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The purpose of this publication is to summarize the internal log:c of 
the modules contained in the DOS PL/I Resident Library. It suppl0m~n~G 
the program listings by providing descriptive text and flowcharts, but 
program structure at the machine instruction lev~l is not discussed. 
The descriptive text is contained in part I of this publicativn, th~ 
flowcharts are in part II. 

Information on how to US8 this publication is contained in chapt~r 1 of 
part I; although the manual is intended primarily as a sourCt of 
reference, the user should acquaint himself with the contents of chapter 
1 before referring to any other chapter. 

PREREQUISITE PUBLICATIONS 

To make effective use of this publication, the reader must be familiar 
with the contents of: 

DOS 
PLlI Optimizing Compiler: Execution Logic, 
Order No. SC33-0019 
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Details of the DOS PL/I Transient Library are given in the following 
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DOS 
PL/I Transient Librarv: Program Logic, 
Order No. LY33-6012 

The PL/I Optimizing Compiler, its facilities, and its requirements are 
described briefly in the following publication: 

DOS 
PElI Optimizing Compiler: 
General Information, Order No. GC33-0004 

Details of the language implemented by the PL/I Optimizing Compiler are 
given in: 

DOS 
PL/I Optimizing Compiler: Language Reference Manual, 
Order No. SC33-0005 
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their normal requirements; can also be purchased by 
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CHAPTER 1: INTRODUCTION 

The DOS PL/I optimizing compiler is supported by two licrary program 
products: the DOS PL/I Resident Library (program number 5736-LM4) and 
the DOS PL/I Transient library (program numter 5736-LM5) The resident 
library consists of modules that are selectively link-edited with the 
relocatable object module and hence beccme part of the executacle 
prograrr, phase. The transient library consists of modules that are 
loaded dynamically at execution time. 

This putlication descrites the DOS PL/I Resident Library. ~he transient 
library is described in DOS PL/I Transient Litrar~: Program Logic. 

THE RESIDENT LIBRARY 

The DOS PL/I Resident Library consists of atout one hundred and eighty 
prograrr rrodules which reside on the relocatable library. Each module 
perforrr,s a single function or a number of closely-related functions and 
is designed as a single control section. 

The modules cf the resident licrary form a set of standard subroutines 
that are used for the rrajority of interfaces with the system and for 
handling those tasks that can be most efficiently executed by means of 
interpretive subroutines. 

The main areas where the library is used are: input/output, error 
handling, storage management, conversions, rrathematical functions, and 
various string and aggregate handling operations. 

MODULE NAMING CONVENTION§ 

Control Names 

Each module in the resident licrary is identified for documentation 
purposes by a unique 6- or 7-letter control name of the following form: 

IBMabc(d) 

The 4th letter of the control name (a) is one of the following 
characters: 

B The module is independent of the operating system and may 
be included in Rare than one program product. 

D The module is written specially for and is dependent upon 
the Disk Operating System. 

G The module is a replacement module for a "D" module. For 
example, the single WAIT module IBMGJWT is a replacement 
module for the multiple WAIT module IBMDJWT in systems that 
do not support the WAI~M macro. 

E The module is a replacement module for a "B" module. 
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The 5th letter (b) of the control name specifies the functional area of 
the litrary to which the module belcngs. The meanings of the letters 
that may a~~ear in this position are listed in figure 1.1. 

5th Letter of 
Control Name 

Functional Area Identified 

A Computational routines (aggregates) 
B computational routines (strings) 
C Conversion routines 
E Error handling routines 
I Interlanguage communication routines 
J Miscellaneous supporting functions 
K Dump routines and miscellaneous 

supporting functions 
M Mathematical routines 
C open/close routines 
P Program management routines 
R Record I/O transreission 
S stream I/O transmission 

Figure 1.1. Identification of Functional Areas 

The rereaining letters of the control name identify the module within its 
particular functional area. These letters are not necessarily mnemonic~ 
but they have teen chosen to give an indication of the module function 
wherever possitle. 

Entry Point Names 

Entry point names identify points within a module to which control is 
passed when the module is called by another library module or by 
compiled code. 

with the exception of the stream I/O transmitters IBMDSTF and IBMDSTI, 
entry point names are derived from the reodule's control name by changing 
the fourth letter to B and adding an eighth letter to identify the 
particular entry point within the module. Entry point letters are 
usually allocated consecutively from the beginning of the alphabet~ In 
the case of the above two exceptions, the fourth letter is not changed 
to B. 

Modules that have 6-letter control names are given two entry point 
letters to make their entry point names eight characters long. 

Control Section Names 

The CSECT name of a library module is formed by adding '1' to its 
control name if it has seven letters, or '01' if it has six. For 
example, the CSECT names of IBMBEOC and IBMECO are IBMBEOCl and 
IBMBC001, respectively. 
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ARRANGEMENT OF MANUAL 

Each of the remaining chapters in this rranual deals with the modules in 
a particular functional area of the library. The chapters are: 

Chapter 2: 
ChaI=ter 3: 
'Chapter 4: 

Program Managerrent Routines 
Open and Close Routines 
Record I/O Routines 

ChaI=ter 5: 
Chapter 6: 
Chapter 7: 
Chapter 8: 
Chat:ter 9: 

stream I/O Routines 
Conversion Routines 
Computational Routines 
Inter1anguage Routines 
Miscellaneous Routines 

Appendixes g~v1ng lists of resident library modules and library macro 
instructions are included at the end of part I of this manual. 

Part II contains flowcharts of all the resident library modules that 
contain a significant amount of executable code. ~he flowcharts are 
identified by the 4th, 5th, 6th, and 7th letters of the module name; for 
example, the flowchart for module IBMDERR appears on chart DERR. The 
charts are arranged in alphabetic order; part II may thus be used 
directly fer reference. 

Each chapter in part I begins with a brief overview of the modules 
described in the chapter. The overview gives details of the common 
features of the modules and an outline of their relationship with other 
modules. A full discussion of the part played by the resident library 
in the execution of a PL/I prografft is given in DOS PL/I Optimizing 
compiler; Execution Logic. 

Following the overview or introduction, the modules are described in 
alphabetic order by control names. Where modules have been further 
divided into functional subgroups, the alphabetic order of presentation 
is ~aintained only within the subgroups. 

INFORMATION FRCVIDED BY MODULE DESCRIPTIONS 

The module control names, followed by 
headings for the module des·criptions. 
provided under standard subheadings. 
of information to be found thereunder 
paragraphs. 

a short title, are used as the 
For each module, information is 

The subheadings used and the type 
are given in the following 

Modules: If more than one module is described, the title of each module 
is given under this heading. 

Function: Where this is not obvious from the title of the module, ·the 
information provided under this subheading consists of a brief statement 
of the main function of the module and, where appropriate, of each of 
the module entry points. 

Method: Under this subheading the method used in implementing the 
function or functions of the module is described. In general, the 
program logic and flow inforIration presented in the module flowcharts is 
sunmarized and, in some cases, elaborated. Program structure at machine 
instruction level is not discussed, although reference to the symbolic 
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naff;es of control block fields is made wherever this is considered 
helpful. 

Linkage: The information provided under this subheading is confined to 
a list of those registers containing parameters, and details of the 
parameters passed. 

Error and ExceEtional Conditions: A brief summary of all the error and 
exceptional conditions that the module is capable of detecting is given 
under this heading. 

Calls: A list of modules that may be invoked ty the module described is 
given under this heading. 

?all~d By: A list of modules capable of invoking the module described 
1S g1ven under this heading. If the module can be called directly from 
compiled code, this is also indicated. 

PROGRAM LISTINGS 

The information contained in the following paragraphs may prove helpful 
to the 'user of a program listing. 

REGISTER NAMING CONVENTIONS 

In the program listings" registers are referred to symbolically by 
prefixing the register number by"R" for general registers, and by "F" 
for floating-point registers: for example, RO; RS; F4. Exceptions to 
this general rule are shown in figure 1.2. 

General 
Register 

3 

10 
11 
12 
13 
14 
15 

Symbolic 
Name 

AR 

RX 
RY 
CR 
DR 
LR 
BR 

Remarks 

Normally used as addressing (base) 
register 

Points to task communications area (~CA) 
Points to dynamic storage area (DBA) 
Link register 
Branch register 

Figure 1.2. Symbolic register names 

FLOWCHARTING S'I'ATEMENTS 

Certain statements in the program listings are preceded by ./.and 
terminated by ./. These statements are used in the production of the 
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module flo~charts given in part II of this ~ublication. A typical 
flowcharting statement might appear in the listing as: 

*/* B4 P SAVE REGISTERS */ 

The flowcharting statements serve as general comments on the sections of 
executatle code that follow them in the listings: they are also useful 
in locating the section of code that corres~onds to a particular box on 
the module flowchart. 

PROGRAM FLAGS 

In some program listings, the following symbols are used in column 38 to 
highlight the.breaks in sequential flow through the module and to 
augment the corr:ments: 

E Branch to another Ir.odule. 
I Branch to internal closed subroutine. 
R Return to caller. 
/ Return to internal error routine. 
= switch set. 
? switch test or other decision. 

LIBRARY MACRO INSTRUCTIONS 

A list of library macro instructions, together with brief descriptions 
of their functions, is given in appendix B. Each macro instruction is 
identified by a 7-letter or 8-letter name of the following form: 

IBMaXbc(d) 

The 4th letter (a) of the name is "B", except for those macro 
instructions that are designed for use only under the Disk Operating 
System, when the letter "0" is used. The 5th letter of the name is 
always "X" and identifies the name as that of a library macro 
instruction. The final two or three letters are mnemonic of the 
function. 

Debugging Macro Instructions 

The program listings of many library modules contain debugging macro 
instructions which were used during the develo~ment of the modules. 
These macro instructions are not expanded in the listings, nor do they 
have any corresponding instructions in the actual library modules. They 
can, however, be reactivated to provide debugging facilities. 
Information on ho~ to do this is given in appendix C. 
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CHAPTER 2: PROGRAM MANAGEMENT ROUTINES 

The program management section of the library is concerned with two main 
subjects: housekeeping and error handling. 

The housekeeping section of the resident library contains routines 
concerned with program initialization and termination, storage 
management, and various other housekeeping operations. These modules 
are described below under the heading "Housekeeping Routines." A full 
description of the storage situation at execution time is contained in 
DOS PL/I Optimizing Compiler: Execution Logic. 

The error-handling modules of the resident library all have "E" as the 
fifth letter of their control names. They are described below under the 
heading "Error Handling Routines." 

HOUSEKEEPING ROUTINES 

MODULE DESCRIPTIONS 

DFHPL1I - CICS Initialization Bootstrap 

Function 

Acts as the entry point for PL/I programs under CICS, and replaces the 
compiler generated PLISTART. DFHPL1I also supplies bootstraps for the 
PL/I program to the transient library routines in the CICS nucleus and 
to CICS services. 

Method (chart DFHPL1I) 

,When called from CICS for initialization, or by the program for library 
function, DFHPL1I sets up the parameter registers and hands control to 
the transient library module IBMFPCCA in DFHSAP (found via the CSA). If 
called for a CICS service, control is transferred to the interface in 
DFHPCP, which is found via an address stored in this module by the CICS 
loader. 

Linkage 

For a call to IBMHPIR 

RO = 
Rl 
~Rl0 = 
R12 = 
R13 = 

Calls 

input value of R13 (DSA into which callers registers arE 
saved). 
input value 
initialization parameter list address 
A(CICS TCA) 
A(CICS CSA) 
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IIBMFPCCA - for various PL/I functions in DFHSAP 
IDFHPCP - for CICS service requests 
I 
I 
Icalled By 
I 
ICIes 
ICompiled code for services. 

IBMBPAF - controlled Variable Management 

Function 

To allocate and free controlled variables. The module has two entry 
points: 

IBMBPAFA: Allocate controlled variable. 

IBMBPAFB: Free controlled variable. 

Method (chart BPAF) 

Entry Point IBMBPAFA: 

The length of the storage required and the address of the control 
section containing the address of the most recent allocation of the 
controlled variable are passed from compiled code. The length is 
increased by 16 bytes to hold control information, and rounded up to a 
multiple of eight bytes. Module IBMDPGR is then called to allocate the 
storage. 

On return from IBMDPGR, the control information is initialized in the 
extra 16 bytes. The allocated storage is then added to the chain of 
allocations for the variable concerned, and control is returned to 
compiled code. 

Note: Initially, the address in the CSECT is set to zero. The chain 
back field in the first allocation of a controlled variable thus 
contains zero. 

Entry Point IBMBPAFB: 

The most recent allocation of the variable is dechained and module 
IBMDPGR is called to free the storage. The length of the storage to be 
freed is obtained from the length field in the control information for 
that allocation. 

Linkage 

R1 A(PLIST) 
PLIST = A(CSECT) 

A(length of data section) (entry pOint IBMBPAFA only) 

Calls 

IBMDPGR - Storage management. 

Called By 
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Compiled code. 

IBMBPAM - Area Management 

Function 

To allocate and free storage within an area variable and to support 
assignment of areas. The module has three entry points: 

IBMBPAMA: Allocate a based variable in a specified area variable. 

IBMBPAMB: Free a specified based variable in a specified area variable. 

IBMBPAMC: Assign the contents of a source area variable to a target area 
variable. 

Method (chart BPAM) 

Entry Point IBMBPAMA: 

Whenever possible, allocations are made in elements on the free element 
chain. Each allocation is made in the smallest free element that is 
large enough, and the free element chain is then rearranged so that the 
free elements are once more chained in descending order of size. 

If there is no free element chain (free-element-chain flag off), or if 
the largest element in the chain is too small for the allocation, an 
attempt is made to allocate the storage in the space between the end of 
extent (EE) pointer and the end of the area. If this space is too small 
the AREA condition is raised, and the error-handling routine is called 
at entry point IBMBERRB. 

On return from the error handler, control is returned to compiled code 
at the address given in the parameter list for abnormal return. 
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Entr~int IBMBPAMB: 

Pointers are set to the low-address and high-address ends of the 
allocaticn that is to be freed. If there is a free element chain (free
element-chain flag on), it is scanned to see whether the section to be 
freed is contiguous, at either end, with any of the free elements. Any 
such free elements are dechained and added to the section to be freed. 

When the scan is complete, a test is made to see whether the section to 
be freed is contiguous with the end of the extent. If it is, EE is 
updated, and a test is made to see whether there are any elements 
remaining cn the free element chain: if there are not, the free-element
chain flag is turned off. If the section to be freed is not contiguous 
with the end of the extent, it is placed in the correct position in the 
free element chain. If this is the last element in the free element 
chain, the free chain flag in the area variable is turned off. 

If there is no free elew.ent chain and the section is not contiguous with 
the end of the extent, the section is made the first element on a free 
element chain. 

Entry Point IBMBPAMC: 

The length cf the target area is compared with the length of the 
allocated storage in the source area. If there is sufficient room in 
the target area for the assign~ent, all the allocated storage in the 
source area, including the heading at the top, is moved onto ~he target 
area. 

If there is insufficient room in the target area, the AREA condition is 
raised and a call is made to entry point IBMBERRB of the error handler. 
On return from the error handler, control is returned to compiled code. 

Error and Exceptional Conditions 

The AREA condition is raised if the storage allocation or the assignment 
cannot be made. 

Linkage 

Entry Point IBMBPAMA: 

R1 
PLIST 

= A(PLIST) 
= A(AREA locator) 

A(word to hold address of storage allocated) 
A(length to be allocated) 
A(label constant for abnormal return) 

Entry Point IBMBPAMB: 

R1 
PLIST 

= A(PLIST) 
= A(AREA locator) 

A(pointer to allocation to be freed) 
A(length to te freed) 

Entry Point IBMBPAMC: 

= A(PLIST) R1 
PLIST = A(source area locator) 

A(target area locator) 
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Calls 

IBMDERR - Error handler. 

Called by 

Ccmpiled code. 

IBMBPGO - Reset CHECK Enableroent 

Function 

To set current CHECK enablement to that at block entry, during abnormal 
GOTO out of a block. 

Method 

The module first tests for any dynamic ONCBS, and if there are none, 
branches immediately to the target code addressed by the link register. 

If there are dynamic ONCBs present, the module places the address of the 
latest ONCB, contained in the DSA, into register Rl, inspects the ONCB, 
and if necessary, sets the value for CHECK enablement to as it was at 
block entry. 

The process described acove is repeated in turn for every other ONCB 
there may be and when every ONCB concerned has been dealt with, the 
mcdule branches to the target code addressed by the link register. 

Linkage 

R2 
LR 
R4 
AR 

= 
= 
= 
= 

Called By 

A(target case) 
A(target compiled code for return) 

(target value) 
(target value) 

Compiled code 

IBMDPGR - storage Mana~~ 

Function 

To allocate and free non-LIFO storage and to obtain and free segments of 
the LIFO stack when insufficient space is available in the current 
segment. The module has four entry points: 

IBMBPGRA: Get non-LIFO storage. 
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IBMBPGRB: Free non-LIFO storage 

IBMBPGRC: LIFO-stack overflow recovery for "get DSA." 

IBMBPGRD: LIFO-stack overflow recovery for "get VDA.ft 

Method (chart DPGR) 

~~int IBMBPGRA: 

Before allocating storage, the module calls its own entry point IBMBPGRC 
(see below) to free any empty segments. 

Whenever pcssible, allocations of non-LIFO storage are made from areas 
on the free area chain. IEMDPGR rounds up the amount of storage 
requested by the caller to a multiple of 8 bytes~ and then searches the 
free area chain for the smallest area that is large enough to meet the 
storage requirements. If an area of exactly the required size is found" it is dechained and its address is returned to the caller. If an area is 
found that meets the above conditions, but which is larger the the area 
required, the allocation is made from the high address end of the area. 
In this case the address returned to the caller is the address of the 
end of the area minus the number of bytes allocated. The length of the 
remaining free area, which is stored in its first word, is then reduced 
by the number of bytes allocated. 

If no free area chain exists, or if all the areas on the chain are teo 
small, an attempt is made to allocate the storage in the area delimited 
by the next available byte (NAB) pointer and the end of segment (EOS) 
pointer. If this ar~a is large enough, EOS is reduced by the number of 
bytes required and the address of the area is returned to the caller. 

If the area between the NAB and EOS pointers is too small the allocation 
cannot be made. Under these circumstances IEMBPGRA sets the appropriate 
return code in the TCA and returns to the program initialization routine 
IBMDPIR, which terminates the program. 

Entry Point IBMBPGRB: 

The length of storage that is to be freed is first rounded up to a 
multiple of 8 bytes. 

IBMBPGRB then scans the free area chain to determine whether or not 
there is a free area contiguous with the high order boundary of the 
storage that is to be freed. If such an area is found, it is dechained 
and its length is added to the length that is to be freed. 

The free area chain is then scanned again to determine whether or not 
there is a free area contiguous with the low order boundary of the 
storage that is to be freed. If there is, its length is increased by 
the length of the storage that is to be freed, and control is returned 
to the caller. 

If there is no free area contiguous with the low order boundary, a test 
is made to see whether or not the storage to be freed is at the address 
pointed to by EOS. If it is, EOS is moved; otherwise the storage to be 
freed is added to the free area chain. Control is then returned to the 
caller. 
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Entry Point IBMBPGRC: 

This entry point is called when there is no space in the current segment 
'of the LIFO stack in which to allocate a DSA. Since the caller is in 
the process of allocating a DSA, IBMBRGRC saves its registers in the 
special Frogram management save area in the TCA. 

When a request is made to IBMBPGRC to get a new LIFO stack segment, 
empty segments may already exist. If more than one empty segment exists, 
the current segment is freed and the previous segment is made current. 
This is done by setting BOS and EOS to the values stored in the two 
control words at the head of the current segment and then freeing the 
segment by the method described above for non-LIFO storage. Successive 
segments are freed in this way until only one empty segment exists. 

The allocation of storage can now be made. If there is enough space in 
the previous non-empty segment for the allocation, the allocation is 
made in this segment and the current empty segment is freed. Otherwise, 
the allocation is made in the current errpty segment provided that it is 
large enough. If the current empty segment is too small, it is freed; 
the action then taken is the same as that for the case when no empty 
segreent exists. 

If no empty segment exists,an area of nen-LIFO storage is obtained by 
the sarre method as IBMBPGRA, except that the largest possible area is 
obtained. BCS and EOS are stored in the area obtained and then updated 
tc address the new segment. 

Note that IBMBPGRC is not called if there is space for the allocation in 
the latest non-empty segment and no empty segments exist. 

Entry Point IBMBPGRD: 

This entry point is called when there is no space in the current segment 
of the LIFO stack in which to allocate a VDA. The action taken is the 
same as that described for entry point IBMBPGRC (above), except that the 
caller's register R14 is saved in the caller's save area as well as in 
the program save area. This is done to enatle the point of invocation 
of IBMDPGR to te found if an "insufficient storage available" message 
has to be printed. 

Error and Exceptional Conditions 

Control is returned to IBMDPI'R if there is no storage availatle. 

Linkage 

Entry Point IBMBPGRA: 

On entry: 

RO = length of storage required 

On return: 

Rl = address of storage obtained 

Entry Point IBMBPGRB: 

RO = length of storage to be freed 
Rl = address of storage to be freed 

20 Licensed Material - Property of IBM 



On entry: 

RO = length of LIFO storage to be allocated + latest NAB 
Rl = latest NAB 

On return: 

RO = new NAB 
Rl = address of storage for elenent 

Calls 

IBMDPIR - Program initialization. 

Called By 

Compiled code and any resident or transient library module that requires 
storage. 

IBMDPIR - Program Initialization from S~stem 

Function 

To load IBMDPII at the end of the partition, for that module to 
establish an initial storage area (ISA), and to pass to IBMDPII a 
parameter list of address constants. IEMDPIR also contains a subroutine 
which is called from the goto code in the TCA whenever abnormal GO'IO out 
of block processing is required. Furthermore, the module contains a 
default PLIMAIN in the form of a separate CSECT. This CSECT contains 
its own entry point address in its first four bytes. 

Method (chart DPIR) 

The module first addresses the communications region and then loads 
IBMDPII at the end of the partition. Control is then passed to IBMDPII. 

The subroutine which is called from the TeA goto code to perform 
abnormal GOTe out of block functions" may be used during execution of 
the PL/I program to call exit DSA processing (e.g. sort exits), return 
being ~ade to the TCA goto code. IEMDPGR may enter the subroutine to 
cause termination of the program when there is insufficient storage to 
continue execution. In such a case, a branch is made to the start of 
IBMDPIR's CSECT where IBMDPIR overlays itself by loading IBMDPES to 
produce an -INSUFFICIENT STORAGE- message. 

The subroutine is also entered by IBMDERR, -via the TCA goto code, to 
terminate the program after normal return from, or standard system 
action for the FINISH condition. When so entered, it calls IBMDOCLD to 
close any open PL/I files, and performs any exit DSA processing required 
in the following manner. The routine continues processing down the DSA 
chain until the target DSA for the goto (i.e., the dummy DSA) is 
reached. 
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When the dummy DSA is reached during termination, a test is made to 
determine whether the PL/I program was invoked from another language. 
If so IBMDPJR is called at entry point IBMDPJRC. otherwise if the 
program is terminating due to ERROR being raised, a CANCEL macro is 
issued to flush any data in the SYSIPT stream. For normal finish, S~OP 
or EXIT, an EOJ macro is issued. 

'No Main Procedure' CSEC!: 

Ncte: PLIMAIN is generated by the compiler as a result of processing the 
option MAIN in the OPTIONS option. It contains the address of the PL/I 
main procedure. If the PL/I program has no main procedure, a dummy 
PLIMAIN is picked up at link-edit time. 

The CSECT when entered, gets library workspace as a save area, and then 
loads and branches to the transient module IBMDPEP, which issues a 'NO 
MAIN PROCEDURE' message. Control is then returned to the caller. 

Errcr and Exceptional Conditions 

If there is insufficient room in the ISA for the setting-up of the 
various control blocks, transient module IEMDPES is loaded and invoked 
tc issue a 'NO STORAGE AVAILABLE' message. Control is then returned to 
the caller. 

Linkage 

RO = A(PLIMAIN) 

Calls 

IBMDOCL - Open/close bootstrap. 
IBMBPGO - Reset CHECK enablement. 
IEMDPEP - Housekeeping diagnostic message module. 
IBMDPES - Storage management diagnostic message module. 
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IBMDPJR - Program Initialization from Caller 

Function: 

ro establish an initial storage area, (ISA) allowing for an 
interlanguage communication Fortran buffer and DTF if necessary, and 
then load IBMDPJI to initialize the ISA. The module has five entry 
points, two of which are for a PL/I caller who wishes to invoke the same 
PL/I procedure each time. 

PLICALLA: Entry from PL/I caller with the ISA not specified. 

PLICALLB: Entry from PL/I caller witb the length and address 
of the ISA specified. 

I~~P~B~: Entry from PL/I caller with a pointer to address 
of compiled code, but ISA not specified. 

IBMBPJRB: Entry from PL/I caller with a pointer to address 
of compiled code, , and ISA specified. 

IBMBPJRC: Entry from IBMDPIR for return to caller. 

Method (chart DPJR) 

Toe module first determines the length of the ISA and the address of 
compiled code. If the length is sufficient for the program management 
area (PMA), flow table and (if required) Fortran buffer and Fortran DTF" 
the module loads and invokes IBMDPJI to initialize the ISA. If however, 
the length is insufficient, then IBMDPEP is loaded for that module to 
produce a "no storage available" message. 

ro terminate the program, entry point IBMBPJRC is entered from IBMDPIR. 
IBMDPJRC calculates the return code and resets the caller's program 
check options and program mask by issuing a STXIT macro. Return is then 
m~de to the caller. 

Error and Exceptional Conditions 

If there is insufficient room in the ISA for the setting-up of the 
various control blocks, transient mojule IBMDPES is loaded and invoked 
to issue a "no storage available" message. Control is then returned to 
the caller. 

Linkage 

Entry point PLICALLA: 

Rl = A(compiled code plist) 

Entrv Point PLICALLB: 

Rl = A (PLIST) 
PLIST= A(compliled code plist) 

A(length of ISA) 
A(passed ISA) 

Entry Point IBMBPJRA: 

Rl = A (compi led code plist) 
RO = A(PLIlVlAIN) 
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Entry Point IBMBPJRB: 

R1 = A(PLIST) 
PLIST= A(compiled code plist) 

A(length of ISA) 
A(passed ISA) 

RO = A(PLIMAIN) 

Calls 

IBMDPJI - Program ISA initialization from caller. 

Called By 

Non-PL/I Language caller. 

IBMDPOL - OVerlay Space Saving Module 

Function 

To provide dummy entry points in overlay phases so that certain modules 
are not included in DOS overlay phases in which they would never be 
executed. Thus the space such modules would otherwise occupy is saved. 
Tne module has thirteen entry points, which are in fact dummy entry 
points but which suffice to resolve references to the modules to be 
excluded. The entry pOints are as follows: 

IBMBPGRA, IBMBPGRB, IBMBPGRC, IBMBPGRA 
IBMBEFLA, IBMBEFLB, IBMBEFLC 
IBMBrOCA, IBMBTOCB 
IBMBJWTA 
IBMBERCA 
IBMBPIRA 
IBMBPLRA 

Note: If such modules are to be used at all they should be in the root 
phase of the overlay program. 
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IBMDPOV - overla~ 

Function 

To implement the PLICVLY built-in subroutine. 

Method (chart DPOV) 

A LOAD macro is used to load the specified phase into store. 

Linkage 

Rl = A(PLIS'I) 
PLIST = A(string locator for name of module) 

Called By 

Ccmpiled code. 

IBMBPRC - Return Code Module 

Function 

Tc set up the return code specified by the user. 

Method 

The module moves the specified return code into a halfword field in the 
TeA. 

Linkage 

Rl = A(PLIS'I) 
PLIST = A(halfword containing the required return code value) 

Called By 

Compiled code. 
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IBMBTOC - COMPLETION Pseudovariable and Event 
Variable Assi9n~~~ 

Function 

Tc implerrent the COMPLETION pseudo-variable and to assign event 
variables. The module has two entry points: 

IB~B~OCA: CO~PLETION pseudo-variable. 

IB~~TOC~: Event variatle assignment. 

Method (chart ETOC) 

Entry Point IBMBTOCA: 

The value of the completion bit specified in the parameter list is moved 
tc the target EV. If the EV is being set ccm~lete (com~letion bit = 
'l'B) and an EVTAE chain exists, a bit is set in each EVTAB on the chain 
to indicate completion for the associated WAIT. 

The completion and status values of the source EV are moved to the 
target EV. If the completion bit value is 'l'B and an EV~AB chain 
exists, a bit is set in each EVTAB on the chain to indicate completion 
for the associated WAIT. 

Error and Exce~tional Conditions 

The ERROR condition is raised if the target EV is active. 

Linkage 

Entry pOint IBMBTCCA: 

Rl 
PLIST 

= A(PLIST) 
= A(target EV) 

A(fullword containing the value to be assigned to the 
completion tit) 

Entry Point IBMBTOCB: 

Rl 
PLIST 

Calls 

= ACPLIST) 
= A(target EV) 

A(source EV) 

IBMDERR - Error handler. 

Called By 

Compiled code. 
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ERROR HANDLING ROUTINES 

The principal module described in this section is the main execution
time-error handling ~odule IBMDERR. This module handles two types of 
conditions that cause interruption to the main flow of a PL/I program. 
These are: 

1. Program check interrupts. 

2. Conditions that are detected by code. 

The functions of the error handler are to determine the nature of the 
error or condition and to take the appropriate action. Several courses 
of action are possible, including: 

1. Enter an on-unit. 

2. Print SNAP messages. 

3. Print an error message, raise the ERROR condition, and then,raise 
the FINISH condition. 

4. Print an error message and return to the caller. 

5. No action; return to the caller. 

The other modules described in this section include the FLOW option 
module IBMBEFL, which creates a flow statement table, the CHECK module 
IBMBERC, which is used as a subroutine by IEMDERR to handle the CHECK 
condition, and various modules that evaluate condition-handling built-in 
functions. 

The message-generating modules that support IBMDERR are in the DOS PLII 
Transient Library and are described in DOS PL/I Transient Library: 
Program Logic. 

MODULE DESCRIPTIONS 

IEMDEFL - FLOW option 

Function 

To create the flow statement table and to fill in the values of the 
statement numbers and the names of the procedures in which they occur. 
The module has three entry points: 

IEMBEFLA: Create and initialize the table. 

IBMBEFLE: Place normal entries in the table. 

IBMBEFLC: Place entries in the table in the middle of GOTO code. 
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Method (chart DEFL) 

Entry Point IBMBEFLA: 

On entry, register Rl addresses two halfwords. The first halfword 
contains the number (N) of cranch-in/branch-out points that are required 
in the table. The second contains the number (M) of procedure names or 
on-unit entries that are required in the tatle. 

If M=O and N=O, no flow table is created" and control is returned to the 
caller. 

If M=O and N=l, N is set equal to 2. 

If M~O and N=O, N is set equal to 2, and a flag is set on in the flow 
table to indicate to the transient modules IBMDESN and IBMDKTB that 
statement numbers are not to be printed in trace messages. 

If M~O and N=l, N is set equal to 2. 

N is set equal to 2 in the above cases because at least 2 pairs of 
statement numbers are needed in the flow table if procedure name or on
unit type entries are to be made. However, if the caller has specified 
N=O, no statement numbers are required in trace messages. 

The module then creates the flow table as follows: 

The amount of storage required for the table is calculated as 
41+12*N+8*M (rounded up to a multiple of 8 bytes), and this amount of 
storage is then obtained. The first 41 bytes are for the table header. 

The header is initialized for the entries to be made. Different GOTO 
code" depending on whether FLOW has been specified, is moved into the 
TCA by the transient modules IBMDPII or IBMDPJI. If there is FLOW then 
this code picks the address of IBMB!FLC frow a position in the space 
allowed for GOTO code in the TeA and branches to it. This address will 
have been placed there, during initialization of the table, by IBMDEFL. 

The addresses of the flow table and of entry point IBMBEFLB are then 
stored in the TCA and control is returned to the caller. 

Entry Point IBMBEFLB: 

The action taken by the module depends upon the values of the flag bits 
passed to it. The flag bits are used directly to effect a branch to the 
relevant section of the module. 

Flag Bits = 'OO'B: 

This flag bit setting indicates that a normal branch-out entry is to be 
made in the table. If the previous entry in the table was also a 
branch-out, the current 'branch-out is ignored. 
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If the previous entry was a branch-in, a test is made to determine 
whether or not it is flagged as an entry from a GOTO. (This flag will 
have been set by entry point IBMBEFLC if a GOTO out of block has 
occurred, see below). If it is, the name of the block that was entered 
by the GOTO must be placed in the name table. This is done by means of 
an internal subroutine. 

The module then moves the statement number of the branch-out point to 
the number table and returns to the caller. 

Flag Bits = 'Ol~B: 
This flag bit setting indicates that the entry required in the table is 
a branch-out entry relating to the end of an on-unit. The module moves 
the statement number to the table, and follows ~t by a dummy branch-in 
entry. The dummy maintains the branch-out/branch-in pairing of the 
table entries and relates to the stateffient that caused entry to the on
unit. The namE of the block to which return is to be made is placed in 
the name table. 

Flag Bits = 'lO'B: 

This flag bit setting indicates that a normal branch-in entry is to be 
made in the table. 

If the previous entry in the table was also a branch-in, the current 
branch-in is ignored. 

If the previous entry was a branch-out, a test is made to determine 
whether or not it is flagged as an entry before a GOTO. (This flag will 
have been set by entry pOint IEMBEFLC if a GOTO out of block has 
occurred, see below.) If it is, the name of the block that was entered 
by the GOTC must be placed in the name table. This is done by means of 
an internal subroutine. 

The module then moves the statement number of the branch-in point to the 
number table and returns to the caller. 

Flag Bits = 'll'B: 

This flag bit setting indicates that a branch-in entry is required in 
the table and that the branch-in has an associated block name. 

If the previous entry in the table was a branch-out" the module moves 
the current branch-in point to the number table and then uses the 
internal subroutine to find the block name and place that in the name 
table. 

If the previous entry was a branch-in, a test is made to determine 
whether the current branch-in is to a procedure or to an on-unit. 

For procedures, the current branch-in is ignored. 

For on-units, a branch-out entry corresponding to the point of interrupt 
is entered in the table. The previous entry to this is then tested to 
determine 'whether or not it is flagged as an entry before a GCTO. If it 
is, the internal subroutine is used to find the name of the block in 
which the interrupt occurred and place it in the name table. 

The current branch-in is then handled exactly as though the previous 
entry were a branch-out. 
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Entry Point IBMBEFLC: 

On entry, a test is made to see whether or not the. branch is to a block 
other than the originator of the branch. This may only te out of a 
begin block into its containing procedure or may be from procedure to 
procedure etc. In all cases, if the target DSA is not the source DSA 
then a new procedure name is assumed to be needed in the table. If so, 
a flag is set in the last entry (the branch-out value) to indicate that 
fer the next branch-in entry, a new procedure name or on-unit type must 
be given. 

The test is made ty comparing the current DSA with the target DSA. 

Linkage 

Entry Point IBMBEFLA: 

R1 = A(FLCW option numters) (two halfwords) 

Entry Point IBMBEFLB: 

LR = A(halfword) 
Halfword = flag bits (2 bits) 

number value (14 bits) 

Entry Point IBMBEFLC: 

BR = A(target DSA) 

Called Ey 

Compiled code. 

IBMBEOC - On-Code Module 

Function 

To translate two bytes of error code into the PL/I ON-code. 

Method (chart BEOC) 

PL/I ON-codes vary from 0 to 10,000, this range being split up into a 
number of smaller scopes. Each type of error has an ON-code in a set 
scope and also a unique value in the first byte of the error code. 

The errors can also be classified into ON and non-ON types. ON types 
have error codes less than 48 and ON-codes less than 1000. Non-ON types 
have error codes descending by twos from 255 and ON-codes ranging from 
1000 to 10,000. 

The lowest numker in each ON-code scope is tabulated in IBMBEOCA in two 
tables of halfwords, the order of tabulation being such that the basic 
ON-code value can be accessed by means of a simple arithmetic operation 
on the first byte of the error code. 
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IEMBEOCA finds the error code by picking up the chain back field in the 
current ONCA and obtaining the error code from the ONCA thus addressed. 
If the error is an ON type, the basic ON-code value is located in the 
table by doubling the the value in the first byte of the error code; if 
it is a non-ON type, the basic ON-code value is located by subtracting 
the value of the first byte of the error code from 255. 

The final value of the ON-code is obtained by zeroing bits 0, 1, and 2 
of the second byte (or bits 0 and 1 only for CONVERSION) of the error 
code and adding the result to the basic ON-code value just obtained. 

Linkage 

R1 = A(halfword target for on-code value) 

Called By 

Compiled code 
IBMDESM - Error message module. 
IBMDKTR - Dump trace routine. 

IBMBEOL - ONLOC Built-In Function 

Function 

To find the value of the eNLOC built-in function. The module has a 
Single entry point: IBMBEOLA. 

Method (chart BEOL) 

Starting at the current DSA, the module searches back through the DSA 
chain until an on-unit DSA is found. If the dummy DSA is reached before 
an on-unit DSA is found, i.e., if the ONLOC statement is out of context, 
a null string is returned to the caller. 

If an on-unit DSA is found, the search is continued back along the DBA 
chain until a procedure DSA is found. This DSA belongs to the procedure 
in which the condition that caused entry to the on-unit was raised. 

The length of the procedure name (in bytes) immediately precedes the 
procedure's entry point, which is always aligned on a fullword boundary. 
The name is located immediately before the length field. The entry 
point is located ty picking up the contents of register 15 from the 
previous DSA's save area. 

Linkage 

Rl = A(string locator for the returned name) 

Called By 

Compiled code. 
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IBMBERC - CHECK (System Action) 

Function 

To perform standard system action for the CHECK condition. 

Method (chart BERC) 

The CHECK module is entered from the error handler, IBMDERR, whenever 
the CHECR condition has been raised and standard system action is to be 
taken. 

The module first acquires a new copy of library workspace (LWS) for use 
by the stream I/O modules that will be called. It then accesses the 
parameter list that was passed to IBMDERR (by extracting the contents of 
the register Rl save slot in the DSA prior to that of IBMDERR), and 
obtains from this parameter list the address of the symbol table (or 
list of symbol tables) for the CHECR. 

The module now builds a parameter list to pass to the data-directed 
output module IBMDSDOA. If the variable for which CHECR has been raised 
is an array and only a single element is to be printed, the parameter 
list for IBMDSDOA is set up in the current DSA; otherwise, a VDA is 
obtained for the parameter list. 

The address of an area for a stream I/O Control Block (SIOCB) is placed 
in the first word of the parameter list. 

If the CHECR module has been entered as a result of a SIGNAL CHECK 
statement with no identifier, the enablement of the CHECR for each PL/I 
variable is determined and the SYMTAB addresses of the enabled variables 
are placed in the parameter list. 

