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Module Objectives

Start the Design Framework Il environment.

Examine the Command Interpreter Window (CIW).

Narrate the role of the SKILL Evaluator.
Examine the CDS.log file.

Summarize SKILL syntax.

Display data in the CIW output pane.

Get the most out of SKILL error messages.

Beginning to Use SKILL

2-3



Terms and Definitions

CIW
SKILL Evaluator

Compiler

Evaluation

SKILL expression

SKILL function

SKILL procedure

Command Interpreter Window.

The SKILL Evaluator executes SKILL programs within the
Design Framework Il environment. It compiles the program’s
source code before running the program.

A compiler tranglates the source code into the machine
language of atarget machine. The compiler does not execute
the program. The target machine can itself be a virtual
machine.

Evaluation is the process whereby the SKILL Evaluator
determines the value of a SKILL expression.

The basic unit of source code. An invocation of a SKILL
function, often by means of an operator supplying required
parameters.

A SKILL function is anamed, parameterizable body of one or
more SKILL expressions. Y ou caninvoke any SKILL function
from the CIW by using its name and providing appropriate
parameters.

Thisterm is used interchangeably with SKILL function.
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What Is SKILL?

SKILL is a high-level, interactive programming language.
SKILL is the command language of the Design Framework Il environment.

Whenever you use forms, menus, and bindkeys, the Design Framework |l
software calls SKILL functions to complete your task.

You can enter SKILL functions directly into the CIW input pane to bypass the
normal user interface.

Beginning to Use SKILL
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SKILL wasdeveloped fromthelanguage LI SP (L1St Processing language). Tolearnmore
about the SKILL interpreter core language you can consult literature pertaining to LISP
or SCHEME (a newer implementation of language very similar to LISP).

ThelOusedin SKILL isthat of C. Those of you familiar with Fortran will also see a
strong resemblance.

7/27/05 SKILL Language Programming
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What Can SKILL Functions Do?

The SKILL programming language acts as an extension to the Design
Framework Il environment.

Some SKILL functions control the Design Framework Il environment or perform
tasks in design tools. For example, SKILL functions can:

=  Open a design window.
m Zoom in by 2.
m Place an instance or a rectangle in a design.

Other SKILL functions compute or retrieve data from the Design Framework Il
environment or from designs. For example, SKILL functions can

m Retrieve the bounding box of the current window.

m Retrieve a list of all the shapes on a given layer purpose pair.
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The Return Value of a SKILL Function

All SKILL functions compute adata value known asthereturn value of thefunction. Y ou
can

m Assign thereturn valueto a SKILL variable.

m Passthe return value to another SKILL function.

Any SKILL data can become areturn value.

7/27/05 SKILL Language Programming
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Starting the Design Framework |l Environment

You can choose from two types of sessions:
m  Graphic
= Nongraphic

You can replay a Design Framework |l session.

Session UNIX command line Notes
Graphic <cds> & Use an ampersand (&)
Nongraphic  <cds> -nograph Do not use an

ampersand (&)

Replay a <cds> -replay ~/OIldCDS.log &
session

Note: In the table above <cds> represents the name of your executable.
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Graphic Sessions

In a graphic session, the Command Interpreter Window (CIW) isthe first window you
See.

Nongraphic Sessions

A nongraphic session isuseful whenyou are using an ASCI| terminal or modem or do not
require graphics. For example, without graphics you still can open designs into virtual
memory to query and update them.

After you launch a nongraphic session in an xterm window, the xterm window expects
you to enter SKILL expressions.

During a nongraphic session, the Cadence® Design Framework |1 environment
suppresses any graphic output. It does not create any windows.

Replaying Sessions

When replaying asession, the Design Framework |1 environment evaluatesall the SKILL
expressions contained in the -replay transcript file.
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Initializing the Design Framework Il Environment

During startup, the Design Framework Il environment searches the following
directories for a .cdsinit file:

m  <install_dir>/tools/dfll/local
= The current directory "."

m  The home directory

When the Design Framework |l environment finds a .cdsinit file, it stops searching
and loads the .cdsinit file.

Typically, you use the .cdsinit file to define application bindkeys and load
customer-specific SKILL utilities.
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The site administrator has three ways of controlling the user customization.

Policy Customization Strategy

The site administrator doesall The <install_dir>/tools/dfll1/local/.cdsinit

customization. contains al customization commands.
There are no ./.cdsinit or ~/.cdsinit files
Involved.

The administrator doesthe site The <install _dir>/tools/dfl1/local/.cdsinit
customization. The user can file contains a command to load the

add further customization. J.cdsinit or ~/.cdsinit files.
The user does al the The <install _dir>/tools/dfll/local/.cdsinit
customization. file does not exist.

All customization is handled by either the
J.cdsinit or ~/.cdsinit files.

Consult the <install _dir>/tools/dfl1/cdsuser/.cdsinit file for sample user customizations.
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Command Interpreter Window

Output pane :
Runnﬁng hpistory of commands Window : Menu
/Manager Title banlner

TcTD - Log. susr/mmt/user 1/ CDS. 1 09

SKILL functions or expressions

Beginning to Use SKILL

Window
number

File Tools Options Help
—>
_> I
mouse L: M R
b =8
L > %
Prompt pane
— Input pane Mouse button cues
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In a graphic session, the Command Interpreter Window (CIW) is the first window you

See.

CIW Area

Description

Window manager title

Window menu banner

Output pane

|nput pane

M ouse button cues

Thetitle indicates the name of the transcript log file

The window banner contains several pull-down menus and a
HEL P button.

This pane displays information from the session log file. You
can control the kind of information the output pane displays.

Y ou can enter one or more SKILL expressions on thissingle
line. When you type a carriage return in this pane, your input
lineis sent to the SKILL Evaluator.

When you enter data, this pane indicates the action available to
you through the three mouse buttons. Other keys can also have
a special meaning at thistime.

Prompt pane The pane displays the command prompt. When you enter data
the prompt indicates what you need to do next.
7/27/05 SKILL Language Programming 2-14



Design Framework Il User Interface

Bindkey

Menu Item

> WAIT

Form

Read SKILL Expression

Loading a File

CIW Input Pane

l

( SKILL Evaluator )
Error?

y

Replay a Log File

Display Return Value

UNIX Process

Beginning to Use SKILL

CDS.log

CIW Output Pane
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For each expression, the SKILL Evaluator parsesit, compilesit, and then executes the
compiled code. SKILL makes safety checks during each phase.

Bindkeysand Menu Items

Whenever you press a bindkey, choose a menu item, or click OK/Apply on aform, the
Design Framework |1 environment activatesa SKILL function call to complete your task.

L oading SKILL Source Code

You can store SKILL codeinatext file. Theload or loadi function evaluates each SKILL
expression in thefile.

Replaying a Session File

You canreplay asession file. The Design Framework Il environment successively sends
each SKILL expression in the session file to the SKILL Evaluator. Only the input lines
(prefixed by “\i” ) and the accelerated input lines (prefixed by “\a” ) are processed.

Sending a SKILL Expression from a UNIX Process

Using SKILL code, you can spawn a UNIX" process that can send a SKILL expression
to the SKILL Evaluator.
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The CDS.log File

The Design Framework Il software transcribes the session in a file called

~/CDS.log.

The log file adds a two-character tag that identifies the line.

The following text illustrates an example transcript file:

\p 1>

\i x =0

\'t O

\p 1>

\i TrBunp()
\o Ad val ue:
\t 1

\p 1>

\a TrBunp()
\o Ad val ue:
\r 2

\i TrBunp()
\o Ad val ue:
\'t 3

Beginning to Use SKILL

O New Val ue:

1 New Val ue:

2 New Val ue:

1

2

3

pronpt

user type-in SKILL expression
SKI LL expression’s return val ue
pronpt

user type-in SKILL expression
SKI LL expressi on out put

SKI LL expression’s return val ue
Pr onpt

Bi ndkey SKILL expression

SKI LL expressi on out put

SKILL expression’s return val ue
user type-in SKILL expression
SKI LL expressi on out put

SKI LL expression’s return val ue
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The definition of the TrBump function is:

procedure( TrBunp( )
printf( "Ad value: % New Value: %\n" x ++x ) X )

Thefollowing SKILL expression defines the <Key>F7 bindkey for the CIW:
hi Set Bi ndKey( "Conmmand Interpreter" "<Key>F7" "TrBunp()" )

By default mouse drag events are not logged. Y ou can turn on logging by entering in the
CIW:

hi LogDragEvents( t )
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The CDS.log File Code

Tag Description

\p The prompt displayed in the CIW. This identifies the boundary
between two user-level commands.

\i A SKILL expression that the user typed into the CIW.
\o The output, if any, that the SKILL expression generates.
\w The warnings, Iif any, that the SKILL expression generates.

\e The error, if any, that the SKILL expression caused.

\t The return value for a SKILL expression that the user typed into
the CIW.

\a The SKILL expression activated by a bindkey or menu item.

\r The return value for a SKILL expression activated by a bindkey or
menu item.
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When you replay alog file the replay function interprets each of these log file codes and
passes those that represent input to the SKILL interpreter.

7/27/05 SKILL Language Programming 2-20



Setting the Log Filter

You can control the kinds of log file data that the CIW output pane displays.
You can set the seven toggle options of the log filter in several ways.

m  Use the hiSetFilterOptions function in your .cdsinit file. For example, the
following line sets up the most unrestrictive filter.

hiSetFilterOptions( t t t t t t t )
hiSetFilterOptions argument positions: (1) inputMenuCommands, (2)

InputPrompts, (3) outputProgramResults, (4) outputMenuCommands,
(5) outputUser, (6) messageErrors, (7) messageWarnings

m  From the CIW, use the Options—Log Filter command to display the Set
Log File Display Filter form.

Log File Category Toggle Options

Show Input menu commands prompts

Show Output user menu commands program
results

Show Messages errors warning
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The arguments to the hi SetFilter Options function correspond to the form as shown. Note
the wording on the form.

Argument Category Toggle Option Specific Meaning

a Show input Menu commands  SKILL expressions
from menu commands,
bindkeys, and your form
Interactions

P Show input Prompts

0 Show output Program results printf and println output

r Show output Menu commands  Return results
from bindkeys and menu
commands

C Show output User Return results from user
type-in

e Show messages  Errors

w Show messages  Warnings

7/27/05 SKILL Language Programming

2-22



SKILL Syntax Summary

Syntax Category

Example

Comments

Data

Variables

Function call

Operators

Integer
floating point
text string
list

boolean

assignment
retrieval

: remainder of the line
/*

several lines

*/

5

53

"this Is text"
(1"two" 34)
t::: true

nil ;:: false
line_Countl

X=5
X

strcat( "Good" " day" )
( strcat "Good" " day" )

4+5*6
plus( 4 times( 5 6))

Beginning to Use SKILL
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Syntax Category Notes

Comments Do not use a semicolon (;) to separate expressions on aline. You
will comment out the remainder of the line!
Use/* .... */ to comment out one or more lines or to make a
comment within aline. For example, 1+/*add*/2.

Data Includes integer, floating-point, text string, list, and boolean data.

Variables SKILL variables are case sensitive.
SKILL creates avariable automatically when it first encounters it
during asession. When SKILL createsavariable, it givesthe
variable a specia valueto indicate you need to initialize the
variable. SKILL generates an error if you access an uninitialized
variable.

Function SKILL function names are case sensitive.

SKILL allowsyou to specify afunction call in two ways.

Y ou can put multiple function callson asingle line.
Conversely, you can span a function call across multiple lines.
Separate arguments with whitespace.

=> designates the return value of the SKILL function call.

Operators SKILL parser rewrites operator expressions as function calls. Using
operators does not affect execution speed.
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Data

Each SKILL data type has an input syntax and a print representation.

®  You use the input syntax to specify data as an argument or to assign a value
to a variable.

m  SKILL uses the print representation as the default format when displaying
data, unless you specify another format.

An argument to a SKILL function usually must be a specific type. SKILL
documentation designates the expected type with a single or double character
prefix preceding the variable name. The letter g designates an unrestricted type.

The following table summarizes several common data types.

Data Type Input Syntax Print Type Example
Representation  Character Variable

integer 5 5 X X_count

floating point 5.3 5.3 f f width

text string "thisis text" "thisis text" t t msg

list '(1"two" 34) (1"two" 34) | | items
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When using the SKILL documentation to look up function details you see the type

character used as the start of the arguments. Thistells you the variable type that the
argument expects.

The type Function

To determine the type of avariable you use the type function.

The type function categorizes the data type of its single argument. The return value
designates the data type of the argument.

Examples:
type( 4 ) => fixnum/* an integer */
type( 5.3 ) => flonum/* a floating point nunber */
type( "mary had a little lamb" ) => string /* a string */
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Variables

You do not need to declare variables in SKILL. The SKILL Evaluator creates a
variable the first time you use it.

Variable names can contain
= Alphanumeric characters
m Underscores ()
m  Question marks

The first character of a variable cannot be a digit or a question mark. Variable
names are case-sensitive.

Use the assignment operator to store a value in a variable. Enter the variable
name to retrieve its value.

This example uses the type function to verify the data type of the current value of
the variable.

| i neCount = 4 => 4

| i neCount => 4
type( |ineCount ) => fixnum
| i neCount = "abc" => "abc"

| i neCount => "abc"
type( |ineCount ) => string
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Variables

SKILL allows both global and local variables. In Module 8 see, Grouping Expressions
with Local Variables.

SKILL Symbols

SKILL usesadatatype called symbol to represent both variables and functions. A SKILL
symbol is acomposite data structure that can simultaneously and independently hold the

following:
m Datavalue. For example x = 4 stores the value 4 in the symbol x.

= Function definition. For example, procedure( x(a b) a+b) associates a function
definition with the symbol x. The function takes two arguments and returns their

Sum.

m Property list. For example, x.raiseTime = .5 stores the name-value pair raiseTime
.5 on the property list for the symbol x.

Y ou can use symbols as tags to represent one of several values. For example,
strength = "weak assigns the symbol as a value to the variable strength.
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Function Calls

Function names are case sensitive.

SKILL syntax accepts function calls in three ways:

State the function name first, followed by the arguments in a pair of
matching parentheses. No spaces are allowed between the function name
and the left parenthesis.

strcat( "mary" " had" " a" " little" " lanb" )
=> "mary had a little | anb"

Alternatively, you can place the left parenthesis to the left of the function
name.

( strcat "mary" " had" " a" " little" " |lanmbh" )
=> "mary had a little | anb"

For SKILL function calls that are not subexpressions, you can omit the
outermost levels of parentheses.

strcat "mary" " had" " a" " little" " |anb"
=> "mary had a little | anb"

Use white space to separate function arguments.
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Y ou can use all three syntax forms together.
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Multiple Lines

A literal text string cannot span multiple lines.
Function calls

® You can span multiple lines in either the CIW or a source code file.

strcat (
"mary" " had" " a"
"little" " lanb" ) => "mary had a little | anb”

m  Several function calls can be on a single line. Use spaces to separate
them.

gd = strcat("Good" " day" ) printin( gd )

SKILL implicitly combines several SKILL expressions on the same line into a
single SKILL expression.

m  The composite SKILL expression returns the return value of the last SKILL
expression.

m All preceding return values are ignored.
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Y ou can span multiple lines with a single command. Y ou need to be careful with this
ability. When you send a segment of your command to the SKILL compiler and it can be
Interpreted as a statement, the compiler treats it as one.
Example:
a=2

a+t2* (3+a)=>12

however,

a+?2

*(3+2)=>

4

* error * - wrong number of arguments. mult expects 2 arguments

A text string can span multiple lines by including a\ before the return

Example:
myString = "this string spans \
two lines using a backslash at the end of the first line"

"this string spans two lines using a backsash at the end of the first line
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Understanding Function Arguments

Study the online documentation or the Cadence Finder to determine the specifics
about the arguments for SKILL functions.

The documentation for each argument tells you
m  The expected data type of the argument
m  Whether the argument is required, optional, or a keyword argument

A single SKILL function can have all three kinds of arguments. But the majority of
SKILL functions have the following type of arguments:

m  Required arguments with no optional arguments
m  Keyword arguments with no required and no optional arguments

SKILL displays an error message when you pass arguments incorrectly to a
function.

To see the list of arguments for a given function use the arglist function.

arglist( '"printf )
(t _string \@ptional g general "tg")
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Required Arguments

Y ou must provide each required argument in the prescribed order when you call the
function.

Optional Arguments

Y ou do not have to provide the optional arguments. Each optional argument has a default
value. If you provide an optional argument, you must provide all the preceding optional
arguments in order.

view t file [g _boxSpec][g title][g autoUpdate J[I| _iconPosition] )

Keyword Arguments

When you provide a keyword argument you must preface it with the name of the formal
argument. Y ou can provide keyword arguments in any order.

geQpen( ?wi ndow w windowmd ?lib t lib ?cell t _cell
?view t _view ?viewlype t_viewlype ?node t_node )
=t / nil
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Operators

SKILL provides operators that simplify writing expressions. Compare the
following two equivalent SKILL expressions.

( 3**2 + 4**2 ) ** 5 => 5.0
expt( plus( expt( 3 2 ) expt( 4 2)) .5) =>05.0

Use a single pair of parentheses to control the order of evaluation as this
nongraphic session transcript shows.

> 3+4*5
23

> (3+4)*5
35

> X=5*6
30

> X

30

> (x=5)*6
30

> X

5

However, when you use extra parentheses, they cause an error.

((3+4))*5
*Error* eval: not a function - (3 + 4)
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Operator Precedence

In general, evaluation proceeds | eft to right. Operators are ranked according to their
relative precedence. The precedence of the operatorsinaSKILL expression determinethe
order of evaluation of the subexpressions.

Each operator corresponds to a SKILL function.

Operator Function Use
++aat+ prel ncrement Arithmetic
postincrement

a**b expt Arithmetic

a*b a/b times quotient Arithmetic

atba-b plus difference Arithmetic

==bal=b equal nequal Tests for equality and inequality.

a=b Setq Assignment

For more information, check the online documentation and search for preincrement.
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Tracing Operator Evaluation

To observe evaluation, turn on SKILL tracing before executing an expression to
observe evaluation. The arrow (-->) indicates return value.

Notice that the trace output refers to the function of the operator.

> tracef(t)
t

> (3+4)*5

| (3 + 4)

| plus -->7

| (7 * 3)
|times --> 35
35

>

To turn off tracing you use:

untrace()
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Tracing Operator Evaluation

The trace function shows the order and intermediate results of operator evaluation.

7/27/05

SKILL Output

Explanation

>tracef (t

t

(3+4)*5
| (3 + 4)

| plus --> 7

| (7 % 9)

|times --> 35
35

>

The user executes the trace function to turn on tracing.

The SKILL evaluator acknowledges successful
completion of the function.

The user enters an expression for evaluation.

The SKILL evaluator begins evaluation starting from
|eft to right.

The SKILL evaluator executesthe "plus' function
resulting in 7.

The 7 isreturned to the original expression replacing
(3+4)

The"times' function is executed resulting in 35.
The result of the expression evaluation is returned.

The SKILL evaluator islistening for the next command.
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Lab Overview

Lab 2-1 Starting the Software
Lab 2-2 Using the Command Interpreter Window
Lab 2-3 Exploring SKILL Numeric Data Types

Lab 2-4 Exploring SKILL Variables
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Displaying Data in the CIW

Every SKILL data type has a default display format that is called the print
representation.

Data Type Print Representation

integer 5
floating point 1.3
text string "mary learned SKILL"

list (123)

SKILL displays a return value with its print representation.
SKILL functions often display data before they return a value.

Both the print and println functions use the print representation to display data in
the CIW output pane. The printin function sends a newline character.
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The print and println Functions

Both the print and println functions return nil.
This nongraphic session transcript illustrates printin.

> X = 8

8

> println( x )
8

ni |

>

This nongraphic session transcript shows an attempt to use the println function to print
out an intermediate value 3+4 during the evaluation of (3+4)*5. The println’s return
value of nil causesthe error.

> println(3+4)*5

7

*Error* tines: can't handle (nil * 5)
>
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Displaying Data with Format Control

The printf functions writes formatted output to the CIW. This example displays a
line in a report.

printf(
"\'n% 15s % 15s % 10d % 10d % 10d 9% 10d"
| ayer Nanme pur pose
rect Count | abel Count |ineCount m scCount

)

The first argument is a conversion control string containing directives.

%-][wdth][.precision]conversion_code
[-] = left justify
[Wi dt h] = m ni mum nunber of character positions
[ . precision] = nunber of characters after the deci mal
conversi on_code
d - digit(integer)
f - floating point
- string or synbol
- character
numeri c
- default format

r>S O wm
1

The %L directive specifies the default format. Use the print representation for
each type to display the value.
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The printf Function

If the conversion control directive isinappropriate for the dataitem, printf gives you an
error message.

> printf( "% %" 5 6.3 )
*Error* fprintf/sprintf: format spec. inconpatible wth data - 6.3
>

The%L Directive

The %L directive specifies the print representation. This directive is avery convenient
way to intersperse application specific formats with default formats. Remember that
printf

returnst.

> alist ="'(1 2 3)

(1 2 3)

> printf( "This is a list: %\n" aList )
This is alist: (1 2 3)

t

>
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Solving Common Problems

These are common problems you might encounter:

m The CIW does not respond.

m  The CIW displays inexplicable error messages.

®  You pass arguments incorrectly to a function.

Beginning to Use SKILL
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What If the CIW Doesn’t Respond?

Situation:

®  You typed in a SKILL function.
®  You pressed Return.
= Nothing happens.
You have one of these problems:
m  Unbalanced parentheses

= Unbalanced string quotes
Solution:

The following steps trigger a system response in most cases.
®  You might have entered more left parentheses than right parentheses.

m Enter a] character (a closing right square bracket). This character closes all
outstanding right parentheses.

m If still nothing happens, enter the " character followed by the ] character.
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White Space Sometimes Causes Errors

White Space Ccan cause error messages.

Do not put any white space between the function name and the left parenthesis.

The error messages:

= Do not identify the white space as the cause of the problem.

m Vary depending on the surrounding context.

Examples

A SKILL function to concatenate several strings

strcat ( "mary" " had" " a" " little" " lanb")
*** Error in routine eval:
Message: *Error* eval: illegal function mary

An assignment to a variable

greeting = strcat ( "happy" " birthday" )
*** Error in routine eval:
Message: *Error* eval: unbound vari abl e strcat

Beginning to Use SKILL
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Passing Incorrect Arguments to a Function

All built-in SKILL functions validate the arguments you pass. You must pass the

appropriate number of arguments in the correct sequence. Each argument must
have the correct data type.

If there is a mismatch between what the caller of the built-in function provides and
what the built-in function expects, then SKILL displays an error message.

Examples

The strcat function does not accept numeric data.

strcat( "mary had a" 5 )

Message: *Error* strcat: argunment #2 shoul d be either
a string or a synbol (type tenplate ="S") - 5

The type template mentioned in the error message encodes the expected
argument types.
The strlen function expects at least one argument.

strlen()
*Error* strlen: too few argunents (1 expected, 0 given) - nil
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Use the Cadence Finder to verify the following information for a SKILL function:
= Thenumber of arguments that the function expects.

m The expected data type of each argument.

The following table summarizes some of the characters in the type template which
Indicate the expected data type of the arguments. The Cadence Finder and the Cadence
online SKILL documentation follow the same convention.

Character in Expected

Type Template Data Type

X Integer

f floating point

S variable

t text string

S variable or text string
generd
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Lab Overview

Lab 2-5 Displaying Data in the CIW

Lab 2-6 Solving Common Input Errors
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Module Summary

This module

®m Introduced SKILL, the command language for the Design Framework Il
environment

m Defined what user interface action sends SKILL expressions to the SKILL
Evaluator

m Explored SKILL data, function calls, variables, and operators

= Showed you ways to solve common problems
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Module Objectives

m  Grouping several SKILL expressions into a single SKILL expression
m Declaring local variables
m  Declaring a SKILL function

m Understanding the SKILL software development cycle
1 Loading your SKILL source code
1 Redefining a SKILL function

Developing a SKILL Function
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Terms and Definitions

load A SKILL procedure that opens afile and reads it one SKILL
expression at atime. The load function evaluates immediately.

