 1024 Architecture/RaM 01023
bzz 112 Awchitecturs/BaM 0111
code 336 Architecture/RakM  0:335

{in A
Info: Run(4]:
# Current Simulation Time is: 0
Segment Size Architecturetd emory Offzet

stack 1024 Architecture/RaM 01023
bss 100 Architecture/RaM :99{ y
in A1

A [ [P0 metist , Analysis Output A Archive 7 (=]

The output reports Run(0) through Run(4), one run for each of the sweep parameters.
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Simulate using a Single-CPU Architecture

In this section, you will investigate whether the real-time controller can fit onto a single-CPU
architecture.

Create a Single-CPU Mapping Diagram
1. With the rtc_map mapping diagram open, choose File > Save As from the main menu.
2. Save the diagram as Tutorial.one_cpu:mapping.

3. Select and delete the mapping connection between the server_std behavior block and
the RTOS_0 architecture block.

4. Select and delete the mapping connection between the server_db behavior block and
the RTOS_0 architecture block.
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Your diagram now looks like this:

|

Iz

]

o

......

5. Choose Mapping > Mapping Connection from the main menu.
6. Click the server_std behavior block, then click the RTOS_1 architecture block.
7. Choose Mapping > Mapping Connection from the main menu.

8. Click the server_db behavior block, then click the RTOS_1 architecture block.
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Your diagram now looks like this:

INAo U M

Urgragsiomd
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Specify Task Priorities

Now that the server_std and server_db blocks are mapped to the RTOS_1, each of the
mapping connections to the RTOS_1 block must have its task priority set to a new value.

server_std

1. To specify the task priority for the mapping connection between the server_std and the
RTOS_1, right click the connection and choose Properties from the pop-up menu.

The Properties dialog opens.

Properties _ O}

| Performancel Implermentation I

M are ILinkZD

Connected From: lm
Connected To: lm
Connection Type: W
Perfarmance Yiew: Iannotated_c J

Implementation e I |

2. Click the Performance tab.

Properties H=]
Map Connector - Performance | Implementationl
Name | Type | Value | 3|A
= \/ Avrchitecture Views eCos
= > schedilar
>, task_priovity integer 2 _I O

Click the plus sign to expand the Architecture Views header.
Click the plus sign to expand the scheduler header.

Double-click the Value field for task_priority and enter 2.

o a0 b~ W

Click OK in the Properties dialog.
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server_db

1. To specify the task priority for the mapping connection between the server_db and the
RTOS 1, right click the connection and choose Properties from the pop-up menu.

The Properties dialog opens.

Properties =]

| F‘erformancel Implementationl

Name ILink21

Connected From: lm
Conhected Ta: lm
Connection Type: IW
Performance Yiew: Iannotated_c _I

Implementation Yiew: I |

2. Click the Performance tab.

Properties !Iil m
Map Connector  Performance | Implementationl
Mame | Type | Value | 3"
= \/ Architectire lViews eCos
=] }_, sehednier
> task_priovity | integer 1 O

Click the plus sign to expand the Architecture Views header.
Click the plus sign to expand the scheduler header.

Double-click the Value field for task_priority and enter 1.

o 0 b~ W

Click OK in the Properties dialog.

Timer

1. To specify the task priority for the mapping connection between the Timer and the
RTOS 1, right click the connection and choose Properties from the pop-up menu.
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The Properties dialog opens.
Properties =]
Performancel Implementationl
Name ILink2
Connected Fram: IBehavion’Controllen’Timer
Connected To: Iﬂrchitecture!HTDSJ
Connection Type: ICDmputation
Perfarmance Yiew: I delay |
Implementation Yiew: I J
2. Click the Performance tab.
Properties =1 E3
ap Connectar | Implementationl
Name | Type | Value | @A
= > Architective Views eCos
=] >, schediler
> task_priaeity Integer 4 O
\/ Behavior Views Timer

3. Click the plus sign to expand the Architecture Views header.

4. Click the plus sign to expand the scheduler header.
5. Double-click the Value field for task_priority and enter 4.

6. Click OK in the Properties dialog.
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sinComb

1. To specify the task priority for the mapping connection between the sinComb and the
RTOS 1, right click the connection and choose Properties from the pop-up menu.

The Properties dialog opens.

Properties =]

| F‘erformancel Implementation I

Narme ILink3

Connected From: lm
Connected Ta: lm
Connection Type: IW
Performance Wiew: |d3|a.'r'— _l

Implementatian Yiew: I |

2. Click the Performance tab.

Properties =]
Name | Type | Yalue | @,'.
= >_, Architecture Views eCos

= \/ sehediler
\/ task_priority Integer 3 O
> Eehaviar Vews sinComb

3. Click the plus sign to expand the Architecture Views header.
4. Click the plus sign to expand the scheduler header.
5. Double-click the Value field for task_priority and enter 3.