If the module has been entered as a result of an ordinary CHECK, the 
single SYMTAB address is placed in the parameter list. 

The SIOCB is then set up in the current DSA and the stream I/O 
initialization module IBMDSIO is called. On return from IBMDSIO, the 
data-directed output module IBMDSDO is called. If there is an array 
address in the parameter list, entry point IBMESDOB is called, otherwise 
entry foint IBMBSDOA is called. 

Linkage 

DR = A(IBMDERRs library DSA) 

Calls 

IBMDSIO - Initialize stream I/O. 
IBMDSDO - Data-directed output. 

Called By 

IBMDERR - Error handler. 
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IBMDERR - Error Handler 

Function 

To identify execution-time errors or conditions and to take the 
appropriate action. The module has three entry points: 

IBMBERRA: Frogram check interrupts. 

IBMBERRB: Conditions and errors detected by code. 

IBMB~: Frcgram check interrupts while control is in IBMDERR. 

Method (chart DERR) 

Program Check Interrupts: 

Program check interrupts are handled by entry point IBMBERRA. PLiI 
interrupt handling is established by means of a STXIT macro (issued in 
module IEMDPII) which gives the supervisor the addresses of a small 
piece of code and a 72-byte save area in the implementation appendage 
(TIA). When an interrupt occurs, the supervisor saves the old PSW and 
the contents of registers RO through ER in the save area and cranches to 
the code in the TIA. This code loads the address of the save area into 
register RO and branches to the address held in a word called TERA in 
the TIA. Provided that control was not already in the error handler 
when the interrupt occurred, TERA contains the address of IBMBERRA. 

IBMBERRA saves the second word of the old PSW (from the save area) and 
the contents of registers RO through RY in the current DSA~ and then 
changes the address part of the old PSW in the save area to an address 
(ER010) in IBMDERR. An EXIT macro is then issued, and the supervisor 
returns control to ER010. 

On entry to ER010, a flag is set to indicate that the module was entered 
at entry point IBMBERRA. 

processing the Interrupt 

IBMDERR creates a two-byte PL/l internal error code from the interrupt 
code in its workspace. 

If the interrupt was an operation exception, a routine addressed by the 
TAFF slot in the TIA is called. In a machine with floating point 
hardware, this routine is merely an ircmediate return to IBMDERR. For 
machines without floating point hardware, the routine addressed picks up 
the PSw, finds the operation code of the instruction that caused the 
exception, and compares that code with the floating point instruction 
operation codes. If it was a floating point instruction that was 
attempted, then the routine sets on a bit in the error code in the DSA 
belonging to IBMDERR, changing it from FPOl to FP2l. 

If the interrupt corresponds toa PL/l on-condition, the floating point 
registers are saved in IBMBERRAs DSA in case return is to be made to the 
point of interrupt. If the interrupt was floating point underflow then 
the double word in which the register that underflowed was stored is set 
to true zero. 
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If a fixed-point, decimal, or exponent overflow or fixed-point divide 
has occurred, this may correspond to SIZE in the original program, 
rather than to FIXEDOVERFLOW or ZERODIVIDE. If this is the case 
compiled code will have set a bit in the interrupt qualifier byte in the 
TCA. Hence if this bit is set~ IBMBERRA creates a code for SIZE and 
sets the "ignore" bit in the qualifier byte in the TCA. If the 
"ignore" bit is set already when one of the above exceptions occurs, 
IBMBERRA returns to the point of interrupt. Having created the internal 
error code, IBMBERRA branches to the main condition handling logic 
described belo~. 

conditions and Errors Detected by Code 

When a condition is to be raised by the library or compiled code, 
IBMBERRB is ~assed an interrupt control block containing a two or four 
byte code indicating which condition to raise. For PL/l on-conditions, 
the code consists of four bytes. The first byte of this code is the 
same as the code which is placed in the on-cell or the dynamic ONCB when 
an ON statement for the condition is executed. The second byte gives the 
particular situation which caused the condition to be raised (e.g. 
attribute conflict for UNDEFINEDFILE). The third and fourth bytes 
contain flags indicating which ON functions and pseudo-variables are 
valid for the condition. If the condition is a qualified condition, the 
interru~t control block (ICB) also contains a qualifier. The ICB can be 
up to 6 words long for the CHECK condition. For such a condition, the 
third word is always required, and contains the DSA level number and 
flags. The fourth word is required for CHECK of an array element. Word 
five is the address of an implementation defined block to define the 
variable. The sixth word may be used to address the generation of the 
variable being checked. 

For conditions for which there is no PL/l on-condition, and for which 
the action is to comment (i.e. put out a message) and raise the ERROR 
condition, the code is two bytes long. The first byte gives the class of 
the condition (e.g. I/O, computational) and the second byte gives the 
particular error in that class. The values of the first byte of these 
cedes run from X'FF' downwards, in twos. If entry has been made via 
entry point IBMBERRA a code of this type will have been created. 

IEMDERR determines whether it is dealing with an on-condition or an 
error condition by testing the value of the first byte of the code 
passed to it. The code is moved to the ONCA; if the condition is an ON 
condition the four bytes of the cede are moved, otherwise two bytes are 
mcved, the other two bytes in the ONCA being set to zero. The action in 
the case of a non-on condition is first of all to print a diagnostic 
message. The message is produced by the transient module IBMDESM, which 
is dynamically loaded and invoked. This module is described in DOS PL/I 
Transient Library: Pro~am Logic. -

On return from the transient message module, a code for the ERROR 
condition is created and the action now taken is that for on-conditions. 

For each on-condition, IBMDERR contains an action byte containing 
information on the course of action that is to be taken. The format of 
the action byte is as follows: 

Bit 0 =0 Condition may be enabled or disabled. 
1 Condition always enabled. 

Bit 1 =0 No comment on standard system action (SSA). 
1 Comment on SSA. 
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Bit 2 =0 Continue on SSA. 
1 Raise ERROR on SSA. 

Bit 3 =0 Return to point of interrupt on return from on-unit. 
1 s~ecial action on return. 

Bit 4 =0 Non-qualified condition. 
1 Qualified condition. 

Eits 5-7 unused. 

When an ON condition is raised, IEMCERR first of all determines the 
enablement of the condition. Bit 0 of the action byte for the 
condition determines whether there is an entry in the enable bits of the 
DSA. If so, IBMDERR tests the relevant bit. If it is "one", i.e. 
the condition is disabled, an immediate return is made to the point of 
interrupt. If there is no entry in the enable bits for the condition it 
is always enabled. Further tests must be made in the case of the CHECK 
condition since a 0 value in the enable bit only means that some CHECK 
condition is enabled but does not say anything about the particular 
CHECK which has been raised. 

A search is mad.e down the static chain of DSAs. The dynamic ONCBs in 
each DSA are tested for one containing the code for CHECK and the 
correct qualifier. If one is found then the enablement is determined 
from the enabl.ement bit in the ONCB. If no match is found in a DSA, 
the enable bits for that DSA are tested to determine if there is a CHECK 
or NOCHECK prefix without a list in the associated block. If not, 
testing continues with the next DSA in the static chain. If so, a 
second bit in the current enable bits gives the enablement. 

Having determined the enableroent of the condition, the establishment 
must now be found. If the condition is unqualified, the list of ON 
cells in each DSA in the dynamic chain is searched by means of a TRT 
instruction, using the special table in the TCA, for a code matching the 
first byte of the code passed to IBMDERR. If a matching on-cell has not 
been not located when the dummy DSA is reached, standard system action 
is taken for the condition, the action on SSA being taken from the 
Action Byte. If a match is found, the corresponding static ONCB is 
located. 

If the condition is qualified, the chain of dynamic ONCBs in each DSA in 
the dynamic chain is scanned for one containing the correct code and 
qualifier. If a match is not found, SSA is taken except for the CHECK 
condition. If the matching dynamic ONCB specifies that the condition is 
not established then the search is continued. If no matching ONCE is 
found for CHECK, tests must now be made to see if there is an 
establishment for unqualified CHECK. This is done by searching the ON 
cells as for an unqualified condition. 

When a matching ON cell has been found or a matching ONCB which does not 
sfecify unestablished, then the ONCE is tested as follows: 

1. If SNAP is specified, SNAP messages must be printed. This is done 
by loading and invoking the transient module IBMDESM. This module 
is described in DOS PL/I Transient Library: Program Logic. 

2. If SYSTEM is specified, normal system action is taken. 

3. If there is a GO TC only in the on-unit then the GO TO is performed 
without entering the on-unit. 
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4. If there is a null en-unit, the action which is performed on return 
from an on-unit is taken. 

5. If there is an on-unit which is neither null nor consists only of a 
GOTO staterrent, IBMDERR invokes it. 

Before branching to the on-unit, IBMDERR rrust ~erform some housekeeping 
duties. 'I'he contents of the interrupt qualifier byte in the TeA are 
saved in IBMDERRA's DSA and the qualifier byte is set to zero. 
IEMDERRA then invokes the Get Library Workspace routine to obtain a new 
LWS. Tests must be made to see if the current ONCA is correctly set up 
for any ON built-in-functions or pseudo-variables which may be used in 
the on-unit. If the condition is I/O, a string locator is placed in the 
ONCA fer ONFILE. If the condition was signaled, the locators for 
ONSOURCE, ONKEY and DATAFIELD are set to give null strings, the string 
lccator for CNCHAR is set to give a blank, and the value of ONCOUN~ is 
set to zero. 

Having performed the necessary housekeeping, IEMDERR invokes the on
unit" having first loaded register RS with the address of the DSA in 
which the matching on-cell or dynamic ONCE was found. 

Before leaving IBMDERR to enter an on-unit or perform a GOTO, the 
interrupt linkage to IBMBERRA must be restored. This involves replacing 
the address of IBMBERRC in the TCA by the address of IBMBERRA. If there 
is no GO TO out of the on-unit the address of IBMBERRA is replaced by 
IBMBERRC on return to IBMDERR. 

On return from an on-unit the interrupt qualifier is restored and the 
new LWS freed. The action byte for the conditionis tested to see if a 
return is to be made or if special action is to be taken. If the action 
specified is return, IBMDERR returns to the point of interrupt. 

The cases where action other than return must be performed are: 

1. ERROR - The FINISH condition is raised. 

2. FINISH - If the condition was raised following a STOP statement, or 
following the raising of ERROR or the normal termination of the 
program, the program is terrroinated by setting a return code in the 
return code slot in the TCA and then entering the GotO code in the 
TCA in order to perform a GCTO to the program initialisation 
routine IBMDPIR. If FINISH was raised by the SIGNAL statement, 
IBMDERR returns to the caller. 

3. CONVERSION - Unless the condition was signaled, then a test is made 
on return from the on-unit to determine whether ONSOURCE or ONCHAR 
pseudovariables were used in the on-unit. If not, ERROR is raised. 
If either was used, control is passed to the address contained in 
the retry slot in the ONCA. 

4. ENDPAGE - A return code is set in register BR to indicate that an 
on-unit was entered. 

5. SUBSCRIPTRANGE - The, ERROR condition is raised. 

§.l!stem Actiop 

system action is performed if no matching ON cell or dynamic CNCB was 
found in the DSA chain or if the SYSTEM flag was set in the ONCB located 
as the result of a match. 

performing system action for conditions other than the CHECK condition 
normally involves printing a system action message. The action byte 
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is tested to see if a message is required. If it is, the transient 
module IBMDESM is loaded and invoked. This module is described in DOS 
PL/I Transient Library: Program Logic. On return from the transient
message module, the action byte is tested to determine the next action. 
For ERROR, the FINISH condition is raised. For FINISH, the action is the 
same as the action taken on return from a FINISH ON unit. For all other 
conditions either ERROR is raised or return is made to the point of 
interrupt. 

System action for the CHECK condition is performed by a call to module 
IBMBERC. On return from IBMBERC, return is made to the point of 
interrupt. 

Return to Point of Interrupt 

The method of returning from IBMDERR depends on the entry point at which 
it was entered. If the entry pOint was IBMBERRB, return is made to the 
caller in the normal way by a branch on register 14. However, if entry 
was made via IBMBERRA, a return to the point of the program check 
interrupt must be made. This is done in the following way: 

1. The module restores the floating point registers and changes the 
address in TERA to an address within itself. It then causes an 
interrupt. 

2. The supervisor gains control after the interrupt and branches to code 
in the TCA. That code causes a branch to the address in TERA, 
paSSing the address of the save area in register 1. 

3. The module then changes the address in TERA to that of IBMBERRA and 
resets the contents of the save area to what it was when IBMBERRA was 
first entered. 

4. An EXIT macro is issued, and the supervisor returns control to the 
point of the original interrupt. 

Entry Point IBMBERRC 

Transient module IBMDPEP is loaded and invoked to print the message, and 
a DUMP macro is issued to dump main storage and terminate the job. 
Module IBMDPEP is described in DOS PL/I Transient Library: Proqam Logic. 

Linkage 

Entry Points IBMBERRA and C: 

Rl = A(save area) 

Entry Point IBMBERRB: 

Rl = A(interrupt control block) 

Calls 

IBMBERC - CHECK (system action). 
IBMDESM - Error message module (transient). 
IBMDPEP - Housekeeping diagnostic message module. 
IBMDPIF - Operation Exception Checking, (No floating-point support). 
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CHAPTER 3: OPEN AND CLOSE ROUTINES 

The resident library contains one module concerned with opening and 
closing PL/I files: IBMDOCL. This module is a bootstrap routine that 
effects linkage between compiled code or module IBMDRIO (chapter 4) and 
the DOS PL/I Transient Library. The transient library is described in 
DOS ~ Transient Library: program Logic. 

MODULE DESCRIPTIONS 

IBMDOCL - OPEN/CLOSE Bootstrap 

Function 

IBMDOCL is used by compiled code and by the library to open and close 
files. It has five entry pOints: 

IBMBOCLA: Explicit open. 

IBMBOCLB: Implicit open. 

IBMBOCLC: Explicit close. 

IBMBOCLD: Implicit close. 

IBMBOCLG: Implici~ open by in-line compiled code. 

INote: On CICS these functions are provided by entry points to DFHPL1I 
Iwhich acts as a bootstrap to the transient library modules. 
Method 

Entry Points IBMBOCLA, B, C, and D: 

These four entry points of the module share the same code. The entry 
point that was called is determined by examining the contents of the 
caller's branch register. 

The link-edit name of the required transient module is IBMDOCAA for 
Close and IBMDOP*A for Open, where * is filled in tram the FCB, having 
been set there by the compiler. The link-edit name is set up in 
workspace in a field called ZNAM. The module then acquires storage for 
the transient OPEN/CLOSE modules and if necessary, any buffers and loads 
the module specified in ZNAM. 

The callers branch register is then exmained to see whether IBMDOCL was 
entered at an "explicit" or an "implicit" entry point, and the required 
entry point of the transient open or close module is set up in the 
branch register. IBMDOCL then branches and links to the transient 
module. 

On return from the transient open or close module, the storagE that was 
obtained for the transient module is freed. For Open, part ot the space 
obtained may have been used for the transmitter, in which case the 
actual amount of the space to be freed will have already been modified, 
causing IBMDOCL to automatically free only the right amount. A test is 
then made to determine whether or not the operation that has just been 
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performed was an implicit open. If it was not, control is returned to 
the caller. If it was, the following action is taken. 

rhe module chains back to the previous DSA. If this is not a compiled 
code DSA, it must belong to IBMDRIO (chapter 4); i.e., the record I/O 
statement that caused the implicit open is being implemented by the 
library. In this case, IBMDOCL chains back to the compiled code DSA and 
reestablishes the compiled code environment. It then executes a branch 
and link on the branch register, i.e., it recalls IBMBRIOA to execute 
the I/O statement. 

If the previous DSA is a compiled code DSA, the record I/O statement 
that caused the implicit open is being implemented by compiled code. In 
this case, IBMDOCL sets the branch register save slot to the address of 
the LIOCS routine, and then restores the compiled code environment. It 
then tests the FCB to determine whether the file is an INPUT or and 
OUTPUT file, and branches to the GET or the pu'r entry point of the LIOCS 
routine as appropriate. 

Entry Point IBMBOCLG: 

For consecutive buffered input and output files, the calls to the LIOCS 
r~utine for GET and PUT may be made directly from compiled code. 

The address of the LIOCS routine is held in a field in the DTF. Before 
the file has been opened, this field contains the address of a point in 
IBMDOCL 8 bytes before entry point IBMBOCLG. Compiled code calls the 
LIOCS routine by branching to an address at an offset of either 8 or 12 
from the LIOCS address in the DTF; an attempt to effect I/O on an 
unopened file thus causes entry to IBMBOCLG. 

IBMBOCLG sets register 15 to pOint to entry point IBMBOCLB (implicit 
open) and then branches on it. 

Linkage 

Entry Point IBMBOCLA: 

Rl 
PLIST 

:: A(PLIST) 
:: ACnumber of files) 

ACFCB) 
ACOCB) or zero 
A C ti tIe) or zero 
ACpagesize) or zero 
AClinesize) or zero 

The last five items in the parameter list are repeated for each file 
that is to be opened. 

Entry Point IBMBOCLB: 

Rl :: A CPLIST) 
PLIST = ACFCB) 

ACRCB) 

R2 :: ACFCB) 
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P~ge of LY33-6011-1, Revised June 1974 by TNL LN33-6118 

Entry Point IBMBOCLC: 

R1 = A(PLIST) 
PLIST = A(number of files) 

A(FCB) 
A(disposition word) 

rne last two words are repeated f9r each file that is to be closed. 

Entry Point IBMBOCLD: 

~o parameters are passed to this entry point. 

Entry Point IBMBOCLG: 

R2 = A(FCB) 

Calls 

IBMDOPM - Open module (transient). 
IBMDOPP - Open module (transient). 
IBMDOPS - Open module (transient). 

IIBMDOPV - Open module - VSAM (transient). 
IBMDOPX - Open module (transient). 
IBMDOCA - Close module (transient). 

IIBMDOCV - Close module - VSAM (transient). 
IBMDPGR - storage management. 

C~lled By 

Entry Points IBMBOCLA, C, and G: 

Compiled code. 

Entry Point IBMBOCLB: 

IBMDRIO - Record I/O interface module. 

Entry Point IBMBOCLD (at termination): 

IBMDPIR - Program initialization from System. 
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CHAPTER 4: RECORD I/O ROUTINES 

The resident library contains one module concerned with RECORD I/O: 
IEMDRIC. This module provides an interface between compiled code and 
the DOS PL/I Transient Library. The transient library is described in 
DOS PL/I Transient Library: Program Logic. 

MODULE DESCRIPTIONS 

IBMDRIC - Record I/O Interface Module 

Function 

To act as an interface between the record I/O transmitter modules and 
the calling programs and to load record I/O error modules. ihe module 
has four entry points: 

IBMBRIOA: Check the validity of the I/O statement and call the 
transmitter. 

IBMBRIOB: Load a record I/O error module and branch to it. 

IBMBRIOC: Raise ERROR for invalid statements. 

IBMBRIOD: Interface between record I/O statements implemented by in-line 
cede and the record I/O error module. 

Method 

Entry Point IBMBRIOA: IBMBRIOA loads the parameters required by the 
record I/O transmitters into registers (see Linkage below) and then 
tests the validity of the information in the request control block (RCB> 
by executing a test under mask instruction in the RCB. If the 
information is valid, the routine branches to an address held in field 
FATM in the file control block (FCB). This field holds the address of 
the appropriate transmitter if the file is open, or the address of the 
implicit open routine IBMBOCLE if It is not. If the information in the 
RCB is invalid, the routine branches to the address held in field .FAIS 
in the FCB. This field holds the address of entry point IBMBRIOC if the 
file is open, or the address of the implicit open routine IBMBOCLB if it 
is not. 

Entrx point IBMBRIOB : IBMBRIOB creates the name of the required error 
module by inserting the 7th letter, obtained from the FeB, into the 
skeleton name IBMDRE*A. The routine then scans the the transmitter 
chain, searching for the required module. If the module is found, its 
responsibility count is incremented by one~ otherwise, IBMBRIOB obtains 
storage, loads the error module, and adds it to the chain. Finally, 
IBMBRIOB loads the address of the error module into the FCB and branches 
to it. 

Entry point IBMBRIOC: IBMBRIOC branches to the error handler IBMBERRB, 
passing the address of the file name and the ·unsupported op· error 
code. 
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Entry Foint IBMBRIOD: This entry point is entered when compiled code is 
executing a record I/O statement in-line and a condition is to be 
raised. 

If the required record I/O error module is already loaded, it is entered 
using the address in the FCB. Otherwise, the error module is loaded and 
entered as described for entry point IBMBRIOB above. 

Linkage 

Entry Peint IBMBRIOA: 

Input: 

Rl = A (PLIST) 
PLIST = A(FCB) 

A(RCB) 
A(RD) or A(ignore factor) or A(target for buffer address 

in READ SET statements) 
A(KD) or zero 
A(EV) or zero 
A(abnormal locate return address for LOCATE statements) 

Output to transmitter: 

Rl = A (PLIST) (see above) 
R2 = A(FCB) 
R5 = A(RCB) 
R6 = A(RD) or A(ignore factor) or A(target for buffer address 

in READ SET statements) 
R7 = A(RD) 
R8 = A(EV) 

Entry Foints IBMBRIOB,~and D: 

R2 = A(FCB) 

Calls 

IBMDERR - Error handler. 
IEMDOCL - Open/close bootstrap (implicit open). 
IBMDR** - RECORD 1/0 transa.itter. 
IBMDRE* - RECORD I/O error module. 

Called By 

Compiled code 
IBMDJWT - WAIT module. 
IEMGJWT - WAIT module. 
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CHAPTER 5: STREAM I/O ROUTINES 

Communication between compiled code and the library is via a STREAM I/O 
control block (SIOCB), which exists for the duration of a single GE~ or 
PUT statement and is situated in the compiled code DSA. A full 
discussion of the organization of S~REAM I/O and a description of the 
SIOCB are given in DOS PL/I Optimizing Compiler: Execution Logic. ~he 
use of the SIOCB in stream input/output is shown in Figure 5.1 

The resident library modules used fer STREAM I/O may be divided into the 
fellowing categories: 

1. Initialization modules. 

2. Input/output director modules. 

3. Conversion director modules. 

4. Format and option modules. 

5. Transmitter modules. 

In the execution of a GET FILE or PUT FILE statement, the first call 
from ccm~iled code is to an initialization module. The initialization 
modules are: 

IBMDSII - GET FILE initialization. 

IBMDSIL - GET and PUT FILE initialization. 

IBMDSIO - PUT FILE initialization. 

The initialization module tests the validity of the I/O statement, opens 
the file if necessary by a call te Utodule IEMDOCL, and completes the 
SIOCB. If the statement contains the PAGE, LINE, or SKIP option, the 
initialization module calls the appropriate option module to handle it. 

A fourth initialization module, IBMDSIS, is provided to handle GET and 
PUT STRING statements. 

The movement of data items between external media and PL/I variables 
involves two separate processes: the moven-ent of records between the 
external medium and an internal buffer, and the movement of data items 
between the buffer and the PL/I variable. There is not necessarily a 
one-to-one correspondance between these moves, since a record may 
ccntain more than one data item, and a data item may span one or more 
record boundaries. 

In general, the movement of data is controlled by input/output director 
modules. These modules are: 

IBMDSDI - Data-directed input. 
IBMDSDO - Data-directed output. 
IBMDSEI - Edit-directed input. 
IBMDSED - Edit-directed input/output. 
IBMDSEO - Edit-directed output. 
IBMDSLI - List-directed input. 
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IBMDSLC - List-directed output. 
IBMDSEE - Edit-directed combination module. 
IBMDSEH - Edit-directed combination subset module. 
IEMDSDJ - Data-directed input (restricted conversions). 
IBMDSLJ - List-directed input (restricted conversions). 

The edit-directed modules IBMDSEI and IEMtSEO are called only when a 
data item spans a record boundary and the conversion, if any, is to be 
dcne by com~iled code. Module IEMDSED is used for complete library 
control over the edit-directed input or out~ut of a single item. 

The director modules effect movement of records between the external 
medium and the buffer by calling the appropriate STREAM I/O transmitter 
module. with the exception of modules IBMDSTF and IBMDSTI, which are 
described in this chapter, the STREAM I/O transmitter modules are in the 
transient library and are described in the ~~/I Transient Library: 
Program Logic. 

The move~ent of data from the buffer to a PL/I variable involves the 
identification of the required data item and the selection of the 
required conversion. If the end of the record is reached before the end 
of the data item, temporary storage must be obtained for the first part 
of the data item and the next record read. Similarly, on output, the 
data item must be converted to the required external format and placed 
in the buffer or buffers. 

The input/output directors thus have to acquire the following 
information: 

1. Where in the record is the required variable situated, or where in 
the record is the variable to be placed. 

2. Must a new record be written or read. 

3. Does the variable span a record boundary. 

4. What conversion is needed. 

GET and PUT STRING statements are handled by the input/output directors 
just as if they were GET and PUT FILE statements. A dummy FeB for the 
statement is set up by the initialization module., and the source or 
target string, as appropriate, is treated as an I/O buffer. For 
"output", the "transmitter" addressed by the dummy FCB is entry point 
IBMBERRB of the error handler. Thus any attempt to move a string that 
is too large for the "buffer" results in an entry to the error handler. 
For "input", the "transmitter" consists of code set up by module IBMBSIS 
in the dummy FCB. This code sets the end-of-file flag and then returns. 

Conversions in edit-directed I/O are handled by a number of conversion 
director modules which select the appropriate conversion modules in the 
conversion package (chapter 6). The conversion director modules are: 

IBMBSAI - Input conversion director 
(A, character-P, and B formats) 

IBMBSAO - Output conversion director 
(A format) 

IBMBSBO - Output Conversion director 
(character-P and B formats) 

IBMBSCI - Input conversion director 
(C format) 
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IBMBSCO - output conversion director 
(C format) 

IBMBSFI - Input convErsion director 
(F and E formats) 

IBMBSFO - Output conversion director 
(F and E formats) 

IBMB5PI - Input conversion director 
(arithmetic-P format) 

IBMBSPO - Output conversion director 
(arithmetic-p format) 
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module I SIOCB Fields co«~ents 
name * IReferencedl Altered I I 

---------1----------1---------1---------------------------------------1 
I-BMDSII I STYP' I code defining the type of statement I 

or I SRTN I I address of the dummy label fer the I 
IBMDSII. I I 1 next statereent I 

I SDSA I I DSA level number (for GE'l DA'IA) I 
I t SFCB I address of the FCB I I I SFLG 1 cleared 
1 I SCNT I cleared 
1 f SOCA address of the ONCA 

--------- ----------1--------- ---------------------------------------
IBMDSIO STYP I code defining the type of statement 

I SFCB address of the FCB 
I DSA level number (for PU'I DA'IA) 

I SFLG cleared 

I 
SDFL cleared 
SCNT cleared 

SDSA 

I SOCA address of the ONCA 

--------- -----------1 --------- ---------------------------------------
IBMDSIS STYP I code defining type of statement 

SDSA I DSA level number (for GET/PUT.DATA) 
I SFCB address of the dummy FCB 
I SFLG cleared 

SDFL cleared 
I SOCA 1 address of the ONCA 

I I SSTR I the dummy FCB 
---------1----------1 ---------1---------------------------------------
IBMDSLI 1 STRG I I address of the target data or locator 

I< IBMBSLIAH STDD I I address of the target DED 
I---------I----------~--------- ---------------------------------------
IIBMDSLJ 1 STRG I 
I(IBMBSLJA>I STr:D I· 

address of the target data or locator 
address of the target DED 

1---------1---------- --------- ---------------------------------------
I IBMD.SLO 1 SSRC 
(IBMBSLOA) SSDD 

- STRG 
STDD 

address of the source data or locator 
address of the source DED 
address of varying string for name 
address of sutscripts string locator 

Fields STRG and STDD are used only 
when the module is called for PU'l 1 
DATA. 1 
Note that when STDD = 0, I 
only the name field addressed by 1 
S'IRG is put out by IBMBSLOA. In thisl 
case fields SSRC and SSDD are not I 
used. This technique is used for 1 
data-directed output (including I 

1 CHECK) of program control data. I 

--------- ----------1 ---------1---------------------------------------1 
IBMDSEI SSDD I 1 address of the source format OED I 

I SSRC I address of the source in a buffer 1 
~ I or a VDA I 

* NOTE: In the above figure, where the information is applicable only 
to a specific entry point, then that entry point name is given 
in Farenthesis, after the module name. 

Figure 5.1. (Part 1 of 2). Use of the stream input/output control block 
(SIOCB) 

46 Licensed Material -Property of IBM 



I module I SIOCB Fields comments 
I name * Referenced 1 Altered I I 
1--------- ----------"1---------1---------------------------------------1 1 IEMDSEO STRG I address of VDA containing the I 
1 I converted field 1 
1 STDD I address of the target format DED I 
1--------- ----------1--------- ---------------------------------------" 
IIEMDSED SSCD I address of the source format DED 
I (IBMBSEDA) STRG I address of the target data or locator 
1 STDD I address of the target DED 
1-------.-- ----------1--------- ---------------------------------------
IIBMDSEC SSRC I 
I( IBMBSEDB) SSDD 
1 STDD 

address of the source data or locator 
address of the source DED 
address of the target fOrmat DED 

1--------- ---------- --------- ---------------------------------------
IIBMDSEE SSDD 
IlIBMBSEEA) STRG 
1 STDD 

address of the source format DED 
address of the target data or locator 
address of the target DED 

1--------- ---------- --------- ---------------------------------------
IIBMDSEH SSRC 
1 (IBMBSEHA) SSDD 
1 I STDD 

address of the source data or locator 
address of the source DED 
address of the target format DED 

1---------1---------- --------- ---------------------------------------
IIBMDSEH 1 STDD 
I (IBMBSEHB)I 

address of a format DED containing the 
parameter in the second halfword 
(PUT statement only) I(IBM~§EHC)I 

1---------1---------- --------- ---------------------------------------
IIEMDSPL 1 SSDD address of a format DED containing the 
I 1 parameter in the second halfword 
1 1 (GET statement only) 
I 1 STDD address of a format DED containing thel 
1 1 parameter in the second halfword 1 
1 1 (PUT staterrent only) I 
1---------1---------- --------- ---------------------------------------1 
IIBMDSXC 1 SSDD address of a format DED.containing thel 
I(IBMBSXCA)I parameter in the second halfword 1 

or ) I(IBMBSXCc)1 (GET staterr.ent only 1 
1---------1----------1---------1---------------------------------------1 
IIBMDSXC 1 STDD 1 I address of a format DED containing thel 
I( IBMBSXCB) 1 I I parameter in the second halfword I 
\(IBM~~XCD)I ; : (PUT statereent only) t 

*~: In the above figure, where the information is applicable only 
to a specific entry point, then that entry point name is given 
in parenthesis, after th~ module name. 

Figure 5.1. (Part 2 of 2). 
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MODULE DESCRIF'IIONS 

INI'IIALIZATION MODULES 

IEMDSII - GET FILE Initialization 

Function 

Tc initialize GET FILE statements, checking the validity of the 
statement for the file and opening the file if necessary. The SIOCB is 
established in the area passed by ccmpiled code. ~he module has seven 
entry points: 

~MB~: GET FILE 

IBMBSILA: GET FILE 

~§!ll: GET FILE SKIP 

IBMBSILB: GE~ FILE SKIP 

IBMBSIIC: GET FILE CCPY 

IBMBSIID: GET FILE SKIP COPY 

IBMBSIIT: TERMINATE COFY 

Method 

A flowchart of the module is given in chart DSII. 

Error and Exceptional Conditions 

The ENDFILE condition is raised if end of file has been reached in a 
previous GET statement. 

The ERROR condition is raised: 

1. If the file referenced in the GET statenent is not a stream input 
file. 

2. If a file referenced in a COpy option is not a stream output file. 

3. If further output on the copy file is prevented by a prior 
condition. 

4. If an attempt to open the file implicitly, fails. 

Linkage 

Entry Points IEMBSIIA and IB~~: 

R1 = A(PLIST) 
PLIST = A(FCB) 

A(SIOCE) 
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Entry Points IBMBSIIB and IBM~~: 

Ri = A(PLIS~) 
PLIS~ = A(FCB) 

A (SIOCB) 
A(fullword SRIP parameter) 

Entry Point IBMBSIIC: 

Ri = A(PLIST) 
PLIS~ = A(FCB) 

A (SIOCE) 
A(FCB of COpy file) 

~LRQin~BSIm: 

Ri = A(PLIS~) 
PLIST = A(FCB) 

A(SIOCB) 
A(fullword SRIP parameter) 
A(FCB of COpy file) 

Entry Faint IBMBSIIT: 

Ri = A(SICCB) 

Calls 

IBMDOCL - Open/close bootstrap. 
IEMDSCP - COpy module. 
IBMDSPL - PAGE, LINE, and SKIP options (called only for SRIP). 

Called By 

Compiled code. 

IBMDSIL - GEl FILE and EUT FILE Initialization 

Functicn 

To initialize GET FILE and PU~ FILE statements, checking the validity of 
the statement for the file and opening the file if necessary. 'l'he SIOCB 
is estatlished in the area passed by compiled code. lhe module is also 
used to terminate a PUT FILE statement. It has eight entry points: 

IEMESILA: GET FILE 

IEMBSIOA: PUT FILE 

~~: GE~ FILE SKIP 

IBMBSIOE: PUl- FILE PAGE 

IBMBSIOC: PUT FILE LINE 

IBMESIO:C: PUT FILE PAGE LINE 

IB~~: PUT FILE SKIP 

IBMBSIOT: ~ERMINATE PUT FILE ( dUIr.fiiY) 
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M:=thcd 

A flowcnart of th~ rrodule is given in chart DSIL. 

Error ar.d Exce~ticnal Conditions 

The ENDFILE condition is raised if end of file has been reached in a 
previous GET statp.ment. 

The EctROR condition i:. rai8ed if: 

1. The file referenced in a GET statement is not a stream input file, 
or if the file referenced in a PU~ statement is not a stream output 
file. 

2. There is a PRINT option on a non-PRINT file. 

3. Further output on an output file is prevented by a previously raised 
condition. 

4. An attempt to open the file implicitly fails. 

Linkage 

Entry Points IBMBSILA!~~~~SIQ~2-IBMBSIOE: 

R1 = A(PLIST) 
PLIST = A(FCB) 

A(SIOCB) 

Entry Points IBMBSILB.L IBMBSIOC, IBMBSICD and IBMSIOE: 

Rl = A(PLIST) 
PLIST = A(FCB) 

A (SIOCB) 
A(fullword SKIP or LINE parameter) 

Calls 

IBMDOCL - Cpen/close bootstrap. 
IEMDSPL - PAGE, LINE, and SKIP options. 

Called By 

Ccrrpiled code. 

Function 

'Ic initialize PUT FILE statements. The module has six entry points: 

~MESIOA: PUT FILE 

IEMESIOE: FUT FILE PAGE 

IEMBSIOC: PUT FILE LINE 
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IBMBSIOD: PUT FILE PAGE LINE 

IBMBSIOE: PUT FILE SKIP 

IBMBSIOT: TERMINATE PUT FILE (This is a dummy entry pOint) 

Method (chart OSlO) 

The module checks the validity of the statement, opens the file if 
necessary by a call to IBMDOCL, and completes the SIOCB. If the PAGE, 
LINE, or SKIP option is present, module IBMDSPL is called. 

Error and Exceptional Conditions 

The ERROR condition is raised if: 

1. The file referenced in the PUT statement is not a STREAM OUTPUT 
file. 

2. A print control option is specified for a non-PRINT file. 

3. Further output is prevented by a prior condition. 

4. An attempt to open the file implicitly, fails. 

Linkage 

Entry Points IBMBSIOA and B: 

R1 = A(PLIST) 
PLIST = A(FCB) 

ACSIOCB) 

Entry Points IBMBSIOC and D: 

R1 ACPLIST) 
PLIST = A(FCB) 

ACSIOCB) 
A(fullword LINE parameter) 

Entry Point IBMBSIOE: 

R1 = A(PLIST) 
PLIST A(FCB) 

A(SIOCB) 
A{fullword SKIP parameter) 

Entry Point IBMBSIOT: 

No linkage 

Calls 

IIBMDOCL - Open/close bootstrap - for non-CICS systems. 
IBMDSPL - PAGE, LINE, and SKIP options. 

IDFHPL1I - IBMDOCL entry pOints - Open/close bootstrap. 

Called By 

Compiled code. 
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IBMDSCP - COpy module. 
IBMBERC - CHECK (system action) module. 

IBMDSIS - GET or PUT STRING Initialization 

Function 

To initialize GET or PUT STRING statements by creating a dummy FeB in 
the SIOeB, and to perform subsequent housekeeping for GET or PUT STRING 
statements. The module has three entry pOints: 

IBMBSISA: Initialize GET STRING 

IBMBSISB: Initialize PUT STRING 

IBMBSIST: GET and PUT STRING housekeeping. 

Method (chart DSIS) 

Entry Point IBMBSISA: 

The modul~ sets up a dummy FCB in the SIOCB and moves a short length of 
code into it. The address of this cooe is then placed in the 
transmitter address field FATM in the dummy FeB. 

The code moved to the dummy FCB consists of two instructions; the first 
is to set the end of file flag, the second is a return to the caller. 

Entry Point IBMBSISB: 

The module sets up a dummy FeB in the SIOCB. The address of entry point 
IBMBERRB of the error handler is then set up in the transmitter address 
field FATM and an error code is set up at the beginning of the FCB. 

Entry Point IBMBSIST: 

This entry point is called after the first assignment to a FIXED string 
and after every assignment to or from a VARYING string. 

For PUT STRING statements, the module blanks out any unused bytes in a 
fixed length target, or updates the Current length of a varying length 
target. 

For GET STRING statements, if the target is the string itself, its 
characteristics are changed during the execution of the statement. 

Linkage 

Entry Points IBMBSISA , B: 

Rl = A(PLIST) 
PLIST A(string locator) 

A(SIOCB) 
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Entry Point IBMBSIST: 

Rl = A(SIOCB) 
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Called Ey 

CoreFiled code. 
IEMDSED 
IBMDSEE 
IEMDSEH 
IBMDSEC 
IEMDSLI 
IBMDSLO 
IEMDSXC 

- Edit-directed input/output. 
Edit-directed comtination module. 
Edit-directed combination subset module. 
Edit-directed output. 
List-directed input. 
List-directed output. 
X and COLUMN format items. 

INPUT/CUTPUT DIRECTOR MODULES 

IBMOSOI - Data-directed InEu~_ 

Function 

To implement PL/I GET DATA statements. The module has four entry 
points: 

IEMBSDIA: GET DATA statement with data list. 

IEMBSDJA: GET DATA statement with data list. 

IEMBSDIE: GET DATA statement without data list. 

~~: GET DATA statement without data list. 

Method (chart DSOI) 

The module compares the names of the variables in the input stream with 
those in the data list (entry point IBMBSDIA/IBMBSDJA) or with all the 
names known at the point of execution (entry point IEMBSDIB/IBMBSDJB). 
When a match is found, the module evaluates the address of the target 
variable and then calls IBMDSLI to scan the input and convert and assign 
it to its target. 

