Procedures and Parameters

The Inside Story
with Bob Cozzi

What are Procedures

» SubProcedure can be a function or a procedure
» They can accept parameters and returns values




Functions

Subprocedures that return a value are called
functions

— The RETURN opcode is used to return the value.

« Parameter content may also be modified

— Modifying subprocedure parameters is similar to
modifying program parameters.

Procedure

» Subprocedures that do not return a value are
called procedures

« Parameter content may be modified

— Modifying subprocedure parameters is similar to
modifying program parameters.




What's in a Name

Subprocedure

Procedure

Function

In RPG 1V, they all mean the same thing

Two Parts of a Subprocedure

* Prototype

— Used by the compiler to validate your reference (i.e.,
call to) a subprocedure

* Implementation
— Contains the code (body) of the subprocedure




Subprocedures Parameter List

Parameters can be easy or complex
Simple, program-like parameters

More complex

— read-only, variable length, casting, by value, by
reference, pointers, data, etc.

You need to specify the parameter list twice:
1. Once in the Implementation of the subprocedure

2. Once in the Prototype of the subprocedure
— These two parameter lists must be identical

Let's Look at an Example

* We need a subprocedure that will return the day of
the week from any date passed to it.

 The date must be a true date data-type and in any
DATEMT (date format)
* The return value must be numeric

— Must be inthe range 1 to 7
— 1 = Sunday, 2=Monday, 3=Tuesday, ... 7=Saturday




Get Day of Week Subprocedure

* Return a value that is type INT (10i0)
— Day of week

* Input Parameters must include a date value
— Date field, DATEMT(*ISO)

» By definition, this is a function subprocedure

Building the Subprocedure GetDay()

e Calculate the Day of the Week
* Let'suse an ILE API to dg

this for us

The InputDate is passed
to our procedure as an

Day of Week input parameter.

since: 14-Oct-1582

D BaseDate D INZ(D"1582-10-14%)
D nDayOfWeek S 101 O

D nDays S 101 O

C SubDur BaseDate nDays:*DAYS
C CALLB "CEEDYWK*

C Parm nDays

C Parm nDayofWeek




Wrapping Code in a Subprocedure

e Three components are used to create a
subprocedure
1. Isolate the code
* Add a Beginning procedure specification
* Add an Ending procedure specification
2. Create a Procedure Interface
— This is the parameter list for the subprocedure
3. Create a prototype for the subprocedure

Moving the Code to a Subprocedure

P GetDay B EXPORT

D GetD PI 101 0 D
D CinputbDate D D CONST DATFMT(*1SO)

D BaseDate S D INZ(D"1582-10-14%)
D nDayO k S 101 O

D nDays S 101 O

C SubDur nDays: *DAYS
C CALLB

C Parm nDays

C Parm nDayofWeek
C return nDayOfWeek

P GetDay E




What's left? What's missing?

P GetDay B EXPORT

D GetDay Pl 101 O

D InputDate D  CONST DATEMT(*1SO)

D BaseDate S D INZ(D"1582-10-147)

D nDayOfWeek S 101 O

D nDays S 101 O

C InputDate SubDur BaseDate nDays:*DAYS

C CALLB "CEEDYWK*™

C Parm nDays

C Parm nDayofWeek
return nDayOfWeek

P GetDay E
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What is a Prototype?

A copy of the procedure interface/parameter list

Use by the compiler to syntax check calls to the
subprocedure

Typically located in the global Definition Specs

Can be located in local Definition specs
— But only applies to that subprocedure

Normally placed in /COPY member
— Highly, highly recommended

Creating a Prototype

P GetDay B EXPORT

D GetDay Pl 101 O

D InputDate D  CONST DATFMT(*1SO)
D BaseDate S D INZ(D"1582-10-14%)
D nDayOfWeek S 101 O

D nDays S 101 O

C InputDate SubDur BaseDate nDays:*DAYS
C CALLB "CEEDYWK™

C Parm nDays

C Parm nDayofWeek
C return nDayOfWeek

P GetDay E




Change "PI" to "PR"

D GetDay ‘ PR ’ 101 O

D InputDate D  CONST DATFMT(*1SO)
P GetDay B EXPORT

D GetDay Pl 101 O

D InputDate D  CONST DATEMT(*1S0)
D BaseDate S D INZ(D"1582-10-14%)
D nDayOfWeek S 101 O

D nDays S 101 O

C InputDate SubDur BaseDate nDays :*DAYS
C CALLB "CEEDYWK™

C Parm nDays

C Parm nDayofWeek
C return nDayOfWeek

P GetDay E

Using the Subprocedure

» Copy the Prototype source to a /COPY member

* Include the /COPY every source member that
uses the subprocedure.