6. Click OK in the Properties dialog.

Bind the New Memory Segments to RAM

You will bind the new memory segments for the CPU_1 block to the Simple Memory whose
instance name is RAM.

1. Right click on CPU_1 and choose Properties from the pop-up menu.

The Properties dialog opens. The memory segments for the stack and bss parameters
are already set.

2. Click the plus sign to expand the code header.
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3. For the mem parameter, enter the value

" RAM'

The value must include the beginning and ending quotations.

Properties

=] E3

Memary Segrment | Block I Parts I Service Declarationl Performancel Implementationl

| Value

0

Name | Type
\/ stack ECC Tipes LinkerSegmentint
> bss ECC Times LinkerSegmentintg
=] > code @CC Tipes. LinkerSegmentinfo
;. By @VCC_ Tipes LinkerSegmentTine
;, mer @CC_ Tipes MemonsParticipant
‘\,, offset ECC_ Times Address
> size @CC Tipes SegmentSizeEstimate
e
P

cacheabie | Boolean

@V CC_Types LinkerSegmentinfo{@y' CC_Types LinkerSegme...
@ CC_Types LinkerSegmentinfo{@CC_Types LinkerSegme...
@YCC_Types LinkerSegmentinfo{@YCC_Types LinkerSegme...

@Y CC_Types LinkerSegmentType:: CODE
AN

@VCC_Types Address{0x0,@VCC_Types AddressSetting::Fl...

@YCC_TYPES SegmentSizeEstimate{336 True}
True

-

0K Cancel | Aol I

4. Click OK in the Properties dialog.
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Begin an Analysis Session

Note: If you are using the same analysis session you created in either of the other exercises,
skip to “Run a Simulation” on page 211.

1. To create a new analysis session, choose File > New from the main menu.

New HE

Diiagrarn | Source Eodel Analysisl

4 Architecture

8| B ehavior
Drawing

M apping
Palette

State Transition
'- Syrabol

Description

Select the type of document ko create.

0 | Cancel

2. Click the Analysis tab.
3. Double-click the Analysis icon in the New dialog.

The New Analysis Session dialog opens.

i New Analysis Session

Bt ITutoriaI2. OME_cpLEmapping J

S ession: ITutoriaI2. one_cpu.analysis J

Results: ITutoriaI2. one_cpuresultd J

B ITutoriaI.2rtc_map:mapping_config J
ak I Cancel |

4. Accept the default values and click OK.
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5. To specify the analysis settings, choose Analysis > Settings from the main menu.

Analysis Settings E
Server I Preferences I Implernentation I
General I Session Info I Environment Yarnables
~Twpe————————— — Compile

lﬁ ™ Recompile Design
erformance

™ Debug Design

rMode ~ Itarations——————————————
(o] i
cu 3
EndTime |10
Configuration | I utorial2.rtc_map:mapping_config J
Results Directory | Tutorial2.one_cpu:results J

Arguments ||

Set Type to Performance.
Set Mode to Background.
Set End Time to 10.

© ® N o

Click OK in the Analysis Settings dialog.

Run a Simulation

Note: When the session runs in Background mode, you don’t have to explicitly run the
Analysis > Initialize command.

1. Choose Analysis > Go/Continue from the main menu.
A dialog asks if you want to save the session changes.

2. Click Yes in the dialog.
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Tutorial 2: VCC Hierarchical Modeling
Analysis

VCC reports the progress in the Analysis Output window at the bottom of the screen.

& Cierto VCC create - Tutorial.one_cpu:mapping
File “Workspace Edit Analysiz View Mapping Draw Layout Tools Window Help

m =l B B Pertomance | S (0 B 10 || W & &) | ‘

3 Tutorial.one_cpu:mapping

add_mult_spworni -
add_mult_testbench
bel_controller_behay

cycle_behy

cycle test

cycle type

CycleEcos

best

P, e

Tutorial2_Examples

types

by, VL _ArchitectureServices
by, WCC_ASIC

ts, WVCC_Bus

by, YCC_CPL

by, WCC_Defaults

by, WCC_E=porters

by, WL _FixedPatternServices
by, WCC_Internals

s, WL _InternalServices

by, WCC_Memary

by, WCC_Patterns

iy, VCC_PatternServices &2

KN ENENL NS R 0

Info: Run(0]):
* Current Simulation Time is: 0
Segment Size ArchitectureMemony Offzet

stack 1024 Architecture/Rak 1023
code 336 Architecturs/RaM 1335
bas 12 Achitecture/RaM 0111

{in /%

[A[ AT S TEIT, retist 3, Analysis Output £ Archive 7 | EIN

For Help, presz F1 [ |Done |0.000000000000 [
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