Error and Exceptional Conditions 

The NAME condition is raised if a variable name in the input stream is 
not in the data list (entry point IEMESDIA/IBMBSDJA) or is not known at 
the point of execution (entry poir!t IBMBSDIB/IEMBSDJB), unless the 
STRING option has been specified, in which case the ERROR condition is 
raised. 

The ENDFILE condition is raised if end-of-file is detected while 
scanning the leading blanks for an item. For GET STRING statements, the 
ERROR condition is raised if the end of the string is detected under 
these circumstances. 

The CHECK condition is raised for each element in the input stream that 
may appear in a CHECR list. 
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The TRANSMIT condition is raised if an input error bas been detected on 
the file in the following cases: 

1. Null iteIr. 

2. Invalid item causing NAME to be raised. 

3. Terrrinating semicolon. 

4. End-of-file detected while scanning leading blanks on an item. 

Linkage 

Entry Points IEMBSDIA_and IBMBSDJA: 

R1 = A(PI .. IS'I) 
PLIST = A(SICCB) 

A(symbol table 1) 
A(symbol tatle 2) 

A(symbel table n) 

The high order bit of the last argurrent is set to 'l'B. 

Entry Peints IEMBSDIB and IBMBSDJB: 

R1 = A(PLIS'I) 
PLIST A(SICCE) 

Calls 

A(first list element in chain of 
symbol tatle elements) 

IBMDSLI - List-directed input. 
IEMDSLJ - List-directed input (restricted conversions). 
Relevant str~am 1/0 transIritter. 

Called By 

.compiled code. 

IEMDSDJ - Data-directed In~~ (restricted conversions) 

Functien 

To implement PL/I GET DATA statements. The module bas two entry points: 

IBMBSDJA: GET DATA statement with data list. 

IB~BSDJB: GET DATA statement without data list. 

Method (chart DSDJ) 

The module cem~ares the names of the variables in the input stream with 
those in the data list (entry point IEMESDJA) or with all the names 
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known at the point of execution (entry point IBMBSDJB). When a match is 
feund, the module evaluates the address of the target variable and then 
calls IEMDSLI to scan the input and convert and assign it to its target. 

Error and Exceptional Conditions 

The NAME condition is raised if a variable name in the input stream is 
not in the data list (entry point IEMEstJA) or is not known at the point 
of execution (entry point IBMBSDJB), unless the STRING option has been 
specified, in which case the ERROR condition is raised. 

The ENDFILE condition is raised if end-of-file is detected while 
scanning the leading blanks for an iterr.. For GET STRING statements, the 
ERROR condition is raised if the end of the string is detected under 
these circumstances. 

The CHECK condition is raised for each element in the input stream that 
a~~ears in a CHECK list. 

The TRANSMIT condition is raised if an input error has been detected on 
the file in the following cases: 

1. Null item. 

2. An invalid item has caused the NAME condition to be raised. 

3. Terminating semicolon. 

4. ~he ENDFILE condition has been raised. 

Linkage 

Entry Point IBMBSDJA: 

R1 = A(PLIST) 
PLIST = A(SIOCB) 

A(syrobcl table 1) 
A(symbcl table 2) 

A(symbol table n) 

The high order bit of the last argument is set to 'l'B. 

Entry Point IBMBSDJB: 

R1 = A(FLIST) 
PLIST = A(SIOCB) 

A(first list element in chain of 
symbol table elements> 

Calls 

IEMDSLI - List-directed input. 
IBMDSLJ - List-directed input (restricted conversions). 
Relevant stream I/O transmitter. 

Called By 

CCIr:~iled code. 
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IEMDSDO - Data-directed output 

Function 

To implerrent all PL/I PUT DATA statements, and to produce equate strings 
for the CHECK condition. The module has five entry points. 

IBMBSDOA: Scalars and whole arrays. 

~SDOB: Single array elements. 

IBMB~: All known variables. 

IBMBSDOD: CHECK output of a single variable. 

IBMBSDC~: Output a final semicolon only. This entry point is used for 
the special case of repetitive specification. 

Method 

A flowchart of the module is given in chart DSDO. 

Linkage 

En~~Y-EQint IBMBSDOA: 

Rl 
PLIST 

= A(PLIST) 
= A(SIOCB) 

A(sy«bol table 1) 
A(symbol table 2) 

. 
A(symbol table n) 

The high order bit of the last argu«ent is set to 'l'B. 

Entry point IBMBSDOB: 

Rl = A(PLIST) 
PLIST = A(SICCB) 

A(symbol table 1) 
. A(array element 1) 

A(symbol table n) 
A(array element n) 

The high order bit of the last argument is set to 'l'B. 

Entry Point IBMBSDOC: 

Rl = A(PLIST) 
PLIST = A(SIOCB) 

A(first list element in chain 
of symbol tatle entries) 
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Entry Point IBMBSDOD: 

Rl = A(PLIS~) 
PLIST = A(SICCB) 

A(interrupt control block) 

Entry Point IBMDSDOT: 

Rl = A(SICCB) 

Calls 

IBMDSLO - List-directed output. 
stream cutput transmitter. 
(for CHECK only) 

Called By 

Compiled code. 
IBMBERC - CHECK (system action> module. 

IBMDSED - Edit-directed lnE~QutEut 

Function 

Tc control the housekeeping for an item of edit-directed input or 
output. The module has two entry points: 

IEMBSEDA: Control the edit-directed input of one item. 

IEMBSEDB: Control the edit-directed output of one item. 

Method 

A flowchart of the module is given in chart DSED. 

Error and Exceptional Conditions 

The TRANSMIT condition can occur in this module. 

The ERROR condition is raised if: 

1. End of file is encountered in the middle of a data item. 

2. An attempt is made to read or write beyond the end of the named 
string in a GET or a PUT string statement. 

The ENDFILE condition is raised if end-af-file is detected at a 
legitirrate point in the input. 

Linkage 

Rl = A(SIOCB) 
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Calls 

IBMOSIS - GE~ or PUT S~RING initialization. 
Stream I/O transmitter module. 
Conversion format director modules. 

Called Ey 

Compiled code. 

Function 

To control the housekeeping for a data item or for an X or COLUMN format 
item in edit-directed input or output. The module has eight entry 
pcints: 

IBMBSEEA: Edit-directed input of a data item. 

IBMBSEHA: Edit-directed output of a data item. 

IBMBSXCA: X format input. 

IBMB~: X format output. 

IBMBSEHB: X format output. 

IBMBSXCC: CCLUMN format input. 

IBMBSXCO: CCLUMN format output. 

IBMBSEHC: COLUMN format output. 

Method 

A flowchart of the module is given in chart OSEE. 

Error and Exceptional Conditions 

The TRANSMIT condition or the ENDFILE condition may be raised by this 
module. 

The ERROR condition is raised for: 

1. End-of-file encountered in the middle of a data item. 

2. A GET or PUT STRING that exceeds the string size. 

3. An invalid control format on a GET or PUT STRING statement. 

Linkage 

R1 = A (SIOCB) 
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Calls 

IEMDSIS - GET or PUT STRING Initialization. 
IBMBSMW - Missing output width module. 
IBMBSAI - Input conversion director. 
IBMBSBO - Cutput conversion director. 
IBMBSPI - Infut conversion director. 
IBMBSPO - Output conversion director. 
IEMECCA - Conversion (character to arithmetic). 
IBMBCCB - Conversion (character to bit). 
IEMECCQ - Conversion director (character to pictured character). 
IBMBCAC - Conversion director (arithmetic tc character). 
IEMBCBC - Conversion (tit to character). 
IBMBCCC - HIGH, LOW, Assign (character strings). 
IEMDCCS - String conversion director bootstrap. 
IBMBCH - Conversion (fixed binary - float - free decimal). 
IEMBCM - Conversion (pictured decimal to packed decimal). 
IBMBCV - Conversion (packed decimal to E-format). 
IEMECW - Conversion (packed decimal to F-format). 
IBMBCT - Conversion (decimal constant to packed decimal). 
Appropriate STREAM I/O transmitter. 

Called By 

Ccmpiled code. 

IBMDSEH - Edit-directed Combination Subset Module 

Function 

Tc control the housekeeping for a data item or for an X or COLUMN format 
item in edit-directed output. The module has three entry points: 

IBMBSEHA: 

~MB~: 

Edit-directed output of a data item. 

x format output. 

IBMBSEHC: CCLUMN format output. 

Method 

A flowchart of the module is given ill chart OSEH. 

Error and Exceptional Conditions 

The ERROR condition is raised: 

1. If an attempt is made to write beyond the end of the named 
string in a PUT STRING statement. 

2. For an invalid control format on a PUT STRING statement. 

Linkage 

R1 = A (SIOCB) 
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Calls 

IEMDSIS - GET or PUT STRING Initialization. 
IBMBSMW - Missing output width module. 
IBMBSBO - output conversion director. 
IBMBSPO - Output conversion director. 
IBMBCAC - Conversion director (arithmetic to character). 
IBMBCBC - Conversion (bit to character). 
IBMBCCC - HIGH, LOW, Assign (character strings). 
IBMDCCS • String conversion director bootstrap. 
IBMBCH - Conversion (fixed binary - float - free decimal). 
IBMBCM - Conversion (pictured decimal to packed decimal). 
IBMBCV - Conversion (packed decimal to E-format). 
IBMBCW - Conversion (packed decimal to F-format). 
Appropriate stream I/O transmitter. 

Called By 

compiled code. 

IEMDSEI - Edit-directed Ineut 

Function 

To perform the housekeeping for an edit-directed item spanning a record 
boundary. The module has two entry points: 

IBMBSEIA: Housekeeping for spanning item. 

IBMBSEIT: Raise TRANSMIT for edit-directed input that has been partially 
ccntrolled by compiled code. 

Method 

A flowchart of the module is given in chart DSEI. 

Error and Exceptional Conditions 

The TRANSMIT and the -unexpected end-of-file- error conditions can occur 
in this module. 

The ENDFILE condition is raised if end-af-file is detected at a 
legitimate point in the input. 

The ERROR condition is raised if an attempt is made to read beyond the 
end of the named string in a GET STRING statement. 

Linkage 

Rl = A(SIOCB) 

Calls 

IBMDERR - Error handler. 
Relevant STREAM I/O transmitter. 
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Called By 

compiled code. 

IBMDSEO - Edit~directed outeut_ 

Function 

To perform the housekeeping for an edit-directed output item spanning a 
record toundary. 

Method 

A flowchart of the module is given in chart DSEO. 

Error and Exce~tional Conditions 

The ERROR condition is raised if an attempt is made to write beyond the 
end of a string in a PUT STRING stateRent. 

Linkage 

Rl = A(SIOCB) 

Calls 

IBMDSIS - GET or PUT STRING initialization. 
Relevant stream 110 transmitter. 

called By 

Ccmpiled code. 

IBMDSLI - List-directed Input 

Function 

To move data from the input buffer to a PL/I scalar or array variable 
specified in a GET LIST statement and to direct conversion of the data 
from its external form to its internal form according to the rules of 
list-directed input. The module has four entry points: 

IEMBSLIA: Scalar data. 

IBMBSLJA: Scalar data. 

IBMBSLIB: Array data. 

IEMBSLJE: Array data. 

Method (chart DSLI) 

If an input item spans a record boundary, a VDA is obtained large enough 
to hold that part of the item in the first record and also the whole of 
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the second record. If the item then spans a further record boundary, a 
second VDA is obtained large enough to contain the next record, and so 
cn. successive VDAs are chained together. Finally, if more than one 
VDA has been obtained, a further VDA is set up to contain the whole 
iterr. 

Error and Exceptional Conditions 

The ERROR condition is raised if: 

1. End of file occurs in the middle of a data item. 

2. If, fer a GET STRING statement, an attempt is made to read 
beyond the end of the string. 

TRANSMIT is raised if there is a permanent transmission error on the 
file. 

CONVERSION will be raised by this module if the attributes of the source 
can not be determined, e.g., 'ABC'34. 

STRINGSIZE is raised if an attempt is made to assign a string too large 
for the target. 

ENDFILE is raised if end of file is found between data items. 

Linkage 

Entry Points IBMBSLIA and IBMBSLJA: 

R1 = A(SIOCB) 

Entry Points IBMBSLIB and IBMBSLJE: 

Rl = A(PLIST) 
PLIST = A(SIOCB) 

Calls 

A(array locator) 
A(DED) 
A(halfword number of dimensions> 

IBMBCCA - Conversion director (character to arithmetic). 
IEMBCCB - Conversion (character to bit). 
IBMBCCQ - Conversion (character to pictured character). 
IEMDCCS - string conversion director bootstrap. 
IBMBCP - Conversion (bit to binary). 
IBMDSCV - Conversion fix-up bootstrap. 
IBMDSIS - GET or PUT STRING initialization. 
Stream I/O transmitter 

Called By 

IBMDSDI - Data-directed input. 
IBMDSDJ - Data-directed input. 
Compiled code. 
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IBMDSLJ - List-directed Input (restricted conversions) 

Function 

To move data from the input buffer to a PL/I scalar or array variable 
sfecified in a GET LIST statement, and to direct conversion of the data 
from its external form to its internal form according to the rules of 
restricted list-directed input. The module has four entry points: 

gMBSLIA: Scalar data. 

IBMBSLIE: Array data. 

IBMBSLJA: Scalar data. 

IEMBSLJE: Array data. 

Method (chart DSLJ) 

If an input item spans a record boundary, a VDA is obtained that is 
large enough to hold that part of the item in the first record and also 
the whole of the second record. If the item then spans a further record 
boundary, a second VDA is attained large enough to contain the next 
record, and so on. Successive VDAs are chained together. Finally, if 
mere than one VDA has been attained, a further VDA is set up to contain 
the whole item. 

Error and Exceptional Conditions 

The ERROR condition is raised: 

1. If end-of-file occurs in the middle of a data item. 

2. If, for a GET STRING statement, an attempt is made to read 
beyond the end of the string. 

TRANSMIT is raised if there is a permanent transmission error on the 
file. 

CONVERSION is raised: 

1. If the attributes of the source can not be determined, for 
example, 'ABC'34. 

2. If, because of the rules of restricted list-directed input, the 
required conversion is not one supported by the module. 

S'IRINGSIZE is raised if an attempt is made to assign a string too large 
for the target. 

ENDFILE is raised if end-of-file is found between data items. 

Linkage 

Entry Points IBMBSLIA and IBMESLJA: 

Rl = A(SIOCB) 
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Entry Points IEMBSLIE and IBMESLJE: 

Rl A(PLIST) 
PLIST = A(SIOCE) 

Calls 

A(array locator) 
A(DED) 
A(half~ord number of dimensions) 

IBMBCCA - Conversion director (character to arithmetic). 
IEMBCCB - Conversion (character to tit). 
IBMBCCQ - Conversion (character to ~ictured character). 
IEMDSCV - Conversion fix-up bootstrap. 
IBMDSIS - GET or PUT STRING initialization. 
Stream I/O transmitter 

Called By 

IEMDSDI - Data-directed input. 
IBMDSDJ - Data-directed in~ut. 
ccmpilea code. 

IBMDSLO - List-directed output 

Function 

Tc move data from a PL/I scalar or array variatle specified in a PUT 
LIST statement to the output buffer and to direct conversion of the data 
from its internal to its external form. The module has two entry 
points: 

IBMBSLOA: scalar data. 

IBMBSLCB: array data. 

Method 

A flowchart of the module is given in chart OSLO. 

Error and Exceptional Conditions 

The ERROR condition is raised if an attempt is made to write beyond the 
end of the string in a PUT STRING statenent. 

Linkage 

Entry Point IB~BSLOA: 

Rl = A(SIOCB) 
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Entry Point IBMBSLOB: 

Ri = A(PLIS'I) 
PLIST = A(SICCB) 

Calls 

A(array locator) 
A(DED) 
A(halfword number of dimensions) 

IBMBCAC - Conversion director (arithmetic to character>. 
IBMBCBC - Conversion (bit to character>. 
IBMDSIS - GET or PUT STRING initialization. 
Stream I/O transmitter. 

Called By 

Compiled code. 
IEMDSDO - Data-directed output (Entry point IBMBSLOA only). 

IBMBSMW - Missing Output Width Module 

Function 

To calculate the field width for all source data types for both A and B 
output formats. The calculations of the field width are based upon the 
rules of Pill conversions. 

Method 

A flowchart of the module is given in chart BSMW. 

Linkage 

Ri = A (SIOCB) 

with the following fields set: 

A(source data or locator) 
A(source DED) 

SSRC = 
SSDD = 
STDD = A(skeleton target FED to be completed} 

Called By 

Ccm:piled code 
IBMDSEE - Edit-directed combination module. 
IBMDSEH - Edit-directed combination subset module. 
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CONVERSION DIRECTOR MODULES 

Function 

To direct A-format, character-P-forroat, and B-format input conversions. 

Method 

A flowchart of the module is given in chart BSAI. 

Error and ExceFtional Conditions 

The ERRCR condition is raised for invalid format specifications. 

Linkage 

Rl = A(SICCB) 

Calls 

IBMBCCA - conversion director (character to arithmetic>. 
IBMBCCB - Conversion (tit to bit). 
IBMBCCC - Assign (character string). 
IBMBCCQ - Conyers ion (character to pictured character). 
IBMBCGQ - Check input (pictured character). 
IEMBCP -.Conversion (bit to fixed binary or float). 

Called By 

IEMDSED - Edit-directed input/output. 
IBMDSEE - Edit-directed combination module. 
Ccropiled code. 
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lEMBSAO - output Conversion Director (A Format) 

Function 

To direct A-format conversions • 

. Method 

A flowchart of the module is given in chart BSAO. 

Error and Exceptional Conditions 

STRlNGSIZE can occur in this module. 

Linkage 

Rl = A (SlOCB) 

Calls 

lBMBCAC - Conversion director (arithmetic to character) 
lBMBCBC - Conversion (bit to character) 
IEMECCC - Assign (character string) 

Called By 

CCIIIpiled code. 
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IBMBSBO - output Conversion Director (character-P and B Formats) 

Function 

Tc direct B-format and p(character)-forrrat conversions. 

Method 

A flowchart of the module is given in chart BSBO. 

Errcr and Exceptional Conditions 

CONVERSION and STRINGSIZE can occur in this module. 

Linkage 

Rl = A (SIOCB) 

Calls 

IBMDSCV - Conversion fix-up bootstrap. 
IBMBCAC - Conversion director (arithmetic tc character). 
IEMBCBC - Conversion (bit to character) 
IBMBCBQ - Conversion (bit to pictured character) 
IEMECCQ - Conversion (character to pictured character) 
IBMBCE - Conversion (fixed decimal - free decimal - float - fixed binary). 
IEMECM - Conversion (pictured decimal to packed decimal) 
IBMBCR - Conversion (fixed binary or float, to bit) 

Called By 

Compiled code 
IEMDSEE - Edit-directed comtination module. 
IBMDSEH - Edit-directed combination subset ~odule. 
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IBMBSCI - Input Conversion Director (C Format) 

Functicn 

To direct C-format input conversion. 

Method 

A flowchart of the module is given in chart BSCI. 

Linkage 

Rl = A(SIOCB) 

calls 

IEMDCCS - String conversion director bootstrap. 
IBMBSFI - Input conversion director. 
IEMBSPI - In~ut conversion director. 
IBMBCGZ - Set a subfield of a complex number to zero. 

Called By 

Compiled code. 
IBMDSED - Edit-directed input/output. 
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IBMBSCO - outFut Conversion Director (C Format) 

Function 

To direct C-format output conversion. 

Method 

A flowchart of the module is given in chart BSCO. 

Linkage 

Rl = A(SIOCB) 

Calls 

IEMDCCS - String conversion director bootstrap. 
IBMBSFO - output conversion director. 
IBMBSPO - output conversion director. 
IBMBCGZ - Set a subfield of a complex number to zero. 

Called By 

compiled code. 
IBMDSED - Edit-directed input/output. 

IBMDSCV - Conversion Fix-uE B2Qtst~E 

Function 

To load the transient module IEMDSCT into non-lifo, and to.pass control 
to that nodule. 

Method 

The module tests the field TSCT in the TeA Appendage to see whether or 
not the transient module IBMDSCT has already been loaded; if it has, the 
field will contain the entry point address. If the field is zero, 
IBMDSCV loads IBMDSC~ and places the entry point address· of that module 
into TSC~. Finally, control is passed to the loaded module. 

Called Ey 

Compiled code. 
IEMBCCA - Conversion director (character to arithmetic). 
IBMBCCB - Conversion (character to bit). 
IEMECCQ - Conversion director (character to pictured character). 
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IBMBCCL - Conversion director - complex strings (transient). 
IEMDCCR - Conversion director - non complex strings (transient). 
IBMBCGF - Check input (pictured decimal). 
IEMBCGQ - Check input (pictured character). 
IBMBCT - Conversion (decimal constant to packed decimal). 
IEMBCU - Conversion (binary constant to packed decimal). 
IBMDSLI - List-directed input. 
IEMDSLJ - List-directed input (restricted conversions). 
IBMBSBO - Output conversion director. 

IEMESFI - InEut Conversion Director (F and E Formats) 

Function 

To direct F-format and E-format input conversions. 

Method 

A flowchart of the module is given in chart BSFI. 

Error and ExceFtional Conditions 

The ERROR condition is raised for invalid format specifications~ 

Linkage 

Rl = A(SICCB) 

Calls 

IBMBCGZ - Set a subfield of a complex number to zero. 
IBMDCCS - String conversion director bootstrap. 
IBMBCT - Conversion (decimal constant to packed decimal). 

Called By 

IEMDSED - Edit-directed input/output. 
IBMBSCI - Input conversion director. 
Compiled code. 

IBMBSFC - Output Conversion Director (F and E Formats) 

Function 

To direct F-format and E-format output conversions. 
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Method 

A flowchart of the module is given in chart BSEO. 

Linkage 

Rl = A(SICCB) 

Calls 

IBMBCH - Conversion (fixed binary - float - free decimal). 
IEMBCV - Conversion (Packed decimal to E-format). 
IBMBCW - Conversion (packed decimal to F-format). 
IEMDCCS - String conversion director bootstrap. 
IBMBCM - Conversion (pictured decirral to decimal). 

Called By 

Compiled code. 
IEMESCO - Out~ut conversion director. 
IBMDSED - Edit-directed input/output. 

IEM~SPI - InEut Conversion Director (P Format) 

Functicn 

To direct P-format input conversions. 

Method 

A flowchart of the module is given in chart BSPI. 

Linkage 

Rl = A(SICCB) 

Calls 

IBMBCM - Conversion (pictured decirral to packed decimal). 
IEMECGP - Check input (pictured decimal). 
IBMBCGZ - Set a subfield of a complex number to zero. 
IBMECCC - Assign (character string). 
IBMBCCQ - Conversion (character to ~ictured character). 

Called By 

Compiled code. 
IBMBSCI - In~ut conversion director. 
IBMDSED - Ed1t-directed input/output. 
IEMDSEE - Edit-directed combination module. 
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IBMBSPO - cutput Conversion Director (P Format) 

Functicn 

To direct P-format output conversions. 

Method 

A flowchart of the module is given in chart BSPO. 

Linkage 

Rl = A(SIOCB) 

Calls 

IEMBCH· - Conversion (fixed cinary - float - free decimal). 
IBMBCR - Conversion (fixed decimal - free decimal - fixed decimal). 
IEMECM - Conversion (pictured decimal to packed decimal). 
IBMBCO - Conversion (packed decimal to pictured decimal). 
IEMBCP - Conversion (cit to fixed binary or float). 
IBMBCAC - Conversion director (arithmetic tc character). 
IBMDCCS - String conversion director bootstrap. 

Called By 

Compiled code. 
IBMBSCO - Output conversion director. 
IEMDSED - Edit-directed input/output. 
IBMDSEH - Edit-directed combination subset module. 

FORMAT AND OPTION MODULES 

IBMDSCP - COpy 

Function 

To direct the writing of a field specified by a COpy option in a GET 
FILE statement onto the specified file. 

Method 

A flowchart of the module is given in chart DSCP. 

Linkage 

Rl = A(FCB of input file) 

Calls 

IBMDSIO - PUT FILE initialization. 
Appropriate stream output transmitter. 
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Called By 

IBMDSII - GET FILE initialization. 
IEMDOCL - O~en/close bootstrap. 
Stream input transmitter. 

Function 

To position a STREAM file according to the PAGE, LINE, or SKIP options 
or format items, raising ENDPAGE on PRINT files if necessary. ~he 
mcdule has three entry points: 

IBMBSPLA: PAGE option or for~at item. 

IBMBSPLB: LINE option or format item. 

IBMBSPLC: SKIP option or format item. 

Method 

A flowchart of the module is given in chart DSPL. 

Error and Exceptional Conditions 

The ERROR condition is raised if a PRINT option or format item is 
specified for a non-PRINT file. 

The ENDPAGE condition is raised if the line number rises above the 
pagesize. 

The ENDFILE condition is raised if end-of-file is encountered on input. 

The ERRCR condition is raised for invalid control formats on GET and PUT 
S~'RING staten:ents. 

Linkage 

R1 = A(SICCB) 

Calls 

Relevant stream I/O transmitter. 

Called By 

compiled code. 
IBMDSIO - PUT FILE initialization. 
IBMDSII - GET FILE initialization. 
IBMDSIL - GET FILE and PUT FILE initialization. 
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IBMDSXC - X and COLUMN Format Items 

Functicn 

To position a stream file according to specified X and COLUMN format 
items and, on output, to fill the intervening positions with clanks. 
The module has four entry points: 

IBMBSXCA: X format itere in GET statement. 

IBMBSXCB: X format item in PUT statement. 

IBMBSXCC: COLU~N format item in GET statement. 

IBMBSXCD: COLUMN format item in PUT statement. 

Method 

A flowchart of the module is given in chart DSXC. 

Error and Exceptional Conditions 

The ENDFILE condition is raised if end-of-file is encountered at a 
legitimate point in the input. 

The ERROR condition is raised: 

1. For end-of-file occurring in the reiddle of an X-format field. 

2. For a GET or PUT STRING that exceeds the string size. 

3. For an invalid control format on a GET or PUT STRING statement. 

Linkage 

R1 = A(SIOCB) 

Calls 

Appropriate stream I/O transmitter. 
IBMDSIS - GET or PUT string initialization. 

Called by 

Compiled code. 

TRANSMl~TER MODULES 

IBMDSTF - PRIN~ F-format Transmitt~! 

Function 

To write one ·F-format record fron; an output buffer onto a data set 
accessed by a STREAM PRINT file. The module has two entry points: 
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IBMDSTFA: Normal output. 

IBMDSTFB: Output of error messages when transmitter is teing used for 
SYSPRINT. 

Method 

A flowchart of the module is given in chart DSTF. 

Error and Exceptional Conditions 

The TRANSMIT condition or the uncorrectable error in output error (error 
message IBM144I) may be raised by this Rodule. The ENDPAGE con,dition is 
raised if the line number rises above the pagesize. 

Linkage 

Entry Point IBMDSTFA: 

Rl = A(file centrol clock) 

Entry Point IBMDSTFB: 

Rl = A(string locator for message) 
R2 = A(request control flag byte) 

Calls 

IBMDERR - Error handler. 

Called By 

IBMDSCP - Co~y module. 
IBMDSDC - nata-directed output. 
IBMDSEO - Edit-directed output. 
IBMDSED - Edit-directed input/output. 
IBMDSLO - List-directed output. 
IBMDSPL - PAGE, LINE, and SKIP formats and options. 
IBMDSXC - X and COLUMN formats. 
IBMDESN - Error message module. 
IBMDPEP - Housekeeping diagnostic message mcdule. 
IBMDPES - Storage management diagnostic message module. 
IBMDSEE - Edit-directed combination module. 
IBMDSEH - Edit-directed combination subset module. 

IBMDSTI - INPUT Transmitter 

Function 

To read one record from a data set accessed by a STREAM INPUT file into 
an input buffer. 

Method 

A flowchart of the module is given in chart DSTI. 
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Error and Exceptional Conditions 

The TRANSMIT condition or the ENDFILE condition may be raised by this 
module. 

Linkage 

Rl = A(file control block) 

Calls 

IBMDERR - Error Handler. 
IBMDSCP - COpy module. 

Called By 

IBMDSDC - Data-directed output. 
IBMDSED - Edit-directed input/output. 
IBMDSEC - Edit-directed output. 
IEMDSLO - List-directed output. 
IBMDSPL - PAGE, LINE, and SRIP formats and options. 
IBMDSXC - X and COLUMN formats. 
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CHAPTER 6: CONVERSION ROUTINES 

The conversion package of the resident library handles two basic types 
of conversion: external and internal. External conversions are the 
conversions to and from character format that are necessary in STREAM 
I/O. Internal conversions are conversions that arise in assignments, in 
the evaluation of expressions involving mixed data types, and in similar 
situations. 

The conversion modules described in this chapter enable any valid 
conversion to be made between data tYFes. Each conversion can be made 
by means of a single call to the library. 

Each conversion is handled by a unique conversion path which passes 
through one, two, or three conversion modules and which may involve 
conversion to various intermediate data types. For example, the 
conversion from "float" to "fixed pictured decimal" involves a 
conversion from "float" to "fixed decimal" followed by a conversion from 
"fixed decimal" to "fixed pictured decimal." 

Each conversion path is entered by means of a unique entry point in the 
conversion package. Because a conversion path may include up to three 
modules, it follows that some entry points in the conversion package are 
sometimes called as the first module in a conversion path and sometimes 
as the second or the third. If a module is called as the second or 
third module in a given conversion path, it is not required to store 
registers or to acquire workspace. Each module, therefore, determines 
whether or not it is the f~rst in the path by testing a bit in the 
current DSA. If this bit is not set, indicating that the module is the 
first in the path, the module stores registers, acquires workspace, and 
sets the appro~riate bit on for examination by the next module. 

Each entry point in the conversion package is passed source and target 
parameters. If the conversion path contains more than one module, the 
source parameters are required only by the first module and the target 
parameters are required only by the last. Parameters must therefore be 
created for the intermediate forms through which the conversion passes. 
The modules handle the parameters in the following way: 

First module: On entry, save the target parameters and create temporary 
target parameters for the intermediate form. On exit, make the current 
target parameters into source parameters for the next module. 

Intermediate module: On entry, create temporary target parameters for 
the next intermediate form. On exit, make the current target parameters 
into source parameters for the next module. 

Each module also passes the final target parameters to the next module 
in the conversion path. 
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INTERNAL CONVERSIONS 

Internal conversions may be subdivided into two types: arithmetic and 
string. 

Ccnversions frcm arithmetic to arithmetic and from string to string are 
made by means of a direct entry to the appropriate entry point of the 
ccnversion package. Direct entry points are also provided for 
conversions from bit string to arithmetic and vice. versa. 

Conversions between arithmetic and character string data types are 
handled by two conversion director modules: IEMBCAC (arithmetic to 
character) and IBMBCCA (character to arithm~tic). These modules examine 
the attributes of the source and target data types and, if the 
ccnversion is valid, select the appropriate conversion package entry 
point for the conversion. 

The conversion paths for conversions between internal data types are 
illustrated in figures 6.1 through 6.8. For any particular conversion, 
these figures show the conversion path taken through the conversion 
package and also whether or not a conversion director module is 
involved. The figures do not show the multiple calls that may occur in 
the conversion of complex data types (these are discussed below), nor do 
they show the return of control to the conversion directors when these 
are involved in the conversion. 

Note: "Free decimal", which· occurs in these figures, is an intermediate 
data format used during conversion. It comprises a 17-digit packed 
decimal mantissa and a fullword binary exponent. 

Conversions between complex arithmetic types are made by means of two 
calls to the library. Conversions from complex arithmetic data types to 
character string are controlled by the arithmetic to character 
conversion director IBMBCAC, which makes two calls to the conversion 
package, one to convert the real part and one to convert the complex 
part. The insertion of special characters (e.g. "I") is done by the 
ccnversicn director. 

In conversions from character to arith«:etic, several possibilities 
arise, depending on the modes of the source and the target. The 
following actions are taken by the conversion director: 

Real tc 

Real to 

complex 

Complex 

I~ag. to 

Imag. to 

Real: 

complex: 

to real: 

to complex: 

real: 

complex: 

Convert to the target. 

Convert to the real part of the target and set 
the imaginary part to zero. 

Convert the real part of the source to the 
target. 

Convert both parts. 

Set the target to zero. 

Set the real part of the target to zero and 
convert the source to the imaginary part. 

The conversions listed above are made by calls from the conversion 
.director to the conversion package. A special module, IBMBCGZ, is 
provided for addressing the imaginary part of a complex number, or for 
setting one of its subfields to zero. 
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EXTERNAL CONVERSIONS 

External conversions are conversions between internal data types and the 
following external formats: A-format, B-format, C-format, E-format, F
format, arithmetic~p format, and character-p format. In general these 
conversions are controlled by external conversion director modules, 
although in some instances sufficient is known about the required 
conversion at compile time to enable the conversion package to be called 
directly by compiled code. The external conversion directors, being 
concerned with STREAM I/O, have a fifth letter ·S· in their control 
names; they are therefore described in chapter 5: STREAM I/O. 

The external ccnversion directors make full use of the facilities of the 
conversion package, sometimes calling conversion entry points directly, 
and sometimes calling the internal conversion directors to assist in the 
conversion. 
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···.·Gl······.··· 'IBMBCTHX • . -._.-._.-._._._. 
------------->: ~f.fI~To :---------------1 

:.nff.~51~n •• ' 

..... H2.......... . .... H" ......... . .... HI......... 'IBMBCfI!PX • .IIIMBCElX • 
• PICTURED' .-.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. 
• DECIMAL .------->. PICTURED .--------------------------------->.rREE DECIMAL TO.----> 
• • .DECIMAL TO FREEt • FIXED BINARY • ••••••••••••••• • DECIMAL • •• ••••••••••••••••• • •••••••••••••••• 

••••• J" •••••••••• 
••• • Jl......... • IBMBCPBX • · . ._.-.-._._._._.-. 

• BIT .--------------------------------------------------------->. BIT TO PlXEO .----
• • • BINARY • ••••••••••••••• • • ••••••••••••••••• 

Figure 6.1: Conversion Paths; fixed binary target 

• ••• ES·· ••••• •• • • -->. FIXED BI NARY • . . 
••••••••••••••• 
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·····S3·········· •••• B1......... .I~BCKDD • .. .-.-.-._._._._._. 
• FIXED DECIMAL .---------------------------------->. FIXED DECIMAL .-------------------------------
•• • TO FIXED • 

••••••••••••••• • DECIMAL • ................. 

·····C3······ .. ·· •••• C1......... .IBMBCHXD • .. ._._._._._._._._. 
• FIXED BINARY .---------------------------------->.FIXED BINARY TO.--
•• • FREE DECIMAL • ............... . . ................. 

·····D3······ ... · •••• D1......... • I BMBCHP'D • .. .-.-.-.-._._._.-. 
• FLOAT .---------------------------------->. FLOAT TO FREE ._> 
•• • DECIMAL • ............... . . ................. 

" 

....... .1. ...... . 
·IBMBCUID • ._._._.-.-._.-._. 

-------------->.BINARy CONSTANT. 

THIS PATH IF 
SOURCE IS A 
BINARY 
CONSTANT 

·····P'2· •••••••• 

• TO P'LOAT • · . ................. 

•••• F1......... .IBMBCCAA • · . ._.-.-._._._._._. 
• CHARACTER .-------->. CONVERSION • 
• •• DIRECTOR • ............... . . ................. 

THIS PATH IF 
SOURCE IS A 
DECIMAL 
CONSTANT 

·····Cl·········· ·IBMBCTHD • . -.-.-.-._._._._. 
--------------->. DECIMAL • 

• CONSTANT TO • 
• FREE DECIMAL • ••••••••••••••••• 

l~-----
..••. H2.......... • ..•. H3 ••.•••••.. 

···.H1· •• •••••• .IBMBCMPD • .IIIMBCJ(ZD • 
• PICTURED· .-.-.-.-.-.-.-.-. .-.-.-.-.-.-._._. 
• DECIMAL .-------->. PICTURED .------->.FREB DECIMAL '1'0.-----------------------------
• • .DECIMAL TO FREE. • FIXED DECIMAL • 
••••••••••••••• • DECIMAL·· • ••••••••••••••••• • •••••••••••••••• 

" 

.... OJ,.......... .. ... J"I. ....... .... Jl......... .IIIMBCPBD • .IIIMBCHPD • · . .-.-.-.-.-,-,-,-, ,-,-,-,-,-,-._._. 
• BIT .-------->. BiT TO FLOAT .------>.FLOAT BINARY TO. 
• •• BINARY. • D!lCIfI'AL • ••••••••••••••• • •• • ................. . ................ . 
Figure 6.2: Conversion Paths; fixed decimal target 
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· .... B1.......... :;;~;~~;; ....... : 
: .: ~~:~.:~ ~~:: •• : ------------------------------------------,------------------>:F;x~D ~i~~R; -;0:-----------------· . ................. 

•... C1...... ... .. ···CII ...•...... 
• • ·IBM9CEOF • 

: FIXED OECmAL :------------------------------------------------------------>:-;I~E;-;E~I~A~-:----------------> 
••••••••••••••• • TO FLOAT • · . ................. 

.... 01...... ... ·····04······ .... • • ·IBMBCYFF • 

: FLOAT :------------------------------------------------------------>:-. -.-.-.-.-. -.-: ----------------) 
••••••••••••••• .FLOAT TO FLOAT • • • ................. 

•• ••• E3 ••••••• ••• 
:~~~:~:L._._._: ... "E"··· ••••••• 

---------------->: Bl N~Y F£g~T ANT: -------------------------------,,-->: FLOAT • .. . 
THIS PATH IF 
SOURCE IS A 
BINARY 
CONSTANT 

· ... Pl......... :;~~~~ ....... : · . .-.-.-._._._._._. 
• CHARACTER .-------->. CONVERSION • 
• ••••••••••••••• • : DIRECTOR : ................. 

THIS PATH IF 
SOURCE IS A 
DECIMAL 
CONSTANT 

••••••••••••••••• • •••••••••••••• 

·····G3·· •.•.. ··· ·IBMBCTHF • . _._._._._._._._. 
• FREE DECIMAL • ................. ---------------->: co~ffltf'To :---------------1 

.... H1......... :i~;~~p;·······: ·····Hq··· •••• ·•· : P5~~~fE: :-.-.-.-.-.-.-.-. ::~P~~L._._._: 
• • --------> • OECi~~iU~~O F'R EE:-------------------------------> :FREE FOLECOAITMAL TO: ----> 

••••••••••••••• : •••• ~~~!~~ •••• : : ••••••••••••••• : 

· .... J1.......... :;~;g;:; •••••.• : 
: BIT :--------------------------------------------------------->:-.-.-.-.-.-.-.-:----
••••••••••••••• • BIT TO FLOAT • • • ••••••••••••••••• 

Figure 6.3: Conversion Paths; float target 
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·····B3·········· .... B1 •••• +.... . I BMBCKDP • +. .-.-.-.-._._.-._. 
+ FIXED DECIMAL +-----------. ---------------------->. FIXED DECIMAL .-------------------------------+. • TO FIXED • 
••••••••••••••• • OEClf.'AL • .. .............. . 