» Also must include the /COPY in the source
member that has the subprocedure's
iImplementation code.




Moving Prototype to /COPY Member

Literally move the prototype source code to
another source member

| prefer QCPYSRC but any source file will work

Make the member name something meaningful

— For example, if the member contains prototypes for
date subprocedures, name it DATERTN (Date routines)

Use /COPY or /INCLUDE to include the member
C/COPY QCPYSRC,datertn

Using Your New Subprocedure

The compiler uses the prototype
source code to syntax check any
calls to the subprocedure.

1e include member
name is DATERTN. It
contains the prototype

/include QCPYSRC,datertn « for GETDAY().
Lo F

D nDay S 101 O

D today S D Inz(*SYS)

C

To call the routine,
we use the EVAL
opcode.

nDay = GetDay(today)

9t

The prototype in the
/ICOPY is used by the
compiler to syntax
check this call to the
subprocedure GetDay().




The Prototype Source Member

/it NOT DEFINED(MY_DATERTN)
/define MY_DATERTN

o = = ———— = ———— = ————

| D GetDay PR 101 0 ExtProc("GETDAY") }

1 D InputDate \ D CONST DATFMT(*ISO) ,
/endif

The prototype is included through a /COPY or
/INCLUDE only when the MY_DATERTN
"token" has not been defined.

Once the source has been included, the token
is also defined. Subsequent /COPY's of the
same source member will avoid including the
prototype a second time.

Updating A Subprocedure

The business requirements have changed

We need to return the day of the week as a textual
value
— Sunday, Monday, Tuesday, etc.

We want to use the same subprocedure to do this
We need to add a new parameter




Review The GetDay SubProcedure

P GetDay EXPORT

D GetDay Pl 101 O

D InputDate D CONST DATEMT(*1S0)
D szDay 10A

D BaseDate S D INZ(D"1582-10-14%)
D nDayOfWeek S 101 O

D nDays S 101 O

C InputDate SubDur BaseDate nDays :*DAYS
C CALLB "CEEDYWK*

C Parm nDays

C Parm nDayofWeek
C return nDayOfWeek

P GetDay E

Add the Get Day Name API

P GetDay B
D GetDay PI 101 @
D inputDate D Const DATFMT(*ISO)
D |[szDay < 10A
D BaseDate S D INZ(D'1582-10-14")
D nDayOfWeek S 101 0
D nDays S 101 0
| D szFmt S 10A Inz("Wwwwwwwwwz') |
C SubDur BaseDate nDays:*DAYS
C "CEEDYWK'
C nDays
C Parm \\\\\» nDayofWeek
C Cal1B(DE) 'CEED '
C Parm nDays
C Parm szFmt
C Parm » szDay
C return nDayOfWeek

P GetDay




Update the Prototype

/it NOT DEFINED(MY_DATERTN)
/define MY_DATERTN

D GetDay PR 101 @ ExtProc('GETDAY")
D InputDate D  CONST DATFMT(*ISO)
_______________________ )
D _szbay o ___ 1A _ _ _ _ )
/endif

Calling the GetDay Function

H OPTION(*SRCSTMT) DFTACTGRP(*NO) ACTGRP(*NEW)

D/copy qcpysrc,datertn

D today S D Inz(*SYS) Datfmt(*IS0O)
D tomorrow S D DatFmt (*USA)

D szToday S 10A

D szTomorrow N 10A

D nToday N 51 @

D nTomorrow S 51 @

C Today AddDur 1:*DAYS Tomorrow

C eval nToday :oday:szToday)
C eval nTomorrow = GetDay(Tomorrow:szTomorrow)
C eval *INLR = *ON

P GetDay B

// GetDay implementation goes here.
P GetDay E




Storing Similar Prototypes

/ e ——
** DATERTNS Protos ** Order Entry P
D GetDay PR FCus1_:Mast IF A E.
D InDate FQPrint 0 F 132

D/COPY qcpysrc,DATERTNS

D EndofMonth PR D PSDS DS

D InDate D ItemStruct DS
D SKU

D GetWeekDay PR D MFGITMID

D InDate D PARTNUM

A C CustNO Chain Custmast
S C If %FOUND

C EndIF

Prototype
Source Mb

Adding Parameters

 Is the parameter read-only?
— Will the subprocedure modify its contents?