Usually, you set up your .cdsinit file to load your SKILL source

code during the initialization of the Design Framework 1
environment.
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Grouping SKILL Expressions Together

Sometimes it is convenient to group several SKILL statements into a single SKILL
statement.

Use the curly braces, { }, to group a collection of SKILL statements into a single
SKILL statement.

The return value of the single statement is the return value of the last SKILL
statement in the group. You can assign this return value to a variable.

This example computes the height of the bounding box stored in bBox.

bBox = list( 100: 200 350: 450 )
bBoxHei ght = {

| 1 | ower Left ( bBox )

ur upper R ght ( bBox )

|1y yCoord( Il )
ury yCoord( ur )
ury - Ily

}

=> 250

The variables Il, ur, lly, and ury are global variables. The curly braces, {}, do not
make them local variables.
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Curly Braces

The following statements refer to the example above:

= Thell and ur variables hold the lower-left and upper-right points of the bounding
box respectively.

m The xCoord and yCoord functions return the x and y coordinate of a point.

m Theury-lly expression computesthe height. It isthelast statement in the group and
consequently determines the return value of the group.

m Thereturn value is assigned to the bBoxHeight variable.
All of the variables, Il, ur, ury, lly, bBoxHeight and bBox are global variables.
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Grouping Expressions with Local Variables

Use the let function to group SKILL expressions and declare one or more local
variables.

m Include a list of the local variables followed by one or more SKILL
expressions.

m These variables will be initialized to nil.

The SKILL expressions compose the body of the let function. The let function
returns the value of the last expression computed within its body.

This example computes the height of the bounding box stored in bBox.

bBox = list( 100: 200 350: 450 )
bBoxHeight =1let( ( Il ur Ily ury)
| 1 = lower Left( bBox )

ur = upper R ght ( bBox )
|1y = yCoord( Il )
ury = yCoord( ur )
ury - Iy ) ; let
=> 250

m  The local variables Il, ur, lly, and ury are initialized to nil.
m  The return value is the ury-lly.
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Thelet Function
Y ou can freely nest let statements.

Y ou can access the value of avariable any time from anywhere in your program. SKILL

transparently manages the value of avariable like a stack. Each variable has a stack of
values.

= The current value of avariable is ssmply the top of the stack.

m Assigning avaue to avariable changes only the top of the stack.

Whenever the flow of control entersalet function, SKILL pushes atemporary value onto
the value stack of each variableinthelocal variablelist. Thelocal variables are normally
Initialized to nil.

When the flow of control exitsalet function, SKILL pops the top value of each variable

Inthelocal variablelist. If avariable with the same name existed outside of thelet it will
have the same value that it had before the | et was executed.
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Two Common let Errors

The two most common let errors are;

= Including whitespace after let.
The error message depends on whether the return value of the let is
assigned to a variable.

let ( (Il ur Ily ury)
| = | owerLeft( bBox )
ur = upper Ri ght ( bBox )

|1y = yCoord( |1 )
ury = yCoord( ur )
ury - Ily

) ; let
*Error* let: too fewargunents (at | east 2 expected, 1 given)

= Omitting the list of local variables.
The error messages vary and can be obscure and hard to decipher.

| et (
| = | ower Left( bBox )
ur = upper R ght ( bBox )
|1y = yCoord( Il )
ury = yCoord( ur )
ury - Ily

) ; let
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Defining SKILL Functions

Use the procedure function to associate a name with a group of SKILL

expressions. The name, a list of arguments, and a group of expressions compose
a SKILL function declaration.

m The name is known as the function name.

m The group of statements is the function body.

Example

bBox = list( 100:200 350:450 )

Write global variable

procedure( TrBBoxHeight()

Define function

let( (1l urlly ury) Local variables
Il = lowerLeft( bBox ) Read global variable
ur =upperRight( bBox) Read global variable

lly =yCoord(ll)
ury =yCoord(ur)

ury - lly Return value
) ; let

) ; procedure

bBoxHeight = TrBBoxHeight() Invoke function
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The procedure Function
L ocal Variables

Y ou can use the let syntax function to declare the variablesll, ur, ury, and lly to be local
variables. The arguments presented in an argument list of a procedure definition are also
local variables. All other variables are global variables.

Global Variable

The bBox variable isaglobal variable because it is neither an argument nor alocal
variable.

Return Value
The function returns the value of the last expression evaluated. In this example, the

function returns the value of the let expression, which isthe value of the ury-lly
expression.
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Three Common procedure Errors

The three most common procedure errors are:

= Including whitespace after the procedure function.

procedure ( Tr BBoxHei ght ( )

) ; procedure
*Error* procedure: too few argunents (at

®= Including whitespace after your function name.

procedure( Tr BBoxHei ght ( )

) ; procedure

*Error* procedure: illegal formal |ist - TrBBoxHei ght

= Omitting the argument list.
procedure( Tr BBoxHei ght

) ; procedure

*Error* procedure: illegal formal list - TrBBoxHei ght

| east 2 expected,

1 given)

Notice that the error message refers to the procedure function. The arguments to

procedure are the function name, the argument list of the function, and the

expression composing the body of the function.

Developing a SKILL Function
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Defining Required Function Parameters

The fewer global variables you use, the more reusable your code is.

Turn global variables into required parameters. When you invoke your function,
you must supply a parameter value for each required parameter.

In our example, make bBox be a required parameter.

procedur e( Tr BBoxHei ght ( bBox )
let( ( Il ur Ily ury )
| 1 | ower Left ( bBox )
ur upper R ght ( bBox )

Y yCoord( |1 )
ury yCoord( ur )
ury - Ily

) ; let
) ; procedure

To execute your function, you must provide a value for the bBox parameter.

bBoxHei ght = Tr BBoxHei ght( |ist( 50:150 200: 300 ) )
=> 150
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Y ou can usethelet function to declarethevariablesll, ur, ury, and Iy to belocal variables.

In the example, the variable bBox occurs both as a global variable and as aformal
parameter.

Here' s how SKILL keepstrack. When you call the TrBBoxHeight function, the SKILL
Evaluator:

m Savesthe current value of bBox.

m Evauateslist( 50:150 200:300 ) and temporarily assignsit to bBox.

m Restores the saved value of bBox when the TrBBoxHeight function returns.
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Defining Optional Function Parameters

Include @optional before any optional function parameters.

Use parentheses to designate a default value for an optional parameter.

procedure( TrO fset BBox( bBox @ptional (dx 0)(dy 0))
let( ( IIx Ily urx ury )

list( ;;; return the new boundi ng box
| | x+dx: 11 y+dy
ur x+dx: ur y+dy

)
) ; let

) ; procedure

To call the TrOffsetBBox function, specify the required and the optional
arguments as follows:

m  TrOffsetBBox( someBBox )
dx and dy default to O.

m  TrOffsetBBox( someBBox 0.5)
dy defaults to O.

m  TrOffsetBBox( someBBox 0.5 0.3).

Developing a SKILL Function
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The procedure above takes as input the original bounding box and the desired change in
the x and y directions. The procedure returns a new bounding box that has been offset.

Unlessyou provide adefault value for an optional parameter in the procedure declaration,
the default value will be nil. This can lead to an error if nil is not appropriate for the
operations executed using the parameter. Thisis the case for the procedure shown here.

Y ou provide a default value for a parameter using alist (<parameter> <default value>).
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Defining Keyword Function Parameters

Include @key before keyword function parameters.

Use parentheses to designate a default value for a keyword parameter.

procedure( TrO fset BBox( bBox @xey (dx 0)(dy 0))
let( ( IIx Ily urx ury )

| ist(
| I x+dx: || y+dy
ur x+dx: ury+dy

)
) ; let

) ; procedure

To call the TrOffsetBBox function, specify the keyword arguments as follows:
m  TrOffsetBBox( someBBox ?dx 0.5 ?dy 0.4)

m  TrOffsetBBox( someBBox ?dx 0.5)
dy defaults to O.

m  TrOffsetBBox( someBBox ?dy 0.4 )
dx defaults to O.
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Keyword parameters free you from the need for aspecific order for your parameters. This
can be very valuable when you have a significant number of optiona parameters. When
you must preserve the order for optional parameters you need to supply values for all
parameters preceding the one you actually want to set.

Keyword parametersare always syntactically optional. Care should be taken however that
the procedurewill give correct results without a parameter specified. If you cannot do this
check each parameter for an acceptable value and emit an error message when execution
of the function will not yield a sensible answer.

Aswith all parameters, unless you provide a default value for a keyword parameter the
default value will be nil.
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Collecting Function Parameters into a List

An @rest argument allows your procedure to receive all remaining arguments in
a list. Use a single @rest argument to receive an indeterminate number of
arguments.

Example

The TrCreatePath function receives all of the arguments you pass in the formal
argument points.

procedure( TrCreatePath( @est points )
printf(
"You passed these % argunents: %\n"
| engt h( points ) points

)

) ; procedure

The TrCreatePath function simply prints a message about the list contained in
points.

To call the TrCreatePath function, specify any number of points.
TrCreatePath( 3:0 0:4 )
TrCreatePath( 3:0 0:4 0:0 )
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The @rest parameter structure allows you to specify input parameters even when you do
not know how many input elements the user will want to operate on. This type of
argument specification is perfect for functions like doCreatePath or dbCreatePolygon. It
IS also very convenient for inputting the elements of an arbitrary length list.

Aswritten, the TrCreatePath function doesn’t really create apath. Y ou can makeit create
apath in acellview by passing the list points to the dbCreatePath function.
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SKILL Development Cycle

Define Functions [«———

|

Test Functions

Yes

Yes

Enhance?

Done
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SKILL allows you to redefine functions without exiting the Design Framework 11
environment. A rapid edit and run cycle facilitates bottom-up software development.

Defining SKILL Functions

L aunching an Editor from the Design Framework |1 Environment

The edit function launches the editor from the Design Framework 11 environment. \When
you use a path name, the edit function uses the UNIX path variable.

edit( "~/ SKILL/YourCode.il" )

Before you use the edit function, set the editor global to a string that contains the UNIX
shell command to launch your editor.

editor = "xterm-e vi"

If you install the SKILL Debugger before you load your code, you can edit the source
code for one of your functions by passing the function name to the edit function.
edi t ( Tr Exanpl eFunction )

Testing SKILL Functions

You can initially test your application SKILL functions directly in the CIW. Then, you
can create a user interface for your application.
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Loading Source Code

The load function evaluates each expression in a given SKILL source code file.

You use load function to define SKILL functions and execute initialization
expressions.

The load function returns t if all expressions evaluate without errors. Typical
errors include:

m  Syntax problems with a procedure definition.
= Attempts to load a file that does not exist.

Any error aborts the load function. The load function does not evaluate any
expression that follows the offending SKILL expression.

When you pass a relative pathname to the load function, the load function
resolves it in terms of a list of directories called the SKILL path.

You usually establish the SKILL path in your .cdsinit file by using the setSkillPath
or getSkillPath functions.
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Theloadi Function

Theloadi function also loadsthe SKILL code contained in afile. Thedifferenceinthis
function isthat it continues despite errors completing all the statements within thefile.
In fact, no error messages are passed to the user and loadi always completes with a
return value of t. Thisfunction is very valuable when the statements within afile are
Independent, for examples statements that set the bindkeys for a session.

The SKILL Path Functions

m The getSkillPath function returns the current list of directoriesin search order.

m The setSkillPath function sets the path to alist of directories.
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Pasting Source Code into the CIW

The load function accesses the current version of a file. Any unsaved edits are
Invisible to the load function.

Sometimes you want to define a function without saving the source code file.
You can paste source code into the CIW with the following procedure:

1. Use the mouse in your editor to select the source code.

2. Move the cursor over the CIW input pane.

3. Click the middle mouse button.
Your selection is displayed in the CIW input pane in a single line.

4. Press Return.
Your entire selection is displayed in the CIW output pane.
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If you are using the vi editor, make sure line numbering is turned off. Otherwise, when
you paste your code into the CIW, the line numbers become SKILL expressionsin the
virtual memory definition of your functions. To turn off line numbers, enter the following
Into your vi window:

:set nonunber

Make sure you select all the characters of the SKILL function definition. Be particularly
careful to include the final closing parentheses.

If you paste the definition of asingle SKILL function into the CIW, then the function
name is the last word displayed in the CIW output pane.

Why is that?
Because the SKILL procedure function returns the function symbol.
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Redefining a SKILL Function

While developing SKILL code, you often need to redefine functions.

The SKILL Evaluator has an internal switch called writeProtect to prevent the
virtual memory definition of a function from being altered during a session.

By default the writeProtect switch is set to nil. If you first define a SKILL function
with writeProtect t you cannot redefine the function during the session.

You set the writeProtect switch in your .cdsinit file.

sstatus( witeProtect t ) ;;; sets it tot
sstatus( witeProtect nil ) ;;; sets it to nil

This example tries to redefine trReciprocal to prevent division by 0.

sstatus( witeProtect t ) =>1t
procedure( TrReciprocal( x ) 1.0/ x ) =

> Tr Reci procal
procedure( TrReciprocal( x ) when( x '= 0.0

1.0/ x))

*Error* def: function name write protected
and cannot be redefined - TrReciprocal
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ThewriteProtect switch has nothing to do with write protecting the source codefileitself.
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Lab Overview

Lab 8-1 Developing a SKILL Function

[1 Develop a SKILL function, TrBBoxArea, to compute the area of a bounding
box. The bounding box is a parameter.

[] Model your SKILL function after the example SKILL function TrBBoxHeight.
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Module Summary

In this module, we covered
= Using curly braces, { }, to group SKILL statements together
m  Using the let function to declare local variables

m Declaring SKILL functions with the procedure function
1 Name
1 Arguments
1 Body

m The SKILL development cycle

®  Maintaining SKILL code
1 The edit function and editor variable
1 The load function
[0 The writeProtect switch
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Module Objectives

m Build lists.
m Retrieve list elements.

m  Use lists to represent points and bounding boxes.
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What Is a SKILL List?

A SKILL list is an ordered collection of SKILL data objects.

The elements of a list can be of any data type, including variables and other lists.
The special data item nil represents the empty list.
SKILL functions commonly return lists you can display or process.
Design database list examples:
m  Shapes in a design
= Points in a path or polygon
m Instances in a design
User interface list examples:
m  Design Framework Il windows currently open
m Pull-down menus in a window

m Menu items in a menu
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Y ou can use alist to represent many different types of objects. The arbitrary meaning of

alist isinherent in the programs that manipulate it.

Object

Example list representation

Two-dimensional Point

Bounding Box

List of two numbers.

Each point isa sublist of two numbers.

List of two points.

Each point isa sublist of two numbers.

Path List of all the points.
Each point isa sublist of two numbers.
Circle List of radius and center.
The center isasublist of two humbers.
7/27/05 SKILL Language Programming
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How SKILL Displays a List

To display a list, SKILL surrounds the elements of the list with parentheses.

( "rect" "polygon" "rect" "line" )
(123)

(1 (23) 45 (67))

( ( "one" 1) ( "two" 2) )

( "one" one )

To display a list as a return value, SKILL splits the list across multiple lines when
the list:

m Contains sublists
m Has more than _itemsperline number of items

Use the printf or printin functions to display a list. SKILL displays the output on a
single line.

Consider the examples shown below based on these assignments. The output is
taken from a nongraphical session.

aList ="'( 12 3)
aLongList ='( 12 3 456
'(1(23)

7 8)
aNest edLi st = 45 (6 7))
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> aList ='( 12 3)
(1 2 3)
> println( aList )
(1 2 3)
ni |
> printf( "This is a list: %\n" aList )
This is alist: (1 2 3)
t
> alongList ='( 1234567 8)
(12345
6 7 8
)

> println( aLongList )
(1234567 8)
ni |
> printf( "This is I| t %.\n" alLongList )
This is alist: (1 2 456 7 8)
t
>aNestedList ="' (1 (23) 45 (67))
(1
(2 3) 45
(6 7)
)
> println( aNestedList )
(1 (23 45 (6 7))
ni |
> printf( "This is a list: 9%\n" aNestedList )
This is alist: (1 (2 3) 45 (6 7))
t
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Creating New Lists

There are several ways to build a list of elements. Two straightforward ways are
to do the following:

m  Specify all the elements literally. Apply the ’ operator to the list.

Expressions Return Result
'(123) (123)
'("one" 1) ("one" 1)

'(("one" 1) ("two"2)) (("one"1)("two"2))

m  Make a list by computing each element from an expression.
Pass the expressions to the list function.

Expressions Return Result
a=1 1

b=2 2

list(ab 3) (123)

list( a**2+b**2 a**2-b**2) (5-3)
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Store the new list in avariable. Otherwise, you cannot refer to the list again.
The’ Operator

Follow these guidelines when using the’ operator to build alist:
m Include sublists as elements with a single set of parentheses.

m Do not usethe’ operator in front of the sublists.

m Separate successive sublists with white space.

Thelist Function

SKILL normally evaluates all the arguments to a function before invoking the function.
The function receivesthe evaluated arguments. Thelist function allocates alist in virtual
memory from its evaluated arguments.
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Adding Elements to an Existing List

Here are two ways to add one or more elements to an existing list:

m Use the cons function to add an element to an existing list.

Expressions Return Result
result="(23) (23)
result = cons( 1 result) (123)

m  Use the append function to merge two lists together.

Expressions Return Result
oneList="(4 5 6) (456)
aList="(123) (123)
bList = append( oneList aList ) (456123)
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The cons Function

The construct (cons) function adds an element to the beginning of an existing list. This
function takestwo arguments. Thefirst isthe new element to be added. The second isthe
list to add the element to. The result of this function’s execution is alist containing one
more element than the input list.

Store the return result from cons in avariable. Otherwise, you cannot refer to the list

subseguently. It is common to store the result back into the variable containing the target
list.

The append Function

The append function builds a new list from two existing lists. The function takes two
arguments. The first argument isalist of the elements to begin the new list. The second
argument isalist of the elements to complete the new list.

Store the return result from append in avariable. Otherwise, you cannot refer to the list
subsequently.
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Points of Confusion

People often think that nil, cons, and the append functions violate common sense.
Here are some frequently asked questions.

Question

Answer

What is the difference
between nil and ’'( nil )?

How can | add an element to
the end of a list?

Can | reverse the order of the
arguments to the cons
function? Will the results be
the same?

What is the difference
between cons and append?

nil is a list containing nothing. Its length is O.

'(nil) builds a list containing the single
element nil. The length is 1.

Use the append and list functions.
aList="(12)
aList = append( aListlist(3))=>(123)

You either get different results or an error.
cons(’(12)(34))=>((12)34)
cons('(34)(12)=>((34)12)
cons(3'(12))=>(312)
cons(’(12)3)=>

*** Error in routine cons

*Error* cons: argument #2 should be a list

cons(’(12)(34))=>((12)34)
append(’'(12)'(34))=>(1234)
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Question

Answer

What is the difference
between nil and ' ( nil )?

How can | add an e ement to
the end of alist?

Can | reverse the order of the
arguments to the cons
function? Will the results be
the same?

What isthe difference
between cons and append?

nil isalist containing nothing. Itslength isO.
'(nil ) builds alist containing asingle element. The
length is 1.

Use the list function to build alist containing the
Individual elements. Use the append function to merge it
to thefirst list.

There are more efficient ways to add an element to the
end of alist. They are beyond the scope of this course.

Common sense suggests that ssmply reversing the
elements to the cons function will put the element on the
end of thelist. Thisis not the case.

The cons function reguires only that its second argument
be alist. The length of the resulting list is one more than
the length of the original list.

The append function requires that both its arguments be
lists. The length of resulting list isthe sum of the lengths
of the two argument lists.

7/27/05
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Working with Existing Lists

Task Function Example Return
Result
Retrieve the first car numbers='(123) (123)
element of a list car( numbers) 1
Retrieve the tail of the cdr cdr( numbers ) (23)
list
Retrieve an element nth nth( 1 numbers ) 2
given an index
Tell if a given data member  member(4 numbers) nil
object is in a list member( 2 numbers) (23)
Count the elements in  length length( numbers ) 3
a list
Apply a filter to a list setof setof( (13)
X
'(1234)
oddp( x))

SKILL Lists
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The nth Function

Listsin SKILL are numbered from 0. The O element of alist isthe first element, the 1
element of alist isthe second e ement and so on.

The member Function

The member function returnsthe tail of thelist starting at the element sought or nil, if the
element is not found. Remember, if itisnot nil - it istrue.

The setof Function

The setof function makes anew list by copying only those top-level elementsin alist that
passatest. You must writethetest intermsof asinglevariable. Thefirst parameter to the
setof function identifies the variable you are using in the test.

m Thefirst argument isthe variable that stands for an element of thelist.
m The second argument isthelist.

= Thethird argument is one or more expressions that you write in terms of the
variable. Thefinal expression isthetest. It determinesif the element isincluded in
the new list.
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Traversing a list with car and cdr

A list can be conceptually represented as an inverted tree. To traverse a left
branch use car and to traverse a right branch use cdr.

1: alist ="(1 (2 3)) (1(23))

2. car(alist)=>1

3: cdr(alist)=>((23))

4: car(cdr(alist))=(23)
v &

da:cadr( alist) = (2 3)

5: car(car(cdr(alist))) =>2
s

5a:caadr( alist) => 2

6. C r(c;‘wm( alist)))) => 3
6a:c§d’§}{aali;;t )=>3

7. cdr(cdr(alist) ) =>nil

nil
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Y ou can use car and cdr to traverse alist. You can draw atree as shown to layout your
list structure. Make each sub-list a sub-tree. Label each left branch with acar and each
right branch with acdr. From the item you wish to locate in the list follow the tree back
to the root and construct your nested car and cdr function calls.

Y ou can abbreviate your nested car and cdr function callsby using just the"a" for car and

"d" for cdr to create afunction call. For example, you can abbreviate car ( cdr (alist)) as
cadr (alist).
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Frequently Asked Questions

Students often ask these guestions:
= Why are such critical functions as car and cdr called such weird names?
= What is the purpose of the car and cdr functions?
= Can the member function search all levels in a hierarchical list?

m How does the setof function work? What is the variable x for?
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Questions

Answers

Why are such critical
functions as car and cdr
called such weird names?

What is the purpose of the
car and cdr functions?

Can the member function
search al levelsin a
hierarchical list?

How does the setof
functionwork?What isthe
variable x for?

car and cdr were machine language instructions on the first
machine to run Lisp. car stands for contents of the address
register and cdr stands for contents of the decrement
register.

Lists are stored internally as a series of doublets. The first
element isthelist entry, the second element of the doublet is
a pointer to the rest of the list. The car function returns the
first element of the doublet, the cdr function returns the
second. For any list L it istruethat cons( car( L) cdr( L))
buildsalist equal to L. Thisrelatesthe three functions cons,
car, and cdr.

No. It only looks at the top-level elements. Internally the
member function follows right branches until it locates a
branch point whose |eft branch dead ends in the element.

The setof function makes a new list by copying only those
top-level elementsin alist that pass atest. The test must be
written in terms of asingle variable. The first parameter to
the setof function identifies the variable you are using in the
test.

7/27/05
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Two-Dimensional Points

SKILL represents a two-dimensional point as a two-element list.

The binary operator (:) builds a point from an x-value and a y-value.

xVal ue = 300
yVal ue = 400
P = xVal ue: yval ue => ( 300 400 )

The xCoord and yCoord functions access the x-coordinate and the y-coordinate.

xCoord( P ) => 300
yCoord( P ) => 400

y-axis A

P = 300:400
400 —— L

X-axis
300
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The: Operator

You can use the’ operator or list function to build a coordinate.