·····C3·· .. ··· ... ••• 'Cl'.' +..... . I BMBCHXP • .. ._._.-.-+-._.-.-. 
• FIXED BINARY *---------------------------------->.FIXEO BINARY '1'0.-----------------
•• • FREE DECI~AL • ............... . . 

••••••••••••••••• .... · . · 03 . · ._-, .... ~ 

·····03······· ... • ••• 01 •••••• • •• .1 BMBCHFP • .. .-.-._._._._._._. 
• FLOAT .---------------------------------->. FLOAT TO FREE .----------------> 
•• • D~I ... J\.L • ••••••••••••••• •• ••••••••••••••••• 

" 
...... ,.1 ........ 
'IBMBCUIP • . _._._._._._.-.-. 

---------------->.BINARy CONSTANT' 

THIS PATH IF 
SOURCE IS A 
BINARY 
CONSTANT 

·····F2· ....... . •••• Fl......... .IBMBCCAA • · . ._._._._._._.-._. 
• CHARACTER .-------->. CONVERSION • 
• •• DIRECTOR • ••••••••••••••• • • ••••••••••••••••• 

THIS PATH IF 
SOURCE IS A 
DECIMAL 
CONSTANT 

• TO FLOAT • • • ••••••••••••••••• 

..... G3.......... . .... Gq ......... . 
'IBMBCTHP • 'IBM~ZP • . _._._.-._.-._._. . _._.-._.-._. -._. 

---------------->. DECIMAL .------->.FREE DECIMAL ro.----
• CONSTANT TO • • FIXED DECIMAL • 
• FREE DECIMAL •• • ••••••••••••••••• • •••••••••••••••• 

••••• H3.· ••• •• ••• 
•••• Hl......... 'IBMBCMPP • 

• PICTURED • .-.-.-.-.-.-.-.-. 
• DECIMAL .--------------------------------->. PICTURED .----------------
•• 'DECIMAL TO FREE' 
............... • D~IMAL • 

••••••••••••••••• 

·····J3······· ... •• .. Jl......... • I BMBCPBP • .. ._._._._.-._.-._. 
• BIT .---------------------------------->. • •• • BIT TO FLOAT • ............... . . 

••••••••••••••••• 
l .... ->. • . 03 . • • •••• 

1\ 

·····DS···.··· ••• 
• I Bfo!BCOOP • ._.-._._._._.-._. 

-->. FIXED DECIMAL' 
• TO FIXED PIC. • 
• D~IMAL • • •••••••••••••••• 

1 
····ES •• ••••• •• 'FIXED PICTURED • 

• DECIMAL • • • • •••••••••••••• 

Conversion Paths; fixed pictured decimal target 
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•••• • • • BS • 

••••• ·--1 
v 

••••• 3:.! ••• ••••••• • •••• 35 •••••••••• 

• .... B1.......... ::~~~:~~.~_._._._: !:~~~:~:L._._._: 
• FIXED BINARY .-------->.FIXED BINARY TO.------------------------------------------------------------>.FREE DECIMAL TO.<--
• •• FREE DECIMAL • .P'LOAT PICTURED • 
••• •••••• •••••• • • • DECIMAL • .......... *...... . ............... . 

.... "'2.......... 1 
•••• C1......... .IBMBCODE • • ••• C5 ••••••••• 

• ..-.-.-.-.-.-.-.-. .FLOAT PICTURED • 
• FIXED DECIMAL .-------->. FIXED DECIMAL .------------------------------------------------------------>. DECIMAL • 
• •• TO FLOAT PIC. • • • 
••••••••• •••••• • DECIMAL • ••••••••••••••• 

••••••••••••••••• 

• •••• 02. r::::::::-------------------------------------------------------------------------------
•••• 01.......... .IBMBCHP'E • · . .-.-.-._._._._._. 

• FLOAT .-------->. FLOA'" TO FREE. 
• • II. DECIMAL • ••••••••••••••• 1 ••• : ••••••••••••••• ! 

•• II 
• D2 • I 

· .... · '-------------::=::J ....... 
• 1 BMlJCUIE • . _.-._._._._._._. 

---------------->. BI NARY CONSTANT. 

THIS PATH IF 
SOURCE IS A 
BINARY 
CONSTANT ·····F2· ....... . · .... Fl.......... :~~~'i~_._._._: 

• CHARACTER .-------->. CONVERSION • 
• •• DIRECTOR • ••••••••••••••• • • ••••••••••••••••• 

THIS PATH IF 
SOURCE IS A 
DECIMAL 
CONSTANT 

• '1'0 FLOAT • • • ••••••••••••••••• 

·····G3·········· ·IBMBCTHE. • ._._._._._._._._. 
--------------->. DECI~AL • 

·····H2·· .. ·.···· •••• H1......... .IBMBCMPE • 
• PICTURED· .-.-.-.-.-.-.-.-. 
• DECIMAL .-------->. PICTURED • 
• • .DECIMAL TO FREE. 
••••••••••••••• • DECIMAL • ••••••••••••••••• 

l .... 
->. • 

• B5 • · . •••• 
·····J2·········· •••• .11......... .IBMBCPBE • · . ._._._._._.-.-._. 

• BIT .-------->. • 
• •• BIT TO FLOAT • ............... . . ................. 

l .... ->. • 
• D2 • • • •••• 

• CONSTANT TO • 
• FREE DECIMAL • ••••••••••••••••• 

l .... ->. • 
• BS • • • •••• 

Figure 6.5: Conversion Paths; float pictured decimal target 
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••••• 'l2.......... • •••• 93 •••••••••• 
••• • Bl......... • I B!'!9CACA • • I BMBCHXH • · . ._.- .-._._.-._._. .-.-.-._._.-._._. 

• FIXED BINARY .-------->. CONVERSION .-------->.FIXE9 BINARY TO. 
• •• DIP ECTOR. • FREE DECIMAL • ............... . .. . ................. . ............... . 

1 ..... Cl.......... . .... c3 •••••••••• 
•••• Cl......... .IBMBCACA • .IBMBCWZH • • ••• cs ••••••••• · .. _._. -. -._. -. _. -. . -.-._.-.-.-. -._. .. 

• FIXED DECIMAL .--------). CONVERSION .-------->.FREE DECIMAL TO.----------------------------------). CHARACTER • 
• •• DIRECTOR. • CHARACTER • (IBMBCCCA IS USED FOR 1\. • 
••••••••••••••• • •• • ASSIGNMENT IF STRINGSIZE ••••••••••••••• 

••••••• •••••••••• •• ••••••• ........ IS POSSIBLE) 

••••• Dl.......... • •••• 03.......... • •••• 04 •••••••••• 
.... 01......... .IBMBCACA • .IBM'lCHFY • .IBMBCVZY • · . ._.-.-._._.-._.-. ._._._._._.-.-.-. ._._._._.-._.-._. 

• FLOAT .--------). CONVERSION .--------). FLOAT TO FREE .--------).FREE DECIMAL TO.----) 
• •• DIRECTOR. • DEC Ifo'IAL • • E-FORMAT • ............... . .. .. . ................. ................. . ............... . 

(USED FOR ASSIGNMENT 
IF STRINGSIZE 
IS POSSIBLE) 

·····Y3·········· •••• Yl......... ·IBMBCCCA • .. ._.-.-._._.-.-.-. 
• CHARACTER .---------------------------------->. CHARACTER TO .------------------------------> 
•• • CHARACTER • ............... . . ................. 

1\ 

··.··H3· ....... . •••• Hl......... .IBMBCACA • 
• PICTURED • .-.-.-.-.-.-.-.-. 
• DECIMAL .--------------------------------->. CONVERSION • 
•• • DIRECTOR • 
••••••••••••••• • • ................. 

·····J3·········· •••• J1......... .IBMBCBCA • .. ._.-.-.-._.-.-._. 
• BIT .---------------------------------->. BIT TO • ------------------------------•• • CHARACTER • ............... . . ................. 

Figure 6.6: Conversion Paths; character target 
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..... Sl.......... . .... S3 ......... . 
•••• B1......... '1 BMBCACA • '1 BMBCHXH • · .. _.-.-. -._. -. _._. ._._.-.-,-,-,-.-. 

• FIXED BINARY .-------->. CONVERgION .-------->.FIXEO BINARY TO' 
• •• DIRECTOR' • P'REE DECIMAL • ............... . .. . ................. . ............... . 

1 
••••• C2.......... • •••• C3.......... • •••• CII •••••••••• 

•••• C1......... 'IBMBCACA • 'IBMBCWZH • 'IBMBCCQA • • ••• cs ••••••••• 
• ..-.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. • PICTURED • 
• P'IXED DECIMAL .-------->. CONVERSION .-------->.P'REE DECIMAL TO.------->. CHARACTER TO .-------->. CHARACTER • 
• •• DIRECTOR' • CHARACTER' • PICTURED • ,.. • 
••••••••••••••• • •• •• CHARACT~' ••••••••••••••• 

••••••••••••••••• ••••••••••••••••• • •••••••••••••••• 

·····03··.······· 'IBMBCVZY • . _._._._._._._.-. 
'P'REE DECIMAL TO.---------------> 
• E- FORMAT • . . 
••••••••••••••••• 

II 

..... ".......... .. .... ,.1.. ...... 
•••• E1......... 'IBMBCACA • 'IBMBCHP'Y • · ..-._.-.-.-.-._.-. .-._.-._.-.-.-._. 

• P'LOAT .-------->. CONVERSION .-------->. FLOAT TO PREE • 
• •• DIRECTOR' • DECIMAL • ............... . .. . 

••••••••••••••••• • •••••••••••••••• 

····P'1········· • • • CHARACTER .------------------------------------------------------------------> • • ............... 

·····H3·········· 
•••• 81......... 'IBMBCACA • 

• PICTURED • .-.-.-.-.-.-.-.-. 
• DECIMAL .---------------------------------->. CONVERSION .----------------
•• • 01 REC'I'OR • ••••••••••••••• • • ................. 

·····J3·········· .... J1......... 'IBMBCBQA • .. ._.-.-.-._.-._._. 

II 

• BIT .---------------------------------->. BIT TO PICTUREO.------------------------------
•• • CHARACTER • 
••••••••••••••• • • ................. 

Figure 6.7: Conversion Paths; pictured character target 
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·····B3 ..... · ... · •••• Sl......... .IBMBCRXB • .. .-._.-.-._._._._. 
• FIXED BINARY .---------------------------------->.FIXEO BINARY '1'0·----------------------------
•• • BIT • 
••••••••••••••• • • ••••••••••••••••• 

" 

.... >c3.1 ....... . 
•••• Cl......... 'IBMBCEDB • .. ._._._.-._.-.-._. 

• FIXED DECIMAL .-------------------------------->. PIXED DECIMAL • 
•• 'TO PIXEO BINARY' ............... . . ................. 

·····03·········· •••• 01......... 'IBMBCRPB • • ••• 05 ••••••••• .. .-.-.-.-.-._._._. .. 
• FLOAT .-------------------------------->. .-------------------------------->. BIT • 
•• • PLOAT TO BIT • " • • ............... .. . ............. . 

••••••••••••••••• 
" • ••••• _-j 

• 03 . • • .... 

····· .. 3·········· •••• P1......... .IBMBCCBA • .. ._._._._._._.-._. 
• CHARACTER .------------------------------>. CHARACTER TO .--------------------------->. 
•• • BI'I' • 
••••••••••••••• • • ••••••••••••••••• 

..... H:.!.......... . .... H1 ......... . 
.... Hi......... tIBMBCMPB • 'IBMBCEZD • 

• PICTURED· .-.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. 
• DECIMAL .-------->. PICTURED .-------->."REE DECIMAL ,.O'-~ 
• • 'OECIMAL TO l"RE!4' • l"LOAT • 
••••••••••••••• • DECIMAL" • ••••••••••••••••• • •••••••••••••••••••• • • 

• 01 • • • •••• 
·····J1······· •• • 

•••• Jl......... 'IBMBCBBA • .. ._._._._._._._._. 
• BIT .-------------------------------->. .---------------------------
•• • BIT TO BIT • 
••••••••••••••• • • ••••••••••••••••• 

Figure 6.8: Conversion Paths; bit target 
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MODULE DESCRIPTIONS 

IBMBCAC - Arithmetic to Character Conversion Director 

Function 

To direct arithmetic to character conversions. 

Method 

A flowchart of the module is given in chart BCAC. 

Linkage 

Rl = A(PLIS'I) 
PLIST = A(source) 

A(source OED) 
A(target) 
A(target DED) 

Calls 

IBMBCCC - Assign (character strings). 
IEMBCCQ - Conversion (character to pictured character). 
IBMBCGZ - Set a subfield of a Complex number to zero. 
IEMBCH - Conversion (fixed tinary - float - free decimal). 
IBMBCW - Conversion (packed decimal to F-format). 
IBMBCV - Conversion (packed decimal to E-format). 

Called By 

Ccm~iled code. 
IBMBSAO 
IBMBSBO 
IBMBCCL 
IEMDCCR 
IBMDSLC 
IBMDSEE 
IBMDSEH 

- Output conversion director. 
Out~ut conversion director. 
Conversion director - com~lex strings (transient) 
Conversion director - non complex strings (transient). 
list-directed output. 
Edit-directed combination module. 
Edit-directed combination subset module. 

IEMBCBB - Conversion (Bit to Eit) 

Function 

To assign a fixed or varying bit string to a fixed or varying bit string 
target. 

Error and Exceptional Conditions 

S'IRINGSIZE can occur in this module. 
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Linkage 

Rl = A(PLIS'I') 
PLIST = A(source locator descriptor) 

4-tyte gap 
A(target locator descriptor) 

Called By 

Compiled code. 
IBMBCR - Conversion (fixed or float binary to bit). 
IBMBAPM - STRING psuedovariable. 

IBMBCBC - Conversion (Bit to Character) 

Function 

Tc convert a fixed or varying tit string to a fixed or varying character 
string. 

Error and Exceptional Conditions 

STRINGSIZE can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(source locator descriptor) 

4-byte gap 
A(target locator descriptor) 

Called By 

Compiled code. 
I13MBSAO - output conversion director. 
IBMBSBO - Output conversion director. 
IBMDSLO - List-directed output. 
IBMDSEE - Edit-directed combination module. 
IEMDSEH - Edit-directed combination subset module. 

IBMBCBQ - Conversion (Bit to Pictured Character) 

Function 

To convert a fixed or varying bit string to a pictured character string~ 

Error and Exceptional Conditions 

S~RINGSIZE can occur in this module. The ERROR condition is raised if a 
hit matches a picture character other than X or 9. 
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Linkage 

Rl = A(PLIST) 
PLIST = A(source locator descriptor) 

4-1:yte gap 
A(target locator descriptor) 
A(target OED) 

Called By 

ccn:piled code. 
IBMBSBC - Output conversion director. 

IEMECC~ - Character to Arithmetic Conversion Director 

Function 

To direct conversions from fixed or varying character string to any 
arithmetic data type, real or complex. 

Method 

A flowchart of the module is given in chart BCCA. 

Error and Exceptional Conditions 

CONVERSION can occur in this module. 

Linkage 

Rl = A(PLIS'I) 
PLIST = A(source locator descriptor) 

A(source DED) 
A (target) 
A(target DED) 

Calls 

IBMBCT - Conversion (decimal constant to free decimal). 
IEMBCU - conversion (tinary constant to float). 
IBMDSCV - Conversion fix-up bootstrap. 
IBMBCGZ - Set a subfield of a Complex number to zero. 

Called By 

Ccmpiled code. 
IBMBSAI - Input conversion director. 
IEMBSFO - output conversion director. 
IBMBSPO - Output conversion director. 
IBMDSLI - List-directed input. 
IBMDSEE - Edit-directed combination module. 
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IBMBCCB - Conversion (Character to Bit) 

Function 

To convert a fixed or varying character string to a fixed or varying bit 
string. 

Error and Exce~tional Conditions 

CCNVERSION and STRINGSIZE can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(source locator descriptor) 

4-byte gap 
A(target locator descriptor) 

Calls 

IBMDSCV - Conversion fix-up bootstrap. 

Called By 

Compiled code. 
IBMBSAI - Input conversion director. 
IBMDSLI - List-directed input. 
IBMDSEE - Edit-directed combination module. 

IBMBCCC - HIGH~2~ssiqn (Chatacter Strin92> 

Function 

Tc assign a character string to a target and to implement the built-in 
functions HIGH and LOW. The module has three entry points: 

IBMBCCCA: Assign a fixed or varying character string to a fixed or 
varying target. 

IBMBCCCE: Form the character string HIGH(length) in a target field. 

IEMECCCC: Form the character string LOw(length) in a target field. 

Error and Exceptional Conditions 

STRINGSIZE can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(source locator descriptor) 

or A (length) 
4-byte gap 
A(target locator descriptor) 
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Called By 

Ccropiled code. 
- Input conversion director. 

In~ut conversion director. 
Output conversion director. 
Output conversion director. 

IBMBSAI 
IBMBSPI 
IBMBSAO 
IBMBSPO 
IBMBCAC 
IBMDSEE 
IBMDSEH 

Conversion director <arithmetic to character>. 
Edit-directed combination module. 
Edit-directed combination subset module. 
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IEMDCCS - String Conversion Director Eootstr~ 

Function 

To load and link to the transient string conversion director module 
IBMBCCL or IBMDCCR. 

Method 

The address of the transient conversion «odule is held in field TCCL in 
the TCA appendage. If the module has not been loaded, this field 
contains zero. 

Module IBMDCCS tests field TCCL. If this field is zero, the module 
tests the VCON for the module IBMBCGZ (Set a subfield of a Complex 
number to zero). If this VCON is resolved, IBMDCCS obtains the 
necessary storage and loads the complex string conversion director 
IBMBCCL, by means of a LOAD macro. If the VCON is not resolved, IBMDCCS 
obtains storage and loads IBMDCCR, the non-complex string conversion 
director. The address of the director loaded is placed in TCCL. 

The module then restores register Rl, so that it addresses the parameter 
list passed by the caller, and ~oints register R4 to the list of 
conversion package entry points contained in IBMDCCS. It then branches 
and links to the transient module. 

On return from the transient module, control is returned to the caller. 

Linkage 

Infut: 

Rl = A(PLIST) 
PLIST = A(source or source locator) 

A(source DED) 
A(target or target locator) 
A(target DED) 

output to IBMBCCL or IBMDCCR: 

Rl = A(FLIST) (as above) 
R4 = A(list of conversion package entry points) 

Called By 

Compiled code. 
IBMDSLI - List-directed infut. 
IBMBSFI - Input conversion director. 
IBMDSLJ - List-directed input (restricted ccnversions). 
IBMBSFO - Output conversion director. 
IBMBSPO - output conversion director. 
IBMBSCI - Input conversion director. 
IBMBSCO - output conversion director. 
IEMDSEE - Edit-directed combination module. 
IBMDSEH - Edit-directed combination subset module. 
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IBMBCCQ - Conversion (Character to Pictured Character) 

Function 

To convert a fixed or varying character string to a pictured character 
string. The module has two entry points: 

IBMBCCQA: Conversion, character to pictured character. 

IBMBCCQB: As atove, but accepts double quotes as a single quote. 

Error and Exceptional Conditions 

CONVERSION and STRINGSIZE can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(source locator descriptor) 

4-};yte gap 

Calls 

A(target locator descriptor) 
A(target DED) 

IEMDSCV - Conversion fix-up bootstrap. 

Called By 

Compiled code. 
lBMBSAI 
lEMBSPI 
IBMBSBO 
IEMECCL 
IBMDCCR 
IEMDSLI 
IBMDSLJ 
IBMDSEE 

- Input conversion director. 
lnfut conversion director. 
Output conversion director. 
Conversion director - complex strings (transient). 
Conversion director - non complex strings (transient). 
List-directed input (Entry point IBMBCCQB only). 
List-directed input (restricted conversions). 
Edit-directed combination module. 

IBMBCE - Conversion (Fixed Decimal - Free Decimal_- Float - Fixed Binary) 

Function 

To perform conversions on the route: fixed decimal free decimal - float 
- fixed binary. The module has seven entry points: 

IEMECEDB: Fixed decimal to bit. This module converts to fixed binary and 
then branches to entry point lBMBCRXB. 

IBMBCEDF: Fixed decimal to float. 

IBMBCEDX: Fixed decimal to fixed binary. 

~~: Float to fixed binary. 

IBMBCEZB: Free decimal to bit. This module converts to float and then 
branches to ent~ point lBMBCRFB. 

IEMBCEZF: Free decimal to float. 
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IEMBCEZX: Free decimal to fixed binary. 

Error and Exceptional Conditions 

SIZE can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(source) 

A(source OED) 
A(target) 
A(target DED) 

Calls 
IBMBCR - Conversion (fixed or float binary to bit). 
IEMECGT - Tatle of powers of ten. 

Called By 

ccmpiled code 
IBMBCM - Conversion (pictured decimal to packed decimal). 
IEMBCT - conversion (decimal constant to packed decimal). 
IBMBCU - Conversion (binary constant to float). 
IBMBCAC - Conversion director (character to arithmetic). 
IBMBCCL - Conversion director - complex strings (transient). 
IBMDCCR - Conversion director - non complex strings (transient). 
IBMBSBO - Output convers~on director. 
IBMBSPO - Output conversion director. 

IBMBCGP - Check Input (pictured Decimal) 

Function 

To check the validity of pictured decimal input. 

Error and Exceptional Conditions 

CONVERSION can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(source) 

A(source OED) 

Calls 

IEMDSCV - Conversion fix-up bootstrap. 

Called By 

Ccmpiled code. 
IBMBSPI - Input conversion director. 
IEMBCCL - Conversion director - complex strings (transient). 
IBMDCCR - Conversion director - non complex strings (transient). 

96 Licensed Material - Property of IBM 



IBMBCGQ - Check Input (Pictured Character) 

Function 

Tc check the validity of pictured character input. 

Error and Exceptional conditions 

CONVERSION can occur in this module. 

Linkage 

R1 = A(FLIST) 
PLIST = A(source locator descriptor) 

A(source DED) 

Calls 

IBMDSCV - Conversion fix-up bootstrap. 

Called By 

Compiled code. 
IBMBSAI - Input conversion director. 

IBMBCG~ - Table of Powers of Ten 

Function 

The module consists of a table of powers of ten for use by the 
ccnversion modules. It does not contain any executable code. 

Called Ey 

IBMBCE - Conversion (fixed decimal - free decimal - float 
- fixed binary). 

IBMBCH - Conversion (fixed binary - float - free decimal). 

IBMBCGZ - set a Subfield of a Complex Number to Zero 

Function 

To set to zero the real or the imaginary part of a complex number, and 
to return the address of the imaginary part. 

Method 

A flowchart of the module is given in chart BCGZ. 

Linkage 

R1 = A(PLIST) 

Licensed Material -
Property of IBM 

Chapter 6: Conversion Routines 97 



PLIST = A(target) 
A(target DED) 
A(imaginary part) 
A (request code) 

Request codes: 

calls 

'01' Zero the real part of the number and return the 
address of the imaginary part. 

'10' Zero the imaginary part of the number. 

'00' Return the address of the imaginary part of the 
number. 

IBMBCO - Conversion (packed decimal to pictured decimal). 
IEMBCK - Conversion (fixed decimal - free decimal - fixed decimal). 

Called By 

Ccmpiled Code. 
IBMBSFI - Input conversion director. 
IEMBCCL - Conversion director - complex strings (transient). 
IBMBSPI - Input conversion director. 
IEMBCAC - Conversion director (arithmetic to character). 
IBMBCCA - Conversion director (character to arithmetic>. 
IBMESCI - Input conversion director. 
IBMBSCO - Output conversion director. 

IBMBCH - Conversion (Fixed Binary - Float - Free Decimal) 

Function 

To perform ccnversions on the route: fixed binary - float - free 
decimal. The module has 11 entry points: 

IBMBCHFD: Float to fixed decimal. This module converts to free decimal 
and then branches to entry point IBMBKZD. 

IBMBCBF,E: Float to float pictured decimal. This module converts to free 
decimal and then branches to entry point IBMBCCZE. 

IBMBCHFH: Float to F-format. This module converts to free decimal and 
then branches to entry point IEMECWZH. 

~~: Float to fixed pictured decimal. This module converts to free 
decimal and then branches to entry point IBMBCKZP. 

IBMBCHFY: Float to E-format. This module converts to free decimal and 
then branches to entry point IEMECVZY. 

IBMBCHXD: Fixed binary to fixed decimal. This module converts to free 
decimal and then branches to entry point IBMBCVZY. 

IBMBCHXE: Fixed binary to float pictured decimal. This module converts 
to free decimal and then branches to entry point IEMBCOZE. 

IBMBCHXF: Fixed binary to float. 
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!~MBCHXH: Fixed binary to F-format. This module converts to fixed 
decimal and then tranches to entry point IBMBCWZH. 

IEMBCHXP: Fixed binary to fixed pictured decimal. This module converts 
to free decimal and then branches to entry ~oint IBMBCKZP. 

IBMBCHXY: Fixed binary to E-format. This module converts to free 
decimal and then tranches to entry point IBMBCVZY. 

Error and Exceptional Conditions 

SIZE can occur in this roodule. 

Linkage 

Rl = A(PLIST) 
PLIST = A(scurce) 

A(source DED) 
A(target) 
A(target DED) 

Calls 

IBMBCV - Conversion (packed decimal to E-format). 
IEMBCO - Conversion (packed decimal to pictured decimal). 
IBMBCW - Conversion (packed decimal to F-format). 
IBMECK - Conversion (fixed decimal - free decimal - fixed decimal). 

Called By 

Ccmpiled code. 
IBMBCP - Conversion (bit to fixed or float binary). 
IEMBCU Conversion (cinary constant to float). 
IBMBCAC Conversion director (arithmetic tc character). 
IEMECCL Conversion director - complex strings (transient) 
IBMDCCR Conversion director - non corr.plex strings (transient). 
IEMBSFO output conversion director. 
IBMBSPO -
IEMDSEE -
IBMDSEH 

output conversion director. 
Edit-directed combination module. 
Edit-directed combination subset module. 

IEMBCK - Conversion (Fixed Decimal - Free Decimal - Fixed Decimal) 

Function 

To perform conversions on the route: fixed decimal 
fixed decimal. The module has four entry points: 

IEMBCKDD: Fixed decimal to fixed decimal. 

free decimal -

IEMBCKDP: Fixed decimal to fixed pictured decimal. This module converts 
to fixed decimal and then branches to entry point IBMBCODP. 

IBMBCKZD: Free decimal to fixed decimal. 
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IBMBCKZP: Free decimal to fixed pictured decimal. This module converts 
tc~ixed decimal and then cranches to entry point IBMBCODP. 

Error and Exce~tional Conditions 

SIZE can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(source) 

A(source OED) 
A(target) 
A(target OED) 

Calls 

IBMBCO - Conversion (packed decimal to pictured decimal). 

Called By 

Compiled code. 
IBMBCH - cenversion (fixed cinary - float - free decimal). 
IBMBCT - Conversion (decimal constant to packed decimal). 
IBMECM - Conversion (pictured decimal to packed decimal). 
IBMBCCL - Conversion director - com~lex strings (transient) 
IEMDCCR - Conversion director - non complex strings (transient). 
IBMBSPO - cutput conversion director. 

IBMBCM - Conversion (Pictured Decimal to Packed Decimal) 
to packed Decimal) 

Function 

To convert from pictured decimal to free or fixed decimal. The module 
has six entry points: 

IBMBCMPB: Pictured decimal to bit. This module converts to free decimal 
and then branches to entry point IBMBCEZB. 

IEMECMPD: Pictured decimal to fixed decimal. This module converts to 
free decimal and then branches to entry point IBMBCKZD. 

IBMBCMPE: Pictured decimal to float pictured decimal. This module 
converts to free decimal and then branches to entry point IBMBCOZE. 

IEMBCMPF: pictured decimal to float. This module converts to free 
decimal and then branches to entry point IBMBCEZF. 

IBMBCMPP: Pictured decimal to float pictured decimal. This module 
converts to fixed decimal and then branches to entry point IBMBCKZP. 

IBMBCMPX: Pictured decimal to fixed binary. This module converts to 
free decimal and then branches to IBMBCEZX. 
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Errcr and ExceFtional Conditions 

SIZE can occur in this module. 

Linkage 

Rl = A(FLIS'!) 
PLIST = A(scurce) 

Calls 

A (source DED) 
A(target) 
A(target DED) 

IBMBCE - Conversion (fixed decimal - free decimal - fl0at 
- fixed binary). 

IBMBCH 
IEMBCK 
IBMBCO 

- Conversion (fixed binary - float - free decimal). 
- Conversion (fixed decimal - free decimal - fixed decimal). 
- Conversion (packed decimal to pictured decimal). 

Called By 

Compiled code. 
IEMBCCL 
IBMDCCR 
IBMBSPI 
IBMBSBC 
IEMBSPO 
IBMBSFO 
IEMDSEE 
IBMDSEH 

- Conversion director - complex strings (transient). 
Conversion director - non complex strings (transient). 
InFut conversion director. 
Output conversion director. 
output conversion director. 
Output conversion director. 
Edit-directed combination module. 
Edit-directed combination subset module. 

IEMBCO - Conversion (Packed Decimal to Pictured Decimal) 

Function 

To convert from fixed or free decimal to pictured decimal. The module 
has three entry points: 

~£QQ£: Fixed decimal to float pictured decimal. 

IBMBCODP: Fixed deciu.al to fixed pictured decimal. 

IBMBCOZE: Free decimal to float pictured decimal. 

Error and Exceptional Conditions 

SIZE can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(source) 

A(source DED) 
A(target) 
A(target DED) 
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Called By 

Compiled code. 
IEMBCH 
IBMBCK 
IEMBCM 
IBMBCT 
IBMBCGZ 
IBMBCCL 
IEMDCCR 
IBMBSPC 

- Conversion (fixed tinary - float - free decimal). 
Conversion (fixed decimal - free decimal - fixed decimal). 
Conversion (pictured decimal to packed decimal). 
Conversion (decimal constant to packed decimal). 
Set a subfield of a complex number to zero. 
Conversion director - complex strings (transient). 
C·onvers ion director - non complex strings (transient). 
output conversion director. 

IEMBCP - Conversion (Bit to Fixed Binary or Float) 

Function 

To convert from bit to fixed binary or to float. The module has five 
entry points: 

IBMBCPBD: Bit to fixed decimal. This module converts to float binary 
and-then branches to entry point IEMECHFD. 

IBMECPBE: Bit to float pictured decimal. This module converts to float 
and then branches to entry point IBMBCHFE. 

IBMB~: Bit to float. 

IBMBCPBF: Bit to fixed pictured decimal. This module converts to float 
binary-and then branches to entry point IBMECHFP. 

IBMECPEX: Bit to binary. 

Error and Exceptional Conditions 

SIZE can occur in this module. 

Linkage 

R1 = A(PLIS~) 
PLIST = A(source locator descriptor) 

A (source DED) 
A(target) 
A(targetDED) 

Calls 

IBMBCH - Conversion (fixed binary - float - free decimal). 

Called By 

Compiled code. 
IBMESAI - Input conversion director. 
IBMBSPO - output conversion director. 
IBMBSFO - output conversion director. 
IBMBCCL - Conversion director - complex strings (transient). 
IEMDCCR - Conversion director - non complex strings (transient). 
IBMDSLI - List-directed input. 
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IBMBCR - Conversion (Fixed Binary or Float to Bit) 

Function 

To convert fixed binary or float to bit. The module has two entry 
points: 

IBMBCRFB: Float to bit. 

!BM~CRXB: Fixed binary to bit. 

Linkage 

R1 = A(PLIST) 
PLIST = A(source) 

A(source OED) 
A(target locator descriptor) 
A(target DED) 

Calls 

IBMBCBB - Conversion (bit to bit). 

Called By 

CCIf!piled code 
IBMBCE - Conversion (fixed decimal - free decimal - float 

- fixed binary). 
IBMBCCL - Conversion director - complex strings (transient). 
IEMDCCR - Conversion director - non complex strings (transient). 
IBMBSBO - Output conversion director. 

IEMBCT - Conversion (Decimal Constant to Packed Decimal) 

Function 

To convert from a decimal constant to fixed or free decimal. The module 
has seven entry points: 

IBMBCTHD: Decimal constant to fixed decimal. This module converts to 
free decimal and then branches to entry point IBMECKZD. 

IBMBCTHE: Deciroal constant to float pictured decimal. This module 
converts to free decimal and then branches to entry point IBMBCOZE. 

IBMBCTHF: Decimal constant to float. This module converts to free 
decimal and then branches to entry point IBMBCEZF. 

IEMBCTHI: Decimal constant to integer. 

IEMBCTHP: Decimal constant to fixed pictured decimal. This module 
converts to free decimal and then branches to entry point IBMBCKZP. 

IBMBCTHX: Decimal constant to fixed binary. This module converts to 
free decimal and then branches to entry point IBMBCEZX. 

!~ME~: Decimal constant to free decimal. 
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Errer and Exceptional Conditions 

CCNVERSICN can occur in this module. 

Linkage 

Rl 
PLIST 

Calls 

= A(FLIS!) 
= A(seurce) 

A(source OED) 
A(target) 
A(target OED) 

IBMBCE - Conversion (fixed decirral - free decimal - float 
- fixed binary). 

IBMBCK - Conversion (fixed deciroal - free decimal - fixed decimal). 
IEMBCO - Cenversion (packed decimal to pictured decimal). 
IBMDSCV - Conversion fix-up bootstrap. 

Called By 

Compiled code. 
IEMBCCL - Conversion dir@ctor - complex strings (transient). 
IBMDCCR - Conversion director - non corrplex strings (transient). 
IEMBCCA - Conversion director (character to arithmetic>. 
IBMBSFI - Input conversion director. 
IEMDSEE - Edit-directed comcination module. 

IBMBCU - Conversion (Binary Constant to Float) 

Function 

To convert a binary constant to float. The module has five entry 
points: 

IBMBCUID: Binary constant to fixed decirral. This module converts to 
fIOar-and then branches to entry point IBMECHFD. 

IE~ECUIE: Einary constant to float pictured decimal. This module 
converts to float and then branches to entry point IBMBCHFE. 

IBMBCUIF: Binary constant to float. 

IBMBCUIX: Binary constant to fixed binary. This module converts to 
float and then calls entry point IBMBCEFX. 

~£YlE: Binary constant to fixed pictured decimal. This module 
converts to float and then branches to entry point IBMBCHFP. 

Error and Exceptional Conditions 

CCNVERSION and SIZE can occur in this module. 
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Linkage 

Rl = A(PLIS'I) 
PLIST = A(source) 

A(source OED) 
A (target) 
A(target DED) 

Calls 

IBMBCH - Conversion (fixed binary - float - free decimal 
IBMBCE - Conversion (fixed deciwal - free decimal - float 

- fixed binary). 
IBMDSCV - Conversion fix-up bootstrap. 

Called By 

Compiled code. 
IEMBCCL - Conversion director - complex strings (transient). 
IBMDCCR - Conversion director - non corrplex strings (transient). 
IEMBCCA - Conversion director (character to arithmetic>. 
IBMBSFI - Input conversion director. 

IEMECV - Conversion (Packed Decimal to E-Format) 

Function 

To convert from fixed or free decimal tc E-format. The module has two 
entry points: 

IBMB£YQ!: Fixed decimal to E-format. 

IBMBCVZY: Free decimal to E-format. 

Error and Exceptional Conditions 

SIZE can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(source) 

A(source OED) 
A (target) 
A(target OED) 

Called By 

Ccmpiled code. 
IBMBCH - Conversion (fixed binary - float - free decimal 
IEMBCAC - Conversion director (arithmetic to character). 
IBMBCCL • Conversion director - complex strings (transient). 
IEMDCCR - Conversion director - non complex strings (transient). 
IBMBSFO - output conversion director. 
IEMDSEE - Edit-directed combination module. 
IBMDSEH - Edit-directed combination subset module. 
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IBMBCW - Conversion (Packed Decimal to F-format) 

Functicn 

To convert from fixed er free decimal to F-format. The module has two 
entry foints: 

IEMECWDH: Fixed decimal to F-format. 

~CWZH: Free decimal to F-format. 

Error and Exceptional Conditions 

SIZE can occur in this module. 

Linkage 

R1 = A(PLIS'I) 
PLIST = A(scurce) 

A(source DED) 
A(target) 
A(target OED) 

Called By 

Compiled code. 
IEMECH - Conversion (fixed cinary - float - free decimal). 
IBMBCAC - Conversion director (arithmetic to character). 
IBMECCL - Conversion director - complex strings (transient). 
IBMDCCR - Conversion director - non complex strings (transient). 
IEMBSFO - output conversion director. 
IBMDSEE - Edit-directed combination module. 
IEMDSEH - Edit-directed comcination subset module. 

~x-=-£onversion (Fixed Bin~~o Fixed Eina!y and Float to Float) 

Function 

The module has two entry points: 

~£!!!: Float to float. 

IBMBCYXX: Fixed binary to fixed binary. 

Linkage 

R1 = A(PLIST) 
PLIST = A(source) 

A (source OED) 
A(target) 
A(target DED) 

Called By 

Compiled code. 
IBMBCCL - Conversion director - complex strings (transient). 
IEMDCCR - Conversion director - non complex strings (transient). 

106 Licensed Material - Property of IBM 



CHAPTER 7: COMPUTATIONAL ROUTINES 

The computational subroutine package of the resident library can be 
divided into three main sections: 

1. Aggregate handling routines. These all have module names of the form 
IBMBA**. 

2. String handling routines. These all have module names of the form 
IBMEB*'" • 

3. Arithmetic and mathematical routines. These all have module names of 
the form IBMBM**. 

The routines are described below under these main section headings. 

AGGREGATE HANDLING ROUTINES 

The aggregate handling modules support the PL/I built-in functions ALL, 
ANY, STRING, PROD, SUM, and POLY. The wodules are listed in figure 7.1. 

PL/I 
Function 

ALL, ANY 

S'IRING (built-in function) 

STRING (pseudovariable) 

PROD (fixed integer) 

PROD (float) 

SUM (fixed) 

SUM (float) 

POLY (float) 

Module 

IBMBAAH 

IBMBANM 

IBMBAPM 

IBMBAPC 

IEMEAPF 

IBMBASC 

IBMBASF 

IBMBAYF 

Figure 7.1: Aggregate Handling Modules 

Two further modules are included in the aggregate handling package: a 
s'tructure mapping module IBMEAMM and an array indexing module IBMBAIH. 
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The array indexing module is used by library modules for indexing 
interleaved arrays. It provides an indexing table for the array which 
allows the caller to step quickly through the array by the addition of 
address increments. 