* What is the length?

 If Character, then
— Is the length fix?
— Are literals allowed?
e If Numeric, then?
— Should caller be allowed to specify an expression?
— Are decimal positions necessary?

e |f Date, then?
— Should any date format be allowed?




Three Keywords Control Parameters

« CONST
 VALUE

e OPTIONS
— *OMIT - Parameter can be skipped
— *NOPASS - Parameter is optional
— *VARSIZE - Variable length parameter
— *RIGHTADJ — Right justifies the parameter data
— *STRING - Parameter is converted to a null-terminated string
— *TRIM — Delete trailing blanks on character parameters
— *NULLIND - Include DS subfield "null indicators"

OPTIONS Keyword (1 of 4)

e *OMIT — Allow Omitted Parameter

— The parameter can be skipped by specifying *OMIT
instead of a real parameter value.

— Within the called procedure, test for *XOMIT by
comparing the parameter's address to *NULL
* if %addr(custname) = *NULL

» *NOPASS - Maximum Parameters

— The parameter and all subsequent parameters are
optional. NOTE: All subsequent parameter must also
include OPTIONS(*NOPASS)




OPTIONS Keyword (2 of 4)

 *VARSIZE — Allow Longer Parameter Value

— The value specified for the parameter can be longer
than the defined length.

 *RIGHTADJ — Right Adjust Parameter Value

— The value specified for the parameter is right justified in
the parameter inside the subprocedure.

— This option is valid only when CONST or VALUE is also
specified.

OPTIONS Keyword (3 of 4)

 *STRING — Convert to C-Style Null-terminated String
— The value is converted to a X'00' ("null terminated") string.

— This option is valid only when the parameter's data-type is *
(pointer)

— This option is valid only when VALUE or CONST is specified

* *TRIM — Trim Trailing and Leading Blanks

— Any leading and trailing blanks are removed from the character
text parameter value

— This option is valid only when CONST or VALUE is also specified.
— This option is valid when OPTIONS(*STRING) is specified.

¢ In this case, OPTIONS(*STRING:*TRIM) or
OPTIONS(*TRIM:*STRING) would be specified.




OPTIONS Keyword (4 of 4)

e *NULLIND — Pass the Null Indicator for Data
Structure subfields

— Passes the null indicator attribute for all data structure
subfields

— This option is valid only when the parameter is defined
using the LIKEDS or LIKEREC keyword

— Use the following to test for null indicator status
« If %NULLIND(ds.subfiled) = *ON

Other Parameter and Return Value Keywords

« DATFMT — Date format

e TIMFMT — Time format

e DIM(n) — Array Elements (Fields or DS's)

» LIKEDS - Define Like a Data Structure

* LIKEREC — Define Like a Record format

» LIKE — Define Like another field

« PROCPTR — Procedure pointer

 VARYING - Varying length character field

« NOOPT — Optimization is turned off for the parameter




Let's Look at GetDay's Parameters

D GetDay PR 101 @ ExtProc('GETDAY"')
D InputDate D | |CONST|DATFMT(*ISO)
D szDay 10A
* InputDate » szDay

— Read-Only — Modifiable Value

— CONST — Character(10)

— Date data-type — Content is modified

— DATFMT(*ISO) — Results sent back to caller

Normal "By Reference" Parameters

* Any parameter without keywords is passed by reference
— Just like parameters on a program-to-program call
» By Reference ("byref") parameters are the most rigid
* Any "by reference" (byref) parameters may be
— Modified by the subprocedure
— Have their value returned to the caller
— Be reference by address (i.e., Y%addr(myparm))
» Data passed on a byref parameter must be
— For character parameters
¢ As long or longer than the parameter definition
¢ Have the same VARYING setting
— For numeric parameters
¢ Exactly the same data-type and length as the parameter definition

— For date parameters
¢ The same DATFMT as the parameter




CONST Keyword on Parameters

CONST parameters are passed as by reference

— But they are read-only

— The subprocedure cannot modify a CONST parameter's value
CONST parameters are highly optimized

CONST parms allow following for the parameter's value

— Expressions and built-in functions

— Named constants and literals

— Fields

— Return values from nested subprocedure calls

The format of parameter value is converted into that of the
parameter definition

— This is known as “casting”

Example CONST Parameter

D GetCustInfo PR 101 @
D CustNo " 7P @ CONST
Calls the subproc 0
D CustName on a conditional 4A
statement.
C IF GetCustInfo(38: CSTNAM ) = @
C callp GetCustInfo(CstNbr: CSTNAM )