P="(3.05.0)
P =1list( xValue yVal ue )

The : operator expects both of its arguments to be numeric. The range function
Implements the : operator.

> "hello":3
*Error* range: argunent #1 should be a nunber
(type tenplate = "n") - "hell 0"

The xCoord and yCoord Functions

Alternatively, you can use the car function to access the x-coordinateand car( cdr ( ... ) )
to access the y-coordinate.

xValue = car( P )
yValue = car( cdr( P))
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Computing Points

The : operator combines naturally with arithmetic operators. It has a lower
precedence than the + or the x operator.

3+4*5: 4+7*8 => (23 60)

Computing a point from another point is easy.

For example, given a point P, apply an offset dx and dy in both directions.
y-axisA
* o R~ xCoord(P)+dx:yCoord( P)+dy

_ oP

- _
X-aXIS
PR—
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Bounding Boxes

SKILL represents a bounding box as a two-element list. The first element is the
lower-left corner and the second element is the upper-right corner.

y-axis
ur =500:450

Il =300:400

> .
X-axl1S

This is returned to you by the system as: ( ( 300 400 ) ( 500 450) )
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Remember that : is a point operator.
’(300:400 500:450) does not create alist of two lists since the : operator is not eval uated.

Use list( 300:400 500:450) which will evaluate the point and thus create alist containing
two lists and so, in this case, aso a bounding box.
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Creating a Bounding Box

Use the list function to build a bounding box. Specify the points by variables or by
using the : operator.

|1 = 300:400 ur = 500: 450
bBox = list( Il ur ) =>
(( 300 400 ) ( 500 450 ))

bBox = list( 300:400 500:450 ) =>
(( 300 400 ) ( 500 450 ))
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When you create a bounding box, put the pointsin the correct order. When SKILL
prompts the user to digitize a bounding box, it returns the bounding box with the
lower-left and upper-right corner points correctly ordered, even though the user may have
digitized the upper-left and lower-right corners!

Y ou may usethe’ operator to build the bounding box ONLY if you specify the
coordinates as literal lists.

bBox = ' (( 300 400 ) ( 500 450 ))
=> (( 300 400 ) ( 500 450 ))
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Retrieving Elements from Bounding Boxes

Use the lowerLeft and upperRight functions to retrieve the lower-left corner and
the upper-right corner points of a bounding box.

| ower Left( bBox ) => ( 300 400 )
upper R ght ( bBox ) => ( 500 450 )

These functions assume that the order of the elements is correct.

Use the xCoord and yCoord functions to retrieve the coordinates of these
corners.

xCoord( | owerLeft( bBox )) => 300
yCoord( upperR ght( bBox )) => 450
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Lecture Exercises

The exercises on the next few pages illustrate techniques for manipulating
bounding boxes:

m Offsetting a box
m  Finding the smallest bounding box

m Finding the intersection of two bounding boxes
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Offsetting a Box

Assume the variable Box contains the lower-left bounding box. The upper-right
box is the same size as the lower-left box.

Using variables, write an expression for the upper-right bounding box.

y-axis A
day | i
I \ >
—>‘ dx ‘4— X-axis

Use this template as a starting point for writing the expression.

boxLL = ...
boxUR = ... : ...
| ist( boxLL boxUR )
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boxLLx = xCoord( |owerLeft( box ) )+dx
boxLLy = yCoord( |owerLeft( box ) )+dy
boxURX = xCoord( upperR ght( box ) )+dx
boxURy = yCoord( upperR ght( box ) )+dy

| i st (
boxLLx: boxLLy
boxURX: box URy

‘umop apisdn affed ay) uuny ‘uonN|os ayy MOIA O |



Finding the Smallest Bounding Box

Write expressions that compute the smallest bounding box containing two boxes
A and B.

y-axis

A s\ v v v v SN Y TSy TS T ]"T ] "leRh]"Saaauaouaaahaha h e e e ehwhwWhahathahahhhahahay

T T I I T I T I T I T I IIrrs
T T T T T I I I TIIIIrs.

re

S\ \\\\\\\\\\"\\"\“\"\“"“\“\"“\"\"\“\“\“\“\“\“\“\““\“\"“\"“\“\“\“\“:\“:\“:\: 2\ \\ha\a2h

>
X-axIS

Use the xCoord, yCoord, lowerLeft, and upperRight functions in the following
template.

boxLL = mn( ... ... )mn( ... ... )
boxUR = max( ... ... ):max( ... ... )
| ist( boxLL boxUR )
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xCoord( | owerLeft(
xCoord( | owerLeft(
yCoord( | owerLeft(
yCoord( | owerLeft(
xCoor d( upperRi ght
xCoor d( upperRi ght
yCoor d( upperRi ght
yCoor d( upperRi ght

mn( 1A [ Bx ):mn(

max( ur Ax urBx ): max(

(
(
(
(

N N N N’

|1 Ay 1By )
ur Ay urBy )

Q0/Lc/L
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Finding the Intersection of Two Bounding Boxes

Write an expression that describes the overlap between two boxes A and B.

y-axis

A

>
X-axXIS

Use the xCoord, yCoord, lowerLeft, and upperRight functions in the following
template.

boxLL max( ... ... ):max( ... ... )
boxtUR=mn( ... ... ) mn( ... ... )
| ist( boxLL boxUR )
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|| Ax = xCoord( lowerLeft( A))
| 1 Bx = xCoord( lowerLeft( B ))
|1 Ay = yCoord( |owerLeft( A))
|1 By = yCoord( |owerLeft( B ))
ur Ax = xCoord( upperRi ght( A))
ur Bx = xCoord( upperRight( B ))
urAy = yCoord( upperRi ght( A))
urBy = yCoord( upperRi ght( B))

boxLL = max( |1 Ax |IBx ):max( |1 Ay I|By )
boxUR = mn( urAx urBx ):mn( urAy urBy )
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Combinations car and cdr Functions

SKILL provides a family of functions that combine car and cdr operations. You

can use these functions on any list.

Bounding boxes provide a good example of working with the car and cdr

functions.

Functions Combination Bounding box Expression
examples

car car( ...) lower left corner Il = car( bBox )

cadr car(cdr(...)) upper right corner  ur = cadr( bBox )

caar car(car(...)) x-coord of lIx = caar( bBox )
lower left corner

cadar car( cdr(car(...)) y-coord of lly = cadar( bBox )
lower left corner

caadr car(car(cdr(...))) x-coord of urx = caadr( bBox)
upper right corner

cadadr car( cdr( car( cdr( ...] y-coord of ury = cadadr( bBox )

upper right corner

SKILL Lists

3-39



Using the xCoord, yCoord, lowerLeft and upperRight functions is preferable in practice
to access coordinates, bounding boxes, and paths.

The cadr, caar, cadar Functions

The functions cadr, caar, and so forth are built in for your convenience.
Any combination of four asor d's.
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Lab Overview

Lab 3-1 Creating New Lists

Lab 3-2 Extracting Items from Lists

SKILL Lists 3-41



Module Summary

In this module we covered:

SKILL lists can contain any type of SKILL data. nil is the empty list.
Using the ’ operator and the list function to build lists.

Using the cons and append functions to build lists from existing lists.
Using the length function to count the number of elements in a list.
Using the member function to find an element in an existing list.
Using the setof function to filter a list according to a condition.

How two-dimensional points are represented by two element lists.

How bounding boxes are also represented by two element lists.
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Module Objectives

=  Review the techniques for building a list.
[0 The ' operator
[0 The list function
1 The cons function
[0 The append function

m  Use the foreach mapcar function to make a list that corresponds one to one
with a given list.

= Use the setof function to make a filtered copy of a list.

m  Use the foreach mapcar function and setof function together to make a list
that corresponds one to one with a filtered list.
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List Review

You can make a new list by:

m  Specifying all the elements literally
( ( "one" 1) ( "two" 2 ) )
=>( ( "one" 1) ( "two" 2) )
= Computing each element from an expression

a 1 =1
b 2 => 2
list( a**2+b**2 a**2-b**2) => ( 5 -3 )

You can add one or more elements to an existing list by:

®  Adding an element to the front of a list

'(23)=(23)
cons( 1 result )

resul t
resul t

m  Merging two lists together

oneList ='( 456) == ( 45 6)

aList ='(123) ==(12 3)

bLi st = append( oneLi st aList )
=> (45612 3)

List Construction
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The foreach mapcar Function

Use the foreach mapcar function to build a list in one-to-one correspondence with
a base list.

The body of the foreach mapcar loop computes each element in the new list from
the corresponding element in the base list.

@
@ -O

Base list New list

Example

L="( 12 3)
foreach( x L x**2 ) == ( 12 3)
Squares = foreach( mapcar x L x**2 ) == ( 14 9 )
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The foreach mapcar function and the foreach function behave similarly with one
exception. Although they compute the same values during each loop iteration, they return

different lists.

m Theforeach mapcar function returns the list of values that each loop iteration

computes.

m Theforeach function returns the base list.

Questions Answers
The foreach The foreach mapcar
Function Function
What happensto Each loop result is Each loop result is collected
the return result of Ignored. Into anew list.

the last expression in the
loop body?

What is the return result?

Theoriginal baselistis The new list isthe return result.
the return result.

7/27/05
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Extended foreach mapcar Example

Suppose we want to build a list of the window titles for all the open windows.
Use the foreach mapcar function together with the hiGetWindowList function and

the hiGetWindowName function.

w nNanmes = foreach( mapcar w d hi Get W ndowLi st ()
hi Get W ndowName( wd )
) ; foreach

As an alternative to using the foreach mapcar function, you can use the normal
foreach function.

m  However, you are responsible for collecting the return results. Use the cons
function.

m In addition, the list will be in reverse order. Use the reverse function to make
a copy of the list in the correct order.
w nNanmes = ni |
foreach( wi d hi Get WndowLi st ()
wi nNanmes = cons( hi Get WndowNane( wid ) w nNanes )
) ; foreach

w nNanes = reverse( w nNanes )
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The mapcar Function

The SKILL Language Reference Manual documents the mapcar function.
You can use the foreach mapcar expressions without understanding mapcar.
The mapcar function accepts two arguments:

= A function of one argument

m Alist
The mapcar function

m Invokes the function for each element of a list.

m  Returns the list of results.

Examples
m A foreach mapcar expression

foreach( mapcar x "( 1 2 3 4 ) x**2)

®  An equivalent mapcar expression

procedure( TrSquare( x ) x**2 )
mapcar( 'TrSquare '( 1234 ) ) == (149 16 )
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During compilation, SKILL trandates a foreach mapcar expression into a mapcar
function call. Y ou can use the trace facility to reveal the details in these examples:

m A trace of aforeach expression

foreach( x (1 2 3 ) x**2 )
| (1%*2)

| expt -->1

| (2%*2)

| expt --> 4

| (3**2)

| expt --> 9

(1 2 3)

m A trace of aforeach mapcar expression
funobj:0x21980a8 represents the function that SKILL dynamically generatesto
represent x** 2.
foreach( mapcar x "(1 2 3 ) x**2 )
| mapcar (f unobj : 0x21980a8 (1 2 3))

|| (1**2)
| | expt -->1

7/27/05 SKILL Language Programming 12-12



Filtering Lists

The setof function makes a filtered copy of a list, including all elements that satisfy
a given filter.

For example, you can build a list of the odd elementsof (12345).

 JON RON
y
o

Filtered list

The oddp function returns t/nil if its argument is odd/even.

setof( x (12345 ) oddp( x) ) =>( 135)
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The setof Function

The setof function accepts several arguments:
m A local variable that holds a list element in the filter expressions.
m  The list to filter.
m  One or more expressions that compose the filter.
For each element of the list, the setof function:
= Binds each element to the local variable.
m Evaluates the expressions in its body.

m  Uses the result of the last expression to determine whether to include the
element.

The setof function returns the list of elements for which the last body expression
returned a non-nil value.
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The following nongraphic session uses the trace facility to illustrate how the setof
function works.

> tracef( t )
t

> setof ( x '"( 123 45) oddp( x ) )
| oddp(1)

| oddp -->t

| oddp( 2)

| oddp --> nil
| oddp(3)

| oddp -->t

| oddp(4)

| oddp --> nil
| oddp(5)

| oddp -->t
(1 3 5)

> untrace()

t
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A setof Example

Suppose you want to retrieve all the rectangles in a design.
The following code uses the setof function to retrieve all rectangles in a design.

cv = geGet WndowCel | Vi ew()
set of ( shape cv~>shapes shape~>obj Type == "rect" )

m  The cv~>shapes expression retrieves the list of shape database objects.

m  The shape~>objType =="rect" expression returns t/nil if the database object
Is/isn’t a rectangle.
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Another setof Example

Suppose you want to compute the intersection of two lists.

One way to proceed is to use the cons function as follows:

procedure( Trintersect( listl list2 )
let( ( result )
foreach( elenentl listl
when( nenber( elenentl list2 )
result = cons( elenentl result )
) ; when
) ; foreach
resul t
) ; let
) ; procedure

The more efficient way is to use the setof function.

procedure( Trintersect( listl list2 )
set of (
el ement listl
menber ( elenment list2 ) )
) ; procedure

List Construction
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Transforming Elements of a Filtered List

You can build a list by transforming elements of a filtered list.

~-@
-@

O JOI _

-O
-O

setof foreach mapcar

m Use the setof function to filter the list.

m  Use the foreach mapcar function to build the resulting list.

List Construction
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This example computes the list of squares of odd integers.

procedure( TrListO Squares( aList )
let( ( filteredList )
filteredList =
setof ( el enent aList oddp( elenent ))
foreach( mapcar elenent filteredLi st
el ement * el enent
) ; foreach
) ; let
) ; procedure

TrListOSquares( '( 1 23456)) =>(19 25)
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Lab Overview

Lab 12-1 Revisiting the Layer Shape Report
Rewrite your Shape Report program to count shapes by using the length and
setof functions. For example, to count the rectangles, use this code:

rect Count = | engt h(
set of ( shape cv~>shapes shape~>obj Type == "rect" )

)

Lab 12-2 Describing the Shapes in a Design
Develop a function TrShapelList to return a list of shape descriptions for all the
shapes in a design. A shape description is a list that identifies the object type,

the layer name, and the layer purpose as in this example:
( "rect" "nmetal 1" "draw ng" )
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Module Summary

In this module, we covered
m The foreach mapcar function to build lists
m  The setof function to make a filtered copy of a list

m The foreach mapcar function and the setof function used together to build a
list by transforming each element

List Construction 12-25



cadence

Data Structures

Module 17

July 27, 2005




Module Objectives

= Implementing records in SKILL
(1 Disembodied property lists
1 SKILL structures

= Arrays

m Associative data structures
[1 Association tables
(1 Association lists
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Disembodied Property Lists

A disembodied property list is logically equivalent to a record. Unlike C structures
or PASCAL records, new fields can be dynamically added or removed.

A disembodied property list is a list that starts with any value, typically nil, followed
by alternating name/value pairs.

aCard = ' ( nil rank "ace" suit "spades" )

Use the -> operator to retrieve a value for a given name.

aCard->rank => "ace"
aCard->suit => "spades"

Use the -> operator together with the = operator to update or add a field.
aCard->faceUp =t
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Disembodied Property Lists

Thefirst element of the disembodied list does not haveto benil. It can beany SKILL data
object. The access operation ignores the first element.

Y ou can use adisembodied property list to consolidate several argumentsinto asingle
argument. Similarly, you can use adisembodied property list to consolidate several global
variables into asingle global data structure.

When you apply the ~>?? operator to a database object, this operator builds a
disembodied property list. Thislist consists of the attributes and values of the database
object.

The get and getq Functions

The -> operator isimplemented by the getg function. Its second argument is not
evaluated. That is, it isimplicitly quoted asin this example.

getg( aCard rank ) => "ace"

The get function is ageneralized version of the getq function. Both of its arguments are
evaluated.
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SKILL Structures

A SKILL structure is also logically equivalent to a record.

The defstruct function declares a template. It automatically defines a SKILL
creation function with the slot names as keyword parameters.

Example

1. Define a card structure and allocate an instance of card.

defstruct( card rank suit faceUp ) =>t

2. Allocate an instance of card and store a reference to it in aCard.

aCard = make card( ?rank "ace" ?suit "spades" )
=> card@xa8e8378

3. Use the type function to determine the structure name.

type( aCard ) => card
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The defstruct Function

The defstruct function declares a creation function, which you use to make instances of
the structure. SKILL basesthe name of the creation function on the name of the structure.

The printstruct Function

The printstruct function dumps out a structure instance. It recursively dumps out any slot
value that is aso a structure instance.

Comparing SKILL Structuresand Disembodied Property Lists

m A structure is more efficient than a disembodied property list, when you know the
slots in advance, and you specify them when you declare the structure.

m A structure instance requires less space than a disembodied property list and slot
access is faster.
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Accessing and Updating Structures

The -> operator provides slot access.

aCard->rank => "ace"
aCard->rank = 8 => 8

Use ->7? to get a list of the slot names.

aCard->? => ( faceUp suit rank )

Use ->?? to get a list of slot names and values.

aCard->?? => ( faceUp nil suit "spades" rank "ace" )
You can create slots dynamically for a specific instance by simply referencing
them with the -> operator.

aCard->marked =t =>t
aCard->?? => (faceUp nil suit "spades" rank "ace"
mar ked t )
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Arrays

SKILL provides arrays.
m  Elements of an array can be any datatype.
m  SKILL provides run-time array bounds checking.

Use the declare function to allocate an array of a given size.

Example

declare( week[7] ) => array[7]:9780700
week => array[7]:9780700

type( week ) => array

arrayp( week ) =>t

days = ' (nonday tuesday wednesday t hursday fri day sat urday sunday)
dayNum = O
foreach( day days

week[ dayNum++] = days )

m  The declare function returns the reference to the array storage and stores it
as the value of week.

m  The type function returns the symbol array.

m The arrayp function returns t.

Data Structures 17-11



Arrays are one dimensional. Y ou can implement higher dimensional arrays using single
dimensional arrays.

SKILL checksthe array bounds each timeyou accessthe array during runtime. Accessing
an array outside the array bounds causes an error.

Arraysand Structures

Structure instances are arrays. The first element of the array holds the type, and the last
element isreserved for a disembodied property list to hold dynamically added dlots.

aCard => card@xa8e8378
arrayp( aCard ) =>t
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2-Dimensional Arrays

You can implement a 2-dimensional array as an array of row arrays.
procedure( Tr2DArray( nRows ntCol s)

let( ( rowArray row )
declare( rowArray[ nRows | )
for( i 0 nRows-1
declare( row nCols ] )
rowArray[ i ] = row
) ; for
r OWAr r ay
) ; let
) ; procedure

TrTimesTable = Tr2DArray( 10 10 )

for( 1 09
for( j 09
TrTimesTable[i][]j] = 1%]
) ; for
) ; for

Data Structures
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Assoclation Tables

An association table is a collection of key/value pairs.
You can use these SKILL data types as keys in a table:

Use the syntax for array access to store and retrieve entries in a table.

integer
string
list
symbol

database object

The makeTable function defines and initializes the association table.
The arguments include:

The table name (required).

The default entry (optional).
The default of the default is the unbound symbol.

Data Structures
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An association table is implemented as a hash table.
Association table access uses the equal function to compare keys.

Several list-oriented functions also work on tables, including iteration. Use these
functions to manipulate tables:

m The foreach function executes a collection of SKILL expressionsfor each key in a
table.

m The setof function returns alist of keysin agiven table that satisfiesagiven
criterion.

= Thelength function returns the number of keysin atable.

= Theremove function removes a key from atable.

Use the tablep function to test whether adatavalue is atable.
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Using Association Tables as Dynamic Arrays

You can easily use an association table for a 1-dimensional array. Use integers
as the keys.

Use an association table in situations where it is obviously wasteful or impossible
to allocate the entire array as in these data structures:

m A sparse array, most of whose entries are unused
= Multidimensional arrays

To implement a 2-dimensional array, use keys that are lists of index pairs.

procedure( Tr2D Dynam cArray()
makeTabl e( ' Tr Spar seArray )
) ; procedure

TrTimesTabl e = Tr2D Dynam cArray( )
for( i 09
for( j 09
TrTinmesTable[ list( i jJ ) ] =1%j
) ; for
) ; for
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Associating Shapes with Layer Purpose Pairs

You can use an association table to associate a shape with a layer purpose pair
as follows:

m  Use a list composed of the layer name and the purpose as a key to access
the table.

m  The value for the key is the list of shapes on the layer purpose pair.

Making the Table

cv = geCGet WndowCel | View )

tabl eNane = sprintf( nil "% % %"
cv~>l i bNane cv~>cel | Nane cv~>vi ewNane )

shapeTabl e = nakeTabl e( tabl eNane nil )
=> tabl e:master nmux2 | ayout

Populating the Table with Shapes

foreach( shape cv~>shapes
| ayer Pur pose = shape~>| pp
shapeTabl e[ | ayer Purpose | =
cons(
shape
shapeTabl e[ | ayer Pur pose ]

)

) ; foreach
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The shapes Attribute

Every cellView database object has a shapes attribute, whose valueisalist of all shapes
In the design.

The layerPurposePairs Attribute

In practice, if you need to processall the shapesin adesign by layer purpose pair, retrieve
the layer PurposePairs attribute, whose value isalist of LP database objects. Each LP
database object has these attributes:

m ashapes attribute, which isalist of all Shapesthat are on that layer purpose pair.

= |ayerName and layer Num attributes, which identify the layer purpose pair.
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Traversing Association Tables

Use the foreach function to visit every key in an association table.
The following code displays each key/value pair in the CIW.
foreach( key shapeTabl e

println(
i st( key shapeTabl e[ key ] )
)

)
The following functions also work with tables:
m  The forall function
m  The exists function

m  The setof function
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ThereadTable and writeTable Functions

Use these functions to read atable from afile and to write atable to afile.
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Associlation Lists

A list of key/value pairs is a natural means to record associations.

An association list is a list of lists. The first element of each list is the key.
assocList ='( ( "A" 1) ( "B" 2) ( "C" 3))

The assoc function retrieves the list given the index.
assoc( "B" assoclList ) =>( "B" 2)
assoc( "D' assocList ) => nil

The rplaca function updates the first element of a list.

Use the rplaca function to replace the car of the cdr of the association list entry
as shown here.

rplaca( cdr( assoc( "B" assocList ) ) "tw" )
=> ( "two" )
assocList => (( "A" 1) ("B" "tw" ) ( "C" 3))
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ThetableToList Function

Y ou can also convert an association table to an association list. Use the tableToList
function to build an association list from an association table.

The append Function

The append function appends data from disembodied property lists or association lists to
an association table.

m For thefirst argument, you specify the association table.

= For the second argument, you specify the disembodied property list, associationlist,
or other association table whose dataisto be appended to the first association table.
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Lab Overview

Lab 17-1 Exploring Associative Tables
Lab 17-2 Exploring Association Lists

Lab 17-3 Exploring Disembodied Property Lists

[] Extend the Layer Shape Report to maintain a separate count for each type of
shapes in a design. Eliminate the miscellaneous count.

[1 Three versions:
Use an association table
Use an association list
Use a disembodied property list.
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Module Summary

In this module, we covered

m Implementing records in SKILL with
(1 Disembodied property lists
[0 SKILL structures

m  SKILL Arrays
m Association Lists

m Association Tables

Data Structures
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Module Objectives

m  Use SKILL to query design databases.

1 What is the name of the design in the current window?
How many nets are in this design?
What are the net names?
Are there any instances in this design? If so, how many?
(1 Are there any shapes in this design? If so, how many?

(N I [

m  Understand database object concepts.

m  Use the ~> operator to retrieve design data.

Database Queries
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Terms and Definitions

Library A collection of design objects referenced by logical name, such
as cells, views, and cellviews.

Cell A component of adesign: acollection of different
representations of the components implementation, such asits
schematic, layout, or symbol.

Cellview A particular representation of a particular component, such as
the layout of aflip-flop or the schematic of a NAND gate.