MODULE DESCRIP~IONS 

Function 

To implement the PL/I cuilt-in functions ALL(x) and ANY(x). iheargument 
(x) of the function is a bit string array. The result is a scalar bit 
string of length equal to the greatest of the current lengths of the 
elements of x. The module has three entry points: 

IBMEAAHA: ALL(x) and ANY(x), for byte aligned x. 

~AAHE: ALL (x) for unaligned x. 

IEMEAAHC: ANY (x) for unaligned x. 

Method 

For byte-aligned string arrays, the AND and OR operations are used for 
ALL and ANY respectively. For unaligned string arrays, the BCOL 
function is used with the appropriate parameter bits. 

For the first call, the first element of the array serves as both the 
first and the second argument, thus generating the first element in the 
target field. For sucsequent calls, the target fie~d is the first 
argument and the next element of the array is the second argument. 

Linkage 

Entry point IBMBAAHA: 

R1 = A(PLIST) 
PLIST = A(aggregate locator) 

A(halfword nurrber of dimensions) 
A(halfword 0 for ~LL, halfword 4 for ANY) 
A(string locator descriptor of target field) 
A (array-type) (non-zero for multidimensional 

interleaved arrays; zero for simple and one
dimensional interleaveo arrays) 

Entry points IBMBAAHB and IBMBAAHC 

R1 = 
PLIST = 

A(PLIST) 
A(aggregate locator) 
A(halfword number of dimensions) 
A(halfword 8) 
A(string locator descriptor of target field) 
A (array-type) (non-zero for multidimensional 

interleaved arrays; zero for simple and one
dimensional interleaved arrays) 
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Calls 

IBMBBBA - AND, OR (byte-aligned strings). 
IBMEBGB - BOOL. 
IEMBAIH - Indexer for interleaved arrays. 

Called By 

Corropiled code. 

IB~BAIH - Indexer for I~terleaved arrays 

Function 

To calculate the extent of the nth dimension of an n-dimensional array 
and to construct a table wbich is used by the calling routine for 
indexing the array. The extent of the nth dimension is returned in 
Register Rl; the tatle is constructed in a work area provided by the 
caller. 

Method 

The format of the indexing table constructed by the module is shown in 
figure 7.2. The table contains three fullwords for each of the 
dimensions 1 thru (n-l) of the array, where n is the number of 
dimensions; it is thus 12*(n-1) bytes long. 
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I 
I SCn - 1 = En-1 (the initial value of 
I the subscript count) 
1- __ _ 
1 
1 En-1 = Un_., - Ln-1 + 1 (extent) 1- _______________ _ 

1 
1 INC n_1 = Mn_1 - En*M-n (increment) 
1 
I 

1 

I 
1 
I SCi = Ei 
1- __ 
1 
1 Ei = Ui - Li +1 
1- __ _ 
1 
1 INCi = INCi+1 + Mi - Ei+1*Mi+1 
1 ___ , 
1 

1 ________ , 

1 
1 SC 1 = E1 

1- __ 
1 
1 E1 = U1 - L1 + 1 
1- __ _ 
I 
1 INC1 = INC 2 + M1 - E2*M2 
1 ______ --

Figure 7.2: Array-Indexing Table 

The module constructs the table from the low-address end, using 
information in the Array Descriptor and in previously completed entries 
in the table. The three fields for each dimension contain the following 
information: 

Field 1 - Subscript count (SC): 

The sucscript count is a counting field used by the calling routine when 
indexing the array. It is initially set equal to the extent of the 
appropriate dimension of the array. 

Field 2 - Extent (E): 

The extent field is set equal to 

U - L + 1 
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where U and L are the upper and lower bounds of the appropriate 
dimension of the array. The extent is thus the number of subscript 
values that the particular dimension can take. 

Field 3 - Increment (INC): 

The increment for a particular dimension is used by the calling routine 
to locate the next element of the array when the subscript value for 
that dirrension changes (and those of the lower dimensions, if any, 
remain unchanged) during array indexing. The increment for the ith 
dimension is computed as 

where Mi is the multiplier for the ith dimension of the array. The 
value of INCn is zero. 

Linkage 

On entry: R1 = A(work area in which the indexing table is to 
be constructed) 

R5 = A(array descriptor) 
R6 = A(halfword number of dirr;ensions) 

On return: R1 = Extent of nth dimension (En) 

Called By 

IBMBAAH 
IBMBASC 
IBMBASF 
IBMBAPC 
IBMBAPF 
IBMBAN~ 

IEMBAPM 
IBMBJWI 

ALL/ANY. 
SUM (fixed point). 
SUM (floating point). 
FReD (fixed point integer). 
PROD (floating point). 
STRING built-in function. 
STRING pseudovariable. 
WAIT (array events). 

IEMBAMM - Structure MaEPinq 

Function 

The module has four entry points: 

IEMBAMMA: To compute the total length of a structure, given a complete 
Structure Descriptor (SD) and an Aggregate Descriptor Descriptor (ADD). 

IBMBAMMB: To map a structure completely using the PL/I mapping 
algorithm, given an ADD and an SD with only the length and bound fields 
complete. 

IEMBAMMC: To map a structure completely using the COBOL mapping 
algorithm, given an ADD and an SD with only the length and bound fields 
complete. 

IBMBAMMD: To map a structure up to a given point and subsequently to map 
it further to another given point. This entry point is used when the 
REFER option is present in the structure declaration. 

Licensed Material -
Property of IBM 

Chapter 7: Computational Routines 111 



Method (chart BAMM) 

Entry Point IBMBAMMA: 

The offset of the last. base element of the structure from the structure 
origin is fcund from the structure Descriptor. If the last base element 
is an array, the offset of the array's actual origin from its virtual 
origin is obtained from the Array Descriptor and added to the base 
element offset previously found. The offset of the last element of the 
array from the structure origin is then found by adding the multiplier
u~~erbound products for each dimension. 

The length of the last element of the array is obtained, and the length 
of the structure is finally calculated as the byte offset of the last 
element from the structure origin, plus the number of bytes occupied by 
the last elerr:ent and its bit offset. 

Entry Points IBMBAMMB ang_IBMBAMMC: 

A Variable Data Area (VDA) is obtained in which the length accumulator, 
offset, dimensionality, and SD pointer are stored for each minor 
structure in FL/I mapping or each dimensioned minor structure in COBOL 
mapping. 

The length of a base element is found (in bits), and the element is 
aligned to the appropriate boundary. 

If the base element is an array, the offset field (AO-VO) of the Array 
Descriptor in the structure Descriptor is cleared. If the uninherited 
dimensionality of the array is not zero, the multipliers for each 
uninherited dimension are stored in the Array Descriptor. 

The Virtual Origin sum is calculated for each of the uninherited 
dimensions, if any, and the amount by which the padding can be reduced 
is then calculated and added to the offset. The offset and the actual 
length of the packed structure are calculated, the element length added 
to the length accumulator, and the ~axirrum alignment updated if 
necessary. On the end of a structure for COBOL, each successive 
containing structure is tested until a rr:inor dimensioned structure or 
the major structure is found. If the containing structure is minor with 
dimensions of its own, then the length so far calculated is padded to a 
multiple of the maximum alignment boundary appearing in it. 'Ihis pad is 
stored so that it can be subtracted after the multipliers have been 
calculated. 

If a dimensioned major or winor structure contains more than one base 
element, the counds for the dimensions inherited fron that structure are 
set up by the compiler only for the first base element, and are copied 
by this module for each of the remaining base elements. 

Adjacent structures are then aligned. The information at the top of the 
stack is unstacked, and the amount of padding which must be placed 
between the preceding and present structures calculated so that they are 
both aligned on the correct boundaries. The adjacent structure offset 
is then added. The offset from the start of the preceding minor 
structure to the start of the present minor structure is added into the 
partial offset sum of each base element of the present minor structure. 

Entry Point IBMBAMMD: 

This entry pOint uses the same mapping method as that described for 
IBMBAMMB, but maps the structure only as far as the point specified in 
the parameter list. The structure may already be partially mapped. 
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For this reason this entry point uses a VDA which is passed to it by the 
calling routine. 

Error and Exceptional Conditions 

The ERROR condition is raised if: 

1. The length of the structure is greater than or equal to 2**24 bytes. 

2. The value of (actual origin minus virtual origin) for the structure 
is greater than the one word field reserved for it in the aggregate 
descriptor descriptor. 

Linkage 

Entry Points IBMBAMMA, BL-and C: 

R1 = A(FLIST) 
PLIST = A(target) 

A(structure descriptor) 
A(aggregate descriptor descriptor) 

Entrx Po~nt IBMBAMMD: 

R1 = A(FLIST) 
PLIST = A(target) 

A(structure descriptor field for the first element to 
be mapped) 

A(aggregate descriptor descriptor) 
A(halfword containing the offset in the aggregate descriptor 

descriptor for the first element to be mapped) 
A(halfword containing the offset in the aggregate descriptor 

descriptor for the last element to be mapped) 
A(VDA) 

For all entry points, the third parameter on entry contains a full word 
binary integer. This integer is equal to (POS-value minus one) for 
DEFINED structures, and 'zero for non-DEFINED structures. On exit, the 
parameter contains the length of the struct,ure and its offset from a 
doubleword boundary. 

Called By 

compiled code 

IBMBANM - STRING Built-in Function 

Function 

To implement the PL/I built-in function STRING. The module has two 
entry points: 

IBMBANMA: Return a fullword containing the string length that would 
result from the concatenation of all the elements of an argument 
structure or array. 
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IBMBANME: Concatenate all the elements of an argument structure or array 
into a target field. 

Method (chart EANM) 

Entry Point IBMBANMA: 

The routine consists essentially of finding the current length of each 
base elereent and adding it to a length accumulator. Base elements are 
found by searching the Aggregate Descriptor Descriptor (ADD). If a base 
element is an array of fixed-length elerrents, the length is computed as 
the product of the number of elements and the element length. For one
dimensional varying-string arrays, the current length of each string is 
found; for multi-dimensional varying-string arrays, use is made of the 
interleaved array indexing rrodule IEMEAIH, which returns a tatle used in 
locating each element of the array. The indexing module is called for 
simple as well as for interleaved arrays, to avoid using additional code 
tc determine whether an array is simple or interleaved. 

Entry Point IBMBANMB: 

If the argument is a non-dimensioned structure that does not contain any 
dimensioned minor structure, the current length and address of each 
eleroent of every tase element is found and the elements are assigned in 
turn to the target field after a test is made for STRINGSIZE. 

For array base elements, the current length and address of each element 
of the array is found, using module IBMBAIH for multi-dimensioned 
arrays, before assigning the array elements to the target in row major 
crder. 

If dimensioned structures were treated in the same way as non
dimensioned structures, the elements of the dimensioned structure would 
be assigned to the target as simple arrays in row major order. For 
example, the structure: 

1 A(2), 
2 B(2), 
2 C; 

would be assigned thus: 

B(1,1),B(1,2),B(2,1),B(2,2),C(1),C(2). 

Tc prevent this, each successive minor structure, or in the first 
instance the major structure itself, is tested for dimensionality. If 
the structure is dimensioned then the address and current length of each 
element in the structure is stored in a variable data area(VDA). When 
the end of the outermost containing structure is reached, these elements 
are sorted into core address order before being assigned to the target. 

Error and Exceptional Conditions 

S'IRINGSI ZE can occur in this module. 
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Linkage 

R1 = A(PLIST) 
PLIST = A(aggregate locator) 

A(aggregate descriptor descriptor) 
. A (target field) 

Entr~ Point IBMBANMB: 

R1 = A (PLIST) 
PLIST = A(aggregate locator) 

Calls 

A(aggregate descriptor descriptor) 
A(target locator descriptor) 

IBMBAIH - Indexer for interleaved arrays. 
IBMBBGK - Concatenate (bit strings). 
IBMBBGK - General assign (tit strings). 
IBMBBGF - Fill (bit strings). 

Called By 

Ccmpiled code. 

IBMBAPC =-PROD (SimEle or Interleaved 
Arra~s with Fixed Point Integer Elements) 

Function 

To produce a scalar whose value is the product of all the elements in 
the array argument. The elements of the array argument may be fixed 
point binary or decimal, real or corr.plex. Real elements and both the 
real and the imaginary parts of complex elements must be integers. 

Method 

The elerrents of the array are used in row major order to multiply the 
current product. For multidimensional interleaved arrays the module 
calls the indexer module IBMBAIH to produce an indexing table for the 
array. 

For fixed point binary integers the product is computed at each step to 
63 bits and then reduced to 31 bits by a left shift operation. Each 
left shift operation incorporates a test for FIXEDOVERFLOW. The result 
is stored as FIXED (31,0). For fixed point decimal integer~ the product 
is calculated throughout as FIXED (31,0) and is finally assigned to the 
target field as FIXED(15,0). A test is made for FIXEDOVERFLOW. 

Error and Exceptional Conditions 

FIXEDOVERFLOW can occur in this module. 
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Linkage 

R1 = A(PLIS~) 
PLIST = A(aggregate locator) 

Calls 

A(half~ord nurrber of dirrensions) 
A(data element descriptor of array) 
A (target) 
A(array-type) (non-zero for multidimensional 

interleaved arrays; zero for simple and one
dimensional interleaved arrays) 

IBMBAIH - Indexer for interleaved arrays. 

Called By 

Ccmt:iled code. 

ll!~~EL= PROD (Simple-2L~rl~~9 
Arra~s ~ith Floating Point Elements) 

Function 

To produce a scalar whose value is the product of all the elements in 
the array argument. The elements of the array argument may be short or 
long floating point, real or complex. The rrodule has four entry points: 