Uses CALLP to call the
« CUSTNO — Packed(? 0) subproc. This ignores
! the return value.
* Read-only (i.e., the CONST keyword is used)
— Called subprocedure "GETCUSTINFO" cannot modify CUSTNO

* Any expression, literal or numeric field may be passed

» Data is converted to 7-packed temp/work field

» That work field is passed to the subprocedure




Fixed-Length Char Parameters
With CONST and without OPTIONS

* Results of expressions are always copied to a temp
variable.
* Fields same size as parameter definition
— Normally passed directly to subprocedure
» Fields longer than parameter definition
— Normally passed directly to subprocedure
— May be copy (substring) to a temp variable
» Fields shorter than parameter definition
— Copied to a temp variable

» Varying fields are copied to a fixed-length temp variable

VARYING Char Parameters
With CONST and without OPTIONS

« Temp variable of the same length as the parameter
definition is declared by the compiler

» All fixed-length fields are copied to the temp variable
— Length is set to the length of the fixed length field

» Expressions are copied to the temp variable
— Length is set to the length of the expression

» Varying length fields with a shorter current length are
passed to the subproc

« Varying length fields with a longer current length are
copied to the temp variable
— Length is set to the max length of the parameter definition




Character Parameters
--Fixed & VARYING

(e

myProc PR
D CustName
D Comments

D CustStatus

Accepts fixed-length or VARYING
character fields. Always passes a
30-position fixed-length value. If the
input value is longer, a %SUBST-like
action is performed by the compiler to
pass only up to 30 bytes.

This parameter is not CONST and is not
VARYING. It accepts only fixed-length

character fields. Normally, 12-position fields
would be use; but any fixed-length character

field of 12 bytes or longer is permitted.

Positions beyond byte 12 (in this example) are
not directly accessible within the subprocedure.

101 @

30A

50A

12A

CONST

CONST VARYING

Accepts fixed-length or
VARYING character fields.
Always passes a VARYING
value with the current value
set to whatever the length of
the input value is, up to 50

positions.

Numeric Parameter with CONST

D myProc PR
D CustNo
D nCustStatus

This parameter is CONST,
therefore it allows literals, named
constants, numeric expressions,

built-in functions and return values
from other subprocedures.

101 @

/P @ CONST

101 @

This parameter is not CONST,
there for only numeric fields
with identical attributes may
be specified. In this example,

only 4-byte integer (10i0)
fields may be passed as a
parameter value.




Variable Length ("any length")
Character Parameters

 VARYING and variable length have two different
meanings

— VARYING is very useful when passing a read-only
character string that may be any length up to X.

« Variable length is useful when the length is known
at runtime.
— APIs use variable length

* RPG IV uses OPTIONS(*VARSIZE) to identify a
variable length parameter.

OPTIONS(*VARSIZE)

» Fixed-length character data-type parameters
— VARYING does not apply to these parameters
» Length is either specified or retrieved
— Additional parameter
— OPDESC and calling CEEDOD
— Format ID with a known length
 OPTIONS(*VARSIZE) allows parameters of any length to be passed
on the parameter
— Normally character values to be parm-length or longer

— OPTIONS(*VARSIZE) allows them to be longer or shorter than the
parm-length.

 Effectively this means they may be 1 to 65535 bytes long
* Regardless of the declared parameter length
* Normally OPTIONS(*VARSIZE) is only used for return parameters
— But can be used for input parameters.




Character Parameter with

OPTIONS(*VARSIZE)
D GetCustNotes PR 101 0
D CustNo 7P @ CONST
D rtnBuffer 30A OPTIONS(*VARSIZE)
D rtnBuflLen 1801 @ CONST
D szNotes S
C callp GetCustInfo(38: szNotes: %len(szNotes))
S
Customer number
is a literal
because CONST
permits it to be. Even though
szNOTES is The length of the
longer, itis 2nd parameter is
allowed. passed as the third
parameter.
Character Parameter with
OPTIONS(*VARSIZE)
D GetCustNotes PR 101 0
D CustNo 7P @ CONST
D rtnBuffer 30A OPTIONS(*VARSIZE)
D rtnBuflLen 101 @ CONST
D szText S 15A
C callp GetCustInfo(400: szText: %len(szText))

Customer number is a
literal because CONST
permits it to be.