View An occurrence of a particular viewtype identified by its
user-defined name, "XYZ". Each"XYZ" view has an
associated viewType such as maskL ayout, schematic, or
symbolic.

Pin A physical implementation of aterminal.

Terminal A logical connection point of a component.
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Database Objects

You can use SKILL to access schematic, symbol, and mask layout design data.

Physical information (rectangles, lines, and paths)

Logical information (nets and terminals)

SKILL organizes design data in virtual memory in terms of database objects.

Each database object belongs to an object type that defines a set of common
attributes that describe the object.

The set of object types and their attributes is fixed by Cadence®.

This module presents several object types and some of their attributes.

The cellView object type

The inst object type

The net object type

The Figure object types with their common attributes

The Shape object types with their common attributes

Each database object can have one or more user-defined properties.
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User actions can create, modify, and save database objects to disk.

SKILL variables can contain data of any type. However, for each attribute, the Database
A ccess software constrains the value of the attribute to one of these SKILL datatypes:.

m A string

= Aninteger

= A floating-point number

= A database object

m A list, possibly of database objects
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Querying a Design

When the designis in a graphics window, use the geGetWindowCellView function
to retrieve the database object for the design as in this example.

geQpen(
?lib "nmaster"
?cell "nmux2"

?vi ew "schenati c"
?nmode "r" ) => wi ndow. 7

mux2 = geGet WndowCel | View( w ndow( 7))L db: 38126636

Assign the database object to a SKILL variable to refer to it subsequently.
m db:38126636 represents the database object.
m The SKILL Evaluator does not accept db:38126636 as valid user input.

You can also use the geGetEditCellView function to retrieve the database object
for the design that is open in the window specified. (default = current window)

mux2 = geGet WndowCel | View( )0 db: 38126636

These two functions are equivalent except when you are doing an edit-in-place.
In that case geGetEditCellview returns the cellview being edited rather than the
cellview in the window returned by geGetWindowCellView.
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The geGetWindowCellView Function

See the Cadence® online documentation to read about this function.
The geGetEditCdlView Function

See the Cadence® online documentation to read about this function.

7/27/05 SKILL Language Programming
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The ~> Operator

nmux2~>obj Type => "cel | Vi ewW'

nmux2~>cel | Vi ewlType => "schemati c"

Summary of ~> Syntax

Use the ~> operator to access the attributes of a database object.

Left Side

Right Side

Action

Database object

Database object

Database object

List of database
objects

Attribute or user-
defined property

?

?7?

Attribute or user-
defined property

Retrieve value or nil if no
such attribute or property.

Returns a list of attribute
names.

Returns list of name and
values.

Retrieves values
individually and returns
them in a list.

Database Queries



The underlying function for the ~> operator is the getSGq function. Y ou sometimes see
getSGq, get, or getq in error messages if you apply it to the wrong data.

The error message summarizes the data types to which the ~> operator is applicable. A
database object is akind of user type.

nmux2 = 5

mux2~>obj Type

*Error* get/getq: first arg nust be

ei ther synbol, |ist, defstruct or user type - 5
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Querying Designs with the ~> Operator

The queries stated in the objectives for this module are previewed below.

Query The ~> Expression

What is the name of the design in the cv = geGetWindowCellView()
current window? cv~>libName
cv~>cellName
cv~>viewName

How many nets are in the design? length( cv~>nets)
What are their names? cv~>nets~>name

What are the terminal names inthe cv~>terminals~>name
design?

How many shapes are in the design? length( cv~>shapes )
What kinds of shapes are they? cv~>shapes~>objType
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The cellView Object Type

Example: master mux2 schematic
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The cellView object type includes the following attributes among others:

Attribute Data Type Description
obj Type String "cellView"
libName String The library name of the design.
celIName String The cell name of the design.
viewName String The view name of the design.
cellViewType String The type of design data. Examples
Include "schematic”, "maskLayout",
and " schematicSymbol".
Instances List of Thelist of instances in the design.
database objects Can benil.
shapes List of Thelist of shapesin the design.
database objects Can benil.
nets List of Thelist of netsin the design.
database objects Can benil.
terminals List of Thelist of terminalsin the design.
database objects Can benil.
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Instances

Example: Instance 11 of master mux2 schematic
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In this design, each of the instances has user-defined properties that describe the
physical sizes of the transistors.
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The inst Object Type

You can apply the ~> operator to the result of another ~> expression as in these
examples:

= The list of the instances in the design

mux2~>i nst ances =>
( db: 39520396 db: 39523572 db: 39522480 .... )
| 1 = dbFi ndAnyl nst ByNane( nmux2 "11" ) => db: 38127508

m The list of Instance names

mux2~>i nst ances~>nane =>
( "re" "1ro" "18" "r3" "r1i"
11} I OII [} I 5" 11} I 7II nn I 4" 11} I 2II )

m  The list of user-defined properties on the |1 instance

I 1~>pr Op~>narre :>( n le mn pl (1] n nI mn mn nWI )
| 1~>prop~>val ue => ("11" "1" "1" "11")
| 1~>pw => "11"

m  The list of master cell names

mux2~>1 nst ances~>cel | Nane

( "lInv' "gnd" "vdd" "nand2" "nand2"
"nand2" "opin" "ipin" "ipin" "ipin" )
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Theinst Object Type

Theinst object type has the following attributes among others:

Attribute Data Type Description

obj Type string "Inst”

libName string The library name of the master.

celIName string The cell name of the master.

viewName string The view name of the master.

name string The instance name.

master a database object The master cell view of thisinstance. Can
benil if master hasn’t been read into virtual
memory.

InstTerms list of Thelist of instance terminals.

database objects Can benil.

The dbFindAnyl nstByName Function

The dbFindAnyl nstByName function returns the database object of theinstance, given the
database object of the design and the instance name.

See the Cadence online documentation to read about this function.
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Nets

Example: net SEL in master mux2 schematic
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The net Object Type

Use the ~> operator and cellView and net attributes to retrieve the following:

m  The nets in the design

mux2~>nets => (

db: 41088056 db: 41087980 db: 41087752 db: 41087676
db: 41087640 db: 41087380 db: 41087284 db: 39523392

db: 39522784 )

dbFi ndNet ByNarmme( nux2 " SEL" )

m  The number of nets

| engt h( nmux2~>nets ) => 9

m  The names of the nets

mux2~>net s~>nane =>

("B" "A" "net4" "Y" "net6"
"net 7" "SEL" "gnd!" "vdd!" )

Database Queries

=> db: 41087284
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The net Object Type

The net object type has the following attributes among others:

Attribute Data Type Description
obj Type string "net"
name string The name of the net.
term database object The unigue terminal.
Can benil if net isinternal.
InstTerms list of The list of instance terminals.
database objects

The dbFindNetByName Function

See the Cadence online documentation to read about this function.
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Instance Terminals

Instance terminals provide an interface between instance and the nets in a

design.

m Each instance contains zero or more instance terminals.

m Each net connects zero or more instance terminals.

Example: The B instance terminal on the 11 instance.

sEL [P *+ = nandz2
M=11/1
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The instTerm Object Type

You can retrieve the following data:

m  The names of instTerm objects associated with the 11 instance

dbFi ndAnyl nst ByNane( nmux2 "11" )~>i nst Ter ns~>nane =>
( n Bll n Yll n All)

m  The name of the net that attaches to the B instTerm

dbFi ndAnyl nst ByNane( nux2 "I1" )~>i nst Ter ne~>net ~>nane =>
( n SELII n net 4" (1] Bll )
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Terminals

A terminal provides a way to connect to a net within the design.

Internal nets do not have terminals.
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The term Object Type

Every design contains a list of its terminals. For example, the SEL terminal.

mux2~>term nal s =>

(db: 39521220 db: 39520296 db: 39895624 db: 39895292)
mux2~>t er m nal s~>nane =>

("SEL" "Y' "B" "A")
dbFi ndTer nByNanme( nux2 "SEL" ) => db: 39521220

Every net connects to one terminal at most. nil means that the corresponding net
doesn’t connect to a terminal object.

mux2~>net s~>term =>
( db: 27850008 nil nil db: 27850348 db: 27849804
nil nil db:27847992 nil )

Internal nets do not connect to any terminal. For example, the net4 net does not
connect to a terminal.

mux2~>net s~>nane =>
("B" "net7" "net6" "Y' "A"
"vdd!" "gnd!" "SEL" "net4" )
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The dbFindTermByName Function

The dbFindTermByName function returns the terminal database object, given the
database object of the design and the name of the terminal.

See the Cadence online documentation to read about this function.
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Figures and Shapes

e
sEL [P * — nand?

M=111
P11

m geGetSelSet — function used to retrieve the currently selected set

m geSelectFig — adds an object to the selected set if it passes the selection
filter.
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Anything the user can select with the mouse isa Figure.

Every Figureis either an instance or a shape. Every Figure has a bBox attribute that
describes its bounding box.

Each net can have one or more associated Figures. |n aschematic, these are wire segments
with objType "lin€e".

The geGetSel Set Function

Use the geGetSel Set function to retrieve the selected set. See the Cadence online
documentation to read about this function.

The geSelectFig Function

Use the geSelectFig function to select a specific figure database object. See the Cadence
online documentation to read about this function.
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Shape Attributes

All shapes have several common attributes.

Attribute Data Type Description

objType string "line", "rect", or "path", or "polygon"
etc.

bBox list of coordinates The bounding box of the shape.

layerName  string The name of the layer on which the
shape is found.

layerNum integer The number of the layer on which the
shape is found.

lpp list of two strings  The list of layer name and layer

purpose.

Database Queries
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Lab Overview

Lab 5-1 Querying Design Databases

In this lab, you open these designs:
®  master mux2 schematic
®  master mux2 layout
m  Mmaster mux2 extracted
®  master mux2 symbol
You enter SKILL expressions to answer the following questions:
®=  How many nets are in the design?
=  What are the net names?
m Are there any instances in the design? If so, how many?

m Are there any shapes in the design? If so, how many?
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Module Summary

In this module, we covered
m Database object concepts

m  Several specific object types
[0 The cellView object type
[0 The inst object type
(1 The various shape object types
[0 The net object type

m  The geGetWindowCellView function
m The geGetSelSet function

m  Using the ~> operator to retrieve attributes and user-defined properties
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Module Objectives

m  Review relational operators.
m Describe logical operators.

m  Examine branching statements.

m Discuss several methods of iteration.

Flow of Control



Terms and Definitions

Ilteration

To repeatedly execute a collection of SKILL expressions.

7/27/05
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Relational Operators

Use the following operators to compare data values.

These operators all return t or nil.

Operator Arguments Function Example Return Value
< numeric lessp 3<5 t
3<2 nil

<= numeric legp 3<=4 t

> numeric greaterp

>= numeric geqgp

== numeric equal 3.0 == t
string "abc" =="ABc" nil
list

1= numeric nequal
string "abc" 1= "ABc" t
list

Flow of Control
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Use parentheses to control the order of evaluation. This example assigns 3 to X, returning
3, and next compares 3 with 5, returning t.
(x=3)<b =>t

SKILL generatesan error if the datatypes are inappropriate. Error messages mention the
function in addition to the operator.

1 > [ 1] abC"
*** Error in routine greaterp:
Message: *Error* greaterp: can’'t handle (1 > "abc")

7/27/05 SKILL Language Programming
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Logical Operators

SKILL considers nil as FALSE and any other value as TRUE.

SKILL provides generalized boolean operators.

Operator Arguments Function Example Return
Value

! general null 13 nil
Inil t
It nil

&& general and Xx=1ly=5 5
X<3&&Yy<A4 nil
X<3&&1/0 *** Error
y<4&&1/0 nil

| general or x<3|ly<4 t
x<3]|1/0 t
y<4]|1/0 *** Error

The && and || operators only evaluate their second argument if they must to

determine the return result.

The && and || operators return the value last computed.

Flow of Control
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The && Operator

Evaluatesitsfirst argument. If it isnil, then & & returns nil.
The second argument is not evaluated.

If the first argument evaluates to non-nil, then & & evaluates the second argument. The
& & operator returns the value of the second argument.

The || Operator

Evaluatesitsfirst argument. If it isnon-nil, then || returns the value of the first argument.
The second argument is not evaluated.

If the first argument evaluates to nil, then the second argument is evaluated. The ||
operator returns the value of the second argument.

7/27/05 SKILL Language Programming
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Using the && and || Operators to Control Flow

You can use both the && and || operators to avoid cumbersome if or when
expressions.

Example of Using the || Operator

Suppose you have a default name, such as "noName" and a variable, such as
userName. To use the default name if userName is nil, use this expression:

t heUser = userNane || "noNane"
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Branching

Flow of Control

Branching Task Function
Binary branching If
when
unless
Multiway branching  case
cond

Arbitrary exit

prog return
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The iIf Function

Use the if function to selectively evaluate two groups of one or more expressions.
The selection is based on whether the condition evaluates to nil or non-nil.

m Useif(exp...)instead of if(exp !=nil ...)

m Use if(!exp...) instead of if( exp ==nil ...)

The return value of the if expression is the value last computed.

| f( shapeType == "rect" then
println( "Shape is a rectangle" )
++r ect Count
el se
println( "Shape is not a rectangle" )
++m scCount
) ; if rect
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Two Common if Errors

Two common if errors are:

= Including whitespace after if
i f ( shapeType == "rect"

)

*** Error in routine if
Message: *Error* if: too few argunents ...

= Including a right parenthesis after the conditional expression

| f ( shapeType == "rect" )
***Error* if: too few argunents (at |least 2 expected, 1 given)
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SKILL does most of its error checking during execution. Error messages involving if
expressions can be obscure.

Remember
m To avoid whitespace immediately after the if syntax function.

m To place parentheses as follows:
if( ... then ... else ... )
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Nested if-then-else Expressions

Be careful with parentheses. Comment the closing parentheses and indent
consistently as in this example.

| f( shapeType == "rect"

++r ect Count
el se
| f( shapeType ==
++| 1 neCount
el se
++m scCount
) ; 1 f line
) ; 1If rect

Flow of Control

1 | i I,]ell

t hen

t hen
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The when and unless Functions

Use the when function whenever you have only then expressions.

when( shapeType == "rect"
println( "Shape is a rectangle" )
++r ect Count

) ; when

when( shapeType == "elli pse"
println( "Shape is a ellipse" )
++el | i pseCount

) ; when

Use the unless function to avoid negating a condition.

unl ess(

shapeType == "rect" || shapeType == "line"

println( "Shape is m scel |l aneous"” )
++m scCount
) ; unl ess

Flow of Control
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The when and unless functions both return the last value evaluated within their body or
nil.
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The case Function

The case function sequentially compares a candidate value against a series of
target values. The target must be a value and cannot be a symbol or expression

that requires evaluation.

When it finds a match, it evaluates the associated expressions and returns the
value of the last expression evaluated.

case( shapeType
( "rect"
++r ect Count
println( "Shape

)
( "line"
++| 1 neCount
println( "Shape
)
( "I abel™
++| abel Count
println( "Shape
)
(t
++m scCount
println( "Shape
)
) ; case

Flow of Control

I S

I S

I S

I S

a rectangle" )

aline" )

a | abel" )

m scel | aneous" )

Candidate value
Target

Target

Target

Catch all
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If you have expressions to evaluate when no target value matches the candidate value,
Include those expressionsin an arm at the end. Uset for the target value for thislast arm.
If the flow of control reaches an arm whose target value isthe t value, then SKILL
unconditionally evaluates the expressions in the arm.

When target value of anarm isalist, SKILL searchesthelist for the candidate value. If
the candidate value is found, all the expressionsin the arm are evaluated.

case( shapeType
( "rect"
++r ect Count
println( "Shape is a rectangle" )

( ( "lLabel" "line" )
++| abel O Li neCount
println( "Shape is a line or a |abel" )

(t
++m scCount
println( "Shape is m scell aneous" )

)

) ; case
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The cond Function

Use the cond function when your logic involves multiway branching.

cond(
( conditionl expll expl2 ... )
( condition2 exp2l exp22 ... )
( condition3 exp3l exp32 ... )
(t expNlL expN2 ... )

) ; cond

The cond function

m  Sequentially evaluates the conditions in each arm, until it finds one that is
non-nil. It then executes all the expressions in the arm and exits.

m Returns the last value computed in the arm it executes.

The cond function is equivalent to

| f conditionl then expllexpl2 ...
else if condition2 then exp2lexp22 ...
else if condition3 then exp3lexp32 ...

el se expNlexpN2 .. ..
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Thisexample TrClassify function includes the cond function and the number p function.

procedure( Trd assify( signal )
cond(
( !'signal nil )
( !'nunberp( signal ) nil )
( signal >= 0 && signal < 3 "weak" )
( signal >= 3 && signal < 10 "noderate" )
( signal >= 10 "extrenme" )
( t "unexpected" )
) ; cond
) ; procedure

The numberp, listp, stringp, and symbolp Functions

SKILL provides many functions that recognize the type of their arguments, returning t or

nil. Traditionally, such functions are called predicates. Their namesend in "p".

Each function takes one argument, returning t if the argument is of the type specified,
otherwise returning nil. See the Cadence® online documentation to read more about this

function.
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lteration

Flow of Control

lteration task

Function

Numeric range
List of values

While a condition
IS non-nil

for
foreach

while
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These functions repeat a statement block for a specific number of times, or through each
element of alist, or until a certain condition is satisfied.
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The for Function

This example adds the integers from 1 to 5 using a for function.

sum = 0

for( i 15
sum = sum + |
println( sum)

)

The for function increments the index variable by 1.
The for function treats the index variable as a local variable.

m  Saves the current value of the index variable before evaluating the loop
expressions.

m Restores the index variable to its saved value after exiting the loop.
m Returns the value t.

SKILL does most of its error checking during execution. Error messages about for
expressions can be obscure. Remember

m  The placement of the parentheses: for( ...).

m To avoid putting whitespace immediately after the for syntax function.
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The only way to exit afor loop early isto call the return function. To use the return
function, you must enclose the for loop within a prog expression. This example findsthe
first odd integer less than or equal to 10.

prog( ()
for( 1 0 10

when( oddp( 1 )
return( 1 )
) ; when
) ; for

) ; prog
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The foreach Function

Use the foreach function to evaluate one or more expressions for each element
In a list of values.

rect Count = lineCount = mscCount =0
shapeTypeList ="' ( "rect" "polygon" "rect" "line" )

foreach( shapeType shapeTypelLi st
case( shapeType

( "rect” ++r ect Count )

( "line" ++| i neCount )

(t ++m scCount )
) ; case

) ; foreach

=> ( "rect" "polygon" "rect" "line" )

When evaluating a foreach expression, SKILL determines the list of values and
repeatedly assigns successive elements to the index variable, evaluating each
expression in the foreach body.

The foreach expression returns the list of values over which it iterates.
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In the example,

m Thevariable shapeTypeisthe index variable. Before entering the foreach loop,
SKILL savesthe current value of shapeType. SKILL restores the saved value after
completing the foreach loop.

m Thevariable shapeTypelist containsthelist of values. SKILL successively assigns
the values in shapeTypelist to shapeType, evaluating the body of the foreach loop
once for each separate value.

= Thebody of the foreach loop is a case statement.

= Thereturn value of the foreach loop isthe list contained in the shapeTypeL.ist
variable.
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The while Function

Use the while function to execute one or more expressions repeatedly as long as
the condition is non-nil.

Example of a while expression.

let( ( 1 nPort nextLine )
inPort = infile( "~/.cshrc" )
when( i nPort
whil e( gets( nextLine inPort )
println( nextLine )

); while
cl ose( inPort )
| nPort = nil
) ; when
) ; let
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The prog and return Functions

If you need to exit a collection of SKILL statements conditionally, use the prog
function.

prog( ( local variables ) your SKILL statenents )

Use the return function to force the prog function to immediately return a value.
The prog function does not execute any more SKILL statements.

If you do not call the return function within the prog body, prog returns nil.

For example, the TrClassify function returns either nil, "weak", "moderate”,
"extreme", or "unexpected", depending on the signal argument. This prog
example does not use any local variables.

procedure( Trd assify( signal )

prog( ()
unl ess( signal return( nil ))
unl ess( nunmberp( signal ) return( nil ))
when( signal >= 0 && signal < 3 return( "weak" ))
when( signal >= 3 && signal < 10 return( "noderate" ))
when( signal >= 10 return( "extrene" ))
return( "unexpected" )

) ; prog

) ; procedure

Flow of Control
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Use the prog function and the return function to exit early from afor loop. Thisexample
finds the first odd integer less than or equal to 10.

prog( ( )
for( 1 0 10

when( oddp( 1 )
return( 1 )
) ; when
) ; for

) ; prog
A prog function can al so establish temporary valuesfor local variables. All local variables
receive temporary valuesinitialized to nil.
The current value of avariable is accessible at any time from anywhere.
The SKILL Evauator transparently managesavalue slot of avariableasif it were astack.
= The current value of avariable is ssmply the top of the stack.

m Assigning avaue to avariable changes only the top of the stack.

Whenever your program invokes the prog function, the SKILL Evaluator pushes a
temporary value onto the value stack of each variable in the local variable list.

When the flow of control exits, the system pops the temporary value off the value stack,
restoring the previous value.
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Lab Overview

Lab 9-1 Writing a Database Report Program

You write a SKILL function to count the shapes in a design.
You enhance this program in subsequent labs.

Lab 9-2 Exploring Flow of Control
You write a SKILL function to validate 2-dimensional points.

Lab 9-3 More Flow of Control
You write a SKILL function to compare 2-dimensional points.

Lab 9-4 Controlling Complex Flow
You write a SKILL function to validate a bounding box.
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Module Summary

In this module, we covered

Flow of Control

Category Function
Relational Operators <

<=

>

>=

1=
Logical Operators !

&&

Branching

lteration

Miscellaneous

If when unless
case
cond

for
foreach
while

prog return
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Module Objectives

Understand the window ID data type.

Open design windows.
Define application bindkeys.
Open read-only text windows.

Manage windows.

Windows

4-3



Terms and Definitions

Callback

Application type

A callback isa SKILL expression that the software sendsto the
SKILL Evaluator inresponse to akeyboard or mouse event. To
retrieve the callback, the software notes where the cursor is
when the keyboard event happens.

Each Design Framework |1 window has an application type.
The system uses this type to determine the table of bindkey
definitions.

Bindkey A bindkey associates a SKILL expression with akey or mouse
button.
7/27/05 SKILL Language Programming
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Design Framework Il Windows

Most Design Framework Il windows have a window number.

s CIW

= Application windows

m  The Layer Selection Window (LSW) is not one of these windows.
The window function converts a window number to a window ID.

wi ndow( 3) => w ndow. 3

The data type wtype represents the underlying data structure for a window.
type( w ndowm(3) ) => wype

To make a window current, the user puts the mouse cursor in the window and
presses either a mouse button or a key.

The CIW is never the current window.

SKILL functions act on the current window by default.
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The hiGetWindowList Function

The hiGetWindowList function returns alist of the window 1Ds of the existing Design
Framework Il windows.

hi Get WndowLi st() => ( w ndow. 1 wi ndow. 2 )
The hiGetCurrentWindow Function

The hiGetCurrentWindow function identifies the current window. If thereis no current
window, the function returns nil.

hi Get Current Wndow() => w ndow. 4
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Opening a Design Window

Use the geOpen function to open a design in a window.
The geOpen function

m Loads the design into virtual memory.

m Creates a window displaying the design.

m  Returns the window ID.

The following expression opens the master mux2 schematic view for editing.

geQpen(
?2l1b "mast er”
?cel | "mux2"
?vi ew "schemati c"
?node "W’

) => w ndow: 12

The following expression displays the Open File form with the Library Name field
set to master.

geQpen( ?lib "master" )
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The geOpen Function

Keyword Example Parameter Meaning

?lib "master" the library name

?cell "mux2" the cell name

view "schematic" the view name

?mode "r',"a" or "w" read, append, overwrite

The geOpen function requires keyword parameter passing. Precede each argument with
the corresponding keyword. Keywords correspond to the formal arguments.