IEMEAPFoA: Short float real elements 

~~~: Short float complex elements 

~~: Long float real elements 

g~~: Long float complex elements 

Method 

The elements of the array are used in row major order to multiply the 
current product. For multidimensional interleaved arrays the module 
calls the indexer module IBMEAIH to produce an indexing table for the 
array. 

Error and Exceptional Conditions 

OVERFLOW or UNDERFLOW can occur in this module. 

Linkage 

R1 = ACPLIST) 
PLIST = A(aggregate locator) 

A(halfword number of dimensions) 
A(target) 
A (array-type) (non-zero for multidimensional 

interleaved arrays; zero for simple and one
dimensional interleaved arrays) 
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Calls 

IBMBAIH - Indexer for interleaved arrays. 

Called By 

ccrrpiled code. 

Function 

To assign a bit or character string to the elements of an array or 
structure variable. 

Method (chart BAPM) 

The pseudovariable must have as argument a structure variable composed 
entirely of: 

1. bit strings and/or binary numeric pictured data. 

or 

2. character strings and/or decimal numeric pictured data. 

The total number of elerrents of all base elements of the structure is 
found and a variatle data area (VDA) is obtained of length 8 bytes for 
each element. Each 8-byte field is made into a string 
lccator/descriptor for an element as the allocated length and address of 
each element is determined. For multi-dimensioned array tase elements 
the interleaved array indexing module IEMBAIH is used to locate each 
elerrent. The indexing module is called for simple as well as for 
interleaved arrays to avoid using additional code to determine whether 
the array is simple or interleaved. 

Since each base element of a dimensioned structure is an interleaved 
array, and SLDs (string locator descriptors) are set up in the VDA for 
all elements of one interleaved array at a time, the order in which the 
SLDs are set u~ does not necessarily correspond to the order in which 
the elements are encountered in the structure. For example, elements of 
the structure: 

1 A(2), 
2 B(2), 
2 c 

appear in storage in the order: 

B(1,1),B(1,2),C(1),B(2,1),B(2,2),C(2) 

but the SLDs are set up in the VDA in the 
order: 

B(1,l),B(1,2),B(2,1),B(2,2),C(1),C(2) 

Therefore after the last entry in the VDA is completed, a simple 
exchange sort is carried out to arrange the SLDs in the order of the 
core addresses of the corresponding elements. (For non-dimensioned 
structures the SLDs will already be in the required order). The source 
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string is then assigned to the elements in core address order and any 
padding which may be necessary is performed. A check for STRINGSIZE is 
made when assigning to the last elerrent of the structure. 

Error and ExceFtional Conditions 

STRINGSIZE can occur in this module. 

Linkage 

Rl A(FLIST) 
PLIST = A(structure descriptor) 

A(Aggregate descriptor descriFtor} 
A(string locator descriptor of source string> 

Calls 

IBMBAIH - Indexer for interleaved arrays. 
IBMBCEB - Conversion (bit to tit). 

Called By 

Compiled code. 

IBMBASC - SUM (Simple or Interleaved 
Arrays with Fixed Point Elements) 

Function 

To produce a scalar whose value is the sum of all the elements in the 
array argument. The elements of the array argument may be fixed point 
binary or decimal, real or complex. 

Method 

The elerrents of the array are added to the current sum in row major 
order. For multidimensional interleaved arrays the module calls the 
indexer module IBMBAIH to produce an indexing table for the array. 

For fixed point binary elements of precision (p,q), the sum is both 
accumulated and stored to precision (31,q). For decimal elements, 
however, the sum is accumulated to precision (31,q) but stored to 
precision (15,q); a test is therefore made for FIXEDOVERFLOW. 

Error and Exceptional Conditions 

FIXEDOVERFLOW can occur in this module 

Linkage 

Rl = A(PLIST) 
PLIST = A(aggregate locator) 

A(halfword number of dimensions> 
A(data element descriptor of array) 
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calls 

IBMBAIH 

A(target) 
A(array-type) (non-zero for multidimensional 

interleaved arrays; zero for simple and one
dimensional interleaved arrays) 

Indexer for interleaved arrays. 

Called Ey 

Compiled code. 

IEMBASF - SUM (Simple_Qr Inter!~~~ 
Arra~!:~JLFlo~£in9 Point Element2) 

Functicn 

To produce a scalar whose value is the sum of all the elements in the 
array argument. The elements of the array argument may ce short or long 
floating point, real or complex. The module has four entry points: 

IBMBASFA: Short float real eleIrents 

IB~~ASFB: Short float complex elements 

IBMBASF£: I.ong float real elements 

IBMBASFD: I.ong float compl ex el ements 

Method 

The elerr.ents of the array are added to the current sum in row major 
order. For multidimensional interleaved arrays the module calls the 
indexer module IBMBAIH to produce an indexing table for the array. 

Error and Exceptional Conditions 

OVERFLO~ or UNDERFLO~ can occur in this module. 

Linkage 

R1 = A(PLIS'I) 
PLIST = A(aggregate locator) 

Calls 

IBMBAIH 

A(halfword number of dimensions) 
ACdata element descriptor of array) 
ACtarget) 
A (array-type) (non-zero for multidimensional 

interleaved arrays; zero for siIrple and 
one-dimensional interleaved arrays) 

Indexer for interleaved arrays. 

Licensed Material -
Property of IBM 

Chapter 7: Computational Routines 119 



Called By 

Ccmpiled code. 

IBMBAYF - POLY Built-In Function 

Function 

To implement the PL/I built-in function POLY(A,X). The module has four 
entry J;oints: 

~~: Short float real arguments. 

IBMBAYFB: Short float complex arguments. 

IBMBAYFC: Long float real arguments. 

IBMBAYFD: Long float complex arguments. 

The function is defined as follows: 

Let A and X be vectors, that is, one-dimensional arrays, declared as 
A(m:n) and X(p:q). Then: 

(n=m) 
POLY(A,X) = A(m) + > 

j;l 

(;-1) 
ACm+j). I I XCp+i) 

i=O 

unless n=m, when the result is A(m). 

If (q-p)<Cn-R-l) then for (p+i»q , 

X ( p+ i ) = X C q ) 

If X is scalar it is treated as the vector X(l). The function 
is then computed as: 

Method 

(n-m) 
POLYCA,X) = ~ A(m+j).X**j 

j=O 

Case 1 - Vector X, (g-£1 ~ (n-m-l): 

POLY(A,X) is evaluated by nested multiplication and addition, i.e. 

where k = p+n-m-l 

Case 2 - Vector X,-i9=ElSin-w-l): 

In the expression given in Case 1 above, the terms in X with subscripts 
ranging from k down to q are all made equal to X(q). 
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Case 3 - Scalar X: 

In the expression given in Case 1, all terms in X are made equal to x. 

Error and Exce~tional Conditions 

OVERFLOW or UNDERFLOW can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(aggregate locator for A) 

A(X) (zero for vector X) 
A(aggregate locator for X) (zero for scalar X) 
A(target) 

Called Ey 

Compiled code 

The string handling modules of the resident library are listed in figure 
7.3. 

Character Strings Bit strings 
PL/I PL/I 

O~erations Functions Byte-aligned General 

AND, OR IEMEBBA 

NOT IEMEBEN 

Compare IBMBBGC 

Concatenate REPEAT IEMEBCK IBMBBGK 

INDEX IEMEBCI IBMBBGI 

TRANSLATE IBMBBCT 

VERIFY IBMBBCV IBMEBGV 

BeOL IBMBBGB 

SUBSTR IBMBBGS IBMBBGS 

Fill, Assign IBMBBGF 

Figure 7.3: String Handling Modules 
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MODULE DESCRIPTIONS 

IBMBBBA - AND and OR c£§rations (Byte-aligned Bit Strings) 

Function 

To implerrent the logical AND and OR operations between two byte-aligned 
bit strings. The module has two entry points: 

IBMBBBAA: AND operation. 

IEMBBBAB: OR operation. 

Method 

Entry Point IBMBBBAA: The current length of a varying target is set to 
the length of the longer operand, or to the maximum length of the target 
field if this is smaller. The two strings are then ANDed together for 
the length of the shorter operand. The remainder of the target field is 
filled with zeros. 

En~Point IB~BB~AB: The current length of a varying target is set to 
the length of the longer operand, or to the maximum length of the target 
field if this is smaller. The two strings are then ORed together for 
the length of the shorter operand. The remainder of the longer string 
is moved unchanged to the target field. 

Error and Exceptional Conditions 

STRINGSIZE can occur in this module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(string locator descriptor of first operand) 

A(string locator descriptor of second operand) 
A(string locator descriptor of target) 

Called By 

Compiled cede. 
IBMBAAH - ALL/ANY. 
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IBMBBBN - NOT operation (Byte-aligned Bit Strings) 

Function 

Tc implement the NOT operation on a byte-aligned bit string and place 
the result in a byte-aligned target field. 

Method 

The current length of a varying target is set to the current length of 
the operand, or to the maximum length of the target field if this is 
smaller. The current length of the target field is then set to a string 
of ones, and the result is obtained by an EXCLUSIVE-OR operation with 
the operand. 

Error and Exce~tional Conditions 

SlRINGSIZE can occur in this module. 

Linkage 

Rl = A(PLIS1) 
PLIST = A(string locator descriptor of operand) 

A(string locator descriptor of target) 

Calls 

IBMBBGFC - Fill (bit strings) 

Called By 

Compiled code 
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IBMBBCI - INDEX (Character Strin~) 

Function 

To implement the PL/I built-in function INDEX(bit string, configuration 
string) 

Method 

The index is found by shifting and comparing portions of the two strings 
in even-odd pairs of registers. The index is stored in the target field 
as a binary integer of default precision. 

Linkage 

Rl 
PLIST 

= A (PLISl') 
= A(string locator descriptor of source string) 

A(string locator descriptor of configuration string) 
A(halfword target) 

Called By 

Compiled code. 

IBMBBCK - concat~nate, REPEA'J;' (C!!~ra~ 
Strings) 

Function 

To concatenate character strings. The module has two entry points: 

~~: To concatenate two character strings into a target field. 

IEMBBCKE: To implement the PL/I built-in function REPEAT, that is, to 
concatenate a single character string with itself n times and to form 
the resulting n+1 instances of the string in a target field. 

Method 

Both entry points of the module use an internal subroutine which obtains 
data from a source, aligns it correctly and moves it to the target 
field. 

Entry Point IBMBBCKA: 

The current length of a varying target is made equal to the sum of the 
.lengths of the two source strings, or to the maxiroum length of the 
target field if this is smaller. The internal subroutine is then used 
twice to move the source strings to the target field. 
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Entry Point IBMBBCKB: 

The current length of a varying target is made equal to (n+1) times the 
length of the source string, or to the rraxirourn length of the target 
field if this is smaller. The internal subroutine is then used 
repeatedly to assemble the concatenated string in the target field. To 
reduce the numcer of times the subroutine is used, the target field is 
concatenated with itself whenever pessicle. 

Error and Exceptional Conditions 

S'IRINGSIZE can occur in this module. 

Linkage 

Entry Point IBMBBCKA: 

R1 = A (PLIST) 
PLIST = A (string locator descriptor 

A (string locator descriptor 
A (string locator descriptor 

Entry Peint IBMBBCKB: 

R1 = A (Pl.1ST) 
PLIST = A (string locator descriptor 

A(n) 
A (string locator descriptor 

Called By 

compiled code. 

of 
of 
of 

of 

of 

IEMBBCT - TRANSLATE (Chara~ter String) 

Function 

first string) 
second "string) 
target) 

source string) 

target) 

To implement the PL/I built-in function TRANSLATE for character string 
arguments. 

Method 

The module uses a translate table consisting of the 256 elements of the 
EBCDIC code arranged in ascending order and modified in such a way that 
any character appearing in the position string is replaced in the table 
by the corresponding replacement string character. The translate table 
may either be passed to the the routine by compiled code or constructed 
by the module its elf. The necessa"ry substitution of characters in the 
source string is then accomplished using the Translate (TR) instruction. 
Finally, the translated string is assigned to the target. 

Error and Exceptional conditions 

The STRINGS1ZE condition can occur in this module. 
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Linkage 

R1 
PLIST 

= A(PLIST) 
= A(string locator descriptor of source string) 

A(string locator descriptor of replacement string) or 
zero if the translate table has been built 

A(string locator descriptor of position string) or 
zero if not specified 

A(target string locator) 
A(Translate tatle) or zero if both 2nd 3rd arguments 

are non-zero 

Called By 

Ccmpiled code 

IBMBBCV - VERIFY (Character StrinQ2) 

Function 

To implement the PL/I built-in function VERIFY for character string 
arguments. 

Method 

The address cf a translate tatle consisting of the 256 elements of the 
EBCDIC code arranged in ascending binary order is passed to the module 
by compiled code. The module modifies the table by replacing any 
character that appears in the verification table by zero and setting the 
remaining elements of the table to X'FF'. The Translate and Test 
instruction TRT is then used to check the characters of the source 
string from left to right. If a non-zero byte is referenced in the 
source string, its position is returned as a binary integer of default 
precision. otherwise the result field is set to zero. 

Linkage 

R1 = A(PLIST) 
PLIST = A{string locator descriptor of source string) 

A(string locator descriptor of verification string) 
A(translate table) 
A(halfword result field) 

Called By 

Compiled code. 

IBMBBGB - BOCL (Bit Strings) 

Function 

To take two source strings and perform one of the sixteen possible 
logical operations between corresponding bits. The particular operation 
performed is defined by inserting the bit pattern nl~n2,n3,n4 yielded by 
the third argument into the following table. 
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1 
I First field 0 0 1 1 
1- ___ 
I 
1 Second field 0 1 0 1 
1- ___ 
I 
1 Target field nl n2 n3 n4 
I 

Method 

The current length of the target string is set equal either to the 
maximum of the current lengths of the source strings or to the maximum 
length of the target field if this is srraller. The specified operation 
is then perfor~ed on the strings and the result is stored in the target 
field. If one string is shorter than the other it is regarded as being 
extended on the right with zeros up to the length of the longer. 

Error and Exceptional Conditions 

STRINGSIZE can occur in this module. 

Linkage 

Rl 
PLIST 

Calls 

A(PLIST) 
A(string locator descriptor of first string) 
A(string locator descriptor of second string) 
A(string locator descriptor of target) 
A(halfword containing nl,n2,n3,n4 in the last four bits) 

IBMBBGFC - Fill (Byte-aligned strings) 

Called ty 

Ccropiled code. 
IBMBAAH - ALL/ANY. 

IEMBBGC - Ccropare (General Bit Strin~) 

Function 

To compare two bit strings and to return a condition code as tits 2 and 
3 of a fullword target as follows: 

00 if the two strings are equal. 

01 if the first string compares low (i.e. has a loeB) at the first 
inequality. 

10 if the first string compares high (i.e. has a 'l'B) at the first 
inequality. 
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The shorter string is treated as though extended with zeros to the 
length of the longer. 

Method 

Ccrresponding portions of the two strings, up to 32 bits long, are 
aligned in even-odd register pairs and then corr:pared using the CLR 
instruction. 

Linkage 

Rl = A(PLIS~) 
PLIST = A(string locator descriptor of first operand) 

A(string locator descriptor of second operand) 
A(target) 

Called By 

Compiled code. 

IBMBBGF - ASsiqn __ (Byte=~li~Bit 
Strings) and Fill (G~n~1-Bii-String§) 

Function 

To assign a fixed or varying byte-aligned bit string to a fixed or 
varying byte-ali9ned bit string target, and to fill a general bit string 
to its maximum length with zeros. The module bas three entry points: 

IBMBBGFA: Assign a byte-aligned bit string to a byte-aligned target, 
filling out with zero bits if necessary. 

IEMBBGFE: Fill out a byte-aligned bit string with zero bits, for a 
specified length. This entry point is used only by compiled code. 

IBMBBGFC: Fill out a byte-aligned bit string with zero tits, for a 
s~ecified length. This entry point is used only by other library 
modules. 

Error and ExceFtional Conditions 

S~RINGSIZE can occur in this module. 

Linkage 

Entry Foint IBMBBGFA: 

Rl 
PLIST 

= A(FIIST) 
= A(string locator descriptor of source string) 

A(string locator descriptor of target string> 

Entry Faint IBMBBGFB: 

R1 
FLIST 
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= A(PLIST) 
= A(string locator descriptor of target to be filled) 
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Entry Point IBMBBGFC: 

Rl = Complement of nureber of bits in the bit overlap. 
R6 = Length tc be filled. 
R8 = Byte origin of target to be filled. 

Called By 

Ccrn~iled code. 
IBMBANM - STRING built-in function. 
IEMBBGK - Concatenate (general bit strings). 
IBMBBGB - BoeL (general bit strings). 

IEMEBGI - INDEX (Bit string§) 

Function 

To implement the PL/I built-in function INDEX(bit string. configuration 
string) 

Method 

The index is found by shifting and comparing portions of the two strings 
in even-odd pairs of registers. The index is stored in the target field 
as a binary integer of default precision. 

Linkage 

R1 = A(PLIST) 
PLIST = A(string locator descriptor of source string) 

A(string locator descriptor of configuration string) 
A(halfword target) 

Called By 

carr.piled code. 

IBMBBGK - Concatenate, REPEAT, and 
General Assign (Bit Strings) 

Function 

To concatenate bit strings and to assign them to a target. The module 
has three entry points: 

IBMBBGKA: To concatenate two bit strings into a target field. 

IBMBBGKA: To implement the PL/I built-in function REPEAT, that is, to 
concatenate a single bit string with itself n times and to form the 
resulting n+1 instances of the string in a target field. 

IBMBBGKC: To assign a tit string to a target field. 
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Method 

All three entry points of the module use an internal subroutine which 
obtains data from a source, aligns it correctly and moves it to the 
target field. 

Entry Point IBMBBGK~: 

The current length of a varying target is made equal to the sum of the 
lengths of the two source strings, or to the maximum length of the the 
target field if this is smaller. The internal subroutine is then used 
twice tc move the source strings to the target field. 

En trL.!~oin t I~MBB~KB: 

The current length of a varying target is made equal to (n+l) times the 
length of the source string, or to the maximum length of the target 
field if this is smaller. The internal subroutine is then used 
repeatedly tc assemble the concatenated string in the target field. To 
reduce the number of tirees the subroutine is used, the target field is 
ccncatenated with itself whenever possible. 

Entry Point IEMEBG~£: 

The current length of a varying target is made equal to the current 
length of the source string. The internal subroutine is then used once 
to move the contents of the source string to the target field. 

Error and Exce~tional Conditions 

STRINGSIZE can occur in this roodule. 

Linkage 

Entry Poin1 IBMBB§KA: 

Rl = A (PLIST) 
FLIST = A (string locator descriptor of first string) 

A (string locator descriptor of second string) 
A (string locator descri~tor of target) 

Entr:x: Point IB~BBGKB: 

Rl = A (PLIST) 
PLIST = A (string locator descriptor of source string) 

A(n) 
A (string locator descriptor of target) 

~~LPoint IE~GKC: 

Rl = A (PLIST) 
PLIST = A (string locator descriptor of source string) 

A (string locator descriptor of target) 

Called Ey 

Compiled code. 
IBMBNMA - STRING built-in function. 
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IBMBBGS - SUBS~R SLD 

Function 

Tc produce a string locator descriptor (SLD) describing the substring 
specified by the SUBSTR built-in function or pseudovariable. The module 
has four entry points: 

IBMBBGSA: SUBS~R(bit string, i) 

IBMBBGSB: SUBSTR(character string, i) 

IBMBBGS£: SUBS~R(bit string, i, j) 

IBMBBGSD: SUBSTR(character string,i,j) 

Method 

Arithmetic is ~erform€d according to the function definition, using the 
current length of the argument string. The result described by the SLD 
is a fixed-length string. 

Error and Exceptional Conditions 

S'IRINGRANGE can occur in this module. 

Linkage 

Rl = A(FLIST) 
PLIST = A(string locator descriptor of source string) 

A(i) 
A(field for target SLD) 

Entry Points IEMBBGSC and D: 

R1 = A(PLIST) 
PLIST A(strin9 locator descriptor of source strin9) 

A(i) 
A( j) 
A(field for target SLD) 

Called Ey 

Compiled code. 

IBMBBGV - VERIFY (Bit strings) 

Function 

To implement the PL/I built-in function VERIFY for bit string arguments. 
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Method 

The verification string is first checked to see whether it contains only 
'l'Es, only 'O'BS, or both. If the verification string contains. both 
'O'Bs and 'l'Bs, a zero is returned in the result field. If the 
verification string contains only 'O'Bs or only 'l'Bs, the source string 
is searched bit-by-bit for an offending bit. If such a bit is found, 
its position is returned in the result field; otherwise a zero is 
returned. 

Linkage 

Rl = A(PLIST) 
PLIST = A(string locator descriptor of source string) 

A(string locator descriptor of verification string) 
A(halfword result field) 

Called By 

Ccnpiled code. 
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ARITHME~IC AND MATHEMATICAL ROUTINES 

The modules described in this section support the PL/I built-in 
arithmetic and mathematical functions and also provide support for 
several arithmetic operations that are too complicated or time-consuming 
tc be done inline. 

The arithmetic operations supported by the library are shown in figure 
7.4. Routines are provided to handle exponentiation, complex 
multiplication and division, and the PL/I built-in functions ADD, 
MULTIPLY, DIVIDE, and ABS. It should be noted that these operations are 
not necessarily always handled by a call to the library; they may be 
dcne inline. 

The mathematical built-in functions supported by the library are shown 
in figure 7.5. 

Real Operands 
Operation or Function Fixed Fixed Short 

binary decimal float 

Integer exponentiation: x**n IBMBMXS 
General exponentiation: x**y IBMBMYS 
Shift-and-assign, shift-and-load IBMBMUD 
ADD IBMBMOD 

Complex Operands 
Fixed Fixed Short 
binary decimal float 

Integer exponentiation: z**n IBMBMXW 
General exponentiation: zl**z2 IBMBMYX 
Division: zl/z2 IBMBMWX 
Multiplicaticn: zl*z2 IBMBMVw 
Multiplication/division: zl*z2; zl/z-2 IBMBMVU IBMBMVV 
ADD IBMBMOD 
MULTIPLY IBMBMPU IBMBMPV 
DIVIDE IEMEMQU IBMBMQV 
AES IBMBMRU IBMBMRV IBMBMRX 

Figure 7.4: Arithmetic Operations 
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IBMBMXL 
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float 

IBMBMXW 
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IBMBMWY 
IBMBMVw 
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Real Arguments 

Short Long 
Function float float 

SQRT IBMBMAS IBMBMAL 
EXP IEMEMBS IEMEMEL 
ERF, ERFC IBMBMCS IBMBMCL 
LOG, LCG2, LCG10 IEMEMDS IEMEMDL 
SIN, SIND, COS, COSD IBMBMGS IBMBMGL 
TAN, TAND IEMEMHS IEMEMHL 
SINH, COSH IBMBMIS IBMBMIL 
TANH IEME~JS IEMEMJL 
ATAN, ATAND IBMBMKS IBMBMKL 
A'IANH IBMEMLS IEMBMLL 
ASIN, ACOS IBMBMMS IBMBMML 

Complex Arguments 

Short Long 
Function float float 

SQR'I IEMEMAX IEMEMAY 
EXP IBMBMBX IBMBMBY 
LOG IBMBMDX IEMBMDY 
SIN, SINH, COS, COSH IBMBMGX IBMBMGY 
TAN, TANH IEMEMHX IEMEMHY 
ATAN, ATANH IBMBMKX IBMBMKY 

Figure 7.5: Mathematical Functions 

MODULE DESCRIPTIONS 

IBMEMAL - SQRT (Lo~loat Real) 

Function 

Tc calculate the square root of x. 

Method 

If x= 0, SQRT(x) = O. Otherwise, let x = 16**(2*p - q)*f, where p is an 
integer, q = 0 or 1, and 1/16 ~ f < 1. Then 

SQRT(x) = 16**p*4**-q*SQRT(f) 

The first aFFroximation of SQRT(x) is computed as: 

Yo= 16**p*4**(1-q).O.2202(f+O.2587) 

This afproximation was chosen in order to permit the use of single 
precision instructions in the final iteration by making the quantity 
X/Y3-Y3 less than 16**(p-8). 

Four Newton-Raphson iterations of the form Yn+1 =(Yn .+ x/Yn)/2 are then 
applied, two in short precision and two in long precision, the last 
being corrputed as 

134 Licensed Material - Property of IBM 



with an appropriate truncation maneuver to obtain virtual rounding. 

The maximum relative error of the final result is theoretically 2**-
63.23. 

Error and Exceptional Conditions 

The ERROR condition is raised if x is negative. 

Linkage 

R1 = A(PLIST) 
PLIST = A(x) 

A(target) 

Called By 

Compiled code. 
IBMBMML - ASIN (long float real). 
IBMBMRY - ABS (long float complex). 
IBMBMAY - SQRT (long float complex) 

IEMBMAS - SQRT (Short Float Rea!) 

Function 

Tc calculate the square root of x. 

Method 

If x = 0, then SQRT(x) = o. 

otherwise, let 

x = 16** (2*p - q)*f 

where ~ is an integer, q = o or 1, and 1/16 

Then 

SQRT(x) = 16**p*4**-q*SQRT(f) 

~ f < 1. 

The first approximation of SQRT(x) is ottained by the byperbolic fit 

yo= 16**p*4**-q(1.681595 - 1.288973/(0.8408065 + f» 

This a~~roximation attains the minimax relative error. The maximum 
relative error is 2**-5.748. 

The Newton-Raphson iteration 

Yn +1 = (Yn + x/Yn)/2 

is applied twice, the second iteration being performed as 
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with partial rounding. 

The maximum relative error of Y2 is theoretically 2**-25.9 

Error and Exceptional Conditions 

The ERROR condition is raised if x is negative. 

Linkage 

R1 = A(FLIS'I) 
PLIST = A(x) 

A(target) 

Called By 

Compiled code. 
IEMBMMS - ASIN, ACOS (short float real). 
IBMBMRX - ABS (short float COITflex). 
IEMBMAX - SQRT (short float complex). 

Modules 

Argument Module 

short float IBMBMAX 

long float IEMEMAY 

Function 

To calculate the principal value of the square root of z, where Z = x + 
yI. The principal value is that result satisfying the condition -pi/2 < 
argument of result ~ pi/2. 

Method 

1. Let SQRT(x+yI) = a+bI. 

2. Let SQRT«ABS(x) + AES(x+yI»/2) = k*SQRT(W 1 +W2) = c 

v 1 = MAX(ABS(x),ABS(y» and 

V 2 = MIN(ABS(x),ABS(y» 

3. In the sfecial case when either v 2 = 0 or v 1 » v 2 let w1 = v 2 and W2 
= v 1 

Let k = 1 if v 1 = ABS(x) or k = 1/SQRT(2) if V 1 = ABS(y) 
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4. In the general case compute: 

If ABS(x) is near the underflow threshold, then take 

If v~*F is near the overflow threshcld, then take 

w~ = ABS(x)/4, W2 = V~*F/2, and k = SQRT(2) 

In all other cases take 

5. Coro~ute c. The appropriate real square root routine is called to 
evaluate SQRT(w~ + W2)i see "Calls" below. 

6. If c = 0 then a = b = O. 

If c * 0 and x ~ 0, then a=c and b=y/(2*c). 

If c * 0 and x < 0, then a=AES(y/(2*c» and b=SIGN(y)*c. 

Linkage 

R1 = A(PLIS'I) 
PLIST = A(z) 

A(target) 

Calls 

IBMBMAS - SQRT (short float real). 
IBMBMAL - SQRT (long float real). 

Called By 

Compiled code. 

Functicn 

To calculate e to the ~ower of x. 

Method 

If x < -180.2187, return zero result. Otherwise EXP(x) is calculated 
as follows: 

1. Divide x by LOG(2) and write 

x = (4*a-b-c/16)*LOG(2)-d 
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where a, band c are integers, 0 ~ b ~ 3, 0 ~ c ~ 15, and the 
remainder d is in the range 0 ~ d < LOG(2)/16. This reduction is 
carried out in extra precision. Then EXP(x) = 16**a*2**-b*2**(
c/16)*EXP(-d). 

2. Compute EXP(-d) by using a mlnlmax ~olynomial approximation of degree 
6 over the range 0 ~ d < LCG(2)/16. The coefficients of this 
approximation were obtained by taking the minimax of relativE errors 
under the constraint that the constant term shall be exactly one. 
The relative error is less than -2**56.87. 

3. Multiply EXF(-d) by 2**(-c/16), then halve the result b times. 

4. Finally, add the hexadecimal exponent a to the characteristic of the 
answer. 

Error and Exceptional Conditions 

The OVERFLOW condition occurs if x > 174.673. 

Linkage 

R1 = A(FLIST) 
PLIST = A(x) 

A (target) 

Called By 

Compiled code. 

IBMBMYI - General Exponentiation (long float real). 
IEMBMCL - ERF,ERFC (long float real). 
IBMBMBY - EXP (long float complex). 
IEMEMIL - SINH,COSH (long float real). 
IBMBMGY - SIN,SINH,COS,COSH (long float com~lex). 
IBMBMJL - TANH (long float real). 

IBMBMBS - EXP (Short Float Real) 

Function 

To calculate e to the power of x. 

Method 

If x < -180.2187, return zero result. Otherwise EXP(x) is calculated 
as follows: 

1. Divide x by LOG(2) and write 

y = x/LOG(2) = 4*a-b-d 

where a and b are integers, 0 ~ b ~ 3, and 0 ~ d ~ 1. 
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Then EXP(x) = 2**y = 16**a*2**-b*2**-d 

2. Compute 2**-d by the following fractional approximation 

2**-d = 1-2*d/(O.024657359*d**d+d+9.9545946-617.97227/ 
(d**2+87.417497» 

This formula can be obtained by the transformation of the Gaussian 
continued fraction 

EXP(-z) = 1-z/(1+z/(2-z/(3+z/(2-z/(5+z/(2-z/(7+z/2»»») 

The maximum relative error of this aFproximation is 2**-29. 

3. MultiFly 2**-d by 2**-b 

4. Finally, add the hexadecimal exponent a to the characteristic of the 
answer. 

Errcr and Exceptional Conditions 

The OVERFLew condition can occur if x >174.673. 

Linkage 

R1 = A(PLIS'I) 
PLIST = A(x) 

A(target) 

Called By 

Compiled code. 
IBMBMYS - General Exponentiation (short float real). 
IBMBMCS - ERF,ERFC (short float real). 
IEMBMBX - EXP (short float complex). 
IBMBMIS - SINH,COSH (short float real). 
IBMBMGX - SIN,SINH,COS,COSH (short float complex). 
IBMBMJS - TANH (short float real). 

IBMBMBX, IBMBMEY - EXP (Float Complex) 

Modules 

Argument Module 

Short float IEMEMBX 

Long float IBMBMBY 

Function 

To calculate e to the power z. 

Licensed Material -
Property of IBM 

Chapter 7: Computational Routines 139 



Method 

Let z = x + yI. 

Then REAL(EXP(z»=EXP(x)*COS(y) 

and I~AG(EXF(z»=EXP(x)*SIN(y) 

Error and Exce~tional Conditions 

The ERROR condition is raised in the called real SIN routine IBMBMGS 
(short) or IBMBMGI. (long) if: 

ABS(y) ~ 2**18*pi 
2**50*pi 

short 
long 

The OVERFLOW ccndition can occur in the real EXP routine IBMBMBS (short) 
or IBMBMBL (long). 

Linkage 

R1 = A(PLISI]:) 
PLIST = A(z) 

A (target) 

Calls 

IEMEMEX calls: 

IBMBMBS - EXP (short float real). 
IEMBMGS - SIN, COS (short float real). 

IBMBMBY calls: 

IBMBMBL - EXP (long float real). 
IBMBMGL - SIN, COS (long float real). 

Called By 

Compiled code. 

Rcutines IBMBMBX and IBMBMBY are called by the complex general 
exponentiation routines IBMBMYX and IBMBMYY respectively. 

IBMBMCL - §RF, ERFC (1onQ Floa~Real) 

Function 

To calculate the error function of x or the complement of this function. 
The module has two entry points: 

IBMBMCLA: ERF 

IEMBMCLB: ERFC 
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Method 

Case 1: 0 $ x < 1 

Coro~ute ERF(x) by the following approximation: 

The coefficients were obtained by the minimax approximation in 
relative error of ERF(x)/x as a function of x**2 over the range 0 $ 
x**2 $ 1. The relative error of this approximation is less than 2**-
56.9. 

ERFC(x) = 1-ERF(x) 

~-l: 1 $ x < 2.040452 

Compute ERFC(x) by the following approximation: 

ERFC(x) = b +b1 .z+b2*z**2+ •••• +b 1s *z**18 

where z = x-~ and T = 1.709472. The coefficients were obtained by the 
m1n1max approximation in absolute error of the function fez) = 
ERFC(z+T) over the range -0.709472 $ z $ 0.330948. ~he absolute error 
of this approximation is less than 2**-60.3. The limits of this range 
and the value of the origin T were chosen to minimize the hexadecimal 
rounding errors. 

ERF(x) = 1-ERFC(x), 1/256 $ ERFC(x) $ 0.1573 

Cast 3: 2.040452 $ x < 13.306 

Compute ERFC(x) by the following approximation: 

ERFC(x) = EXP(-z)*F/x 

where z x**2 

and F = c +d1/(z+c1)+d2/(z+ca)+ •••• +d7/(z+c7) 

The coefficients of F were obtained by transforming a minimax rational 
approximation of the function few) = ER~C(x)*X.EXP(x.*2) in absolute 
error'over the range 13.306**-2 $ w $ 2.040452.*-2 of the form 

few) = (aO+a1.w+a2.w**2+ •••• +a7*w*.7)/ 
(bo +b1*w+ba*w**2+ •••• +be *w**6+w •• 7) 

where w = x*.-2. The absolute error of this approximation is less than 
2**-57.9. 

If 2.040452 $ x < 6.092368 then ERF(x) = 1-ERFC(x) 

If 13.306 > x ~ 6.092368 then ERF(x) = 1 

Case 4: x ~ 13.306 

Results 1 and 0 are returned for ERF(x) and ERFC(x) respectively. 

Case 5: x < 0 

ERF(x) = -ERF(-x) 

and ERFC(x) = 2-ERFC(-x). 
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Linkage 

R1 = A(PLIST) 
PLIST = A(x) 

A(target) 

Calls 

IBMBMB~ - EX~ (long float real). 

Called Ey 

Compiled code. 

Functicn 

To calculate the error function of x or the complement of this function. 
The module has two entry points: 

IEMBMCSA: ERF 

IEMEMCSB: ERFC 

Method 

Compute ERF(x) ty the following approximation: 

~he coefficients were obtained by the minimax approximation in 
relative error of ERF(x)/x as a function of x**2 over the range 0 ~ 
x**2 ~ 1. The relative error of this approximation is less than 2**-
24.6. 

ERFC(x) = 1-ERF(x) 

Case 2: 1 < x < 2.040452 

Compute ERFC(x) by the following approximation: 

where z = x-T and T = 1.709472. The coefficients were obtained by the 
m~n~max approximation in absolute error of the function fez) = 
ERFC(z+T) over the range, -0.709472 ~ z ~ 0.33098. The absolute error 
of this approximation is less than 2 •• -31.5. The limits of this range 
and the value of the origin T were chosen to minimize the hexadecimal 
rounding errors. 

ERF(x) = 1-ERFC(x), 1/256 < ERFC(x) S 0.1573 

Case 3: 2.040452 S x < 13.306 
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cem~ute ERFC(x) by the following approximation: 

ERFC(x) = EXP(z)*F/x 

where z = x**2 

~he coefficients of F were obtained by transforming a m~n~max rational 
approximation of the function few)· = ERFC(x)*x*EXP(x**2) in absolute 
error ever the range 13.306**-2 ~ w ~ 2.040452**-2 of the form 

where w = x**2. The absolute error of this a~proximation is less than 
2**-26.1. 

If 2.040452 S x < 3.919206, ERF(x) = 1 - ERFC(x) 

If 13.306 > x ~ 3.919206, ERF(x) = 1 

Case 4: x ~ 13.306 

Results 1 and 0 are returned for ERF(x) and ERFC(x) respectively. 

Case2: x < 0 

ERF(x) = - ERF(-x) 

and ERFC(x) = 2 - ERFC(-x). 

Linkage 

Rl = A(PLIST) 
PLIST = A(x) 

A(target) 

Calls 

IBMBMBS - EXF (short float real). 

Called By 

Compiled code. 

IBMBMDL - LOG, LOG2, LCGI0 (Long Float Real) 

Function 

To calculate the logarithm of x to the base e, 2, or 10. The module has 
three entry points: 

IBMBMDLA: LOG 

IBMBMDLB: LOG2 
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IEMEMDLC: LOGlO 

Method 

Let x = 16**p*2**(-q)*m where ~ is the ex~onent, q is an integer s'uch 
that 0 S q S 3, and 1/2 S m < 1. 

Two constants, a (= base point) and b (=-LOG2(a», are defined as 
fellows: 

1/2 ~ m ~ 1/SQRT(2): a = 1/2, b = 1 

1/SQRT(2) S m < 1: a = 1, b = 0 

Let y = (m - a)/(m + a). 

Then m = a*(1 + y)/(1 - y) and AES(y) < 0.1716. 

Now x = 2** (4*p - q - b)*(1 + y)/(l - y). Therefore: 

LOG(x) = (4*p - q - b)*LOG(2) + LOG«1+y)/(1-y» 

To obtain LOG«1+y)/(1-y», w = 2*y = (m-a)/(0.5m+0.5a) is computed and 
the following approximation is then performed: 

LOG«1+y)/(1-y» = W*(C + c1*w**2*(w**2 
+C2+C3/(W**2+c~+C5/(W**2+C6»» 

The coefficients were obtained by the minimax rational approximation of 
LOG«1+y)/(1-y»/(2*y), in relative error, over the range y**2 S 
0.02944 under the constraint that the first term shall be 1. The 
maximum relative error of this approximation is less than 2**-60.55. 

LOG2(x) er LOG10(x) is calculated by multiplying the result by LOG2(e) 
or LOG10(e) respectively. 

Error and Exce~tional Conditions 

The ERROR condition is raised if x S o. 

Linkage 

Rl = A(FLIST) 
PLIST = A(x) 

A(target) 

Called By 

Compiled cede. Entry point IBMBMDLA(log to base e) is also called by: 

IBMBMLL - ATANH (long float real). 
IBMBMYL - General exponentiation (long float real). 
IBMBMYY - General exponentiation (long float complex). 
IBMBMDY - LOG (long float complex). 
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IBMBMDS - LOG, LOG~OG10 (Short Float Real) 

Function 

To calculate the logarithm of x to the base e, 2, or 10. The module bas 
three entry points: 

IBMBMDSA: LOG 

IEME~: LOG2 

IEMBMDSC: LOG10 

Method 

Let x = 16**~*2**(-q)*m where p is the exponent, q is an integer such 
that 0 ~ q ~ 3, and 1/2 ~ m < 1. 

Two constants, a C= base point) and b C = -LOG2Ca», are defined as 
fellows: 

1/2 ~ m < 1/SQRT(2): a = 1/2, b = 1 

1/SQRT(2) ~ ro < 1: a = 1, b = 0 

Let y = (m-a)/(m+a). 

Then m = a*(1+y)/(1-y) and AESCy) < 0.1716. 

N0W x = (2**C4*p-q-b»*«1+y)/(1-y». iherefore: 

LOG(x) = (4*p-q-b)*LOG(2) + LOG«1+y)/(I-y» 

TO obtain LOG«1+y)/(I-y» first w = 2*y (m-a)/(0.5m+0.5a) is computed. 
The following approximation is performed: 

LOG«l+y)/(l-y» = w*(c o + c1 *w**2/(C2 - w**2» 

The coefficients were obtained by the rrinimax rational approximation of 
LOG«1+y)/(1-y»/(2*y), in relative error, under the constraint that the 
first term (co) shall be one. The maximum relative error of this 
a~froxirration is less than 2**-25.33. 

LOG2(x) or LOGI0(x) is calculated by multiplying the result by LOG2(e) 
or LOGIO(e) respectively. 

Error and Exceptional Conditions 

The ERROR condition is raised if x ~ o. 

Linkage 

RI = A(PLIST) 
PLIST = A(x) 

A (target) 

Called By 

compiled code. Entry point IEMEMDSA(log to base e) is also called by: 

IBMEMLS - ATANH (short float real). 
IBMBMYS - General exponentiatien (short float real). 
IEMEMYX - General exponentiation (short float complex). 
IBMBMDX - LOG (short float complex). 
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IEMBMDX - LOG (Short Float Complex) 

Function 

Tc calculate the principal value of the natural logarithm of z. The 
principal value is that result satisfying the condition: 

-pi < imaginary part of result ~ pi 

Method 

Let LOG(x+yI) = a+bI. 

Then a = LOG(ABS(x+yI» and b = ATAN(y,x) 

LOG(AES(X+yI» is computed as follows: 

Let V 1 = MAX(ABS(x),ABS(y» 

and V2 = MIN(ABS(x),ABS(y» 

Let t be the exponent of V1 (i.e., v1 = m*16**t, 1/16 ~ m <.1) 

Let t1 = t if t ~ 0 

or t1 = t-l if t> 0 

computation of V1/S and V2/S are carried out by suitable adjustment of 
the characteristics of V1 and V2 .If v 2/s « 1, it is taken to be O. 

Error and Exceptional Conditions 

The ERROR condition is raised in the called real ATAN routine IBMBMKS if 
x = y = o. 

Linkage 

R1 = A(PLIST) 
PLIST = A(z) 

A (target) 

Calls 

IBMBMDS 
IBMBMKS 

Called By 

LOG (short float real). 
ATAN (short float real). 

compiled code. 
IBMBMYX - General exponentiation (short float complex) •. 
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IEMBMDY - LOG (Long Float Complex) 

Function 

To calculate the ~rincipal value of the natural logarithm of z. The 
principal value is that result satisfying the condition 

-pi < imaginary part of result ~ ~i 

Method 

Let LOG(x+yI) = a+bI. 

Then, a = LOG(ABS(x+yI» and b = ATAN(y,x) 

LOG(ABS(x+yI» is computed as follows: 

Let V1 = MAX(AES<x),ABS<y» and 

V2 = MIN(AES(x),ABS(y» 

Let t be the exponent of V1 (i.e., V1 = m*16*.t, 1/16 S m < 1) 

Let t1 = t if t s 0 

or t1 = t-l if t > 0 

and s = 16*.t1 

computation of V1/S and V2/S are carried put by suitable adjustment of 
the characteristics of v1 and V2 in particular, if V2/S « 1, it is 
taken to be O. 

Error and Exceptional Conditions 

The ERROR condition is raised in the called real AT AN routine IBMBMKL if 
x = Y = o. 

Linkage 

Rl = ACPLIS'I) 
PLIST = A(z) 

A (target) 

Calls 

IEMEMDL - LOG (long float real). 
IBMBMKL - ATAN (long float real). 

called Ey 

Compiled code. 
IEMBMYY - General exponentiation (long float complex). 
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IEMBMGL - SIN, SIND, COS, COSO (Long Float Real) 

Function 

To calculate sin x or cos x where x is in radians or degrees. The 
module has four entry points: 

IBMBMGLA: SIN 

IBMBMGLB: SIND 

~M.§MG lC: COS 

IBMBMGlD: COSD 

Method 

Let y = ABS(x)/(pi/4) for x in radians, 
or y = ABS(x)/45 for x in degrees. 
and y = q + r, q integral, 0 ~ r < 1. 

Take q1 
q1 

= 
= 

q for SIN or SIND with positive or zero argument, 
q + 2 for COS or CCSD, 

q1 
and qa 

= 
= 

q + 4 for SIN or SIND with negative argument, 
MOD(q1,8). 

since cas (x) :::; SIN(ABS(x) + pi/2) 
and SINe-x) = SIN(AES(x) + f i ), 

it is only necessary to find 

SIN(fi / 4*(q,a + r», for 0 ~ q,a ~ 7. 

Therefore compute: 

SIN(pi/4*r), if q,a = 0 or 4, 
coS(pi/4*(1 - r», if q,a = 1 or 5, 
COS(pi/4*r), if q,a = 2 or 6, 
SIN(pi/4*(1 - r) ) if q,a = 3 or 7. 

SIN(pi/4*r1)/r1, where r1 is r or (1 - r), is computed by using the 
Chebyshev interpolation polynomial of degree 6 in r1 **2, in the range. 0 
~ r1**2 ~ 1, with maxiwum relative error 2**(-58). 

COSCpi/4*r1) is computed by using the Chebyshev interpolation polynomial' 
of degree 7 in r1**2, in the range 0 ~ r1**2 ~ 1, with maximum relative 
error 2**(-64.3). 

Finally, if q,a ~ 4 a negative sign is given to the result. 

Error and Exceptional Conditions 

The ERRCR condition is raised if 

AES(x) ~ 2**50*K, 

Linkage 

R1 = A(PLIST) 
PLIST = A(x) 

ACtarget) 

where K = pi if x is in radians 
or K = 180 if x is in degrees 
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Called By 

Ccropiled code. Entry points IBMBMGLA(SIN) and IBMBMGLC (COS) are also 
called by: 

IBMBMEY - EXP (long float complex). 
IBMEMGY - SIN, SINH, COS, COSH (long float complex). 
IBMEMHY - TAN, TANH (long float complex). 

IBMBMGS - SIN. SIN~Q§, COSD (Short Float Real) 

Function 

To calculate sin x or cos x, where x is in radians or degrees. The 
mcdule has four entry points: 

IBMBMGSA: SIN 

IBMBMGSB: SIND 

IBMB~: CCS 

IBMBMGSD: COSD 

Method 

Let k = pi/4 

Evaluate p = AES(x)*(l/k) if x is in radians 
cr p = ABS(x)*(1/45) if x is in degrees 

using long-precision multiplication to safeguard accuracy. 

Separate p into integer part q and fractional part r, i.e., p = q + r 
where 0 S r < 1. 

Define q1 = q if SIN or SIND is required and x ~ 0; 
'11 = q + 2 if COS or COSD is required; 
q1 = q + 4 if SIN or SIND is required and x < o. 

Then for all values of x each case has been reduced to the computation 
of SIN(k*(q1+r» = SIN(t) say, where t ~ o. 

If qa = 0, SIN(t) = SIN (k*r) 
if qa = 1, SIN(t) = COS (k* (l-r» 
If qa = 2, SIN(t) = COS (k*r) 
If qa = 3, SIN(t) = SIN(k*(l-r» 
If CIa = 4, SIN(t) = -SIN (k*r) 
If qa = 5, SIN(t) = -COS (k* (l-r» 
if CIa = 6, SIN(t) = -COS(k*r) 
if qa = 7, SIN(t) = -SIN(k*(l-r». 

Thus it is necessary to compute only SIN(k*r1) or COS(k*r1); where r1 = 
r or 1 - rand 0 S r1 S 1; as follows: 

The coefficients were obtained by the Chebyshev interpolation. The 
maximum relative error is less than 2**-28.1. 
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The coefficients were obtained by a variation of the minimax 
approximation which provides partial rounding for the short 
precision computation. ~he maximum absolute error is 2**-24.57. 

Error and Exceptional Conditions 

The ERROR condition is raised if 

AES(x) ~ 2**18*K, 

Linkage 

Rl = A(PLIS~) 
PLIST = A(x) 

A (target) 

Called By 

where K = pi if x is in radians 
or K = 180 if x is in degrees 

Compiled code. Entry points IBMBMGSA(SIN) and IBMBMGSC (COS) are also 
called by: 

IBMBMBX - SIN (short float complex). 
IBMBMGX - SIN, SINH, COS, COSH (short float complex). 
IEMBMHX - TAN, TANH (short float complex). 

IBMBMGX - SIN, SINH, COS, COSH (Short Float Complex) 

Function 

To calculate sin z, hyperbolic sin z, cos z, or hyperbolic cos z. The 
mcdule has four entry points: 

IBMBMGXA: SIN 

IBMBMGXB: SINH 

IBMBMGXC: COS 

IBMBMGXD: COSH 

Method 

Let z = x + YI. 

Then REAL( SIN (z» = SIN(x)*COSH(y) 
and IMAG(SIN(z» = CCS(x)*SINH(y) ; 

REAL(COS(z» = COS(x)+COSH(y) 
and IMAG(CCS(z» = -SIN(x)*SINH(y); 

REAL(SINH(z» = COS(y)*SINH(x) 
and IMAG(SINH(z» = SIN(y)*COSH(x); 

REAL(COSH(z» = CCS(y)*CCSH(x) 
and IMAG(COSH(z» = SIN(y)*SINH(x). 
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To avoid making calls to evaluate SINH and COSH separately, and thus 
frequently having to evaluate EXP twice for the same argument, SINH(u) 
is computed as follows: 

Case 1: u > 0.3465736 

SINH(u) (EXP(u) - 1/EXP(u»/2. 

Case-1: 0 ~ u ~ 0.3465736 