Even though szText is J
shorter than the parm

defintion, it is permitted by
OPTIONS(*VARSIZE

The length of the 2nd
parameter is passed as
the third parameter.




OPTIONS(*VARSIZE) Parameter
with a Length Parameter

* The subprocedure needs to use the length parameter to

restrict access to the OPTIONS(*VARSIZE) parameter

— Should use: %SUBST(rtnBuffer:1:rtnBufLen)

— Can use other methods as well
» Based pointer, overlapping data structures
* Whatever you're comfortable using

— %SUBST is the most convenient

» Butitis restricted to 64k of data

» Accessing data outside the scope of the parameter
variable passed to the subprocedure will result in a
"memory leak"

By Ref Counter Part: "By Value"

« By Value "pushes" the data into the procedure

* The input parameter of a by Value parameter may
be used like a local variable

— A copy of the original data is made into a "temp"
variable

— The temp variable has the attributes of the parameter
— That temp variable is passed to the subprocedure

« Typically only numeric and pointer parameters are
passed by value




Parameters Passed by VALUE

« Same features as CONST parameters
— Casting, padding, conversion to/from VARYING

* Unlike CONST parameters, the input parameter
variable in the subprocedure is modifiable

 VALUE parameters act like work fields

— They are in fact, local variables that can be used as
work field in the subprocedure

— Their content is not the same as that sent by the caller
» Therefore, the caller's data is not changed

Using the VALUE Keyword

D 1toa PR * ExtProc("__itoa“®)
D nUINT 101 0jValue)
D szRtnBuffer * :Value:
D nRadix 101 O'\Vfll_ueJ

» All parameters are BY VALUE

* While in the subprocedure any VALUE parameter may be
modified
» The modified data is NOT sent back to the caller




Subprocedures and Parameters

 Like mini programs within a program
« Several keywords help make parameters more
flexible

Procedure-Related Keywords

« Identify the name of the procedure or program that will be
called.

 Indicates if the source member contains only
subprocedures




Header (H) Spec NOMAIN Keyword

No Mainline Calculations

— Required for subprocedure-only modules
» Services Programs - *SRVPGM
e Secondary *MODULE objects

No RPG cycle embedded in module
— Smaller *MODULE objects are produced

No mainline calcs allowed
Global data and subprocedure are allowed

NOMAIN - Keyword

H NOMAIN
P GetDayOfWe B
P GetDayOfWeek E

NOMAIN indicates that only

P GetDay B | Procedures can be specified
within this source member.

No mainline calcs are allowed.

P GetDay E

Global variables are permitted.

P MyProcedure B

P MyProcedure E




Procedure (P) Spec Keyword

« EXPORT

— Makes the procedure available to other applications via
binding to module.
 Name of procedure may be overridden by
specifying it on the EXTPROC keyword

Prototype (PR) Statement Keywords

EXTPROC((‘external proc-name’)

— Identifies the name of the procedure to be called when
this Prototype is used.

— If "external proc-name" is omitted, then the Prototype
name is used as the procedure name.

— Normally external procedure name is specified o

EXTPGM(‘external program-name’)

— External name of the program being dynamically called
when this Prototype is used.

— If "external program-name" is omitted, then the
Prototype name is used as the program name.




OPDESC - Keyword

Operational Descriptor

Parameter value’s attributes are passed
— Separate area with the description
» Length, data-type, etc.
Requires a call to an ILE API to retrieve the
Operational Descriptor

Useful when OPTIONS(*VARSIZE) is used on a
character parameter values

ILE APl — CEEDOD
“Get Operational Descriptor”

» |ILE API used to retrieve operational descriptor of a
parameter

— First parameter identifies the parameter whose operational
descriptor is being retrieved

— Sixth (6th) parameter returns length of the parameter
» Length is the only descriptor attribute available in RPG IV

* Requires OPDESC keyword
— On both Prototype and Procedure Interface statements




Prototype to call CEEDOD Built-in

D GetOpDesc PR extproc('CEEDOD")
D ParmNum 181 @ const

D o_descinf 101 @

D o_datatype 101 @

D o_descinfl 101 @

D o_descinf2 101 @

D ParmLen 101 @

D o_errcode 12A OPTIONS(*OMIT)

The 6™ parm is the only one that is useful
to RPG IV programs/procedures.

Operational Descriptors Future

* IBM updated (i.e., finally made it work) in V5R3

 Prior to V5R3

— It did not work when a DS was passed as a parameter
value

— It did not work at all with CONST values

e | recommend avoiding OPDESC until at least
V5R3