Prompt Line

By default every graphic window has a prompt line. Thisline tells the user what the
command requires next. Y ou can remove the prompt line for the current window with the

command:
hi RenovePr onpt Li ne()

or optionally specify awindow ID as an input parameter to the command.
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Using Bindkeys

Bindkeys make frequently used commands easier for the user to execute.
There are several different uses for bindkeys:

= To initiate a command, such as the Zoom In command.

m To use the mouse during a command to enter points.

m To perform subsidiary actions, such as panning the window, during a
command.

A bindkey associates a SKILL expression with a key or mouse button.

When the mouse cursor is in an application window, and the user presses a key
or mouse button, SKILL evaluates the bindkey expression.

Each application can associate different SKILL expressions with the same key or
mouse button.

While the user digitizes points during a command, a key or mouse button can
trigger a different SKILL expression than it normally does.
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This example illustrates the different uses of bindkeys.

7/27/05

1.

With the mouse cursor in a Layout Editor window, the user presses the z key.
The Zoom In command starts.

The user clicks the left mouse button to indicate the first corner of the region to
zoom.

The user pressesthe Tab key.
The Pan command starts.

The user clicks the left mouse button to indicate the center point of the pan
command.

The Pan command finishes.

Finally, to indicate the second corner of the region, the user clicks the left mouse
button again.

The Zoom In command finishes.
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Defining Bindkeys

When you define a bindkey, you specify the following information:

m  The application type, which identifies the application by means of a text
string. Typical application types include the following:

[0 "Command Interpreter"
0 "Layout"

[0 "Schematics"

[0 "Graphics Browser"

m  The keyboard or mouse event that triggers the SKILL expression. Typical
events include the following:

[1 Press the a key.
(1 Press the left mouse button.
1 Draw through with the left mouse button.

m  The mode that governs the bindkey. The bindkey is either modeless or is in
effect only when the user enters points.

m  The SKILL expression that the bindkey triggers.
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The hiGetAppType Function

Use the hiGetAppType function to determine the appropriate application type.

hi Get AppType( w ndow 1) ) =>
"Command | nterpreter”

The hiSetBindKey Function

Use the hiSetBindKey function to define a single bindkey.

hi Set Bl ndKey( " Schenmati cs”
"Shift Crl<Btn2Down>(2)"
hi Rai seW ndow( w ndow(1))"
)

Use the curly braces, { }, to group several SKILL expressions together.
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Describing Events

To determine the syntax to describe an event, do one of the following:

= Study the Cadence® online documentation.

m Display the bindkeys for an application that uses the event.

Examples
Event Description Event Syntax
The user pressed the a key. "<Key>a"
The user clicked the left mouse button. "<Btn1Down>"

The user draws through an area with the left "<DrawThrul>"
mouse button.

While holding down Shift and Control keys, "Shift Ctrl<Btn2Down>(2)"
the user double clicked the middle mouse
button.

To limit the event to entering points, append EF to the event syntax:
" <Bt n1Down>EF"
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If t key endswith"EF", you usethe SKILL command in enterfunction mode. Otherwise,
It is a non-enterfunction mode command. If there is no enterfunction mode command
defined when akey or mouse event happens in enterfunction mode, the system uses the
non-enterfunction mode command for this key.

Note that even an empty string isavalid bindkey command. Therefore, if you want a
non-enterfunction mode command to be executed during an enterfunction, do not define
an enterfunction mode command for this key.

Enterfunctions

An enterfunction in SKILL isa built-in function which allows you to enter points
graphically. The enterfunctions then collect these points and pass them to your procedure
which uses the points to perform some action. These are very useful in the graphical
environment.

Thelist of enterfunctions that collect points are:

enter Arc, enter Box, enter Circle, enterDonut, enterEllipse, enterLine, enter Path,
enter Point, enter Points, enter Polygon, enter ScreenBox, enter Segment, enter MultiRep

Additional enterfunctions are enterNumber and enter String.
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Displaying Bindkeys

To display the current bindings for the application, perform these steps:

1. In the CIW, use the Options—Bind Key command to display the Key or
Mouse Bindings form.

2. In the Application Type Prefix cyclic field, choose the name of the
application.

3. Click the Show Bind Keys button.
You can save the displayed file and load it from your .cdsinit file.

The file uses the hiSetBindKeys function, instead of the hiSetBindKey function, to
define the bindkeys.

Can you describe the difference between the arguments for these two functions?
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The hiGetBindKey Function
Use the hiGetBindKey function to determine the SKILL command associated with a

mouse or keyboard event.

hi Get Bl ndKey( " Schemati cs”

"schSingl eSel ectPt ()"
hi Get Bi ndKey( " Schematics" "<Key>z" )

“None<Bt n1Down>" ) =>

=> "hi Zoom n()"

The hiSetBindKeys Function

Use the hiSatBindKeys function to set multiple bindkeys for an application at one time.
Thefirst parameter isthe application type. The second parameter isalist of bindkey lists,
whereabindkey listisatwo element list. Thefirst element isthe bindkey description, the

second is the bindkey action.
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Standard Bindkey Definitions

The following files contain the standard bindkey definitions:

m  <install_dir>/tools/dfll/samples/local/schBindKeys.ll
m  <install_dir>/tools/dfll/samples/local/leBindKeys.ll

Notice that these files use the alias function to give a shorter name to the
hiSetBindKey function.

Examine the <install_dir>/tools/dfll/cdsuser/.cdsinit file, particularly the section
entitled LOAD APPLICATION BIND KEY DEFINITIONS, to study the SKILL code
that loads these two files.
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The alias Function

Use this function to give a more convenient name to a SKILL function. This example
gives the shorter name bk to the hiSetBindKey function.

al 1 as( bk nhi set Bl naKey )
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Opening a Text Window

Use the view function to display a text file in a read-only window.

Example

This example displays the bindkey file from the Virtuoso® Schematic Editor.

Vi ew
prependl nstal | Pat h( "sanpl es/ | ocal / schBi ndKeys.il" )
)

Use the prependinstallPath function to make a pathname relative to the Design
Framework Il installation directory. This function prepends <install_dir>/tools/dfll
to the path name.

Example

This example displays the same file in a window entitled Schematics Bindkeys.

Vi ew(
prependl nstal | Pat h("sanpl es/ | ocal / schBi ndKeys.il" )
,; path to file
' ((406 506) (1032 806)) ;;; W ndow boundi ng box
"Schemati cs Bi ndkeys" ;;; wndowtitle

) => w ndow: 6
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The view Function

The view function takes several optional arguments.

Argument Status Type Meaning
file required  text Pathname
winSpec optional  bounding box/  Bounding box of the window
nil If you pass nil, the default position is used.
title optional  text Thetitle of the window.
The default isthe value of file parameter.
autoUpdate optional  t/nil If t, then the window will update for each
write to thefile.
The default is no autoUpdate.
appName  optional  text The Application Type for this window.
The default is" Show File".
help optional  text Text string for online help.
The default means no help is available.
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Manipulating Windows

hiGetWindowName( window( 5 ) ) => "Virtuoso..."

Y A hiRaiseWindow( window(5) )
B70 [ L
1
3
Virtuoso... 5
> X
1140
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Naming Windows

m The hiGetWindowName Function
Use the hiGetWindowName function to retrieve a window title.
hi Get W ndowNane( wi ndow(5)) => "Virtuoso ...

m ThehiSetWindowName Function
Use the hiSetWindowName function to set a window title.
hi Set W ndowNane( wi ndow(5) "My Title" )=>t

Raising and L owering Windows

® The hiRaiseWindow Function
Use the hiRaiseWindow function to bring a window to the top of the desktop.
hi Rai seW ndow( w ndow(5 )) =>t

m The hiL ower Window Function

7/27/05 SKILL Language Programming 4-22



Resizing Windows

The origin of the screen coordinate system is the lower-left corner.

The unit of measurement for screen coordinates is a pixel.

YA hiResizeWindow( window( 3) list( 300:50 1000:600 ))

70 [ @

1140
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The hiGetM axScreenCoords Function

Use the hiGetMaxScreenCoords function to determine the maximum X-coordinate and
maximum y-coordinate value.

hi Get MaxScreenCoords() => ( 1140 870)

The hiGetAbsWindowScreenBBox Function

Use the hiGetAbs\WindowScreenBBox function, passing t as the second argument, to
retrieve the bounding box of awindow.

hi Get AbsW ndowScr eenBBox( wi ndow(1) t ) =>
((200 300) (650 700))

The hiResizeWindow Function

Use the hiResi zéWindow function to resize awindow. The bounding box you pass to the
hiResi zeFunction will be the return value of the next call to the
hi GetAbs\WWi ndowScreenBBox function.
hi Resi zeW ndow( w ndow( 1)
' ((200 300) (650 700)) ) =>t
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lconifying Windows

Yo
BT0 [ | _

hilconif;yWindow( window( 3))

1140
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The hil conifyWindow Function
The hilconifyWindow function iconifies an open window.
hi | coni f yWndow( w ndow(3)) =>t

The hiGetWindowl conifyState Function

The hiGetWindowl conifySate function returns nil if the window is uniconified. If the
window isiconified, it returns the upper-left corner of the iconified window.

hi Get Wndowl coni fyState( w ndow(3) ) => (1108 490)

The hiDeiconifyWindow Function

The hiDeinconifyWindow function opens an iconified window.
hi Dei coni f yW ndow( wi ndow(3)) =>t
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Lab Overview

Lab 4-1 Opening Windows
Lab 4-2 Resizing Windows
Lab 4-3 Storing and Retrieving Bindkeys

Lab 4-4 Defining a Show File Bindkey
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Module Summary

In this module, we discussed

The window ID data type
Opening design windows
Defining application bindkeys
Opening read-only text windows

Managing windows

Windows
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Category Functions

Basic window
hiGetWindowList
hi GetCurrentWindow
hi GetAbs\WindowScreenBBox

Window manipulation hi GetWindowName, hi SetWindowName
hiRaiseWindow
hiResizeWindow
hi GetWindowl conifySate,
hilconifyWindow,
hi Dei conifyWindow

Opening design windows geOpen

Opening text windows view

Bindkeys hiGetAppType
hiGetBindKey
hi SetBindKey
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Module Objectives

m Create and display pop-up menus.
m Create pull-down menus.

= Install and remove pull-down menus from window banners.

Menus

6-3



Terms and Definitions

Callback SKILL code that the system calls when the user does
something in the user interface.
7/27/05 SKILL Language Programming
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Creating a Pop-Up Menu

Use the hiCreateSimpleMenu function to build a pop-up menu with choices.

This example creates a pop-up menu with Example Menu as the title.

hi Cr eat eSI npl eMenu(

" Tr Exanpl eMenu

"Exanpl e Menu"

( "One" "Two" )

( "printin(C \"One\" )" "println( \"Two\" )" )
) => hi Menu@x3b2aae8

Use the hiDisplayMenu function to display the menu. Once it's displayed,
m  Choosing One causes printin( "One" ) to execute.

m  Choosing Two causes printin( "Two" ) to execute.

Example Menu

One
Two
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The hiCreateSimpleMenu Function

Example Arguments Meaning

' TrExampleMenu

"Example Menu"

'("One" "Two" )
(
"printin( \"One\" )"

"printin( \" Two\" )"
)

The menu variable.

hiCreateS mpleMenu stores

the data structure of the menu in this variable.
TrExampleMenu => hiMenu@0x3b2aae8

The title of the menu.
The list of the choices. No repetitions.

Thelist of callbacks.

Each callback is a string representing a single expression.
Use \" to embed a single quote.

Use curly braces, { }, to group multiple expressionsinto a
single expression.

7/27/05
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Displaying a Pop-Up Menu

Use the hiDisplayMenu function to display a pop-up menu.
Pass the menu data structure to the hiDisplayMenu function.

This example defines a bindkey for the Schematics application. The bindkey
displays your pop-up menu.

hi Set Bi ndKey( " Schenmati cs"
"Shift Crl<Bt n2Down>(2)"
“hi D spl ayMenu( Tr Exanpl eMenu )" )

\\

hiDisplayMenu

Menus



The hiDisplayMenu Function

Example Argument Meaning

TrExampleMenu Use the variable you passed to hiCreateS mpleMenu.
Do not apply the’ operator to the Tr ExampleMenu
variable because you want to refer to the value of the

variable,

7/27/05 SKILL Language Programming
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Creating a Pull-Down Menu

General characteristics of a pull-down menu include the following:

®  You can insert a pull-down menu in one or more menu banners or in slider
menus.

m  These menus can contain textual, iconic, or slider items.
Use the hiCreatePulldownMenu function to create a pull-down menu.

Use the hiCreateMenultem function to create the menu items.
Tr Menul t enOne = hi Creat eMenul t en(

?nane " Tr Menul t enOne
?1 t enifext "One"
?cal | back "printin( \"One\" )"

)

Pass the list of menu items to the hiCreatePulldownMenu function.

hi Cr eat ePul | downMenu(
" Tr Pul | downMenu ,;;, the nmenu vari abl e
"Exanpl e Menu" ;. hmenu title
list( TrMenultenOne Tr Menultenilwo )

)
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The hiCreateMenultem Function

Formal Argument Actual Argument

Meaning

?name "TrMenultemOne
?1temText "One"
?callback "println( \"One\" )"

The symbolic name of the item.

Quote this variable.

Make sure that you also store thereturn
result in this variable.

The text that appears on the menu.

The action triggered by this menu item.

The hiCreatePulldownMenu Function

Example Argument Meaning

' Tr PulldownMenu The menu variable. Quote this variable.
The function stores the pull-down data
structure menu in this variable.

"Example Menu" The menu title.

list( TrMenultemOne TrMenultemTwo ) The list of menu items.

7/27/05 SKILL Language Programming
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Inserting a Pull-Down Menu

Assume that a single window is already open.

Use the hilnsertBannerMenu function to insert a pull-down menu in the window
menu banner.

The following line inserts a pull-down menu in the leftmost position of the CIW:
hi | nsert Banner Menu( wi ndow 1 ) TrPull downMenu O )

If you attempt to insert a pull-down menu that is already present in a window
banner, the following actions occur:

= You get a warning message.

= Your request is ignored.

To replace a pull-down menu, first delete the menu you want to replace.
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The hilnsertBannerMenu Function

Example Argument Meaning

window( 1) The window ID

TrPulldownMenu The data structure for the pull-down menu.
Use the variable you passed to hiCreatePulldownMenu.
Do not apply the’ operator to the hiCreatePul|ldownMenu
variable because you want to refer to its contents.

0 The index of the menu after it has been inserted.
0 isthe leftmost.

The hilnsertBannerMenu function only works on a single window.
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Deleting a Pull-Down Menu

Use the hiDeleteBannerMenu function to remove a pull-down menu from the
window banner.

The pull-down menus on the right move one position to the left.

This example removes the leftmost menu in the CIW.
hi Del et eBanner Menu( window( 1 ) 0 )

Notice that the hiDeleteBannerMenu function requires the index of the pull-down
menu. You can use the result of hiGetBannerMenus() to figure out the index by
counting down the list to the position of the menu. The first menu in the list is index

0.
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The hiDeleteBannerMenu Function

Example Argument Meaning

window( 1) The window ID.

0 The index of the menu.
0 isthe leftmost.
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Lab Overview

Lab 6-1 Exploring Menus
[1 Exploring Pop-Up Menus
[1 Exploring Pull-Down Menus
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Module Summary

In this module, we covered
m  Creating and displaying a pop-up menu
m Creating a pull-down menu
m Installing a pull-down menu in a window banner

m Deleting a pull-down menu from a window banner
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Function

Description

hiCreateS mpleMenu
hiCreateMenu

hiDisplayMenu

hiCreateMenultem

hi CreatePulldownMenu
hil nsertBanner Menu
hiDel eteBannerMenu

Builds a pop-up menu with text choices only.
Builds a pop-up menu text or icon choices.

Displays a pop-up menu built by hiCreateSmpleMenu or
hiCreateMenu.

Builds a menu item. Several menus can share this item
simultaneoudly.

Builds a pull-down menu with text or icon choices.
Installs a pull-down menu in awindow banner.

Removes a pull-down menu from the banner.

7/27/05
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Module Objectives

m  Write UNIX text files.
m Read UNIX text files.

m  Open a text window.
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Writing Data to a File

Instead of displaying data in the CIW, you can write the data to a file.

Both print and println accept a second, optional argument that must be an output

port associated with the target file.

Use the outfile function to obtain an output port for a file. Once you are finished

writing data to the file, use the close function to release the port.

This example uses the for function to execute the println function iteratively. The

| variable is successively set to the values 1,2,3,4, and 5.
myPort = outfile( "/tnmp/nyFile" )

for( 1 15

printin(C list( "Nunber:"

) =>t
cl ose( myPort ) =>t
myPort = nil

After you execute the close function, /tmp/myFile contains the following lines:

(" Nunber:" 1)
(" Nunmber:" 2)
(" Nunmber:" 3)
(" Nunmber:" 4)
(" Nunmber:" 5)

Filel/O

=> port:"/tnp/ nyFile"

1) nyPort )
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The print and println Functions

Notice how SKILL displaysaport in the CIW.

nyPort = outfile( "/tnp/nyfile" )
port:"/tnp/ nyfile"

Use afull pathname with the outfile function. Keep in mind that outfile returns nil if you
do not have write access to thefile, or if you cannot create the file in the directory you

specified in the pathname.

The print and println functionsraise an error if the port argument is nil. Observe that the
type template uses a p character to indicate a port is expected.

println( "Hello" nil )
*** Error in routine println:
Message: *Error* println: argunment #2 should be an I/ O port

(type tenplate = "gp")

The close Function

The close function does not update your port variable after it closesthefile. To facilitate
robust program logic, set your port variable to nil after calling the close function.
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Writing Data to a File (nine)

Unlike the print and printin functions, the printf function does not accept an
optional port argument.

Use the fprintf function to write formatted data to a file. The first argument must
be an output port associated with the file.

Example
nyPort = outfile( "/tnp/nyFile" )
for( i 15
fprintf( nyPort "\ nNunber: %" i )
) ; for

cl ose( nyPort )

The example above writes the following data to /tmp/myFile:

Nunber :
Nunber :
Nunber :
Nunber :
Nunmber :

O~ wWNPEF
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Reading Data from a File

Use the infile function to obtain an input port on a file.

The gets function reads the next line from the file.

This example prints every line in ~/.cshrc to the CIW.

let( ( inPort nextLine )
inPort = infile( "~/.cshrc" )
when( 1 nPort
whil e( gets( nextLine inPort )
println( nextLine )
); while
cl ose( inPort )
) ; when
) ; let

Filel/O
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Theinfile Function

The gets Function

The getsfunction reads the next line from the file. The arguments of the gets function are
the:

m Variable that receives the next line.
= |nput port.
The gets function returns the text string or returns nil when the end of file is reached.
Thewhen Function

Thefirst expression within awhen expression is a condition. SKILL evauatesthe
condition. If it evaluatesto anon-nil value, then SKILL evaluatesall the other expressions
In the when body. The when function returns either nil or the value of the last expression
In the body.

The while Function

SKILL repeatedly evaluates all the expressionsin the while body aslong as the condition
evaluates to anon-nil value. The while function returns nil.

7/27/05 SKILL Language Programming 10-10



The fscanf Function

The fscanf function reads data from a file according to conversion control
directives.

The arguments of fscanf are

= The input port

m  The conversion control string

m The variable(s) that receive(s) the matching data values.
The fscanf function returns the number of data items matched.

This example prints every word in ~/.cshrc to the CIW.

let( ( inPort word )
inPort = infile( "~/.cshrc" )
when( i nPort
whil e( fscanf( inPort "9%" word )
println( word )
); while
cl ose( inPort )
) ; when
) ; let
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The format directives commonly found include the onesin this table.

Format Data Type Scans Input Port
Specification

%d Integer for next integer

%of floating point  for next floating point
%S text string for next text string

The following is an example of output from the ~/CDS.og.

\o "#.cshrc"
\o "for"

\o "Sol ari s"
\o "#Cadence"
\o "Training"
\ o "Dat abase"

\o "setup"
\o "for"
\o "t he"

\o "97A"

\o "rel ease"
\o "#"
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Opening a Text Window

Use the view function to display a text file in a read-only window.
view( "~/SKILL/.cdsinit" ) => wi ndow. 5

The view function is very useful for displaying a report file to the user.

The view function resolves a relative pathname in terms of the SKILL path. This
IS a list of directories you can establish in your .cdsinit.

See Module 7, Customization, for specifics on the SKILL path.

To select text from your CDS.log file, try the following:

Vi ew
"~/ CDS.10g" ;;; pathnane to CDS. | og
ni | ,;; default |ocation
"Log File" ;. wndowtitle
t ;;; auto update

) => wi ndow. 6

Filel/O 10-13



The view Function

The view function takes several optional arguments.

Argument Status Type Meaning

file required text Pathname

winSpec optional  bounding box/nil Bounding box of the window.
If you pass nil, the default position is
used.

title optional text Thetitle of the window.
The default isthe value of thefile
parameter.

autoUpdate optional t/nil If t, then the window updates for each
write to thefile.
The default isnil.

appName  optional text The Application Type for this window.
The default is" Show File".

help optional text Text string for online help.
The default means no help is available.
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Lab Overview

Lab 10-1 Writing Data to a File
Lab 10-2 Reading Data from a Text File

Lab 10-3 Writing Output to a File
Enhance your TrShapeReport function to write the output to a file.
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Module Summary

In this module, we covered

= Writing text data to a file by using

Filel/O

[]
[]
[]
[]

The outfile function to obtain an output port on a file

An optional output port parameter to the print and printin functions
A required port parameter to the fprintf function

The close function to close the output port

Reading a text file by using

[]

[]
[]
[]

The infile function to obtain an input port

The gets function to read the file a line at a time
The fscanf function to convert text fields upon input
The close function to close the input port
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Module Objectives

Review database object concepts.

Survey the cellview data model documentation.

Open a cellview nongraphically.

Create geometry in a design.

Save and close a cellview.

Survey how the cellview data model represents

[]
[]
[]
[]

Geometry

Hierarchy

Connectivity
User-defined Properties

Retrieve all the attributes of a database object.

Cedllview Data Model
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Terms and Definitions

CDBA
Library

Cell

Cellview

View

Pin

Terminal

Design Framework |l database technology

A collection of design objects that you refer to by alogical
name, such as cells, views, and cellviews

A component of adesign: acollection of different
representations of the components implementation, such asits
schematic, layout, or symbol

A particular representation of a particular component, such as
the layout of aflip-flop or the schematic of aNAND gate

An occurrence of a particular view type identified by its
user-defined name, "XYZ". Each"XYZ" view has an
associated viewType, such as maskLayout, schematic, or
symbolic

A physical implementation of aterminal

A logical connection point of a component

7/27/05
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Database Object Review

In the Database Queries module, we covered

Database object concepts

Several specific object types

[]
[]
[]
[]

The cellview object type
The inst object type

The Shapes object types
The net object type

The geGetWindowCellView function

The geGetSelSet function

Using the ~> operator to retrieve attributes and user-defined properties.

Cedllview Data Model
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Design Framework |l Database Technology

CDBA refers to the Design Framework |l database technology. It includes the
following:

m A cellview data model

m A SKILL API (Application Programming Interface)

The Cellview Data Model expresses the following design data:

m  Geometry

m Hierarchy

=  Connectivity
Applications Programs can express user-defined data and relationships by
means of

m  User-defined properties

m  User-defined groups
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CDBA

C-level database access (CDBA) consists of procedural access layers on top of the
Cadence® database. CDBA routines provide nearly complete accessto all the data stored
In the Cadence design database. Y ou can create, modify, save, retrieve, and maintain data
In the Cadence database. CDBA functions are available at the programming level and
allow tight and complete control over database operations.
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Database Access SKILL Documentation

The “Database Access” chapter in the Design Framework Il SKILL Functions
Reference Manual contains the following sections:

= Introduction
m Data Stored as Objects
m Database Access Functions
m Description of Database Objects
See the Cadence online documentation to access this material by

m Searching for specific functions, such as the dbOpenCellViewByType
function.

m Using the table of contents for this material.
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Description of Database Objects

The “Description of Database Objects” section has a series of tables that list the
attributes for each object type. Do a search in CDSDoc for “Description of
Database Objects” to locate the section.