SINH(u)/u is aFproximated by a polynomial of the form aO + a~*u**2 + 
a~*u**4 (which has a relative error of less than 2**-26.18). The 
coefficients were obtained ty the minimax approximation in relative 
error of SINH(x)/x over the range 0 ~ x**2 ~ 0.12011 under the 
constraint that the first term shall be exactly 1. 

SINH(u) = -SINH(-u). Then 
COSH(u) = SINH(ABS(u» + l/EXP(ABS(u». 

Error and Exceptional Conditions 

The ERRCR condition is raised in the called real SIN routine IBMBMGS if 

where v = x for entry points IEMEMGXA and C (SIN and COS) 
and v = y for entry points IBMBMGXB and 0 (SINH and COSH). 

The OVERFLOW condition can occur in the called EXP routine IBMBMBS. 

Linkage 

Rl = A(PLIST) 
PLIST = A(z) 

A(target) 

Calls 

IEMEMGS - SIN,COS (short float real). 
IBMBMBS - EXP (short float real). 

Called By 

Corrpiled code. 

IBMBMGY - SIN, SINH, £~COSH (Long Float ComElex) 

Function 

To calculate sin z, hyperbolic sin z, cos z, or hyperbolic cos z. The 
module has four entry points: 
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IBMBMGYA~ SIN 

IBMEMGYC: COS 

IBME~: COSH 

Method 

Let z = x + yI. 

Then REAL(SIN(z» = SIN(x)*CCSH(y) 
and IMAG(SIN(z» = COS(x)*SINH(y); 

REAl(COS(z» = COS(x)*CCSH(y) 
and IMAG(COS(z» = -SIN(x)*SINH(y); 

REAL(SINH(z» = COS(y)*SINH(x) 
and IMAG(SINH(z» = SIN(y)*COSH(x) ; 

REAL(COSH(z» = COS(y)*COSH(X) 
and I~AG(CCSH(z» = SIN(y)*SINH(x). 

To avoid making calls to evaluate SINH and COSH separately, and thus 
frequently having to evaluate EXP twice for thE same argument, SINH(u) 
is COITtFuteo as follows: 

ca~-1: u ~ 0.481212 

SINH(u) = (EXP(U) - 1/EXP(u»/2 

Case_~: 0 ~ u < 0.481212 

SINH(u)/u is afproximateo ty a polynomial of the fifth degree in u**2 
which has a relative error of less than 2**-56.07. The coefficients 
were ottained ty the minimax approximation in relative error of 
SINH(x)/x over the range 0 ~ x**2 ~ 0.23156 under the constraint that 
the first term shall te exactly 1. 

SINH(u) = -SINH(-u). Then 
COSH(u) = SINH(ABS(u» + l/EXP(ABS(u». 

Error and Exceptional Conditions 

The ERROR condition is raised in the called real SIN routine IBMBMGL if 

AES(v) ~ 2**50*pi 

where v = x for entry points IBMEMGYA and C (SIN and COS) 
and v = y for entry Foints IBMBMGYB and D (SINH and COSH). 

The OVERFLOW condition can occur in the called EXP routine IBMBMBL. 

Linkage 

R1 = A(PLIS'I) 
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PLIST = A(z) 
A(target) 

Calls 

IEMBMGL - SIN, cos (long float real). 
IBMBMEL - EXP (long float real). 

Called By 

CCItpiled code. 

IBMBMHL - TAN, TAND (L~Float Real) 

Function 

To calculate tan x, where x is in radians or degrees. The module bas 
two entry points: 

IBMBMHLA: TAN 

IBMBMHLB: TAND 

Method 

Evaluate p = (4/pi)*ABS(x) if x is in radians 
or p = (1/4S)*AES(x) if x is in degrees. 

Let q and r be respectively the integral and fractional parts of p. 

If q is even, put s = ri 
if q is odd, put s = 1 - r. 

Let q1 = MOD(q,4). Then 

If q1 = 0, TAN (ABS (x» = TAN (pi*s/4) 
If q1 = 1, TAN(ABS(x» = COT(pi*s/4) 
If q1 = 2, TAN(ABS(x» = -CCT(pi*s/4) 
If q1 = 3, TAN (ABS (x» = -TAN(pi*s/4) 

Compute TAN(pi*s/4) and COT(pi*s/4) as the ratio of two polynomials: 

TAN(pi*s/4) = s.P(s.*2)/Q(s.*2» 
COT (pi*s/4) = Q(s**2)/(s*P(s**2» 

where both P and Q are polynorrials of degree 3 in s*.2. The 
coefficients of P and Q were obtained by the minimax rational 
approximation (in relative error) of TAN(pi*s/4) of the indicated form. 
The maximum relative error of this approximation is 2.*-55.6. 

Finally, if x < 0, TAN(x) = -TAN(ABS(x». 

Error and Exceptional Conditions 

The OVERFLOW condition can occur in this module. 

The ERROR condition is raised if 

ABS(x) ~ 2**50*K, 
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Linkage 

Rl = A(FLIST) 
PLIST = A(x) 

A(target) 

Called By 

Compiled code. 

Function 

To calculate tan x, where x is in radians or degrees. ihe module has 
two entry points: 

IEMBMHSA: TAN 

IEMBMHSB: TAND 

Method 

Evaluate p = (4/pi)*ABS(x) if x is in radians 

or p = (1/45)*ABS(x) if x is in degrees, 

using long-precision multiplication to safeguard accuracy. 

Let q and r ce respectively the integral and fractional parts of p. 

If q is even, put s = r: 
if q is odd, Fut s = l-r. 

Let q1 = MOD(q,4). Then 

If q1 = 0, 
If q1 = 1, 
If q1 = 2, 
If q1 = 3, 

TAN(AES(x» = TAN (pi*s/4) 
iAN(AES(x» = COT(pi*s/4) 
TAN(AES(x» = -COT(pi*s/4) 
TAN(ABS(x» = -TAN(pi*s/4) 

compute TAN(pi*s/4) and COT(pi*s/4) as the ratio of two polynomials: 

TAN(pi*s/4) = s*P(u)/Q(u) 

COT(pi*s/4) = Q(u)/(s*P(u» 

where u = s**2/2 

p(u) = -8.460901 + u 

and Q(u) = -10.772754 + 5.703366*u - 0.159321*u**2 

These coefficients were obtained by the minimax rational approximation 
in relative error of the above form. The maximum relative error of 
this a~~roximation is 2**-26. The variable u, rather than 5**2, was 
chosen for P and Q in order to improve the rounding effect of the 
coefficients. 
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Finally, if x < 0, put 

TAN(x) = -TAN(AES(x». 

Error and Exceptional Conditions 

The OVERFLOW ccndition can occur in this module. 

The ERRCR condition is raised if 

ABS(x) ~ 2**18*K, 

Linkage 

Rl = A(FLIS'I) 
PL1ST = A(x) 

A(target) 

Called By 

Compiled code. 

Function 

where K = pi if x is in radians 
or K = 180 if x is in degrees. 

To calculate tan z or hyperbolic tan z. The module has two entry 
points: 

1BMBMHXA: TAN 

IBMBMHXB: TANH 

Method 

Let z = x + y1. 

Then REAL(TAN(z» 

1MAG(TAN(z» 

= 
= 

SIN(2*x)/(COS(2*x) + COSH(2*y». 

S1NH(2*y)/(COS(2*x) + COSH(2*y». 

and TANH{z) = -(TAN(zI»1 

Error and Exceptional Conditions 

The OVERFLOW condition can o·ccur in this module. 

The ERRCR condition is raised in the called module 1BMBMGS if: 

ABS(u) ~ 2**18*pi 

where u = 2*x for entry ~oint-1BMBMHXA, 
u = 2*y for entry point IBMEMHXB. 
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OVERFLOW can occur in module IEMBMBS. 

Linkage 

Rl ::: A(PLIST) 
PLIST = A(z) 

A (target) 

Calls 

IBMBMGS - SIN, SIND, COS, COSO (short float real). 
IBMBMIS - SINH, COSH (short float real). 

Called By 

Compiled code. 

IBMBMHY - TAN, TANH (Long_Float Complex) 

Functicn 

TO calculate tan z or hypercolic tan z. The module has two entry 
points: . 

IEMEMHYA: TAN 

IBMBMHYE: TANH 

Method 

Let z = x + yI. 

Then REAL(TAN(z» 

IMAG(TAN(z» 

= 

= 

SIN(2*x)/(COS(2*x) + COSH(2*y». 

SINH(2*y)/(COS(2*x) + COSH(2*y». 

and TANH(z) = -(TAN(zI»I 

Error and Exceptional Conditions 

The OVERFLOW condition can occur in this module. 

The ERROR condition is raised in the called module IBMBMGL if: 

ABS(u) ~ 2**SO*pi 

where u = 2*x for entry point IBMBMHYA, 
u = 2*y for entry point IBMEMHYB. 

OVERFLOW can occur in module IBMBMBL. 
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Linkage 

R1 = A(PLIST) 
PLIST = A(z) 

A(target) 

Calls 

IBMBMGL - SIN, SIND, COS, COSO (long float real). 
IBMBMIL - SINH, CCSH (long float real). 

Called By 

Compiled code. 

IBMEMIL - SINH, COSH (Long_Float Real) 

Function 

To calculate hyperbolic sin x or hyperbolic cos x. The module has two 
entry points: 

~~: SINH 

IEMBM!LB: COSH 

Method 

~-1: ABS(x) < O.88137Q 

COSH(x) = EXP(x)/2 + O.S/EXP(x) 

The coefficients C were obtained by the minimax approximation in 
relative error of SINH(x)/x as the function-of x**2. The maximum 
relative error of this approximation is 2**-55.7. 

Case 2: x ~ 0.881374 

SINH(x) = EXP(x)/2 - O.S/EXP(x), 

COSH(x) = EXP(x)/2 + O.S/EXP(x). 

These two versions of EXP(x)/2 ± O.5/EXP(x) are preferable to the 
equivalent versions of (EXP(x) - 1/EXP(x»/2 because, in floating-point, 
0.5 has three more significant bits than 1.0. 

~-1: x S -O.88137Q 

The con.~utation is reduced to case 2 by 

SINH(x) = -SINH(ABS(x». 

COSH(x) = EXP(x)/2+0.5/EXP(x) 

Licensed Material -
Property of IBM 

Chapter 7: Computational Routines 157 



Error and Exceptional Conditions 

The OVERFLOW condition can occur in the called routine IBMBMBL. 

Linkage 

Rl = A(PLIST) 
PLIST = A(x) 

A(target) 

Calls 

IBMBMBL - EXF (long float real). 

Called By 

IEMBMHY - TAN, TANH (long float complex). 
Ccn:piled code. 

IBMBMIS - SINH, COSH (Short Float Real) 

Function 

To calculate hyperbolic sin x or hyperbolic cos x. The module has two 
entry points: 

IBMBMISA: SINH 

IBMBMISB: COSH 

Method 

Case 1: ABS(x) < 1 

COSH(x) = EXP(x)/2+0.5/EXP(x) 

The coefficients c were obtained by the m1n1max approximation in 
relative error of SINH(x)/x as the function of x**2. The maximum 
relative error of this approximation is 2**-25.6. 

Case 2: x ~ 1 

SINH(x) = EXP(x)/2 O.5/EXP(x). 

COSH(x) = EXP(x)/2 + O.5/EXP(x). 

These two versions of EXP(x)/2 ± O.5/EXP(x) are preferable to the 
equivalent versions of (EXP(x) - 1/EXP(x»/2 because, in floating-point" 
0.5 has three more significant bits than 1.0. 

Case 3: x ~ -1 

The computation is reduced to case 2 by 
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SINH(x) = -SINH(ABS(x» 

COSH(x) = EXP(x)/2+0.5/EXP(x) 

Error and Exceptional Conditions 

The OVERFLOW condition can occur in the called routine IBMBMBS. 

Linkage 

R1 = A(FLIS~) 
PLIST A(x) 

A(target) 

Calls 

IBMBMBS - EXP (short float real). 

Called By 

IEMBMHX - ~AN, TANH (short float complex) 
Compiled code. 

Functicn 

To calculate the byperbolic tangent of x. 

Method 

Ca~-1: ABS(x) S 2**-28 

Return x as result. 

ca§~-l: 2**-28 < ABS(x) < 0.54931 

Use a transformed minimax approximation of the form: 

The minimax of relative error was taken over the range x**2 S 0.30174 
under the constraint that the first term is 1. The maximum relative 
error is 2**-63. 

Case-1: 0.54931 S x < 20.101 

TANH(x) = 1 - 2/(EXP(2*x)+1) 

Case 4: x ~ 20.101 

Return result 1. 

Licensed M.aterial -
Property of IBM 

Chapter 7: Computational Routines 159 



Case 5: x $ -0.54931 

TANH(x) = -TANH(-x) 

Linkage 

R1 = A(PLIST) 
PLIST = A(x) 

A(target) 

Calls 

IBMBMBL - EXP (long float real). 

Called By 

Compiled code. 

IBMBMJS - TANH (Short Float Real) 

Function 

Tc calculate the hyperbolic tangent of x. 

Method 

Case 1: ABS(x) S 2**-12 

Return x as result. 

Case 2: 2**-12 < ABSex) S 0.7 

Use a transformed continued fraction of the form: 

TANH(x)/x = 1 - x**2*(.0037828+.8145651/(x**2+2.471749» 

The coefficients of this approximation were obtained by taking the 
minimax of relative error, over the range x**2 < 0.49, of approximations 
of this form under the constraint that the first term shall be 1. The 
maxim"urn relative error of this aFproxirration is 2**-26.4. 

Case 3: 0.7 < x < 9.011 

Use TANHex) = 1 - 2/(EXpe2*x) + 1). 

Case 4: x ~ 9.011 

Return result 1. 

Case 5: x < -0.7 
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TANH(x) = -TANH(-x). 

Linkage 

R1 = A(PLIS'I) 
PLIST = A(x) 

A (target) 

Calls 

IBMBMBS - EXP (short float real). 

called By 

Ccmpiled cede. 

IBMBMKL - AT~!Ih~1~2ng Float Real) 

Function 

Tc calculate arctan x or arctan(y/x). The result ranges are: 

Arctan x(radians) 
Arctan (y/x) (radians) 
Arctan _= (degrees) 
Arctan (y/x) (degrees) 

-
-
-
-

± pi/2 
± pi 
± 90 0 

± 180 0 

The module has four entry points: 

IBMBMKLA: ATAN(x) 

IBMBMKLB: ATAND(x) 

IBMBMKLC: ATAN(y,x) 

IBMBMKLD: ATAND(y,x) 

Method 

1. ATAN(y,x) 

If x = 0 or ABS(y/x) ~ 2**56, the answer SIGN(y).pi/2 is returned 
except for the error case x = y = o. Otherwise 

ATAN(y,x) = ATAN(y/x) if x > 0 

or ATAN(y,x) = ATAN(y/x) + SIGN(y).pi if x < 0 

Hence the computation is now reduced to the single argument case. 

2. ATAN(x) 

The general case may be reduced to tn~ x~nQe 0 ~ X ~ 1 since 

ATAN(-x) = - ATAN(x) 
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and ATAN(l/AES(x» = pi/2 - ATAN(AES(x». 

A further reduction to the range ABS(x) ~ TAN(pi/12) is made by 
using 

ATAN(x) = pi/6 + ATAN«SQRT(3)*x - l)/(x + SQRT(3») 

Care is taken to avoid the loss of .significant digits in computing 
SQR'I(3)*x - 1. 

For the basic range ABS(x) ~ TAN(pi/12), use a continued fraction of 
the form 

where u = x**2. 

The relative error of this approximation is less than 2**-60.7. 

The coefficients of this formula were derived by transforming a 
minirrax rational approximation in relative error over the range 0 ~ 
u ~ 0.071797 for A'IAN(x)/x of the following form: 

A'IAN(x)/x = a + u*«c + c~*u + C2*U*U + c 3 *u*u*u)/(d + d~*u 
+ d 2*u*u + u*u*u». 

under the constraint that a = 1. 

3. ATAND(x) and ATAND(y,x) 

The treatment is as above with the addition of a final conversion of 
the result to degrees. 

Error and Exceptional Conditions 

Entry Points IEMBMKLC and D: 

The ERROR condition is raised if x = Y = o. 

Linkage 

Entry Points IEMBMKLA and 12: 

R1 = A(PLIST) 
PLIST = A(x) 

A(target) 

R1 = A(PLIST) 
PLIST = A(y) 

A(x) 
A (target) 

called By 

ccmpiled code. In addition, entry point IBMBMKLC is called by: 

IEMBMD~ - LOG (long float corrplex). 
lBMBMKY - ATAN, ATANH (long float complex). 
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IEMEMKS - ATAN~!AND CShort Float Real) 

Function 

To calculate arctan x or arctan(y/x). The result ranges are: 

Arctan xCradians) 
Arctan (y/x) (radians) 
Arctan x(degrees) 
Arctan(y/x)Cdegrees) 

-
-
-
-

± pi/2 
± pi 
± 90 0 

± 180 0 

The rr,odule has four entry points: 

IEMBMKSA: ATANCx) 

IEMBMKSB: ATAND(x) 

IEME~: ATAN(y,x) 

IEMEMKSL: ATAND(y,x) 

Method 

1. ATANCy,x) 

If x = 0 or ABSCy/x) ~ 2**24, the answer SIGNCy)*pi/2 is returned 
exce~t for the error case x = y = o. Otherwise 

or 

ATAN(y,x) = A~AN(y/x) if x > 0 

ATAN(y,x) = ATAN(y/x) + SIGN(y)*pi if x < o. 

Hence the computation is now reduced to the single argument case. 

2. ATAN(x) 

The general case may be reduced to the range 0 ~ x ~ 1 since 

ATAN(-x) = -ATAN(x), and 

and ATANC1/AES(x» = pi/2 - ATANCAES(x». 

A further reduction to the range AESCx) ~ TANCpi/12) is made by 
using 

ATAN(x) = pi/6 + ATAN«SQRTC3)*x - l)/Cx + SQRT(3») 

Care is taken to avoid the loss of significant digits in computing 
SQR~(3)*x - 1. 

For the basic range ABSCx) ~ TANCpi/12), use an approximation 
forrruia of the forrr 

ATANCx)/x = a + b*x**2 + c/(d + x**2) 

with relative error less than 2**-27.1. 

3. ATAND(x) and ATAND(y,x) 

The treatment is as above with the addition of a final conversion of 
the result to degrees. 
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Error and Exceptional Conditions 

Entry Points IBMBMKSC and D: The ERROR condition is raised if x=y=O. 

Linkage 

Entry Points IBMBMKSAL_IBMBMKSB: 

Rl = A(PLIST) 
PLIS'I' = A (x) 

A(target) 

Rl = A(PLIST) 
PLIST = A(y) 

A(x) 
A (target) 

Called By 

Compiled code. In addition, entry point IBMBMKSC is called by: 

IBMBMDX - LOG (short float complex). 
IEMBMKX - ATAN, ATANH (short float complex). 

Function 

To calculate arctan z or hyperbolic arctan z. The module has two entry 
points: 

IBMBMKXA: ATAN 

IBMBMKXB: ATANH 

Method 

Let z = x + yI. 

Then 

REAL(ATANH(z» = (ATANH(2*x/(1 + x*x + y*y»)/2 

lMAG(ATANH(z» = (ATAN«2*y),(1 - x*x - y*y»)/2 

and ATAN(z) = -(ATANH(zI»I 

Error and Exceptional Conditions 

ATAN: The ERROR condition is raised if z = ±lI 

~: The ERROR condition is raised if z = ±1 
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Linkage 

Rl = A(PLIS'I) 
PLIST = A(z) 

A(target) 

Calls 

IBMBMKS - ATAN (short float real). 
IBMBMLS - ATANH (short float real). 

Called By 

Compiled code. 

IEMBMKY - ATAN, ATANH (Long Float Comple!) 

Function 

Tc calculate arctan z or hyperbolic arctan z. The module has two entry 
points: 

IEMBMKYA: ATAN 

I.E.~EMKYB: ATANH 

Method 

Let z = x + yI. 

Then 

REAL(ATANH(z» = (ATANH(2*x/(1 + x*x + y*y»)/2 

lMAG(ATANH(z» = (A'IAN«2*y),(1 - x*x - y*y»)/2 

and ATAN(z) = -(ATANH(zI»I 

Error and Exce~tional Conditions 

ATAN: 'Ihe ERROR condition is raised if z = ±lI. 

A'IANH: The ERROR condition is raised if z = ±l. 

Linkage 

Rl = A(PLIS'I) 
PLIST = A(z) 

A (target) 

Calls 

IBMEMKL - ATAN (long float real). 
IEMEMIL - ATANH (long float real). 
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Called By 

cempiled cede. 

IBMBMLL - ATANH (Long Float Real) 

Function 

Te calculate hyperbolic arctan x. 

Method 

case-1: ABS(x)< 0.25 

Use a Chebyshev polynomial of degree 8 in x**2 to compute A'IANH(x) /x. 

ca~-1: 0.25 ~ ABS(x)<l 

compute ATANH(x) as: 

ATANH(x) = -SIGN(x)*0.5*LCG«0.5 - AES(x/2»/(0.5 + AES(x/2») 

Error and Exce~tional Conditions 

The ERROR condition is raised if if ABS(x) ~ 1. 

Linkage 

Rl = A(PLIS'I) 
PLIST = A(x) 

A (target) 

Calls 

IBMEMDL - LOG (long float real). 

Called By 

ccm~iled code. 
IBMBMKY - ATAN, ATANH (long float complex). 

IBMBMLS - ATANH (Short Float_Real) 

Function 

To calculate hyperbolic arctan x. 

Method 

ca§~-1: ABS(x) ~ 0.2 
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Use a rational ap~roximation of the form: 

ATANH(x) = x + x**3/(a + b*x**2) 

Ca~-l: 0.2 < ABS(x) < 1 

Corr.~ute as: 

ATANH(x) = -SIGN(x)*O.5*LOG«0.5 - ABS(x/2»/(O.5 + ABS(x/2») 

Error and Exceptional Conditions 

The ERROR condition is raised if ABS(x) ~ 1. 

Linkage 

Rl = A(PLIST) 
PLIST = A(x) 

A(target) 

Calls 

IBMBMDS - LOG (short float real). 

Called By 

Compiled code. 
IBMBMKX - ATAN, ATANH (short float complex). 

Function 

Tc calculate ASIN x or ACOS x. The module has two entry points: 

IBMBMMLA: AS IN 

IEMEMMLE: ACOS 

Method 

~-1: 0 ~ x S 1/2 

Ccm~ute ASIN(x) by a continued fraction of the form: 

ASIN(x) = x + F*x**3 

Where F = C1 + d 1 /(x**2 + c~ + d 2 /(x**2 + c 3 + d 3 /(x**2 + C4 + 
d 4 /(x**2 + c s »» 

The coefficients of this formula were derived by transforming the 
minimax rational approximation (in relative error, over the range u ~ 
x**2 ~ 1/4) for ASIN(x)/x of the following form: 
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ASIN(x)/x = ao + x**2*(a~ + 2*x**2 + a3*x**4 + a~*x**6 + as*x**8)1 
(co + b~*x**2 + b2 *x**4 + b3*x**6 + x**8) + ••• 

Minimax was taken under the constraint that a = 1 exactly. The relative 
error of this approximation is less than 2**-57.2. 

ACOS(x) is computed as: 

ACOS(x) = pi/2 - ASIN(x) 

Case 2: 1/2 < x ~ 1 

Compute ACOS(x) as: 

ACOS(x) = 2*ASIN(SCRT«1 - x)/2» 

Case 2 is thus reduced to case 1, because within these limits 

o ~ SQRT«l - x)/2) S 112 

ASIN(x) is cemputed as: 
\ 

ASIN(x) = pi/2 - ACOS(x) 

case-1: -1 ~ x < 0 

Fer negative x, ASIN(x) is computed as: 

ASIN(x) = -ASIN(ABS(x» 

and ACCS(x) is coroputed as: 

ACOS(x) = pi - ACOS(ABS(x» 

Case 3 thus reduces to case 1 or case 2. 

Error and Exceptional Conditions 

The ERROR condition is raised if ABS(x) > 1. 

Linkage 

R1 
PLIST 

Calls 

= A(FLIS~) 
A(x) 
A(target) 

IBMBMAL - SeRT (long float real). 

Called By 

Compiled code. 
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IBMBMMS - ASIN, ACOS (Short Float Real) 

Function 

To calculate ASIN(x) or ACOS(x). The nodule has two entry points: 

IEMBMMSA: ASIN 

IBMBMMSB: ACOS 

Method 

Case-1: 0 :S; x :S; 1/2 

Com~ute ASIN(x) by a continued fraction of the form: 

ASIN(x) = x + F*x**3 

where F = d~/(x**2 + c~ + d 2/(x**2 + C2» 

The coefficients of this formula were derived by transforming the 
minimax rational approximation (in relative error, over the range (0 ~ 
x**2 ~ 1/4) for ASIN(x)/x of the following form: 

ASIN(x)/x = a + x**2*(a~ + a 2*x**2)/ (b + b1 *x**2 + x**4) + ••••• 

Minimax was taken under the constraint that a = 1 exactly. The relative 
error of this approximation is less than 2**-28.3. 

ACOS(x) is compute.d as: 

ACOS(x) = fi/2 - ASIN(x) 

Case 2: 1/2<x ~ 1 . 

Ccrrpute ACOS(x) as 

ACOS(x) = 2*ASIN(SQRT«1 - x)/2» 

Case 2 is thus reduced to case 1, because within these limits 0 :S; 

SeRT«l - x)/2) ~ 1/2. 

ASIN(x) is computed as: 

ASIN(x) = fi/2 - ACOS(x) 

Case 3: -1 ~ x<O 

For negative x, ASIN(x) is computed as: 

ASIN(x) = ~ASIN(ABS(x» 
and ACCS(x) is computed as; 

ACOS(x) = Fi - ACOS(ABS(x» 

Case 3 thus reduces to case 1 or case 2. 

Error and Exceptional Conditions 

The ERROR ccndition is raised if ABS(x»l. 
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Linkage 

R1 
PLIST 

Calls 

= A(PLIST) 
= A(x) 

A(target) 

IBMBMAS - SQRT (short float real). 

Called By 

Compiled code. 

IBMBMOD - ADD (Fixed Decimal) 

Function 

/ 

Entry point IBMBMCDA: ADD(x,y,p,q), where x and yare fixed decimal real 
numbers and (p,q) is the required precision of the result. 

Entry pOint IBMBMODB: ADO(z1,z2,p,q) where Z1 and Z2 are fixed decimal 
complex numbers and (p,q) is the required precision of the result. 

Method 

Real Arguments (IBMBMODA): If both arguments are non-zero, a call to 
module IEMBMUDA is used to shift the argurr.ent with the larger scale 
factor to give it the scale factor of the other, and to convert it to 
precision 31. The arguments are then added together, and roodule 
IBMBMUDA is again called to convert the sum to the specified precision 
and assign it to the target field. If one of the arguments is zero, the 
other is treated as the sum above. 

Ccmplex Arguroents (IBMBMODB): The real parts of each argument are added 
and the sum is assigned to the target field by using entry point 
IBMBMODA. The imaginary parts are treated similarly. 

Error and Exce~tional Conditions 

The FIXEDOVERFLOW or the SIZE condition can occur in the called module 
IEMEMUDA. 

Linkage 

Rl 
PLIST 

170 

= A(PLIST) 
= A(x or Z1) 

A(DED for x or Z1) 
A(y or Z2) 
A(DED for y or Z2) 
A (target) 
ACDED for target) 

Licensed Material - Property of IBM 



Calls 

IEMBMUD - decimal shift-and-load, shift-and-assign. 

Called By 

cCIq:iled code. 

IBMBMPU - MULTIPLY (Fixeg Bin~~ Corrplex) 

Function 

MUVIIPI.Y(Z1.,Z2,p,q) where z, and Z2 are comt:led fixed-point binary 
numbers, and (F,q) is the required precision of the result. 

Method 

Let the argurr.ents be Z1. = a + bI and Z2 = C + dIe Then: 

The real and imaginary parts of the product are computed. These numbers 
are then shifted to give there the required scale factor(q). 

The results cf the shifts are tested for FIXEDOVERFLOW and truncated by 
left shifts. 

Error and Excet:tional Conditions 

The FIXEDOVERFLOW condition can occur in this module. 

Linkage 

R1 = A(PLIS'I) 
PLIST = A(z1.) 

IdDED for Z1.) 
A(Z2) 
A(DED for Z2) 
A (target) 
A(DED for target) 

Called By 

Compiled code. 

IBMBMPV - MULTIPLY (Fixed Decimal Complex) 

Function 

MULTIPLY(z1,z2,p,q) where Z1 and Z2 are complex fixed-point decimal 
numbers, and (t:,q) is the required precision of the result. 
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Method 

Let Z1 = a + bI and Za = C + dI, then: 

The real and imaginary parts are calculated and then each is assigned to 
the target with precision (p,q) by separate calls to entry point 
IEMBMUBA of the decimal shift and assign module IBMBMUD. 

Error and Exceptional Conditions 

The FIXEDOVERFLOW or the SIZE condition can occur in the called module 
IBMBMUD. 

Linkage 

R1 = A(PLIST) 
PLIST = A(Z1) 

Calls 

A(DED for Z1) 
A(za) 
A(DED for Z2) 

A(target) 
A(DED for target) 

IEMBMUDA - decimal shift-and-assign 

Called By 

Compiled code. 

IEMBMQU - DIVIDE (Fixed ~inary comelex) 

Function 

DIVIDE(z1,za,p,q) where Z1 and Za are complex fixed-point binary 
numbers, and (p,q) is the required ~recision of the result. 

Method 

Let Z1 = a + bI, and Za = C + dI, then: 

The expressions a*c + b*d, b*c -a*d, and c**2 + d**2 are computed with a 
precision of 63. The denominator, c**2 + d**2, is shifted to precision 
31 by either a right or left shift. 

172 Licensed Material - Property of IBM 



Two calls are then roade to an incorporated subroutine which accepts a 
numerator ana shifts it so that it has two insignificant leading digits. 
It then divides by c**2 + d**2 and shifts the quotient to the required 
scale factor (q). 

Error and Exceptional condition 

The FIXEDOVERFLOW and the ZERODIVIDE conditions can occur in this 
module. 

Linkage 

Rl = A(PLIST) 
PLIST = A(z~) 

A(DED for z~) 
A (Z2) 
A(DED for Z2) 
A (target) 
A(DED for target) 

Called By 

Compiled code. 

IBMBMQV - DIVIDE (Fixed Decin:al ComElex) 

Function 

DIVIDE(z~,Z2,P,q) where z~ and Z2 are complex fixed-point decimal 
numbers, and (p,q) is the required ~recision of the result. 

Method 

Let z~ = a + bI, and Z2 ~ C + dI, then 

REAL(z~/z2) = (a*c + b*d)/(c**2 + d**2) 

and IMAG(z~/z2) + (b*c - a*d)/(c**2 + d**2) 

The expressions a*c + t*d, t*c - a*d, and c**2 + d**2 are computed. 
Leading zeros are removed from the denominator (c**2 + d**2) by 
truncation on the left and a left shift if necessary. If the denominator 
is still more than 15 digits long it· is truncated on the right to 15 
digits. 

Two calls are then made to an incorporated subroutine which accepts a 
nurrerator and shifts it to precision 31 with 2 leading zeros by calling 
IBMBMUD (via entry point IB~EMUDE). It then divides by c**2 + d**2 and 
calls IBMBMUD (via entry point IBMBMUDA) to assign the quotient to the 
target field with the required precision (p,q). 

Error and Exceptional Conditions 

The ZERCDIVIDE condition can occur in this module. 
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The FIXEDOVERFLOW or the SIZE condition can occur in the called module 
IEMEMU~. 

Linkage 

Rl = A(PLIST) 
PLIST = A(z~) 

Calls 

A(DED for z~) 
A(Z2) 
A(DED for Z2) 
A (target) 
A(DED for target) 

IEMBMUD - Decimal shift-and-assign. 

Called By 

Ccmpiled code. 

IBMBMRU - ABS (Fixed Binary Comple~) 

Function 

~c calculate AES(z) = SQRT(x**2 + y**2), where z = x + yI. 

Method 

If x = y, result is x*SQRT(2). Otherwise, 

let Xl = MAX(AES(x),ABS(y) 

Yl = MIN(AES(x),ABS(y». 

Then ABS(z) is computed as 

Xl*SQRT(l + (Yl/Xl)**2>, 

where the fixed binary calculation of SQRT(g) for 1 ~ g < 2 is included 
within the module. 

The first approximation to the square rcot is taken as 

g/(l+g) + (l+g)/4, 

with maximum relative error 1.8*2**-10. 

One Newton-Raphson iteration gives maximum relative error 1.6**-20, and 
suffices if Xl < 2**(15-q) where q is the scale factor of z. 

otherwise a second iteration is used, with theoretical maximum relative 
error of 1.3*2**-40. 
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Error and Exce~tional Conditions 

The FIXEDOVERFLOW condition can occur in this module. 

Linkage 

R1 = A(PLIS'I) 
PI.IST = A(z) 

A(DED for z) 
A(target) 
A(DED for target) 

Called By 

Compiled code 

IBMBMRV - ABS (Fi!ed Decimal Compl~) 

Function 

To calculate AES(z) = SQRT(x**2 + y**2), where z = x + yI. 

Method 

x and yare converted to binary, with appropriate scaling if either 
exceeds 9 significant decimal digits. 

Let Xl te the maximum, and Yl the minimum, of the absolute values of the 
two binary numbers thus obtained. 

Then if Xl = Y1 = 0, result 0 is returned. Otherwise, an approximation 
to ABS(z) is computed as 

X1*SQRT(1 + (Yl/X1)**2), 

where the fixed binary calculation of SQRT(g) for 1 S g S 2 is included 
within the module. 

The first ap~roximation to the square root is taken in the form 

A + B*(l + g) - A/(l + g) 

with maximum relative error 2.17*10**-4. One Newton-Raphson iteration 
then gives a value with maximum relative error 2.35*10**8. 

Multiplication by Xl produces a value for AES(z) which is rounded and 
converted to decimal, and this suffices if it has not more than 7 
significant dec~mal digits. Otherwise, this approximation is scaled if 
necessary and used in a final Newton-Raphson iteration for SQRT(x*.2 + 
y**2) in decimal, with theoretical maximum relative error 2.76*10.*-16. 

Error and Exceptional Conditions 

The FIXEDOVERFI.OW condition can occur in this module. 
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Linkage 

Rl = A(PLIS'I) 
PLIST = A(z) 

A(DED for z) 
A (target) 
A(DED for target) 

Called By 

Compiled code. 

IBMBMRX, IBMBMRY - ABS (Float complex) 

Modules 

Argument 

short float 
long float 

Function 

Module 

IBMBMRX 
IBMEMRY 

To calculate AES(z) = SQRT(x**2 + y.*2), where z - x + yI. 

Method 

Let z = x + yI. 

If x = y = 0, answer is o. 
Otherwise let Zl = MAX(ABS(x),ABS(y» 

and Z2 = MIN(ABS(x),AES(y». 

Then the answer is computed as: 

Zl*SQRT(l + (Z2/Z1>**2). 

Error and Exceptional Conditions 

The OVERFLOW condition can occur in this module 

Linkage 

R1 = A(PLIS'I') 
PLIST = A{z) 

A(target) 

Calls 

IBMEMRX calls: 
IBMBMAS - SQRT (short float real). 

IEMBMRY calls: 
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IBMBMAL - SQRT (long float real). 

Called By 

Compiled code. 

~~UD - Shift-and-AssignL Shift-and-Load (Fixed Decimal) 

Function 

Shift-and-assign (Entry point IBMBMUDA): To convert a real fixed 
decimal number from precision (p~, q~) to precision (P2' Q2), where p~ ~ 
31 and ~2 ~ 15. 

Shift-and-load (Entry point IBMBMUDB): To convert a real fixed decimal 
number from precision (p~, Q~) to precision (31, q2), where p~ ~ 31. 

Method 

The scale factor of the argument is subtracted from the scale factor of 
the target. The argument is then converted to precision 31 in a field 
with a shift equal to the magnitude of the difference between the scale 
factors, the shift being to the left if the difference is positive and 
te the right if it is negative. 

For shift-and-load, the field is moved unchanged to the target. For 
shift-and-assign the result is checked for FIXEDOVERFLOW and then 
assigned to the target with the specified precision. The assignment may 
cause the SIZE condition to be raised. 

Error and Exceptional Conditions 

The FIXEDOVERFLOW or the SIZE condition can occur in this module. 

Linkage 

R1 = A(argument) 
RS = A(DED fer argument) 
R6 = A(target) 
R7 = A(DED for target) 

Called By 

~MUDA: 

IBMBMOD - ADD (fixed decimal). 
IEMBMPV - MULTIPLY (complex fixed decimal). 
IBMBMQV - DIVIDE (complex fixed decimal). 

~~: 

IEMBMOD - ADD (fixed decimal). 
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IEMBMVU - Multiplication and Division (!ixed Binary Comple!) 

Function 

To calculate Z~*Z2 or Z~/Z2. 
The module has two entry points: 

IEMBMVUA: Multiplication 

IEMBMVUB: Division 

Method 

An incorporated subroutine computes the expressions u*x + v*y and v*x -
u*y to 63 tits in register pairs, where u, v, x, and yare given in 
registers to 31 bits. 

Let Z1 = a + bI and Z2 = C + kI, Z~ having precision (p,q). 

For multiplication, 

These expressions are computed by the subroutine; the results are then 
tested for fixed overflow and reduced to 31 bits each by a left shift. 

Fer divisicn, 

REAL(z1/Z2) = (a*c + b*d)/(c**2 + d**2) 

and IMAG(z1/z2) = (b*c - a*d)/(c**2 + d**2) 

The subroutine is used to compute a*c + b*d and b*c - a*d. Each of these 
is then shifted left by (31 - p) bits. The expression c**2 + d**2 is 
next computed and, if truncation is necessary to reduce it to 31 
significant tits, all three expressions are shifted right. Finally, the 
real and imaginary parts of the result are obtained by division. 

Error and ExceFtional Conditions 

The FIXEDOVERFLOW condition can occur in either multiplication or 
division; the ZERODIVIDE condition can occur in division. 

Linkage 

Rl = A(Z1) 
R5 = A(DED for 
R6 = A(Z2) 
R7 = A (DED for 
R8 = A(DED for 

Called By 

Ccrr-piled code. 

Z1) 

Z2) 
target) 
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IBMBMVV - Multiplica~ion and Division (Fixed Decimal Complex) 

Functicn 

Tc calculate Z1*Z2 or Z1/Z2. 
The module has two entry points: 

IBMBMVVA: Multiplication 

IBMBMVV~: Division 

Method 

Let Z1 = a + bI and Z2 = C + dI, with prec1s10ns 
(p,q) and (r,s) respectively. The results are computed 
as follows. 

Multiplication: 

and 

Division: 

For division, if the denominator has 15 significant digits or less, it 
is right-justified in an 8-byte field and the numerators are right
justified in 16-byte fields. If the denominator has more than 15 
significant digits it is truncated on the right (t low order digits 
lost) to leave 15 significant digits. To obtain the required scale 
factor (15 - p + q - s) on division the numerators are shifted left £y 
(15 - F - t) digits. The divisions are then performed. The real and 
imaginary parts of the result are each 8 bytes long (15 digits and a 
sign). 

Error and Exceptional Conditions 

The FIXEDOVERFLOW condition can occur in either multiplication or 
division; the ZERODIVIDE condition can occur in division. 

Linkage 

Rl = A(Z1) 
R5 ~ A(DED for Z1) 
R6 = A (Z2) 
R7 = A(DED for Z2) 

R8 = A(target) 
R9 = A(DED for target) 

Called Ey 

compiled code. 
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IBMBMVW - ~ultiplication (Float C0mElex) 

Functicn 

To calculate Z~*Z2' where z~ = a + bI and Z2 = C + dIe The module has 
two entry ~oints: 

IEMB~: Short float complex arguments. 

IE~~: Long float complex arguments. 

Method 

The real and imaginary parts of the result are computed as a*c - b*d and 
b*c + a*d res~ectively. 

Linkage 

Rl = A (Z2) 
R5 = A(z~) 
R6 = A(target) 

Called By 

Compiled code. 
IEMBMXW - Integer ex~onentiation (float complex). 

IBMBMWX, IBMBMWY - Division (Float com£!~) 

Modules 

Argunent 

Short float 
Long float 

Functicn 

Module 

IBMBMWX 
IBMBMWY 

To calculate Z~/Z2 in floating pOint, where z~ = a + bI and Z2 = C + dIe 

Method 

£2se 1: ABS(c) ~ ABS(d) 

compute q = d/c 

Then 

and 

REAL(z~/Z2) = (a + b*q)/(c + d*q) 

IMAG(z~/z2) = (b - a*q)/(c + d*g) 

ca~-l: ABS(c) < ABS(d) 
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(a + bI)/(c + dI) = (b -aI)/(d - CI), which reduces to case 1. 

Error and Exceptional Conditions 

The OVERFLCw, UNDERFLOW, and ZERCDIVIDE conditions can occur in this 
module. 

Linkage 

R1 = A(z~) 

R5 = A(z.) 
R6 = A(target) 

Called By 

Ccrrpiled code. 

IBMBMXS, IBMBMXL - Integer Exponentiation (Float Real) 

Modules 

Argument 

Short float 
Long float 

Function 

Module 

IBMBMXS 
IBMBMXL 

To calculate x**n, where n is an integer between -2**31 and +2**31 - 1 
inclusive. 

Method 

If the exponent is zero and the argument is non-zero, the result 1 is 
returned immediately. otherwise, the result is set initially to the 
value of·the argument, the exponent is rrade positive, and each 
significant hit, after the first, is tested in turn, from left to right. 
For each 1 bit, the contents of the target field are squared and then 
multiplied by x. For each significant 0 bit~ the contents are squared 
only. 

Finally if the exponent was originally negative the reciprocal of the 
result is taken; otherwise it is left unchanged. 

Error and Exceptional Conditions 

The ERROR condition is raised if x = 0 and n < o. Since x**(-m), where m 
is a positive integer, is evaluated as l/(x**m), the OVERFLOw condition 
may occur when m is large and the UNDERFLOW condition may occur when x 
is very small. 

Linkage 

Rl 
PLIST 

= A(PLIST) 
= A(x) 

A(n) 
A (target) 

Licensed Material -
Property of IBM 

Chapter 7: Computational Routines 181 



Called By 

Ccrn~iled cede. 

IBMBMXW - Integer Exponentiation (Float ComFlex) 

Function 

~c calculate .z**n, where n is an integer between -2**31 and 2**31 - 1 
inclusive. IBMBMXW has two entry points: 

IBMBMXwA: short float complex arguments. 

IBMBMXw~: long flcat complex arguments. 

Method 

If the exponent is zero and the argument is non-zero, the result 1 is 
returned irrrr.ediately. 

If the exponent is non-zero, the contents of the target field are set to 
the argument value, the exponent is made ~ositive, and each significant 
bit, after the first is tested in turn, from left to right. For each 
significant 0 bit, the target field contents are squared. For each 1 
bit the contents are squared and then multiplied by z. 

Multiplication is performed by a branch to the complex multiplication 
subroutine. Finally, if the exponent was originally negative the 
reciprocal of the result is taken; otherwise it is left unchanged. 

Error and Exce~tional Conditions 

The ERRCR condition is raised if 

z = 0 with n ~ 0 

Since x**(-m), where ro is a ~ositive integer, is evaluated as l/(x**m), 
the OVERFLOW condition may occur when m is large and the UNDERFLOW 
condition may occur when x is very small. 

The OVERFLOW or UNDERFLOW condition can occur in the called complex 
multiplication routine IBMBMVW. 

Linkage 

R1 
PIIST 
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Calls 

IBMBMXW calls: 

IEMBMVW - Multiplication (short and long float complex). 

Called By 

CCfiiFiled code. 

IB~~~YS, IBMBMYL - Gener~l Exponentiation (Float Real) 

Modules 

Argument 

Short float 
Long float 

Function 

Module 

IBMBMYS 
IBMBMYL 

To calculate x**y, where x and yare real floating point numbers. 

Method 

When x = 0, the result x**y = 0 is given if y > 0, and an error message 
is given if y ~ O. 

When x * 0 and y = 0, the result x**y = 1 is given. 

In all other cases x •• y is computed as EXP(y.LOG(x». 

Error and Exceptional Conditions 

The ERROR condition is raised in this module if 

x = 0 with y ~ 0 

The OVERFLOW condition occurs in the called real EXP routine IBMBMBS 
(short) or IBMBMBL (long) if 

y*LOG(x) > 174.673 

The ERROR condition is raised in the called real LOG routine IBMBMDS 
(short or IBMBMDL (long) if 

x < o with Y "* 0 

Linkage 

Rl = A(PLIST) 
PLIST = A(y) 

A(x) 
A(target) 
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Calls 

IEMB~~lls: 

IBMBMDS - LOG (short float real). 
IBMBMBS - EXP (short float real) • 

IBMBMYL calls: 

IEMEMDL - LOG (long float real). 
IBMBMBI - EXF (long float real). 

Called By 

Compiled code. 

IBMEMYX, IEMBMYY - Genera! Exponentiation (Float Compl~) 

Mcdules 

Argument 

short float 
long float 

Function 

Module 

IBMEMYX 
IBMBMYY 

Tc calculate Z1**Z., where Z1 and z. are complex numbers of the same 
precision. 

Method 

When Z1 = 0, the result 0 is returned if REAL(z.»O and IMAG(z.) = 0, 
otherwise invalid exponentiation of zero. Otherwise, Z1**Z. is computed 
as 

EXP (z. *LOG (Z1» 

with the proviso that if IMAG(z1) = 0 then LOG(ABS(Z1» is calculated by 
a call tc the real LOG routine, not to the complex LOG routine. 

Error and Exceptional Conditions 

The ERRCR condition is raised in this roodule if Z1 = 0 with either 
REAL(z.) ~ 0 or IMAG(z.) * O. 

The OVERFLOW condition occurs in the called EXP routine if 
REAL(z.*LOG(Z1» > 174.673 

The ERROR condition is raised in the called LOG routine if 

ABS(IMAG(z.*LOG(z1») ~ 2**18*pi (short float) 
2**50*pi (long float) 
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Linkage 

Rl 
PLIST 

= A(PLIST) 
= A(Z2) 

A(z1.) 
A (target) 

Calls 

IBMBMYX calls: 

IBMBMBX - EXP (short 
IBMBMDX - LOG (short 

IBMBMYY calls: 

IBMBMBY - EXP (long 
IBMBMDY - LOG (long 

float complex). 
float complex) • 

float complex) • 
float complex) • 

In the special case where IMAG(z1.) = 0, then calls are made to the real 
floating point LOG routines IBMBMDS (short) and IBMBMDL (long), not to 
the complex LOG routines shown above. 

Called By 

compiled code. 
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CHAPTER 8: INTERLANGUAGE COMMUNICATION MODULES 

The inter language communication modules of the resident library support 
Icommunication between routines written in PL/I and routines written in 
ICOBOL or FORTRAN, and from RPGII to PLII. Communication between COBOL, 
FORTRAN, and RPGII is not supported. 

The resident library contains three inter language communication modules 
which handle the environmental changes necessary when going from PL/I to 

Inon-PL/I routines and vice versa. These modules are IBMDIEC (PL/I calls 
COBOL), IBMDIEF (PL/I calls FORTRAN), and IBMDIEP (COBOL, FORTRAN, or 
RPGII calls PL/I). The key to environmental switching is a CSECT 
(control section) called IBMBILC1. This CSECT is included in each of 
the modules, and one copy of it is processed by the linkage editor 
whenever interlanguage communication is required. 

IBMBILCl contains two fullwords, both of which are initially zero. The 
first word is used to point to ZCTL, a control block which is set up on 
the first occasion that one of tne interlanguage routines is called. 

IThe second word contains flags that are set to indicate COBOL, FORTRAN, 
lor RPGII on the first occasion that calls are made to or from these 
languages. 

Full details of the interlanguage communication control blocks are given 
in DOS PL/I Optimizing compiler: Execution Logic. 

MODULE DESCRIPTIONS 

IBMDIEC - Interlanguage Housekeeping 

Function 

To provide the housekeeping necessary when a PL/I procedure .calls a 
COBOL subprogram. The module has three ~ntry pOints: 

IBMBIECA: Establish standard COBOL environment. 

IBMBIECB: Establish COBOL environment with provision for PL/I interrupt 
handling. 

IBMBIECC: Re-establish the PL/I environment after return from a COBOL 
subprogram. 

Method (chart DIEC) 

Entry pOint IBMBIECA: 

This entry point is used to establish the COBOL environment when PL/I 
calls a COBOL tntry point for which thE INTER option has not been 
specified. 

If the interlanguage control block ZCTL has not alr~ady been set up,that 
is, if this is the first interlanguage call, IBMDIEC acquires non-LIFO 
storage by a call to IBMDPGR and initializes ZCTL. The address of 
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ZCTL is stered in the first word of IBMBILCl and the contents of 
register R12 are stored in ZCTL. 

The module then acquires an interlanguage VDA(in LIFO storage) for this 
particular call to COBOL. The new VDA is inserted in the interlanguage 
VDA chain ~etween the previous VDA and ZCTL. The contents of register 
13, which were saved on entry to the module, are then stored in the new 
VDA. 

To enable any interrupts which occur in the COBOL subprogram to be 
handled cy the supervisor, the module issues a STXIT macro with null 
arguments to cancel the previously issued STXIT, and sets the program 
mask to zero. 

Finally, contrel is returned to PL/I compiled code, which subsequently 
branches to the COBOL subprogram. 

Entry Faint IBMBIECB: 

This entry peint is used to establish the COBOL environment when PL/I 
calls a COEOL entry point for which the INTER option has been specified. 

When entered at this entry point, the module sets up ZCTL if necessary 
and acquires a VDA in the same way as has been described for entry point 
lEMBlECA. Before returning to compiled code, however, IBMDIEC issues a 
STXIT rracrc s~ecifying an address (IE007) within the module. Interrupts 
in the COBOL subprogram thus cause module IBMDIEC to be entered at 
address IE007. 

Entry Address IE007: 

If control reaches address IE007 the following action is taken. 

The PL/I environment is re-established by restoring register 13 from the 
interlanguage VDA and register 12 from ZCTL. The Wreturn address w part 
of the PSW passed by the supervisor is stored in library workspace and 
replaced by the address ClE01S) of a further point in IBMDIEC. Also, if 
the interrupt is due to UNDERFLOW, the last four bytes of the COBOL 
program, up to the point of interrupt, are copied to IE013 so that the 
error-handling module IBMDERR can take the correct action. This 
discriffiination is made because, if the interrupt is due to a bad value 
in the IAR, copying might cause a further addressing interrupt. 

A STXIT macro is issued to restore normal PL/I interrupt handling, and a 
branch is made, via the bootstrap in the TCA appendage, to entry point 
IBMBERRA of the error handling module. The interrupt is subsequently 
handled in the normal way, except that any return to the point of 
interrupt is made to IE01S in IBMDIECA. 

Entry Addresses IE01S and IE016: 

The module is entered at address IE01S when the PL/I interrupt handler 
IEMDERR returns control to the point that it takes to be the point of 
interrupt, er when a GOTO out of an on-unit for the interrupt is 
executed. 

For the GOTO case, the module dechains and frees the latest language 
VDA, and calls IBMDERR to print out a warning message. Control is then 
returned to the caller. 
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Otherwise a STXIT macro is issued specifying an address CIE016) in the 
mcdule. An interrupt is then forced~ and the module is re-entered at 
IE016. 

At IE016~ the address from the PSW of the original interrupt is moved 
from library workspace into the PSW passed by the supervisor for this 
interrupt, and the program check exit address is reset to IE007 by a 
STXIT macro. The COBOL registers are then restored and an EXIT macro is 
issued. The supervisor subsequently returns control to the point at 
which the original interrupt occured. 

Entry Point IB~BIECC: 

This entry point is used to re-establish the PL/I environment after 
control has been returned to PL/I from a COBOL program. 

A STXI~ macro is issued to restore normal PL/I interrupt handling, and 
the program mask is restored to its PL/I setting (hexadecimal E). ~"he 
VDA is then dechained and control is returned to compiled code. 

Linkage 

No parameters are passed to this module. 

Calls 

IBMDPGR - Storage management. 
IBMDERR - Error handler. 

Called By 

compiled code. 

IEMDIEF - Interlanquage Housekeepi~ 

Function 