Each table consists of four columns.
m The Attribute column lists the attribute name.

m The Set? column lists whether you can use the ~> operator together with
the = operator to update the attribute value.

m The Type column lists the constrained value of the attribute. The value of
an attribute is constrained to be one of these SKILL data types:

String

Integer

Float

Database object

List

(1 Boolean (appears as a string, true or false)

1 OO O 0O 0O

m  The Description column summarizes the meaning of the attribute.
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There are three types of attributes as shown in this table.

Attribute Description

Mandatory Must be specified at the time the database object is created.
These attributes are essential to the viability of the database object.

Optiona Might or might not be present on a particular database object, in which
caseitsvaueisnil.

Derived Are computed dynamically from other attributes.
Consequently, you cannot change them.
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Database Object Classes

Several object types have similar attributes as in these examples:

All object types have an objType attribute.

The inst and mosaiclnst object types both have a master attribute.

All shape object types and the inst object type have a bBox attribute.

All shape object types have a layerName attribute.

An object class is a collection of object types with similar attributes.

Class Scope

Generic Database Object All database objects

Figure Any selectable database object

Instance The inst and mosaicinst database
objects

Shape All shape database objects

Cedllview Data Model
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The Cellview Data Model Road Map

In this module, diagrams such as this one summarize the Cellview Data Model.

libName
cellName
cellView viewName
>
Shape -
< cellView
shapes
objType objType

The diagrams use the following conventions:

An ellipse represents a class of object types that share attributes.
A rectangle represents an object type.
Attribute names are clustered around the ellipses or rectangles.

Arrows represent relationships between two object types or two object type
classes. Each arrow is labelled with an attribute name.

A single-headed, thin arrow represents a 1-to-1(0) relationship.

A double-headed, thin arrow represents a 1-to-many(0) relationship.
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The table below summarizes the example road map. The road map focuses on attributes
that represent rel ationships between object types.

Object Type

Attribute Attribute

or Class Name Value

Shape obj Type

Shape cellView 1 cell View database object.
cellView obj Type

cellView libName

cellView cellName

cellView viewName

cellView shapes 0 or more Shape database objects.

The~/XKILL/CaseSudy/RoadMap.il definesafunction that buildsthe complete road map
as alayout cellview. See Lab 13-10, Building the Cellview Data Model Road Map, for

further detalls.

7/27/05
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Opening Cellviews

The dbOpenCellViewByType function opens a cellview nongraphically.
If successful, it returns the database object of the cellview.

dbCpenCeIIV'ewByType(

'naster ;; library nane
"mux2" ;; cell nanme
"schemati c" ;; View nane
"schemati c" ,, View type
“r ,; access node
;. "r" =read, "a" = append, "wW' = overwite

)
0 db: 12345678

Use the dbOpenCellViewByType function to create a new cellview.

cv = dbOpenCel | Vi ewByType( "nmaster" "new'
"l ayout" "maskLayout" "w' )
=> db: 37711916
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The dbOpenCellViewByType Function
If the dbOpenCellViewByType function is unsuccessful, it returns nil.

cv = dbOQpenCel | Vi ewByType( "nmaster" "boxes"
"layout" "maskLayout" )

*WARNI NG failed to open cellview (boxes | ayout)
fromlib (master) in 'r' node
because cel |l vi ew does not exi st.

ni |

Céllviewtype examples

If cell "cellA" with view "layout” existsin library "test," open the cellview for read.
cellview = dbQOpenCel | Vi ewByType("test" "cell A" "layout")

Open cell "cellA" with view "layout” in library "test" for "append" mode. Create the
cellview if it does not exist.

cel |l view= dbQpenCel | Vi ewByType("test" "cel | A" "l ayout" "maskLayout" "a")

Open cdll "celA" with view "layout” in library "test" for "append" mode only if the
cellview already exists.

cellview = dbQOpenCel | Vi ewByType("test" "cell A" "layout” "" "a")

See the Cadence online documentation to read more about this function.
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Shapes

: layerPurposePairs
cellView y D
A shapes
cellView ;
IzilyerName LP
ayerNum
I
PP layerName
layerNum
purpose
polygon rect line
nPoints nPoints
points points
Note: Not all shape object types are shown. mm is a kind of
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Every cell View database object has a shapes attribute. The value of shapesisalist of al
shapes in the design. If you need to process all the shapesin adesign by layer purpose
pair, retrieve the layer PurposePairs attribute, whose valueisalist of LP database objects.

Each LP database object has:
m A shapes attribute, which isalist of all shapesthat are on that layer purpose pair.

= |ayerName and layer Num attributes, which identify the layer purpose pair.

Each Shape database object has:

= |layerName and layer Num attributes, which identify the layer name and number of
the layer where the shape is.

= Anlpp attribute whose value isthe list of layer name and layer purpose.
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Creating Shapes

There are several SKILL functions that create database objects. These functions:
= Begin with dbCreate.

m  Require a cellview database object and enough other arguments to
describe the object.

m  Return the new database object.

Use the dbCreateRect function to create a rectangle on a layer with a given
bounding box.

let( ( cv newRect )
cv = dbOpenCel | Vi ewByType( "master"” "new'
"l ayout" "maskLayout" "w')
newRect = dbCreat eRect (

cVv ;;; cellView dat abase obj ect
"met al 1" ,,, layer nane
list( 0:0 .5:.5 ) ;;; bounding box

)

) o
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The dbCreateRect Function
dbCreateRect( d cellViewtx layer | bBox ) => d rect / nil

dbCreateRect( d cell View (tx layer [t _purpose] ) | _bBox ) =>d rect
[ nil

This function creates arectangle.

Arguments Interpretation

d cell View Specifiesthecellview.

tx_layer Specifies either the layer name or number.
t _purpose Specifies purpose, defaults to drawing.
| bBox Defines the lower left and upper right corners of the

bounding box.

Returns the dbObject of the rectangle.
Returns nil if the rectangle is not created.
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Updating Shapes

You can often use the ~> operator to update a shape.

Expression Action Example

~>pbBox = Move a rectangle aRect~>bBox = newBBox
~>layerName = Change a shape’s layer aRect~>layerName = "thinox"
~>points = Change a path’s points aPath~>points = newPoints

~>width = Change a path’s width aPath~>width = 3.0

There are attributes you are not allowed to set.

aPat h~>nPoi nts = 6
Message: *Error* set SGgy: dbSetq:
Can not set attribute - nPoints

The geTransformUserBBox function transforms a bounding box according to a
displacement vector, a rotation, and a magnification.

newBBox = geTransfor mJser BBox( aRect ~>bBox
list( O:deltaY "RO" )

)
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The geTransformUserPoint Function

The geTransformUser Point function transforms a point by the displacement and rotation
passed in.

The geTransformUserBBox Function

The geTransformUser BBox function is similar to geTransformUser Point, except that it
expects a bounding box. It returns the transformed bounding box in the standard format:

thefirst point isthe lower-left corner and the second point isthe upper-right corner of the
bounding box.

Refer to the reference documentation for further information on these functions.
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Saving and Closing a Cellview

The dbSave function saves a modified cellview that has been opened in write or
append mode.

let( ( cv newRect )
cv = dbOpenCel | Vi ewByType( "nmaster" "new'
"layout" "maskLayout" "w')
newRect = dbCreat eRect (

cv ;;, cellView dat abase obj ect
"met al 1" ;,; layer nane
list( 0:0 .5:.5 ) ;;; bounding box

)
dbSave( cv )

) ¢ let

You cannot save or overwrite a cellview that is open in read or scratch mode.
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The dbSave Function

See the Cadence online documentation to read more about thisfunction. For instance, you
can specify adifferent cellview to save the datato.

If you are editing a schematic cellview you will also need to do a schCheck prior to the
dbSave function. This corresponds to the Check and Save step that you perform
Interactively when editing or expanding a schematic cellview.
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The dbClose Function

Use the dbClose function when you no longer need a cellview in virtual memory.

let( ( cv newRect )
cv = dbOpenCel | Vi ewByType( "master" "new'
"l ayout" "maskLayout" "w')
newRect = dbCreat eRect (

cVv ;;; cellView dat abase obj ect
"met al 1" ;;, layer name
list( 0:0 .5:.5 ) ;;; bounding box

)
dbSave( cv )

dbC ose( cv )
) ; let

Avoid accessing purged objects. The ~> operator cannot retrieve attributes from
a purged database object that has been removed from virtual memory. In that
case, the ~> operator issues a warning and returns nil.

cv~>cel | Nane

dbGetq: (bject is a purged/freed object. - db:37711916
ni |

After closing a cellview, set all variables containing the database object to nil.
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See the Cadence online documentation to read more about the dbClose function.

To manage memory efficiently, CDBA maintains its own virtual memory pool. CDBA
uses a simple reference count algorithm to determine when it can purge a cellview from
virtual memory.

For a particular cellview, when the number of times you have called dbClose equals the
number of times you have called dbOpenCellViewByType, CDBA returnsthe memory to
the memory pool. CDBA usesthe memory for subsequent dbOpenCellViewByType calls.

Design Framework 11 returnsthe CBDA memory pool to UNIX when you exit the Design
Framework Il environment.
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Lab Overview

Lab 13-1 Enhancing the Layer Shape Report SKILL Program

You develop a SKILL function that produces a report to count the number of each
kind of shape on each layer in a design.

Lab 13-2 Creating a Cellview
You create a cellview containing various shapes.

Lab 13-3 Aligning Rectangles

You develop a SKILL function to align the top sides of a collection of
rectangles.
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Hierarchy

Example: Instance 11 of master mux2 schematic

sEL I *+ - nand

LA [
q :r\Tl P
nand:
1
1

M="111
F=11/1
“f:b
o
= 0L
. A 13 ‘I?
s
E -
2 . nand?z
MN=11/1
F=11/1
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The following examples review ~> expressions you have seen previoudly.
m Thelist of the instances in the design

nmux2~>i nst ances =>
( db: 39520396 db: 39523572 db: 39522480 .... )
| 1 = dbFi ndAnyl nst ByNanme( nmux2 "11" ) => db: 38127508

m Thelist of master call names

mux2~>i nst ances~>cel | Nane
( 1] I nV" 1] gr]dll 1] Vddll 1] nandzll n nandzll
1] r]a.r]dzll 1] opi r]II 11] i pi r]II 11] i pi r]II 11] i pi r]II )

m Thelist of instance names

mux2~>i nst ances~>nane =>
( 1 | 6" 1 | 9" 1 | 8" 1 | 3" 1 | 1ll
1] I OII n I 5" n I 7Il n I 4Il n I 2Il )
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The cellView and inst Object Types

InstanceMasters
instRefs
instances master
: —p : -
cellView < Inst —> cellView
cellView name

libName libName libName
cellName cellName cellName
viewName viewName viewName

mux2 = dbQpenCel | Vi ewByType( "master" "nux2" "schematic" )
mux2~>cel | Name => " nux2"
nth( 3 nmux2~>i nstances )~>cel | Nane ==> "nand2"
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The cellView Object Type

Each cellView database object has:

= |ibName, cellName, and viewName attributes, whose values uniquely identify the
design.

® AninstanceMasters attribute, whose value is alist of all cellView database objects
instantiated in this design.

® AninstRefs attribute, whose valueisalist of all Instance database objectswith this
design as master.

Theinst Object Type

Each Instance database object has:
= The objType attribute value equal to "inst" or "mosaiclnst"”.

m A name attribute whose value is the name of the instance.

= ThelibName, cellName, and viewName attributes, whose values uniquely identify
the master.
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The TrFormatinstance Function

The TrFormatinstance function prints information about an instance.

procedure( TrFormatl nstance( inst )
let( ( cv format )

cv = inst~>cell Vi ew
format = "% % % % 9%\n" ;;; your choice
printf(

f or mat

| nst ~>nane

i nst~>cell Name ;; the master’s cell Nane

cv~>| | bNane
cv~>cel | Nane
cv~>vi ewNane

)
) ; let

) ; procedure

Assuming that inst contains an instance database object,
m  The inst~>0bjType expression is either "inst" or "mosaiclnst".
m  The inst~>cellView expression is the cellView containing the instance.
m  The inst~>master expression is the instance’s master database object.

m  The inst~>master~>objType expression is "cellView".
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Sample output from the CDS.log.

\i TrFormatl nstance( car( geCGetSel Set()))
\o Il nand2 master nmux2 schemati c
\'t t

\i TrFormatl nstance( car( geCGetSel Set()))
\o 16 Inv master nux2 schematic
\'t t

Can you account for the return value t by studying the source code?

This more readlistic format string prints the information in columns.

format =
"I nstance: % 10s Master: % 10s within Cell View 9% 10s % 10s % 10s \ n"
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A Hierarchical Design

Assume you have a hierarchical design and you need a list of masters that are
Instantiated in the hierarchy. In this example, the listis (AB C D).

Top A C
A B ‘ ‘
B
C C D
A
: L
A
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The following tree describes the hierarchy. A and C are leaf cells that contain no
Instances.

—
N
|
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Traversing a Hierarchical Layout Design

procedure( TrHi erarchyTraversal ( cellView |istSoFar )
foreach( naster cell Vi ew~->i nst ances~>nast er
let( ( nextCellView)
next Cel | Vi ew = nmast er
cond(
( 'nextCellViewnil )
( menber( nextCellView listSoFar ) nil )
(t
| i st SoFar =
TrH erarchyTraver sal (
next Cel | Vi ew
cons( nextCell View |istSoFar ))
)
) ; cond
) ; let
) ; foreach
| i st SoFar;;; return val ue
) ; procedure

The cellView parameter identifies the cellview to expand.

The listSoFar parameter identifies cellviews to avoid expanding.
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The TrHierarchyTraversal function isrecursive.

The cellView parameter identifies the cellview to expand. The listSoFar parameter
Identifies cellviews to avoid expanding.

For each master at thislevel of the hierarchy, you compute the next cellview to expand
recursively. There are three outcomes:

m Thereisno appropriate cellview. This can occur if the master is not in the library.
Y ou do nothing.

m Theappropriate cellview has already expanded. Y ou can tell by checking if itisan
element of the listSoFar. Y ou do nothing with this master.

m Thereisan appropriate cellview and you haven't expanded it yet. You add it to
listSoFar and recursively expand it.

Y ou accumulate all the expansions underneath each master in listSoFar and return
listSoFar.

When calling TrHierarchyTraversal, pass nil for the listSoFar.

expansi on = TrHi erarchyTraversal (
dbQpenCel | Vi ewBy Type( "master" "nux2" "layout" ) nil )

7/27/05 SKILL Language Programming 13-40



Using dbOpenCellViewByType to Switch Views

You can pass a list of view names to the dbOpenCellViewByType function.

dbQpenCel | Vi ewBy Type(
" Exanpl e"
"nand2"
'( "silos" "schematic" )

)
0 db: 12345678

In the example above, the doOpenCellViewByType function performs one of the
following tasks:

m If a nand2 silos cellview exists in the Example library, then the function
opens the cellview and returns the database object.

m Ifanand2 schematic cellview exists in the Example library, then the function
opens the cellview and returns the database object.

Otherwise, the function returns nil.
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A List of Schematic Views

The TrSwitch function passes a switch list to the dbOpenCellViewByType
function. The TrSwitch function returns a schematic view if you pass a symbol
cellview to it.

procedure( TrSwitch( masterCel | View )
1 f( !'masterCel | Vi ew
t hen
ni |
el se
case( masterCel | Vi ew~>cel | Vi ewType
( "schemati cSynbol "
dbQpenCel | Vi ewBy Type(
mast er Cel | Vi ew~>| i bNane
mast er Cel | Vi ew~>cel | Nane
"( "schematic" "cnobs.sch" ) ;;; SWTCH LIST

)
)

( "maskLayout"
mast er Cel | Vi ew )
(t nil )
) , case
) ;5 if
) ; procedure
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Traversing a Hierarchical Schematic Design

procedure( TrH erarchyTraversal ( cell View |istSoFar )
foreach( master cell Vi ew~>i nstances~>nast er
let( ( nextCellView)
nextCell View = TrSwitch( master )
cond(
( 'nextCellViewnil )
( menber( nextCellView listSoFar ) nil )
(t
| i st SoFar =
TrH erarchyTraversal (
next Cel | Vi ew
cons( nextCell View |istSoFar ))
)
) ; cond
) ; let
) ; foreach
| i st SoFar;;; return val ue
) ; procedure

The cellView parameter identifies the cellview to expand.

The listSoFar parameter identifies cellviews to avoid expanding.
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Lab Overview

Lab 13-4 Exploring Hierarchy

Lab 13-5 Traversing a Hierarchical Design

You run the TrHierarchyTraversal function on master mux2 layout and turn on
tracing to observe the recursion.
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Connectivity

Example: net SEL in master mux2 schematic

sEL [P *+ - nand

Irw
ET£< rim

M=1171
P=1171

External nets connect a terminal with zero or more instance terminals.
Internal nets connect zero or more instance terminals.

Each instance terminal is on one instance.
Cdllview Data Modéel
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The term, net, and instTerm Object Types

name
direction

terminals

instances name
instTerms

instTerms

name name
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Each cell View database object has
= Aterminalsattribute, whosevalueisalist of all termdatabase objectsinthisdesign.

= A nets attribute, whose value is alist of all net database objects in this design.

A net runs between one or more internal instance terminals. Each instance terminal ison
aunigue instance. In addition, a net can connect to the outside world by means of a
terminal.
Each net database object has

= A termattribute, whose value is the unique term database object for this net.

m AninstTerms attribute, whose value is alist of instTerm database objects.

Each instTerm object has an inst attribute, whose value indicates the instance.
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Connectivity Between Instances and Masters

nets pins
cellView = net
name
instances instTerms
net
instTerms
Instance > nstTerm
name —/4 inst : name
master term
Y
terminals
cellView > term
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Figures and Terminals

name

direction fig

—
term pins pin Figure
]
term pin
net t net
term
pins
net -

name

For a schematic cellView, Figures associated with term objects are Instances
whose purpose attribute is "pin".

For a maskLayout cellView, Figures associated with term objects are Shapes or
Instances.

This example determines what type of figure is associated with the terminal
pin(s).

cv~>t er m nal s~>pi ns~>f i g~>obj Type
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Every Instance database object has a purpose attribute. Thisattribute helpsyou determine
the role of the instance in the design.
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Lab Overview

Lab 13-6 Developing a Netlister
You develop a simple net-based netlister.

Lab 13-7 Developing an Instance-Based Netlister
You develop a simple instance-based netlister.
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Generic Database Object

Every database object is a kind of Generic Database Object. Each specific
database object has three attributes: objType, cellView, and prop.

cellView

Generic

Database Object » cellView

objType
object
name
prop value
valueType

Attribute Meaning

objType  The specific object type: "net", "line", etc.
cellView The cellView database object containing the database object.

prop 0, 1 or more prop database objects.
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The value of the obj Type attribute is atext string that indicates the type of the database
object.

The value of the prop attributeisalist, possibly nil, of prop database objects. Each such
object represents a user-defined property on the database object.
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User-Defined Properties

Applications are responsible for creating, updating, and interpreting user-defined
properties.

CDBA represents a user-defined property by a database object with object type
“prop".

Every database object, except prop objects themselves, can have zero or more
user-defined properties.

CDBA stores all the properties on an object as the value of the prop attribute.
Example

Assume that window 5 is displaying master mux2 schematic.

cv = geCGet WndowCel | View( wi ndow(5)) => db: 18253868
cv~>prop => (db: 22856044 ... )
cv~>prop~>obj Type => ( "prop" ... )
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The CDBA manages the prop attribute but does not manage any specific user-defined
properties. Applications are responsible for managing their own user-defined properties.
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Examining User-Defined Properties

Use the ~>prop syntax to retrieve a list of prop database objects.
Use the ~>prop~>name syntax to retrieve a list of property names.

Use the ~>prop~>value syntax to retrieve a list of property values.

Example
cv~>prop~>nane => ("net#" ... )
cv~>prop~>value => (22 ... )
cv~>prop~>val ueType => ( "int" ... )

Use the user-defined property name on the right side of the ~> operator to retrieve
a specific property value. The user-defined property name must satisfy the syntax
for a SKILL symbol. Include the name in quotes if the name includes illegal
characters.

cv~>"net#" => 22

Given the property name, use the dbFindProp name to retrieve the prop database
object.

dbFi ndProp( cv "net#" )~>val ueType => "int"
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Use aforeach mapcar expression to retrieve alist of property name and property value
pairs.
foreach( mapcar prop cv~>prop
| ist( prop~>nanme prop~>val ue )
); foreach

=>

(("net#" 22)
("schCGeonetrylLast Recorded" "Oct 2 08:43:49 1995")
("l ast Schemati cExtraction" "Oct 2 08:43:49 1995")
("schXtrVersion" "sch.10.0")
("1 nstance#" 10)
("1 nstancesLast Changed" "QOct 2 08:43:48 1995")
("schGeonetryVersion" "sch.ds.gm1.4")
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Creating User-Defined Properties

You can use the ~> operator to create a user-defined property. The valueType is
derived from the SKILL data type of the property value you assign.

cv~>TrStringProp = "high"

dbFi ndProp( cv "TrStri ngProp")~>val ueType => "stri ng"
cv~>TrFloatProp = .5

dbFi ndProp( cv "TrFl oat Prop") ~>val ueType => "fl oat"
cv~>TrlLListProp = ' (1 2)

dbFi ndProp( cv "TrlILLi stProp")~>val ueType => "ILLi st"

Use the appropriate dbCreate.*Prop SKILL function to
m  Specify a valueType as "time".

m Create enumerated, range, or hierarchical user-defined properties.
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See the Cadence online documentation for the list of allowed property valueTypes. Refer
to the Description of Database Objects section of Chapter 2 of the Design Framework |1
SKILL Functions Reference Manual.
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Hierarchical User-Defined Properties

Use a hierarchical property to represent structured data.
Use the dbCreateHierProp Function to create a hierarchical property.

Use the ~> operator to create properties associated with the hierarchical
property. Each such associated property represents a slot in the structured data.

The prop attribute of a hierarchical property is always nil. The value attribute lists
the property objects associated with a hierarchical property.

Example
hp = dbCreateH erProp( cv "TrH erProp" ) => db: 39320456
hp~>a = 1
hp~>b = 2

hp~>val ue => (db: 39320544 db: 39320504)
hp~>val ue~>obj ect => (db: 39320456 db: 39320456)

hp~>prop => nil
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The dbCreateHierProp Function
See the Cadence online documentation to read more about this function.
The doReplaceHierProp Function

See the Cadence online documentation to read more about this function.
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Other Kinds of User-Defined Properties

CDBA supports the following kinds of user-defined properties:
m  Enumerated user-defined properties

m Range user-defined properties

Cedllview Data Model 13-69



See the Cadence online documentation to read more about these functions.
= dbCreateEnumProp

= dbReplaceEnumProp
= dbCreateRangeProp
= dbReplaceRangeProp
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Retrieving All Attributes of a Database Object

The ~>7? expression returns a list of all the attribute names of a database object.
CV~>7?7 =>
(cell View obj Type prop bBox cell Name ... )

The ~>77? expression returns a list of attribute names and values.

cCV~>?7 =>
(db: 18253868
cel |l Vi ew db: 18253868
obj Type "cel |l Vi ew'
prop ( db: 22972580 db: 2297508 ... )
bBox ((-3.500000 -0.218750) (2.275000 0.337500))
o)
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The~>7?7?expression buildsalist that startswith the database object in question, followed
by alternating name value pairs.

Thislist isan example of adisembodied property list. Such listsusually start with nil, but
the list you build with the ~>?7? expression starts with the database object in question.
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The Show File Browser

Displays the attribute names and values for a database object in a Show File
window.

You can perform the following tasks:

Browse any displayed database objects.
Select associated Figures in a design window.
Probe associated Nets in the design window.

Raise parent and children browsers.

Example SKILL Function

The Show File Browser is only available as part of this course.

Tr ShowFi | eBrowser ( geGet W ndowCel | View() )
Tr ShowFi | eBrowser ( car( geGet Sel Set() )
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Hereisthe code to start the Show File Browser with a bindkey.

hi Set Bi ndKey(
"Schemati cs" "Ctrl| <Bt n2Down>"

"{ nouseSi ngl eSel ectPt () TrBrowseOhject() }" )

hi Set Bi ndKey(
"Layout" "Crl <Bt n2Down>"

"{ nouseSi ngl eSel ectPt() TrBrowseObject() }" )

procedure( TrBrowseCbject( )

Tr ShowFi | eBr owser (
car( geCetSel Set( )) || geGet WndowCel | Vi ew)

)

) ; procedure

Both geGetSel Set and geGetWindowCel | View functions default to the current window.
We assume that the TrBrowseObject function is called with the bindkey mechanism, so

that the design window is the current window.

To browse any database object showing in a Browser window, such as "net12345678",
do the following:

m Doubleclick over "net12345678" with the mouse.

m Select the Browse Salection menu item.
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Lab Overview

Lab 13-8 Exploring User-Defined Properties
Lab 13-9 Dumping Database Objects

Lab 13-10 Building the Cellview Data Model Road Map
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Module Summary

In this module, we
m  Reviewed database object concepts
m  Opened a cellview into virtual memory
m Created shapes in a design

= Surveyed the cellview database model
0 Geometry
1 Hierarchy
1 Connectivity
1 User-defined properties

m Traversed a hierarchical database

m Retrieved all the attributes on a database object
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Module Objectives

m  Customize the Virtuoso Schematic Editor and the Virtuoso® Layout Editor
software.

Add a menu item to a pull-down menu.
Insert a menu item in a pull-down menu.
Delete a menu item from a pull-down menu.

1 O OO

Add a pull-down menu to the menu banner.
[ Reorganize the menus in the menu banner.

m Customize form field default values.

m  Manage the Layer Selection Window
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Module Scope

This module covers the following topics:

m  Customizing Virtuoso Schematic Editor, Virtuoso Layout Editor, and other
Design Editor applications

m  Customizing the default value and initial value of a statically defined field in
a SKILL form

You need different techniques to customize the CIW and the LSW.
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This module focuses on one of severa approaches to customizing certain Design

Framework |1 applications, such as the Virtuoso Schematic Editor and the Virtuoso
Layout Editor applications.

Different techniques are required for customizing the CIW and the LSW.
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Design Editor Applications

The Design Editor is a software interface that associates application software with
view types. The Design Editor is not itself a tool.

The Virtuoso Schematic Editor and Virtuoso Layout Editor software are Design
Editor applications.

All Design Editor applications register certain of their SKILL functions with the
Design Editor. These application SKILL functions are known as Design Editor
trigger functions.

The Design Editor calls these registered SKILL functions to configure the design
window when the user does any of the following tasks:

m Opens a cellview
B Descends the design hierarchy into a cellview

m Ascends the design hierarchy into a cellview

The view type of the cellview determines which trigger functions the Design Editor
iInvokes.

Cadence” supplies the basic set of Design Editor trigger functions for each
supported view type.

You can define several user trigger functions for each supported view type.
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The deGetAllViewTypes Function
The deGetAllViewTypes function returns alist of all registered Design Editor view types.

deGet Al | Vi ewTypes() =>
("graphic" "maskLayout" "schematic" "schematicSynbol" ... )

The deGetAppl nfo Function

The deGetAppl nfo function returns the information associated with the application
registered for aviewType. Y ou can extract specific trigger information with the ->
operator.

deGet Appl nfo( "schematic" )->nmenuTri gger
=> schMenuTri gger
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Design Editor User Trigger Functions

This course presents two user trigger functions:
m user postinstall trigger function — modifies existing menus or sets variables
®m user menu trigger function — adds new menus

The phrase user trigger function implies the following:

®  You define the user trigger function.
Cadence does not define it.

= The Design Editor invokes your function after it configures a design window.

To define a user trigger function in your .cdsinit file, do the following:
1. Declare the user trigger function.

2. Register your trigger function with the Design Editor.

Advanced Customization 15-9



The Design Editor User Triggers

Declare a user postinstall trigger function to accept ONE argument as in this
example.

procedure( TrUserPostlnstall Trigger( args )
) ; procedure

Declare a user menu trigger function to accept ONE argument as in this

example.
procedure( TrUser MenuTrigger( args )

) ; procedure

The single argument to any Design Editor trigger function is a disembodied
property list that includes the following fields:

ar gs- >w ndow
args->libld
args->li bNane

ar gs->cel | Nane
ar gs- >vi ewNane
ar gs- >accesshbde
args->action

You must use the -> operator to access the fields. Do not use the ~> operator.
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Registering a User Postinstall Trigger Function

Use the deRegUserTriggers function to register your user postinstall trigger as in
this example.

deRegUser Tri ggers( "schematic"
ni | ,;; Nno user application trigger
" Tr User MenuTr i gger
" TrUser Post I nstall Tri gger

)

m  The first argument is the view type associated with the application.
Virtuoso Schematic Editor = "schematic"
Virtuoso Layout Editor = "maskLayout"

m Pass nil for any unused trigger, in this case the second argument.

m  The third argument is the function that you want for the user menu trigger.
Use the single quote syntax.

m  The fourth argument is the function that you want for the user postinstall
trigger. Use the single guote syntax.
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The deRegUserTriggers Function
See the Cadence® online documentation to read more about this function.
Virtuoso XL viewtypes

schematic: schSynthesisXL
layout: maskLayoutXL
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Developing a User Trigger Function

Develop a user trigger function the same way you develop any SKILL function.

Be aware that the Design Editor traps any SKILL errors that a user postinstall
trigger function causes.

If you are using the SKILL Debugger, configure it to display a stack trace
automatically.
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Debugging a User Trigger Function

After you have declared and registered a user trigger function, you can test and
debug it.

To test your user trigger function, follow these steps:
1. Open an application window.
2. Determine if there are any errors or warnings in the CIW.

3. Determine if the windows menu banner or pull-down menu has been
appropriately customized.
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Redefining a User Postinstall Trigger Function

When you determine the cause of an error, follow these steps:

1. Edit the source of your user postinstall trigger function.

2. Redefine the user postinstall trigger function. You do not have to register it
again when you redefine it.

3. Open another application window. Determine if it has been appropriately
customized.
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The deUnRegUserTriggers Function

The Design Editor allows only one user postinstall trigger per view type. When

developing and testing your customizations, be sure to unregister your postinstall trigger
before you invoke the deRegUser Triggers function a second time.

Be careful when you reload afile that both declares your customization function and
registersit. Unregister your postinstall trigger before you reload the file.
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What You Put in the .cdsinit File

After you have tested your user postinstall trigger function, declare it and register
It in your .cdsinit file.

Example
procedure( TrUserPostlnstall Trigger( args )

) ; procedure

deRegUser Tri ggers( "schematic"
ni |
ni |
' TrUser Post I nstal |l Tri gger

)
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Three User Postinstall Trigger Examples

On the next several slides, there are three examples that implement the following

customizations:

Customization

Trigger

Adding a menu item to the Edit
menu in the schematic editor
window

Adding a pull-down menu to a
schematic editor window

Reordering the Virtuoso Layout
Editor pull-down menus

user postinstall trigger

user menu trigger

user postinstall trigger
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Adding a Menu Item to the Schematic Edit Menu

In your .cdsinit file, declare your user postinstall trigger function and register it with
the Design Editor.

procedure( TrUserPostlnstall Trigger( args )
) ; procedure

deRegUser Tri ggers( "schemati c"
ni |
ni |
' Tr User Post I nstal | Tri gger
)
Make the TrUserPostlInstallTrigger function do these tasks:
1. Build your menu item if it is not already built.
2. Add your menu item to the Edit menu if it is not already in the Edit menu.
hi AddMenul tem{ schEdit Menu Tr Menultem)

The schEditMenu global variable contains the data structure of the Edit
pull-down menu in Virtuoso Schematic Editor.
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The hiAddMenul tem Function

Use the hiAddMenultem function to add a menu item to a menu. Pass data structures for
both the menu and the menu item.

The hilnsertMenultem Function

Use the hilnsertMenultem function to insert a menu item in a menu. Pass data structures
for both the menu and the menu item. The third parameter isthe position of the menuitem

In the menu.
hi | nsert Menul ten( schEditMenu TrMenultem 0 )

L ocating the Menu Itemswith the Menu Data Structure
Use the hiGetMenultems function to get the menu itemsfor aspecific menu datastructure.
This example will list all the menus and their menu items for the current window:

foreach( item hi Get Banner Menus( hi Get Current W ndow()
printf( “9% : %\n” itemhi GetMenultens( eval( item) ) )

)
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Finding the Edit Menu Data Structure

The schEditMenu global variable contains the data structure of the Edit pull-down
menu in Virtuoso Schematic Editor.

Follow these steps to verify this fact by inspection.
1. Open a Virtuoso Schematic Editor design window.
2. Make it the current window.

3. Call the hiGetBannerMenus function.

hi Get Banner Menus( hi Get Current Wndow()) =>
( schematicTool s schFi |l eMenu4 schW ndowvenu
schEdi t Menu schAddMenu schCheckMenu schSheet Menu )

4. Each variable in the return result holds the data structure of the
corresponding pull-down menu.

Specifically, the schEditMenu variable contains the data structure for the
Edit menu in Virtuoso Schematic Editor.
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The hiGetBannerMenus Function
See the Cadence online documentation to read more about this function.
The TrGetMenuWithTitle Function

Y ou can usethe TrGetMenuWithTitle function to determine the data structure of the menu
In the window banner with the given title.

procedure( TrGetMenuWthTitle( wd title )
let( ( nmenus nenuVariable )
menus = hi Get Banner Menus( w d )
menuVari abl e =
car (
exi sts( var nenus
synmeval (var)-> nmenuTitle == title
)
)

when( nenuVari abl e syneval ( nmenuVari able ))
) ; let

The exists Function
See the Cadence online documentation to read more about this function.
The symeval Function

See the Cadence online documentation to read more about this function.

7/27/05 SKILL Language Programming 15-28



Avoiding Errors and Warnings

Make sure that your user postinstall function verifies the following conditions:

Before building your menu item, verify that it does not already exist.
Consider this example.

unl ess( boundp( ' TrMenultem)
Tr Menul tem = hi Creat eMenul t en{

)

) ; unless

Before attempting to modify the menu, verify that the menu data structure is
In memory and that the menu item is not present in the menu, as in this
example.

boundp( ’'schEditMenu ) && !schEdit Menu->Tr Menul tem
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Analyzing the Menu Data Structure

Let M be avariable whose value is a menu data structure.
Let TrMenultem be the symbolic name of a menu item.
Then M->TrMenultem is non-nil when theitem isin the menu, and nil otherwise.

The boundp Function

See the Cadence online documentation to read more about this function.

Use the boundp function to determine whether a variable is bound.
= The boundp function returnst, if the variable is bound to a value.

m It returnsnil, if it is not bound to avalue.
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What You Put in the .cdsinit File

To make the Edit menu in Virtuoso Schematic Editor have the Example menu

item, include the following code in your .cdsinit file:

procedure( TrUserPostlnstall Trigger( args )
unl ess( boundp( ' TrMenultem)
TrMenul tem = hi Creat eMenul t en(

?nane "Tr Menul t em
?1 t enText " Exanpl e"
?cal l back "println( 'Exanple )"
)
) ; unless
when(

boundp( ’schEditMenu ) &&
l schEdi t Menu->Tr Menul t em
hi AddMenul tenm( schEdi t Menu Tr Menultem )
) ; when
) ; procedure

deRegUser Tri ggers( "schematic"
ni |
ni |
" TrUser Post I nstall Tri gger

)
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Check #1
Check #1 determines whether the menu item exists.
Check #2

Check #2 determines whether the menu exists without the menu item present.
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Adding a Pull-Down Menu to Schematic Windows

Use the same approach as in the first example.
In this example, make the TrUserMenuTrigger function do these tasks:
1. Build your pull-down menu, if it is not already in memory.
2. Return the list of menus to add.
Test your menu function to add the pull-down menu to the window banner:

hi | nsert Banner Menu( w ndowl D, Tr User MenuTrigger(), O0)
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Building Your Pull-Down Menu

The Design Editor calls your trigger function each time the user opens a Virtuoso
Schematic Editor window. To avoid building your menu repeatedly, the following code
checks whether the menu already exists.

procedure( TrUser MenuTri gger ()
i f( boundp( ' TrSchemati cPul | downMenu )
then list( TrSchemati cPul | downMenu )
el se
| i st (hi CreatePul | dowmmMenu( ' Tr Schemati cPul | downMenu ... ))
) 5 if
) ; procedure
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What You Put into the .cdsinit File

To make every Virtuoso Schematic Editor window have your pull-down menu on
the far right, include the following code in your .cdsinit file:

procedure( TrUser MenuTrigger( args )

See below
) Returns the menu list
) ; procedure
deRegUser Tri ggers( "schematic" View type

ni |

No user app trigger
" Tr User MenuTr i gger

User menu trigger

)
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The TrUserMenuTrigger Function

procedure( TrUser MenuTri gger ()
I f( boundp( ' Tr Schemati cPul | downMenu ) then
list( TrSchemati cPul | downMenu )
el se
list( hiCreatePull downMenu(
' Tr Schemat i cPul | downMenu
" Exanpl e Menu"

| ist(
hi CreateMenulten( ;list of nenu itens
?nanme " One

?1 temlext " One"
?cal | back"println( 'One )"
)
hi Cr eat eMenul t eny
?nanme " Two
?i tenText " Two"
?cal | back "println( " Two )"
)
) ; list
) ; hi Creat ePul | downMenu
) ; list
) 5 if
; procedure

)
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Reordering Layout Editor Pull-Down Menus

In your .cdsinit file, include source code to declare the TrUserPostinstallTrigger
function and register it as Design Editor user postinstall trigger function.

procedure( TrUserPostlnstall Trigger( args )
) ; procedure

deRegUser Tri ggers( "nmaskLayout"
ni |
ni |
' TrUser Post I nstal | Tri gger
)
In this example, make the TrUserPostinstallTrigger function do these tasks:
1. Retrieve the list of pull-down menus already in the banner.
2. Remove them all.

3. Insert them one by one at position 0.
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Use the same approach as the first and second examples.
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What You Put into the .cdsinit File

To make every layout editor window appear with the pull-down menus in reverse
order, include the following code in your .cdsinit file:

procedure( TrReverseBanner Menus( wid )
| et ( ( theBanner MenuLi st )
t heBanner MenulLi st =
hi Get Banner Menus( w d ) Save menus
hi Del et eBanner Menus( wi d )
foreach( nmenuSynbol theBanner MenulLi st
hi | nsert Banner Menu( wi d nenuSynbol 0 ) Reinsert menus
) ; foreach
) ; let
) ; procedure

Remove all menus

procedure( TrUserPostlnstall Trigger( args )
Tr Rever seBanner Menus( ar gs->w ndow )

)
deRegUser Tri ggers( "nmaskLayout" View type
ni | No user app trigger
ni | No user menu trigger
) TrUser Post I nstal | Tri gger User postinstall trigger
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See the Cadence online documentation to read more about these functions:;
m The hiGetBannerMenus Function

m The hiDdeteBannerMenus Function

m The TrReverseBanner Menus Function
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Customizing Forms

Assume your goal is to customize the default value or initial value of a form field.

To use SKILL to customize a form, follow these steps:
1. Declare a function that customizes a form field’s default value.

2. Use the defUserInitProc function to register your function as a user init proc
with SKILL.

When SKILL brings this form into memory, SKILL calls your function.

The next several pages explain these steps in greater detail.
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Certain applications use an ASCI| text file to control the default values for their forms.

The defUserInitProc function causes your function to be loaded immediately after the
context you have chosen.

Y ou can also set form defaults from the .cdsenv file. When forms appear, the default
values are already set. Some buttons are aready turned on, some fields already contain
text, and some other choices are already set.

Cadence supplies an initial set of defaultsin asample file located at
<your _install _dir>/tools/dfll/sanples/.cdsenv

Y our system administrator customizes this file for your site and putsit in the local
environment file at

<your install _dir>/tools/dfll/local/.cdsenv

Y ou can override these site-specific settings by creating another .cdsenv filein your home
or workarea directory. When the Cadence software loads, it reads your .cdsenv file after
the site-specific file, sothe settingsin your file overridethe settingsin filesloaded earlier.
These overrides apply to your system only.
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Customizing the Default Value of a Form Field

For each field in a form built with SKILL, there is a corresponding SKILL
expression that sets the field value.

Whenever the user sets a field value in a form, the corresponding SKILL
expression executes. You can observe this SKILL expression in the ~/CDS.log

file.

A similar SKILL expression sets the default value.

Example

Consider the File Form discussed in the User Interface module. Follow these
steps:

1. Set the File Name field to the /tmp/report.txt value.

2. Observe the resulting SKILL expression in the CIW.
TrFi |l eForm >Tr Fi | eNaneFi el d->value = "/tnp/report.txt"”

A similar expression sets the default value. Use defValue instead of value.
TrFi | eForm >Tr Fi | eNaneFi el d- >def Val ue = "/tnp/report.txt"
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Design Framework Il Initialization Sequence

A SKILL context is a binary file containing compiled SKILL code. Cadence
supplies an initialization SKILL function for each context.

Cadence partitions applications into one or more SKILL contexts that load either
at startup or later on demand.

At startup, the Design Framework Il environment performs these steps:
1. Loads one or more SKILL contexts.

2. Loads the .cdsinit customization file.
The search order for the .cdsinit file is <install _dir>/tools/dfll/local, the
current directory, and the home directory.
Once the environment finds the .cdsinit file, the search stops. However, a
.cdsinit can load other .cdsinit files.

3. Responds to user activity by loading other SKILL contexts.

PRshare amSynUIl schView selectSv  .cdsinit schematic

Building your own context is beyond the scope of this course. See the SKILL User
Guide for details.
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Each executable can load different contexts. For example, the icfb executable |oads the
following contexts. PRshare, amSynUl, schView and selectSv. Study the log file to
determine the contexts that your executable |oads prior to the .cdsinit file.

The context files are in the <install _dir>/etc/context directory.

A priority for the Design Framework 11 environment is to minimize startup time for
application. For large applications, loading a SKILL context is faster than loading the
original SKILL source code.

When Cadence builds a context, Cadence specifies a context initialization function to
create data structures that are not appropriate to save in the context, such as ports,
database objects, and window IDs.

After the Design Framework |1 environment |oads a context upon demand, it calls the
Cadence context initialization function. However, if you load a context with the
loadContext function, you must use the calllnitProc function to invoke the initialization
function.

Some applicationsbuild formsdynamically. Customizing theseformsisbeyond the scope
of this course.
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The defUserlInitProc Function

You can supply a user initialization SKILL function for any Cadence context.

Immediately after Design Framework Il loads a context into memory, Design
Framework Il calls these functions:

= The initialization SKILL function that Cadence supplies.
m  The user initialization SKILL function that you supply for that context.

Your user initialization SKILL function can customize the menus and forms that
are defined in a context.

Example

procedure( TrCustom zeCont ext ()
) ; procedure

def UserlnitProc( "schView' ' TrCustom zeCont ext )

T T

Context User
initialization
function
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See the Cadence online documentation to read more about this function.

The first argument to the defUserInitProc function is the name of a context. The second
argument denotes the SKILL function that you want the Design Framework 11
environment to call when it loads the context.

7/27/05 SKILL Language Programming 15-48



Manage the Layer Selection Window (LSW)

Remove the LSW from the screen
| eUnmapLSW()

Restore the LSW to the screen
| eRemapLSW()

The LSW is only present with the layout tools. By default once the LSW is
displayed for a layout window it is not removed from the screen and there is no

close option on the window itself. The SKILL commands listed here are the only
way remove and restore the window.
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Historically this window could not be removed because it was always areference to the
layers in the current window. If you remove the LSW with leUnmapLSW you will need
to restore it if you require it for another layout window. The system will not restore the
L SW when a new layout window is opened. Y ou will need to use |leRemapLSWV.
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Lab Overview

Lab 15-1 Adding a Menu Item to the Virtuoso Schematic Editor Edit Menu
You study and run the lecture example.

Lab 15-2 Adding a Pull-Down Menu to Virtuoso Schematic Editor Window
You study and run the lecture example.

Lab 15-3 Reversing the Layout Editor Pull-Down Menus
You study and run the lecture example.

Lab 15-4 Customizing the Initial Window Placement

You customize the Layout Editor to initially place all of its design windows in a
given location.
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Module Summary

In this module, we discussed

m  Customizing the Virtuoso Schematic Editor software and the Virtuoso
Layout Editor

m  Customizing form field default values
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Module Objectives

= Context-sensitive pop-up menus
= Fixed menus

= Dialog boxes

m List boxes

m Forms
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Context-Sensitive Pop-up Menus

The TrWindowsPopUp function creates and displays a pop-up menu that lists the

Design Framework Il windows currently on the desktop. The menu choice

becomes the top window.

procedure( Tr W ndowsPopUp()
hi Di spl ayMenu(
hi Cr eat eSi npl eMenu(
" Tr W ndows PopUpMenu
"W ndows"
foreach( mapcar w d hi Get W ndowLi st ()
hi Get W ndowNanme( wd )
) ; foreach
foreach( mapcar w d hi Get WndowLi st ()
sprintf(
ni |
“hi Rai seW ndow( wi ndow( % ))"
W d- >w ndowNum
)
) ; foreach
) ; hi CreateSi npl eMenu
) ; hiDisplayMenu
) ; procedure
hi Set Bi ndKey( "Command Interpreter”
" <Key>F6" " Tr W ndowsPopUp()" )
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Y ou can create menus dynamically at the time you invoke the hiDisplayMenu function.
Such menus can be context-sengitive. The callback for each menu item can refer to

m Literal data
m Globa variables

hi Di spl ayMenu( hi Creat eSi npl eMenu( ... ))

The sprintf Function

Use the sprintf function to dynamically create the callback for each menu item.

The sort Function

Y ou can use the sort function to sort the window list. Use TrGetSortedWindowList in
place of hiGetWindowList in the TrWindowPopUp function declaration.

procedure( TrConpareW ndowTitles( wl w2 )
al phal essp( hi Get W ndowNane(wl) hi Get W ndowNane(w2))

) ; procedure

procedure( TrGet SortedW ndowlLi st ()
sort( hi GetWndowLi st() ' TrConpareW ndowTitl es )

) ; procedure
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Fixed Menus

Fixed menus have the following characteristics:
m They typically occupy the entire top or side of the screen.
m  They include a two dimensional array of menu items.
m They include Done as the last menu item.

Clicking a menu item in a fixed menu does not set the current window.

User Interface 14-7



Creating Fixed Menus

Create the menu items using the hiCreateMenultem function.
TrMenul tenml = hi Creat eMenul t en(

?name " Tr Menul teml

?1 t enlext " One”

?cal | back "printin( \"One\" )"
)
TrMenulten? = hi CreateMenulten

?name " Tr Menul t ent

?1 t emlext " Two"

?cal | back "printin( \"Two\" )"
)

Use the hiCreateVerticalFixedMenu or hiCreateHorizontalFixedMenu functions
to create a fixed menu.

hi Creat eVerti cal Fi xedMenu(
" Tr Exanpl eVerti cal Fi xedMenu
list( TrMenultenl TrMenultenk )
2 ;;, hunmber of rows
1 ; ;; nhunmber of col umms
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Displaying Fixed Menus

Use the hiDisplayFixedMenu function to display a fixed menu.

hi Di spl ayFi xedMenu(
Tr Exanpl eVerti cal Fi xedMenu
"top" ;;; oneof "top", "bottont, "right", or "left"
)

You can use the hiFixedMenuDown function to remove a fixed menu from the
screen.

hi Fi xedMenuDown( Tr Exanpl eVerti cal Fi xedMenu )

User Interface 14-11



Attaching Fixed Menus to Application Windows

You can attach a vertical fixed menu to these types of windows:
m  Graphics windows
m  Text windows
= Form windows
To attach your vertical fixed menu, use the
m hiCreateVerticalFixedMenu function to create your menul.

m  hiAddFixedMenu function to attach a fixed menu to a window.
It replaces any attached fixed menu.

hi AddFi xedMenu(
?fi xedMenu Tr Exanpl eVerti cal Fi xedMenu
?wW ndow wi ndow( 4 )

)

By default, the menu appears on the left side of the application window.

The Done menu item does not appear.

Clicking a menu item sets the current window.

User Interface
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Cadence® applications attach fixed menus that usually consist of icon items.

On the User Preferences form, the Show Fixed Menu Names field controls whether the
itemText for an item isdynamically displayed. Y ou can also use the SKILL command.

hi Get Cl W ndow( ) - >showFi xedMenulLabel s => t

Several functions manipulate attached, fixed menus.

The hiAddFixedMenu Function

The hiGetWindowFixedMenu Function

Use the hiGetWi ndowFixedMenu function to retrieve an attached, fixed menu.
Do not confuse the hi GetWi ndowFixedMenu function with elther the hiGetWindowMenu
function or the hiGetBanner Menus function.
w d = geOpen(
?lib "master"” ?cell "nand2" ?view "l ayout"
?node "r")

attachedMenu = hi Get W ndowri xedMenu( wi d )
type( attachedMenu ) => hi Fi xMenu

The hiRemoveFixedMenu Function

Use the hiRemoveFixedMenu function to remove an attached, fixed menu.

hi RenoveFi xedMenu( wd ) =>t
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Lab Overview

Lab 14-1 Exploring Fixed Menus

[1 Create a vertical fixed menu.
[1 Attach the menu to an application window.
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Dialog Boxes

Reminder

Workout

Yes

No

Help

Clicking the Yes button

= Displays Workout completed in the CIW.

®=  Removes the dialog box.

User Interface
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Dialog boxes are pop-up windows that display a message for the user.

Use dialog boxes to
m Ask for confirmation from the user.

m Digplay status messages bundled with an associated follow-up callback that the user
can select.

There are three kinds of dialog boxes.

System Modal  Blocksany further action in any application until response.
Use for confirmation.

Modal Blocks any further action in the Design Framework |
environment until response.
Use for confirmation.

Modeless Nonblocking.
Useful for status messages or reminders.

Each dialog box has two or three buttons to allow the user to confirm an action or status
and to dismiss or close the dialog box.
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The hiDisplayAppDBox Function

The hiDisplayAppDBox function creates and displays a dialog box.

hi Di spl ayAppDBox(

?nane
?dboxBanner
?dboxText
?cal | back
?di al ogType

?di al ogStyl e

gensyn( ' Tr Rem nder Di al ogBox )
"Rem nder"

"Wor kout "

"Tr Rem nder CB( \"Wbrkout\" )"
hi c\War ni ngDi al og

' nodel ess

?but t onLayout ' YesNo

)

procedure( TrRem nder CB( rem nder Text )

printf( "%
) ; procedure

conpl et ed" rem nder Text )

Create variable

Modeless to allow
independent work

The callback

The ?name argument must be a unique global variable. The hiDisplayAppDBox
function stores the data structure of the dialog box in this variable.

Use the gensym function to create a new global variable.

The ?callback argument is a text string that contains the entire function call you
want Design Framework Il to execute when the user clicks OK or Yes.

User Interface
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The hiDisplayAppDBox function creates and displays a dialog box.
The dialog box is destroyed when it is removed from the screen.

Keyword Argument

Meaning

?name The dboxHandle symbol is bound to the data structure of the
dialog box and then reset to nil when box is dismissed.
?dboxBanner Text that appears within the window manager banner text of
the dialog box.
?dboxText Message that appears in the dialog box.
?callback Callback that executes whenever the user selects OK or Yes.
?dialogType hicWarningDialog, hicErrorDialog etc.
See User Interface KILL Functions Reference Manual.
?dialogStyle Blocking behavior of this dialog box. Acceptable choicesare
'systemModal, ' modal, or 'modeless.
?buttonLayout 'OKCancdl, " YesNo, ' YesNoCancdl, etc.
See User Interface KILL Functions Reference Manual.
?location See User Interface KILL Functions Reference Manual.
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The Dialog Box Blocking Behavior

You specify the blocking behavior with the ?dialogStyle argument. The three
choices are listed in this table.

Dialog Style Blocking Behavior hiDisplayAppDBox
returns

modeless Does not block any Immediately.
application.

modal Blocks Design After box Is dismissed.
Framework Il
applications.

systemModal Blocks all applications in  After box is dismissed.

the system until the user
responds to the dialog
box.
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The Dialog Box Callback and Button Layout

You specify the button layout with the ?buttonLayout argument.
You specify a SKILL expression with the ?callback argument.

Represent the SKILL expression as a text string. It is the entire function call, just
like callbacks for menu items and bindkeys.

The following buttons trigger the callback.

Button Layout Button that

Argument Triggers Callback
OKCancel OK

YesNo Yes

YesNoCancel Yes/No

CloseHelp

Close
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Thefollowing program displays model ess dialog boxesto verify the circumstances under
which the system triggers the callback.

The source code isin the ~/KILL/DialogBoxes/ButtonLayout.il file.

TrButt onLayouts =
'( OKCancel YesNo YesNoCancel C oseHelp d ose )

procedure( TrD al ogBoxes( )
foreach( buttonLayout TrButtonLayouts
hi Di spl ayAppDBox(
?nanme gensyn( ' TrDi al ogBox )
?dboxBanner "Test"
?dboxText get pnane( buttonLayout )
?but t onLayout buttonLayout
?di al ogType hiclnformati onDi al og
?di al ogStyl e ' nodel ess
?cal | back
sprintf( nil "TrDi al ogBoxCB( '%. )" buttonLayout )
)
) ; foreach
) ; procedure

procedure( TrD al ogBoxCB( arg )

printf( "TrD al ogBoxCB called: %\n" arg )
) ; procedure
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Lab Overview

Lab 14-2 Exploring Dialog Boxes
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List Boxes

Produce

OK Cancel | Apply

Apple
Orange
Kiwi

Use a list box to display choices to the user.
List boxes display a list of user-defined strings in a scrollable window.

The window has a vertical and horizontal scrollbar and the size of the window is
constant. You can select a string (or strings) using the left mouse button.

The application can use the string(s) that you select after the window is
dismissed.

Both the Cancel and OK buttons remove the window from the screen; however,
using the Cancel button ignores your selections.

List boxes do not block the user.
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In this release, the hiShowListBox function does not return until the user clicks OK or
Cancel. However, in afuture release the hiShowListBox function might return
Immediately.
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The hiShowListBox Function

The hiShowListBox function creates and displays a list box.

procedure( Tr ShowLi st Box( aLi st )
hi ShowLi st Box(

?nane gensyn( ' Tr Exanpl eLi st Box )
?choi ces aLi st

?cal | back ' Tr Exanpl eLi st BoxCB

?title "Exanpl e Li st Box"

?mul ti pl eSel ect t

?appl yBut t on t

)

) ; procedure

procedure( Tr Exanpl eLi st BoxCB( ok theLi st Box )
| f( ok then
printf( "You choose:\n" )
foreach( choi ce thelLi st Box->val ue
printf( "%5s\n" choice )
) ; foreach
el se printf( "You clicked Cancel .\ n" )
) 5 if
) ; procedure

Tr ShowLi st Box( ' ( "apple" "orange" "kiw" ))
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The hiShowListBox function creates and displays a list box containing a group of text
strings.

Keyword Meaning

Argument

?name A global variable in which SKILL stores data
structure.

?title Thetitle.

?choices List of text string choices.

?callback Function called when the user clicks OK, Cancel,
or Apply.

?multipleSel ect Controls single item selection or multiple item
selection.

?applyButton t => provides Apply button.

The hiDisplayListBox function is obsolete and will be removed in afuture release.
Avoid using it.
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The List Box Callback

Write your callback function so that it accepts two arguments.

procedure( Tr Exanpl eLi st BoxCB( ok theLi st Box )
) ; procedure

Design Framework Il triggers the callback function when the user clicks OK,
Cancel, or Apply.

Design Framework Il supplies two arguments.

User Callback Arguments hiShowListBox List Box
Action return value Screen
Behavior

OK t t Disappears.
the list box data structure

Apply t Remains on
the list box data structure screen.

Cancel nil nil Disappears.

nil
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The callback can use the SKILL expressionsin thistable.

Expression Meaning
thelListBox->value Retrieves the list of selected items.
theListBox->choices Retrieves the list of items that the user can
select.
theListBox->choices="( ...) SCEIhanges thelist of items that the user can
ect.

While the box is displayed, other SKILL functions can similarly manipulate the list box
data structure through a global variable.
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Lab Overview

Lab 14-3 Exploring List Boxes
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Standard Forms

Standard forms solicit data from the user to complete a command.

Forms contain a window banner with generic command buttons—OK, Cancel,
Defaults, Apply, and Help.

You can define other fields and command buttons specific to your application.

The user interacts with a form by mouse and keyboard.

Open File Forms provide these
OK Cancel ||Defaults Help -«€/— generic comman_d
buttons automatically.
Library Name master [ Cell Names 3
Cell Name mux2 mux2
mux2_connect
View Name layout = | nv
Inv save You define the fields
nand? and buttons specific
Mode @ edit O read scratch to your application.
t est
Library path file °s
B 1 -
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Standard forms solicit data from the user.

Y ou create each standard form with a banner containing the name of the form and any of

the following buttons:

Button Function

OK Completes the command and removes the form from the
screen.

Cancel Cancels any changes or selections made to the form and
removes the form from the screen.

Defaults Sets all valuesin the form to their default values.

Apply Completes the command and leaves the form on the
screen.

Help Displays a document containing additional information.

7/27/05 SKILL Language Programming
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Analyzing a Design Framework Il Command

The table describes how Design Framework Il and SKILL respond to the user
during a typical command that displays a form.

User Design Framework Il SKILL

Chooses Invokes Menu item callback displays

menu item.  menu item callback. the form.

Fills in data. Invokes field callback(s). Field callbacks provide
feedback and set other field
values.

Clicks Invokes form callback. Form callback completes the

OK/Apply. command.
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Creating and Displaying a Form

hiDisplayForm( ... )

/ (3

hiCreateAppForm( ...) or

e \

hiCreateStringField( ...) / hiOpenWindow( ...)

Create Forms from the Bottom Up

Follow these steps to create and display a form:
1. Use the hiCreate* functions to create the fields.
2. Use the hiCreateAppForm function to create the form.

3. Use the hiDisplayForm function to display the form or
use the hiOpenWindow function to install the form in a window.
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Example File Form

This example shows a form with a single string field.

File Form

OK

Cancel

Defaults

Apply

Help

File Name

.cshrc

m The user specifies a file name in the File Name field.

m The form callback checks whether the file exists. If the file exists, the form

callback displays it in a Show File window.

User Interface
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Creating the File Name Field

Pass the data structure of the File Form to the validation routine of the File Name
field.

Thus, the validation routine can access other fields in the form.

Use the hiGetCurrentForm function to retrieve the data structure of the File
Form.

TrFil eNanmeField = hi CreateStringFi el d(

?nane "Tr Fi | eNaneFi el d <« TrFileNameField
?pr onpt "File Nanme"

?def Val ue ".cshrc”

?cal | back "Tr DoFi el dCheckCB( hi GetCurrent Forn() )"

?edi t abl e t

procedure( TrDoFi el dCheckCB( theForm)
if( isFile( theForm >TrFil eNanmeFi el d->value )  <—— TrFileNameField

) ; procedure
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The hiCreateStringField Function

Creates a string field entry for aform.

Keyword Meaning

Argument

?name Symbolic name of thisfield

?prompt Field prompt

?value Initial value

?help See User Interface KILL Functions Reference Manual.

?defValue Default value

?font See User Interface KILL Functions Reference Manual.

?callback The function call(s) to execute when the user clicksinto
another field.

?format See User Interface KILL Functions Reference Manual.

?editable nil => read-only
t => user can edit thisfield.

7/27/05 SKILL Language Programming 14-44



Validating the File Name Field

The TrDoFieldCheckCB function returns t if the file exists and returns nil
otherwise.

The theForm argument is the data structure that the hiGetCurrentForm function
returns.

TrFileNameField is the symbol you passed to the hiCreateStringField function.

procedure( TrDoFi el dCheckCB( theForm)
i f( isFile( theForm >TrFi | eNaneFi el d- >val ue ) then
println("File exists")
t
el se
println("File Does Not Exist--Try Again")
ni |
) ;if
) ; procedure
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User actions trigger the execution of the field validation routines. They execute after the
field and form creation routines have returned.

Do not rely on passing local variablesto either of the following:
= Your form field checking routines

m Your form calback routine

However, you can use global variablesto communicate with the field checking
routines aswell aswith the form callback routine.
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Creating the File Form

Use the hiCreateAppForm function to create a form data structure.
Tr Fi | eForm = hi Cr eat eAppFor n{

)

?nane "TrFi | eForm

?fornmlitle "File Forn

?cal | back "TrFi | eFor nCB

?fi1 el ds l1st( TrFileNameField )
?hel p "

2unmapAfterCB  t

Make the ?name argument be a global variable. This variable plays these two

roles:

m  The form data structure contains a reference to the ?name parameter.

m  The hiCreateAppForm function stores the data structure as the value of the
?name parameter.
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The hiCreateAppForm Function
Returns the SKILL data structure of aform with the specified field entries.

Keyword Argument Meaning

?name A global variable.

SKILL storesthe form’'s data structure in this variable.
?fields A list of the field data structures.
?formTitle The form name, which appears in the form’s window banner.
?callback The function or functions to be called when the user selects

OK, Apply, or Cancel inaform. Can also bealist containing
‘(g_okAction g_cancel Action). Can be strings or symbols.

?2unmapAfter CB If t, SKILL removes the form after the callback returns.
Otherwise, the form isremoved when the user clicks OK . See
User Interface KILL Functions Reference Manual.

?formType See User Interface SKILL Functions Reference Manual.
?dialogyle See User Interface KILL Functions Reference Manual.
?buttonLayout See User Interface KILL Functions Reference Manual.
?initialSze See User Interface KILL Functions Reference Manual.
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The File Form OK/Apply Callback

Make sure that the form callback does the following:

m Performs all the field checks again.

m Continues the command.

procedure( TrFil eFornCB( theForm)
| f( Tr DoFi el dCheckCB( theForm ) then
hi Set Cal | backSt at us( theFormt )
hi Hi ghl i ght Fi el d(
t heFor m
" Tr Fi | eNaneFi el d
' background )
Vi ew
t heFor m >Tr Fi | eNaneFi el d- >val ue )
el se
hi Set Cal | backSt at us( theFormnil )
hi Hi ghl i ght Fi el d(
theForm '’ TrFil eNaneField "error )
) if
) ; procedure

User Interface

Validate field
Clear unmap veto

Form data structure
Field symbol
Highlight type

Veto form unmap

14-49



To facilitate a user-friendly interface, make your callback validate the fields before
continuing the command.

If there are any fields with errors, then
= Highlight the fields with errors.

m Prevent the removal of the form from the screen.

m Do not continue the command.

If all fields contain valid data, then
= Remove any field highlighting.
m Continue the command.

The 2unmapAfterCB Argument

If you create the form with ?unmapAfter CB set to t, the form stays on the screen until the
form callback returns.

The hiSetCallbackStatus Function

When you set the callback status to nil, the form stays on the screen. To permit the form
to be removed later, set the callback statustot.
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Displaying the File Form

Button Callback hiDisplayForm Form Removed

Evaluated Return Value from Screen
OK Yes t Yes
Apply Yes does notreturn  No
Cancel No nil Yes

Use the hiDisplayForm function to display a form you create with the
hiCreateAppForm function.

By default, the hiDisplayForm function does not return until the user clicks OK or
clicks Cancel.
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The hiDisplayForm Function

By default, the hiDisplayForm function does not return until the user clicks OK or clicks
Cancel.

The ?dontBlock Argument

If you pass ?dontBlock t when you create aform, then the hiDisplayFormfunction returns
Immediately.
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The 2unmapAfterCB Argument

The 2unmapAfterCB argument governs when the X Window System removes the
form from the screen.

You have two opportunities for the X Window System to remove the form:
m  While SKILL evaluates the callback.
m After SKILL evaluates the callback.

SKILL evaluates callback

Form removed Form removed
during callback after callback

I I -

l l TIME

User Clicks OK
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Controlling the Cursor Icon

You can control the cursor icon that appears to let the user know the state of the
process that is running. For example, if you change the cursor to an hourglass
icon this will let the user know to wait for the process to complete.

Get the cursor icon value

hiGetCursor() => integer ID of the cursor type in the current window

Set the cursor icon value

hiSetCursor(wid x_cursor ) => t if the cursor was set, nil if it was not set

Example:
hi Set Cur sor ( hi Get Current Wndow() °‘ hi cHour gl ass)
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X_cursor Constant

X Windows Equivalent

hicArrow
hicCross
hicHand
hicHelp
hiclbeam
hicNo
hicSizeAll
hicSizeNESW
hicSizeNS
hicSizeNWSE
hicSizeWE
hicUpArrow
hicWait
hicArrowHourglass
hicHourglass

hicNoCursor

XC_left_ptr
XC_cross
XC_hand2
XC_question_arrow
XC xterm

XC pirate

XC fleur

XC_sb v double arrow

XC_sb h double arrow
XC _sb up _arrow
XC_watch

7/27/05
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Frequently Asked Questions

What role do the f1, 2, 3, fields, form, and ExampleForm variables play?
Which of these variables must be global?

Which can be local?
let( ( f1 f2 f3 fields form)

f1 = hiCreateStringFiel d( Field data structure
?nane 'fieldl Symbolic field name
)

f2 = hi CreateStringFi el d( Field data structure
?name ' field2 Symbolic field name
)

fields = list( f1f2 f3)

form = hi Creat eAppFor n( Form data structure
?nane " Exanpl eForm MUST be global
?fields fields
)

hi Di spl ayForm( form) Form data structure

) ; let
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This table explains the role and the scope of each variable in the overhead example.

Variables

Role Scope (local or global)

f1, f2, 13

fieldl, field2, field3

fields

form

ExampleForm

Each valueis afied data Make these variables local.
structure.

Each isthe symbolic nameof The scopeisirrelevant,
afield. because the variable name,
Each valueisirrelevant. Instead of the value, is used.

Thevaueisalist of thefidld Makethisvariablelocal.
data structures.

The valueisaform data Make this variable local.
structure.

The symbolic name of the  Make this variable global.
form.

The vadueisaform data

structure.
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Form Fields

All field creation routines share similar arguments and return the field structure.

Field Category

Field Type

Creation Function

Type-in

Enumerated
Choice

Command

single-line string
multi-line string
integer numeric
floating point numeric
list

2-D point

bounding box

2-D point list

toggle
boolean
radio

list box
cyclic

layer cyclic
scale

button
button box

hiCreateStringField
hiCreateMLTextField
hiCreatelntField
hiCreateFloatField
hiCreateListField
hiCreatePointField
hiCreateBBoxField
hiCreatePointListField

hiCreateToggleField
hiCreateBooleanButton
hiCreateRadioField
hiCreateListBoxField
hiCreateCyclicField
hiCreateLayerCyclicField
hiCreateScaleField

hiCreateButton
hiCreateButtonBoxField

User Interface
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Use the Cadence Finder to list all the functions whose name starts with hiCreate and end
with Field.
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Some New Types of Fields

Tab Field: hiCreateTabField

Divide a form using horizontal tabs

Report Field: hiCreateReportField
Table data with automatic re-sort

by clicking on a column header

Tree Field: HiCreateTreeTable

An expandable tree to organize data

Hypertext Field: hiCreateHyperTextField

Hypertext links to web information
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Tab Field Example:

tabFi el d = hi Creat eTabFi el d(
?name ' pcel | TabFi el d

?fields fieldList

?t abs t abNanes
?t abPl acenent

)

Report Field Example:

f3 = hi Creat eReportFi el d(
?nanme ' TrHi er Cel | Li st
?title "Master Cells in Hierarchy"”
?titl eAlignnent 'center
?choices list("("NONE" "NONE" "NONE"))
?headers |ist(
"( "Library" 150 'center 'string t )

"top

"( "Cell” 150 'center "string t )
"( "View' 150 'center 'string t )
)
?cal | back "Tr Get Vi ews(hi Get Current Forn())"
) ; 3

7/27/05
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Tree Field Example:

treeF=hi Cr eat eTr eeTabl g(

?nanme 'treeField

?title "Tree Table -- View 1"
?sel ect Mode ' ext ended
?titleAlignment 'center

?cal | back "treeCB" ?expandCal | back
"expandCB" ?col | apseCal | back "col | apseCB"
?headers ' (

("Fol der" 120 'left)

("Comment" 150 'left)

("Msc" 80 'right 'float))

?choi ce root Tree )

Hypertext Field Examples:
f1 = hiCreateSi npl eHypertextFi el d(
"TrH 1
"Downl oad Cadence Software"
"http://ww. cadence. cont

)
f2 = hi CreateHypertextFiel d(
?nanme ' TrHt 2
?val ue
"<A nane=slink
href =ht t p: / / ww. cadence. con> Sour ceLi nk
DFI | FAQ</ A>"
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http://sourcelink.cadence.com
http://sourcelink.cadence.com/docs/files/Release_Info/ic5032/skuiref/chap7.html#771367
http://sourcelink.cadence.com/docs/files/Release_Info/icoa5033/skuiref/chap7.html#771367
http://sourcelink.cadence.com/docs/files/Release_Info/icoa5033/skuiref/chap7.html#771367
http://sourcelink.cadence.com/docs/files/Release_Info/icoa5033/skuiref/chap7.html#768736
http://sourcelink.cadence.com/docs/files/Release_Info/icoa5033/skuiref/chap7.html#768736
http://sourcelink.cadence.com/docs/files/Release_Info/icoa5033/skuiref/chap7.html#768736
http://sourcelink.cadence.com/docs/files/Release_Info/icoa5033/skuiref/chap7.html#786322
http://sourcelink.cadence.com/docs/files/Release_Info/icoa5033/skuiref/chap7.html#785603
http://sourcelink.cadence.com/docs/files/Release_Info/icoa5033/skuiref/chap7.html#785495
http://sourcelink.cadence.com/docs/files/Release_Info/icoa5033/skuiref/chap7.html#785495

Lab Overview

Lab 14-4 Exploring Forms

Lab 14-5 Writing a Form Application

[] You create a form capable of changing the name and size of an associated
window.

[] This lab has several optional sections for advanced students.
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Module Summary

In this module, we covered

Context-sensitive pop-up menus
Fixed menus

Dialog boxes

List boxes

Forms

User Interface
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Category

Functions

Fixed menus

Dialog boxes
List boxes

Forms

hi CreateVertical FixedMenu

hi CreateHorizontal FixedMenu
hiDisplayFixedMenu

hi GetWindowFixedMenu

hi RemoveFixedMenu

hi AddFixedMenu

hi DisplayAppDBox
hi ShowListBox

hiCreateSringField
hi CreateAppForm
hiDisplayForm

hi SetCallbackSatus
hiHighlightField

7/27/05
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