TO provide the housekeeping necessary when a PL/I program calls a 
FORTRAN subprogram. The module has four entry points: 

IBMBIEFA: Estatlish standard FORTRAN environment. 

IBMBIEFB: Estatlish FORTRAN environment and enable interrupts not 
handled by FCR~RAN to be handled by PL/I. 

IEMBIEFC: Re-establish the PL/I environment after return from a FORTRAN 
subprogram. 

IEMBIEFD: Re-estatlish the PL/I environment and store the returned value 
after returning from the invocation of a FORTRAN function. 

Method (chart DIEF) 

Entry Foint IBMBIEFA: 
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This entry point is used to establish the FORTRAN environment when PL/I 
calls a FORTRAN entry point for which the INTER option has not been 
s};ecified. 

If the interlanguage control block ZCTL has not already been set up, i.e. 
if the COBOL and FORTRAN flags are coth off, IEMBIEF acquires non-LIFO 
storage by a call to IBMDPGR and initializes ZCTL. The address of ZCTL 
is stored in the first word of IEMEILCl and the contents of register 
R12 are stored in ZCTL. If the FOR~RAN flag is off, IBMDIEF calls the 
Fortran library to initialize the Fortran environment. 

The module then acquires an interlanguage VDA(in LIFO storage) for this 
particular call to FORTRAN. The new VDA is inserted in the 
interlanguage VDA chain between the previous VDA and ZCTL. The contents 
of register 13, which were saved on entry to the module, are then stored 
in the new VDA. The FORTRAN environment is set up by issuing a S~XIT 
macro specifying the FORTRAN interrupt information held in ZCTL. 

Finally, centrol is returned to PL/I compiled code, which subsequently 
branches to the FORTRAN subprogram. 

Entry Point IBMBIEFB: 

This entry point is used to establish the FORTRAN environment when PL/I 
calls a FORTRAN entry point for which the INTEN option has been 
specified. 

When entered at this entry point, the module sets up ZCTL if necessary 
and acquires a VDA in the same way as has been described for entry point 
IEMBIEFA. Before returning to compiled code, however, IBMBIEF issues a 
STXIT macro specifying an address (IE023) within the module. Interrupts 
in the FORTRAN sucprogram thus cause module IEMDIEF to be entered at 
address IE023. 

Entry Address IE023: 

If control reaches address IE023 the module determines the cause of the 
interrupt. If the interrupt condition is one that is not handled by 
FORTRAN, the following action is taken: 

The PL/I environment is re-established by restoring register 12 from 
ZC~L and and register 13 from the interlanguage VDA. The "return 
address" part of the PSW passed by the supervisor is stored in library 
workspace and replaced by the address (IE034) of a further point in 
IEMDIEF'. 

A STXIT macro is issued to restore normal PL/I interrupt handling, and a 
branch is made to entry point IBMBERRA of the error handling module. 
The interrupt is subsequently handled in the normal way, except that any 
return to the point of interrupt is made to IE034 in IBMDIEF. 

If the interrupt is one that is handled by FORTRAN, the FORTRAN 
environrrent is set up cy copying the interrupted registers and the PSW 
into the ,FORTRAN interrupt savearea and issuing a STXIT macro 
instruction with the correct FORTRAN parameters. An interrupt is then 
forced, so that the FORTRAN interrupt handler is entered. The FORTRAN 
interrupt handler returns via a bootstrap in library workspace to 
address IE030 in IBMDIEF. 
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Entry Addresses IE034 and IE030: 

The module is entered at address IE034 when the PL/I interrupt handler 
IBMDERR returns control to the pOint that it takes to be the point of 
interru~t, or at address IE030 when the FORTRAN interrupt handler 
returns control via the bootstrap in library workspace. In both cases, 
the general action taken is the same. 

If a GOTO out of an on-unit has been taken, the module dechains and 
frees the latest language VDA and then returns to the caller. 

Otherwise, a STXIT macro is issued specifying a further point (IE038) in 
the module. An interrupt is then forced, and the module is re-entered 
at IE038. 

The interrupt address is now reset to IE023 by means of a STXIT macro. 
The address from the PSW of the original interrupt is moved from library 
workspace into the PSW passed by the supervisor for this interrupt. The 
FORTRAN registers are then restored and an EXIT macro is issued. The 
supervisor subsequently returns control te the point at which the 
original interrupt occured. 

Entry Point IBMBIEFC: 

This entry point is used to re-establish the PL/I environment after 
centrol has been returned to PL/I from a FORTRAN subprogram. 

The program mask is reset and a STXIT macro is issued to restore normal 
PL/I interru~t handling. The current VDA is then dechained and control 
is returned to compiled code. 

~~Point IBMBIEFD: 

This entry point is used to re-establish the PL/I environment after 
control has been returned from the invocation of a FORTRAN function. 
The processing is the same as that for entry point IBMBIEFC except that, 
having released the VDA, the module examines the parameter list and 
moves the returned value from the register, or registers, in which 
FORTRAN left it to the required location. 

Linkage 

R1 = A(PLIST) 
PLIST = A(value to be returned or locator for value to ce returned) 

A(DED for returned value) 

Calls 

IBMDPGR - Storage management. 
IBMDERR - Error handler. 
IBCOM# - FORTRAN initialisation and termination. 

Called By 

Compiled code. 
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IBMDIEP - Interlanguage Housekeepinq 

Function 

To provide the housekeeping necessary when a PL/I procedure is called 
from another language. The module has four entry pOints: 

IBMBIEPA: Establish the PL/I environment and get a DSA for a PL/I 
Iprocedure which has been entered at an entry pOint with OPTIONS(COBOL), 
IOPTIONS(FORTRAN), or OPTIONS(RPG). 

IBMBIEPB: Set up a parameter list specifying the length and location of 
the PL/I ISA(initial storage area). 

IBMBIEPC: Re-establish the environment of the non-PL/I calling program. 

IBMBIEPD: Re-establish the environment of the non-PL/I calling program 
and move the value returned by the PL/I function into the appropriate 
register. 

Method (chart DIEP) 

Entry Point IBMBIEPA: 

The module is entered at this entry pOint after a PL/I procedure has 
Ibeen invoked at an entry pOint with OPTIONS(COBOL), OPTIONS(FORTRAN), or 
IOPTIONS(RPG). 

IThe module first tests the language flags in the interlanguage control 
Iblock IBMBILC1. If any flag is set, this means that a previous 
interlanguage call has been made and consequently that a PL/I 
ISACinitial storage area) has already been acquireQ and initialized. In 
these circumstances IBMBIEP has only to restore the PL/I TCA pOinter 
(register 12), establish PL/I interrupt handling, set the appropriate 
flag in IBMBILC1, and obtain a DSA for the PL/I procedure. 

Register 12 is restored from the inter language control block ZCTL. The 
interrupt handling data for the non-PL/I calling procedure is stored in 
the the latest interlanguge VDA, and a STXIT macro is issued to 
establish PL/I interrupt handling. A DSA is obtained, by a call to 
IBMDPGR if necessary, and its address is loaded into register 13. 
Finally, control is returned to PL/I compiled code. 

IIf none of the COBOL, FORTRAN, or RPGII flags in IBMBILC1 are set, the 
PL/I ISA must be initialized. The non-PL/I user may have already 
allocated an ISA by means of a call to IBMBIEPB (alias PLISA). If this 
is so, the stack flag in IBMBILC1 will be set. If the stack flag is not 
set IBMBIEP finds the length and the address of the available ISA from 
the information in the job's communication region, leaving space for 
ZCTL and a DTF and a buffer for FORTRAN error messages. 

In either case, IBMDIEP sets up ZCTL. The interrupt handling data for 
the non-PL/I user is then stored in ZCTL. 

The length and the address of the ISA are then passed as parameters to 
lentry pOint IBMBPJRB of the program initialization module IBMDPJR. Also 
passed to IBMBPJRB is an address in IBMDIEP. The initialization module 
takes this address to be that of the PL/I program: consequently, after 
the ISA has been initialized, control is returned to IBMDIEP. 

IOn return from IBMBPJRB, the DSA chain is changed so that the PL/I dummy 
DSA is above the DSA of the non-PL/I calling program. This is done so 
that PL/I program initialization does not take place every time a PL/I 
procedure is called from the same level of non-PL/I (see "Tail" Code 

Licensed Material - Property of IBM Chapter 7: Computational Routines 191 



Page of LY33-6011-1, Revised October 197b by TNL LN33-6179 

below). 

IBMBIEP then acquires an interlanguage VDA and stores its address in the 
first word of ZCTL. The caller's error handling information and the 
contents of register 13 are saved in the new VDA. 

Finally, a DSA is obtained for the PL/I procedure. Control is then 
returned to PL/I compiled code. 

Entry point IBMBIEPB: 

This entry point has a~ alias, PLISA, which is called by COBOL or 
FORTRAN to specify the area of storage that the PL/I procedure is to use 
as its ISA. 

IBMBIEP takes part of the specified area for ZCTL and loads the addr~ss 
and length of the remainder into the parameter l~st tor IBMBPIR. Th~ 
stack flag in IBMBILCl is set to indicate that an ISA allocation has 

Ibeen made, and control is returned to the caller. 

Note: If only one argument is passed to PLISA, the stack flag is reset 
to zero; the default ISA is thus obtained when the module is 
subsequently entered at IBMBIEPA. 

Entry Point IBMBIEPC: 

The module is entered at this entry paint at the end of a PL/I 
procedure, immediately before control is returned to the calling 
program. The calling program's interrupt handling requirements are re
established. 

Entry Point IBMBIEPD: 

This entry has the same purpose as entry point IBMBIEPC, but also moves 
a value that is to be returned to FORTRAN into tht appropriatE 
registers. 

Note: Floating point results may cover one, two, or four floating paint 
registers. Fixed point and bit results are always returned in Register 
O. 

Tail Code: 

When the non-PL/I program that called PL/I is returning to its own 
caller, it restores registers from the DSA prior to its own and returns 
to the address specified in this DSA. However, because the DSAs have 
been rechained (see above), this DSA is in fact the short save area in 
ZCTL. The address that control is returned to is thus that of point 

IIE014 in module IBMDIEP. This address is the start of the "tail" code. 

The tail code passes the FORTRAN return code and value, if these exist, 
past the dummy DSA to the non-PL/I calling program's caller. It then 
restores registers from the dummy DSA and returns to module IBMDPIR. 
The return code field (TORC) in the TCA is set so that IBMDPIR will 
ignore any ON FINISH units and execute a normal return to the caller, 
i.e., to IBMDIEP. 

IIBMDPIR returns control to paint IE002 in the tail code. The tail code 
then tests the return code from IBMDPIR. If the return code is zero, 
the tail code clears the interlanguage flags (except the stack flag) and 
returns to the non-PL/I calling program's caller. If, however, the 
return code indicates that a PL/I STOP instruction has been executed, a 
test is made to determine whether or not there is a FORTRAN environment. 
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If there is, .the equivalent of a FORTRAN library STOP command is used to 
close any FORTRAN files and to terminate the program. Otherwise, an EOJ 
macro is issued. 

IEntry pOint IE103 exists to intercept RPGII termination, since RPG 
lissues its own EOJ macro without returning to its caller (since there 
Inormally is none). This re-routes control through the tail code, and 
lensures that, on return from IE002, control will return to the RPGII 
Itermination code. 

Linkage 

Entry Point IBMBIEPA: 

RO = length of required DSA 
Rl calling -language code 

(0 for COBOL, 
4 for FORTRAN) 

Entry Point IBMBIEPB: 

Rl = A(PLIST) 
PLIST = A(area for PL/I ISA) 

A(length of PL/I ISA) or X'SO' 

Entry Point IBMBIEPD: 

Rl A(PLIST) 
PLIST = A(value to be returned or locator for value to be returned) 

A(DED for value to be returned) 

No arguments are passed to entry pOint IBMBIEPC. 

Calls 

IBMDPGR - Storage management. 
IBMDPIR - Program initialization. 
I BCOM# - FORTRAN termination. 

Called By 

Compiled code. 
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CHAPTER 9: MISCELLANEOUS ROUTINES 

The modules described in this chapter support the PL/I bUilt-in 
functions DATE and TIME and the PL/I statements DISPLAY, WAIT, and 
DELAY, and provide interfaces with the system CHECKPOINT/RESTART and 
SORT utilities. 

Two display modules are provided, IBMDJDS and IBMDJDZ. Except in the 
case of a program which contains a DISPLAY with EVENT statement, either 
module will suffice. In the case of·the above exception however, module 
IBMDJDS is used. Three WAIT modules are described. IBMDJWT is the main 
WAIT module that handles PL/I WAIT statements in systems that support 
the WAITM macro. It is supported by module IBMBJWI, which is called 
whenever the WAIT statement specifies an array event variable. IBMBJWI 
converts any array into a list of scalar event variables, and then 
passes the list to IBMDJWT. 

In systems that do not support the WAITM macro, neither of these modules 
is included. Their place is taken by the single WAIT module IBMGJWT, 
which permits waiting on one event only. 

MODULE DESCRIPTIONS 

IBMDJDS - DISPLAY 

Function 

To implement the PL/I DISPLAY statement. The module has two entry 
points: 

IBMBJDSA: Normal entry from compiled code. 

IBMBJDSB: Entry from the WAIT module (IBMDJWT or IBMGJWT). 

Method (chart DJDS) 

Entry Point IBMBJDSA: 

Module IBMDJDS includes a channel control block (CCB) and a number of 
channel command words (CCWs). Four ccws, occupying four contiguous 
double-word locations, are used to display the message, to put out a 
standard message "AWAITING REPLY", to read the reply, and to sense the 
result. 

On entry to the module, surplus blanks are removed from the display 
message. The module then Examines the parameter list to determine 
which of the three possible types of display statement (DISPLAY 
alone, DISPLAY with the REPLY option, and DISPLAY with the REPLY and 
EVENT options) is being processed. The action taken in each case is 
as described below: 

DISPLAY: For display alone, only the first CCW is required. The 
module therefore dechains the display CCW from the "awaiting reply" 
ccw, moves the address of the display message, together with the 
required channel command code, into the CCW, and calls the internal 
"console I/O" subroutine (see below). On return from this 
subroutine, the module returns control to compiled code. 
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DISPLAY with REFLY option: If the REPLY op~ion is specified, all 
four CCWs are required. The module therefore chains the display CCW 
to the "awaiting reply" CCW. (This ccw is permanently chained to the 
reply CCW, which, in turn, is pern.anently chained to the sense CCW). 
The nodule then moves the addresses of the display and reply strings, 
together with the required channel corrmand codes, into the CCws and 
calls the internal "console I/O" subroutine. On return from this 
subroutine,_the module returns control to compiled code. 

DISPLAY with REPLY and EVENT options: If the EVENT option is present, 
the rrodule chains and initializes the CCWs as described in the 
preceding paragraph. It then flags the specified event variable as an 
active I/O display event and sets a nnowait" switch to indicate to the 
internal "console I/O" subroutine that the EVENT option is present. 
Because the EVENT option means that control will be returned to 
compiled code as soon as the channel program has been initiated, the 
copies of the CCB and the CCWs that are contained in IEMDJDS cannot be 
used. The mcdule therefore acquires non-LIFe storage and copies the 
CCB and the CCWs into it. The display string is also copied into this 
storage, in case the contents of the original display string are 
altered by compiled code before the message has been displayed. The 
address of the new CCB is set into the event variable. The module 
then calls the internal "console I/O" subroutine (see below). On 
return fron. this subroutine, control is returned to compiled code. 

Entry Point IBMBJDSE: 

This entry peint is called by the WAIT module (IBMDJW~ or IBMGJWT) 
when the display event variable has been specified in a PL/I WAIT 
statement. The module is passed the address of the relevant CCB. 

On entry, the module calls the internal "console I/O" subroutine at 
entry point JD600 (see below) to test the success or otherwise of the 
DISPLAY REPLY statement. On return from this subroutine, IBMDJDS 
frees the storage that was obtained for the CCB, the CCWs, and the 
display string and then returns control to the caller (IBMDJWT). 

This subroutine issues an EXCP macro to execute the channel program 
defined by the CCWS that have been set up by the main code of the 
I(lcdule. 

It then tests the "nowait" switch to determine whether or not a wait 
is required. If the nowait switch is on, i.e., if the EVENT option 
was present in the display statement" the subroutine returns 
immediately to the main code of the rr.cdule, which returns control to 
compiled code (see above). If the nowait switch is off, the 
subroutine issues a WAIT macro. 

When channel end is received, the subroutine proceeds to check whether 
or not any errors have occurred by examining the sense byte. This 
point in the subroutine (JD600) is the entry point called by the main 
code of the module when it is entered at entry point IBMBJDSB. 

If there have been no unit errors ("unit check" or "unit exception") 
the rr.cdule returns to the caller. 

If a unit error has occurred, the module blanks out the reply string 
and reissues the EXCP macro instruction for the display. However, if 
the error is a unit check that requires operator intervention 
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(detected by exam~n~ng the sense byte), ~he audible alarm is sounded by 
means of a further EXCP macro instruction before the display is retried. 

Error and Exceptional Conditions 

The ERROR condition is raised if an active event variable is specified. 

Linkage 

R1 = A(FLIST) 
PLIST = A(string locator for message) 

A(string locator of space for reply) or zero 
A(event variable) or zero 

Called By 

compiled code (entry point IEM~JDSA). 
WAIT module (entry point IBMDJDSB). 

IBMDJDZ - DISPLAY without EVENT 

Function 

To support the PL/I DISPLAY statement and REPLY option. 

Method 

The display string is scanned and trailing tlanks removed. If there is 
nc REPLY option, an EXCP and WAIT macro are issued to transmit the 
message to the console. The CCB used contains the address and length of 
the message. Return is made to the caller. 

If there is a REP~Y option, the EXCP and WAIT are issued as for DISPLAY 
only. However, the EXCP specifies a chain of three CCBs. !he first is 
to transmit the display string, the second to transmit a standard 
message to inform the operator that a reply is required, and the third 
to read the reply. When the reply is received, return is made to the 
caller. 

If a unit check or exception occurs on the console, the reply string, 
if any, is clanked out, and the EXCP and WAIT for the DISPLAY/REPLY are 
reissued. 

IEMDJDZ raises ERROR if there is a zero length DISPLAY with REPLY 
option, or if the length of the string to accept a reply is zero. 

Linkage 

R1 -> A(string locator of message) 
A(string locator of space for reply)(optional) 

Called By 

Compiled code. 
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IBMDJD~ - DATE Built-In Function 

Function 

To implement the PL/I tuilt-in function DATE, i.e. to return the date in 
the form yymmdd. 

Method (chart DJDT) 

The module accesses the communication region, which contains the date in 
bytes 0 thru 7. The format of the date (MM/DD/YY or DD/MM/YY) is found 
by testing the data configuration bit in the communication region, the 
result of this test being used to select the afpropriate format 
translation tatle. The date is then translated to the target format 
YY~MDD. 

Linkage 

R1 = A(PLIS~) 
PLIST = A(6-tyte field to receive answer) 

Called By 

Compiled code. 

IBMDJDY - DELAY 

Function 

To implement the PL/I statement DELAY, i.e to suspend the execution of 
the task for a time period specified in milliseconds. 

Method (chart DJDY) 

If the system has no interval timer, an immediate return is made to the 
caller. 

otherwise, the required delay is divided by 1000 to convert it to 
seconds and is rounded to the nearest second. The result is given as a 
parameter to the SETIME macro specifying a Timer Event Control Block 
(TECB) and a WAIT macro is issued on the TECB. On completion of the 
WAIT a return is made to compiled code. 

Note: Because the timer interval for DOS is one second, the DELAY 
statement is implemented only to the nearest second. 

Linkage 

R1 = A(required delay in milliseconds) 

called By 

Compiled code. 
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IBMDJTT - TIME Built-In Function 

Function 

Tc irrplereent the PL/I tuilt-in function TIME, i.e. to return the time of 
day in the character format HHMMSSTTT. 

Method (chart DJTT) 

The module issues a GETIME macro with the TU option, which returns the 
time of day in units of 1/300 second. This is converted into hours, 
~inutes, seccnds, and thousandths of a second and assembled into the 
required character for~at. 

If the system has no time-of-day facility, the module returns the 
character string '000000000'. 

Linkage 

Rl = A(FLIST) 
PLIST = A(9-byte field to receive answer) 

Called By 

Compiled code. 

IBMBJWI - WAIT (Array Events) 

Function 

To implement the FL/I WAIT statement when array events have been 
s~ecified. 

Method (chart BJWI) 

The parameter list is scanned to compute the total number of event 
variables, and a VDA is obtained for the parameter list that will be 
passed to IBMDJWT. 

The first word of the parameter list passed to IBMBJWI is copied into 
the VDA. Each pair of two words in the parameter list is then examined 
again. If the dimensionality is zero, the event variable address is 
copied into the VDA. If the dimensionality is one, a simple loop is 
executed to compute the address of each element in the single
dimensioned array and place it in the VDA. If the dimensionality (N) 
is greater than one, a VDA of length 12*(N-1) is obtained and passed to 
module IBMBAIH. This module sets up a table in the VDA which enables 
IBMBJWI to index through the array and place the address of each element 
in the VDA. 

When the parameter list is complete, IBMDJWT is called to perform the 
wait. Return is then made to the caller. 
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Linkage 

Rl 
PLIST 

= A(PLIST) 
= A(nurr.ber of events (N) to be waited on) 

bit = 1 if N is not specified. 
A(event variable) or A(array locator) 
Dirrensionality 

A(event variable) or A(array locator) 
Dimensionality 

or high order 

The end of the parameter list is denoted by a high order '1' bit in the 
dimensionality word. 

Calls 

IBMDPGR - Storage management. 
IBMEAIH - Array indexer. 
IBMDJWT - WAIT module. 

Called By 

Ccrrpiled code. 

Function 

Tc implerrent the PL/I WAIT statement. 

Method (chart DJWT) 

The module first scans the list of Event Variables (EVs) and calculates 
the number of events which must be completed to satisy the WAIT. If 
this number is not positive, i.e. there are already enough completed 
events or the number of events to be waited on was less than one, 
control is returned to the caller. 

Ncte: EWIP, which is tested at statement JW003, is a flag in the EV 
wbich indicates that the event is already being waited on and has caused 
entry to an ON-unit. This situation can arise if a wait on a particular 
event causes entry to an ON-unit which contains a wait on the same 
event. 

The module then acquires a VDA for the EVTAB (event table) and tbe 
ECBLIST (list of event control block addresses). If all the events to 
be waited on are uncorrpleted active I/O events (other than DISPLAY 
events), an ECBLIST is not required; in these circumstances the length 
of the ECBLIST is set to zero before storage is acquired and flag F is 
set on. 

The pararreter list is then scanned again. Events which are complete or 
have the EWIF flag set are ignored. For other events an EVTAE element 
is created in the EVTAB and chained to the EV. If flag F is off and the 
EV is associated with an active I/O event, the address of the ECE is 
obtained frcrr the EV and placed in the ECBLIST. The address of this 
ECBLIST element is placed in the EVTAB elerr.ent for the EV. 
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Subsequent action depends on whether cr not flag F is set. 

Flag F indicates that all the events to be waited on are uncompleted 
active I/O events, all of which must be comfleted to satisfy the wAI!. 
In these circuRstances, the events are not waited on in this rrodule; 
instead, the module scans the EVTAE and passes the address of each 
active EV in turn to an internal "check event" subroutine (JW300), which 
calls IB~DRIC. The check event subroutine is described below. 

Flag F Net Set: 

If flag F is not set, the events are waited on in this module before 
being fassed tc IBMDRIO. 

A check is first made to see whether or not an ECBLIST exists. If one 
does not, all the events being waited on are either incomplete non-I/O 
events cr have the EWIP flag set. This means that no more events can be 
completed and the wait is still not satisfied. In these circumstances 
the mcdule dechains the EVTAB elements and branches the the error 
handler (IBMDEBR) to raise the ERROR condition. 

If an ECELIST does exist, a WAITM macro is issued with the ECBLISl as 
parameter. Control returns when anyone of the ECBs addressed from the 
ECBLISl is cem~lete. The EVTAE is then scanned to find any EV whose £CB 
is now complete, and the internal check event subroutine is called (see 
below). If control returns from the subroutine, the ECELIS! is checked 
again and a further WAIT macro is issued. 

Check Event Subroutine (JW300) 

The check event subroutine calls IBMCRIC to wait on I/O events, or 
IEMDJDS for CISPLAY events. When control returns, the EVTAB element is 
set inactive and complete. 

Note: AT. EVTAB element is set inactive by setting the field that 
contains the address of the associated EV to zero. 

If a chain of EVTAB elements exists for the EV, each EV1AB element in 
the chain is then set complete and inactive. 

When the end of the chain of EVTAE elerrents is reached, the associated 
EV is set comflete and inactive. The module then scans the EVTAB to see 
whether or not there are any other corr~leted events. This is necessary 
because corrpletion of the first event may have caused entry to an ON
unit in which other events were set corrplete, either by means of the the 
corrpleticn pseudovariatle or by further WAI! statements. 

The number of events to be waited on is decremented by one each time a 
ccrr~lete active event is found. When this number is reduced to zero 
control is returned to the caller. 

Errcr and Exceptional Conditions 

!he ERROR condition is raised if, at any tirre during the execution of 
and before the completion of the wait, the number of active incomplete 
events is reduced to zero. The type of error raised depends on the why 
the rerraining events cannot be completed. If there are any inactive and 
incomplete events, the error code passed to IBMDERR indicates that the 
WAIT would cause a permanent wait. If there are no inactive, incomplete 

200 Licensed Material - Property of IBM 



events, the error code indicates that the WAIT cannot be satisfied owing 
tc EVs having the EWIP flag set. 

Linkage 

Ri = A(PLIST) 
PLIST = A(number of events (N) to be waited on) or high order 

cit = 1 if N is not specified. 
A(event variable) 

A(event variable) 

The last A(EV) in the parameter list is indicated by a '1' in the high 
order bit. 

Calls 

IBMDRIC - Record I/O module. 
IBMDERR - Error handler. 
IBMDJDS - DISPLAY. 

Called By 

CClq:iled code. 
IBMBJWI - WAIT (array events). 

IEMGJWT - WAIT (Single Event) 

Function 

To im~lerr-ent the PL/I WAIT statement. This module is used in systems 
that do not sUFport waits on multiple events. 

Method (chart GJWT) 

The module first checks the parameter list to confirm that only one 
event variable (EV) has been passed. If more than one EV has been 
passed, the rr.odule calls the error handler to raise the ERROR condition. 

If the EV is already complete, or if the nurrber of events to te waited 
on (s~ecified in the PL/I WAIT statement) is less than or equal to zero~ 
an immediate return is made to compiled code. 

The module new tests to see whether or not the event can be waited on. 
If the EV is not active, or if flag EWIP in the EV is set, the module 
calls the error han~ler to raise the ERROR condition. otherwise~ the 
module goes ahead and processes the WAIT. 

For I/C events, the module passes the EV to IBMDRIO, which in turn calls 
the relevant transmitter module to wait on the event and raise any 
errors (see DOS PL/I Transient Library: Program Logic). 

Fer DISPLAY events, the module issues a WAIT macro on the CCB and, on 
completion of the wait, calls IBMDJDS to tidy up the DISPLAY 
environment. 

If control returns from IBMDRIO or IBMDJDS, the module sets the EV 
complete and inactive and returns to the caller. 
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Error and Exceptional Conditions 

The error handler is called to raise the ERROR condition in the 
following circumstances: 

1. More than one EV is passed to the module. 

2. The EV passed to the module is incorrplete and inactive. 

3. The EV fassed to the module has its EWIP flag set. 

Note: EWIP is a flag in the EV which indicates that the event is 
already being waited on and has caused entry to an ON-unit. ~his 
situation can arise if a wait on a farticular event causes entry to an 
ON-unit which contains a wait en the sane event. 

Linkage 

Rl = A(FLIS~) 
PLIST = A(number of events (N) to be waited on) or high order 

bit = 1 if N is net sfecified. 
A(event variable) 

A(event variable) 

The last A(EV) in the parameter list is indicated by a '1' in the high 
order tit. 

Calls 

IEMDRIO - RECORD I/O interface module. 
IBMDJDS - DISPLAY module. 
IBMDERR - Error handler. 

Called By 

CCffpiled code. 
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IBMDKCP - CHECKPOINT/RESTART Interface Module 

Function 

To implement the PL/I CHECKPOINT facility. 

Method (chart DKCP) 

The module establishes a checkpoint by issuing a CHKPT macro 
instruction. Operands for the macro instruction are set up as follows: 

If the device number in the parameter list for IBMDKCP (see "Linkage" 
below) specifies a disk file, a DTFPH is generated and its address is 
set as an operand on the CHKPT macro instruction. The device number is 
contained in the "device characteristic" parameter, which has the form 
" [sysnamel, [device number]". The default values for the sysname and the 
device number are SYS001 and 2400, respectively. 

The "restart address" set on the CHKPT macro instruction is an address 
within IBMDKCP. The purpose of this entry is described under the 
heading "Restart" below. 

Two tables are set up and their addresses are set as operands on the 
CHKPT macro instruction. The first table contains the name of all tape 
files that are open when the checkpoint is taken. The second contains 
verification information for all disk files that are open when the 
checkpoint is taken. Information on the open files is obtained by 
scanning the open file chain. 

The "checkid" parameter in the parameter list for IBMDKCP (see "Linkage" 
below) is a character string variable. The module places a unique 
checkpoint identification in this variable when the CHKPT macro 
instruction has been issued. 

After issuing the CHKPT macro instruction, the module issues a STXIT 
macro instruction to restore PL/I interrupt handling, and then returns 
to the caller. The STXIT macro instruction is necessary because the 
CHKPT macro instruction cancels the previously issued STXIT. 

Restart 

When restart is invoked by means of a JCL statement, the restart routine 
passes control to the address in IBMDKCP that was specified in the CHKPT 
macro instruction. The module resets the program mask to the value it 
had when the checkpoint was established, and issues a STXIT macro 
instruction to restore PL/I error handling. The module then returns to 
the point in compiled code at which the checkpOint was taken. 

Error and Exceptional Conditions 

Errors are handled by passing a fullword binary return code to the 
caller in the address specified in the parameter list. The return codes 
have the following meanings: 

o successful completion 
4 Restart has occurred 
8 Unsuccessful completion (program error) 

12 Unsuccessful completion (I/O error or set-up error) 

Linkage 
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RA = A(PLIST) 
PLIST A(filename string locator) 

A(checkid ret~rn string locator) 
A(device characteristic string locator) 
A(return code) 

~: All the PLIST arguments are optional. 

Called By 

Compiled code. 

IBMDKDM - Dump Bootstrap 

Function 

IIBMDKDM is the bootstrap routine for the transient dump control module 
IBMDKMR, or IBMFKMR in a CICS environment. 

Method (chart DKDM) 

IThe module tests a field in the TCA to determine if the program is 
lexecuting on CICS. If so, a CICS program control LOAD macro is issued 
Ifor the CICS dump control module IBMFKMR, otherwise the module loads the 
Itransient dump control module IBMDKMR. The appropriate module is then 
!called, passing the same parameter list as was passed to IBMDKDM. 

On return from the transient routine, IBMDKDM decides, trom the 
!parameter returned by IBMDKMR or IBMFKMR, which of the two possible 
actions (stop or continue) is required. For "stop", IBMDKDM places the 
appropriate return code in the TCA and branches to the goto code in the 
TCA, passing the address of the dummy DSA and the address of register 14 
in that DSA. For "continue", a normal return is made to the caller. 

Linkage 

R1 = A(PLIST) 
PLIST = A(string locator for dump parameter string) 

A(string locator for the user's dump-identifier) 

Calls 

IBMDKMR - Transient dump control module. 
!IBMFKMR - Transient dump control module - CICS. 

Called By 

Compiled code. 

IBMDKST - SORT Interface Module 

Function 

IBMDKST acts as an interface between the system sort/merge facilities 
and PL/I. In this capacity it serves as a bootstrap to preserve the 
integrity of the PL/I calling program and to set up the correct 
environment for the sort/merge routines. It interfaces with either of 
two SORT/MERGE programs: No. 5736-SMI., or No. 360-SM-483. 
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The module has four entry points and enables the use of two SOR~/MERGE 
user exit Foints E15 and E35. The exit points allow a PL/I routine to 
create and pass records to the SORT/MERGE routine and also to receive 
records after sorting from the routine. 

IBMDRST can be called by any of its four entry points to establish four 
ty~es cf processing. 

IBMBRSTA: Invokes the sort/merge prograrr to sort records from an input 
data set, and write them in sorted sequence onto an output data set. 

IBMBKSTB: Invokes the sort/merge program and specifies the use of user 
exit E15. Using this exit can either sup~ly all the records to be 
sorted or receive records obtained from an input data set and alter or 
delete them from the sort. It can also insert additional records into 
the sort. The sorted records are written directly into an output data 
set. 

IBMBRSTC: Invokes the sort/merge prograrr and s~ecifies the use of user 
exit E35. Invoking this exit can allow the program to either receive 
all the records from the sort and handle any output that is required, or 
examine each sorted record and alter or delete it from the output data 
set. 

~~: Invokes the sort/merge prograrr and specifies the use of user 
exits E15 and E35. The use of these exits is exactly as described for 
IEMDKSTE and IEMDRSTC above. 

Method (chart DKST) 

The actual sorting process is controlled by providing the sort routine 
with the appropriate control information. This is passed as an argument 
list by the PL/I program to IBMDKST. All calls to SORT go through the 
interface module as do all exits invoked by SORT. 

When exit E15 is invoked, the entry point of the procedure to be used as 
the exit routine is passed to SOR~ by IBMDKST. The sort routine then 
invokes this procedure once for each record presented for sorting. A 
character string representation of the record is passed back to the sort 
routine via the interface module. A return code is also passed back to 
indicate whether the exit is to be invoked again or not. 

When exit E35 is invoked, the entry paint concerned is passed in the 
argument list to IBMDKST as described for exit E15 above. The sort 
routine, at the end of the sort cycle, invokes this exit so that the 
sorted records can be presented to the exit routine. The exit is 
entered once for each record sorted. A character string parameter is 
declared in the exit procedure to receive the records passed back by the 
sort routine. A return code is returned to SORT to indicate whether any 
mere records are required or not. 

The exit routines are addressed by the exit code in the DSA. Control 
will return to this code, which will then store the registers belonging 
to SOR~, restore the PL/I registers, and branch to the appropriate exit 
routine interface. Control then returns via register R14 to the Foint 
in IBMDKST immediately following that from which the branch to SORT was 
originally made. 

When the module IBMDRST is called, it saves the contents of register Rl 
and obtains a LSA large enough to hold two nine word save areas" for use 
by routines in IBMDRST, and some workspace. The first of the two 
dynamic save areas (DSA) is for use by the sort/merge routines, and the 
second for use by the exit routines at exits E15 andE35. The second 
save area is addressed back to the first via a normal back chain slot 
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and contains a flag which is recognised by the PL/1 housekeeping 
routines. The back chaining and flagging are required to cater for 
atnorrral termination of a user exit. Such terrrination could happen 
under the following conditions: 

1. The exit procedure terminates due to an error. 

2. The exit procedure executes a GO TO statement naming a procedure at a 
level equal to or higher than the prccedure calling the sort routine. 

Having ottained the LSA, the module then generates a parameter list, 
from the arguments passed to it by the caller. The generated list is 
set u~ in the first DSA so that arguments corresponding to it can be 
passed to the sort routine. ~he list contains the addresses of user 
exits,if specified, and return code for interprogram communication. 

After the parameter list has been set-up, the following actions are 
perforned before a tranch and link is made to the sort/merge program: 

1. The sort module is loaded by the interface module, the amount of 
store being determined from the STORAGE parameter in the OP~ION 
statement passed to IBMDKST. 

2. ~he exit code is stored in the first save area, followed by the 
address of the first save area. Contained in the exit code is an 
error handling routine. 

A word in the implementation defined appendage of the TCA(the word is 
originally set by STXIT) is reset to point to the error handling 
routine, mentioned above, which handles program interrupts for the 
duration of the sort. 

If there is no exit routine, control returns directly to IBMDKST. 
Finally, the program check exit is reset for control to pass to PL/I 
error handling routines if required and a return made to the calling 
progran. When the call to sort is one that does specify an exit 
routine, then on exit froIT sort, the fcllowing actions are performed. 

1. A branch is taken to the exit code in the first save area of the 
interface module. This exit code picks up the address of the first 
save area, saves the registers of SORT, re-establishes the PL/I 
environment and branches to an address in IBMDKST. 

2. The program check exit is reset so that control passes to PL/I error 
handling routines if required. 

3. Paraneters for the exit routines are set from information passed by 
SORT. 

4. On corrpletion of the exit routine, control returns to SOR~ via 
IBMDKST. SORT then, dependent upon the return code it is passed, 
continues ~rocessing as required. 

If abnorwal termination of the exit routine occurs, a flag X'02', set to 
ON in the second byte of the second save area, is recognised ty PL/I 
hcusekeeping routines. In consequence, PL/I housekeeping gives control 
to the interface module IBMDKST which terwinates the sort routine in the 
following rranner. 

If the sort is being terminated at an E35 exit, the interface module 
returns control to SORT with a return code of 4 to see if any sorted 
records remain for output. If such is the case, SORT returns control, 
and the address of the next sorted record, to IEMDKST. In consequence, 
IBMDKST continues to return to SORT with a return code of 4, until SORT 
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has passed the address of every outstanding record. When this 
circumstance prevails, IEMDKST returns to SORi with a return code of 8 
tc terrrinate that routine. 

If the sort is being terminated at an E15 exit, no further records are 
passed tc the SORT program, and termination proceeds as described above 
for the E35 exit. 

Control then passes tack to the housekeeping routine. 

~~: If the SORT/MERGE program No.5736-SM1 is used, then there is no 
need tc terminate the SORT routine in the manner described above. 
Instead, IEMDKST merely returns control to SORT with a return code of 16 
tc ter~inate that routine. Control will then pass back to the 
hcusekeeping routine. 

Error and Exceptional conditions 

Return is made to caller via the Link Register with a special return 
code value (8). 

Linkage 

Ri 
PLIST 

Calls 

= A(PLIST) 
= A(Sort control statement string locator) 

A(Record control statement string locator) 
A(OFtion control statement string locator) 
A(PL/I procedure to be invoked as an E15 exit) 
A(PL/I procedure to be invoked as an E35 exit) 
A(Inpfil control statement string locator) 
A(Outfil control statement string locator) 

SORT/MERGE program Exit routines. 

Called By 

Ccmpiled code. 
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APPENDIX A: LIST OF MODULES 

The following list of modules is arranged in alphabetical order of the 
last three letters of the module nane. This ordering is used to save 
the reader the trouble of remembering whether the module is prefixed 
with IBMB or IEMD. 

Name 

IEMBAAH 
IBMBAIH 
IBMEAMM 
IBMBANM 
IBMBAPC 
IBMBAPF 
IEMBAPM 
IBMBASC 
IEMEASF 
IBMBAYF 
IEMBBBA 
IBMBBBN 
IEMBBCI 
IBMBBCl< 
IBMBBCT 
IBMBBCV 
IBMEBGE 
IBMBBGC 
IEMBBGF 
IBMBBGI 
IEMBBGK 
IBMBBGS 
IBMBBGV 
IBMBCAC 
IEMBCEB 
IBMBCBC 
IBMBCBQ 
IBMBCCA 
IBMBCCB 
IBMBCCC 
IBMECCQ 
IBMDCCS 
IEMBCE 
IBMBCGP 
IEMBCGQ 
IBMBCG'I 
IEMBCGZ 
IBMBCH 
IEMECK 
IBMBCM 
IEMBCO 
IBMBCP 
IEMBCR 
IBMBCT 
IEMECU 
IBMBCV 
IEMBCW 
IBMBCY 

Function 

ALL, ANY (simple and interleaved arrays) 
Indexer for interleaved arrays 
Structure mapping 
STRING built-in function 
PROD (arrays with fixed point integer elements) 
PROD (arrays with floating point elements) 
STRING pseudovariable 
SUM (arrays with fixed-Foint elements) 
SUM (arrays with floating-point elements) 
POLY built-in function 
AND, OR operations (byte-aligned bit strings) 
NC~ operation (byte-aligned bit strings) 
INDEX (character strings) 
Concatenate, REPEAT (character strings) 
~RANSLATE (character strings) 
VERIFY (character strings) 
BaaL (bit strings) 
Compare (general bit 
Assign (byte-aligned 
INDEX (bit strings) 
Concatenate, REPEAT, 
SUBSTR SI.D 
VERIFY (bit strings) 

strings) 
bit strings) and Fill (general bit 

strings) 
General Assign (bit strings) 

Conversion director (arithmetic to .character) 
Conversion (bit to bit) 
Conversion (bit to character) 
Conversion (bit to pictured character) 
Conversion director (character to arithmetic) 
Conversion (character to bit) 
HIGH, LCW, Assign (character strings) 
Conversion (character to pictured character) 
String conversion director bootstrap 
Conversion (fixed decimal - free decimal - float - fixed 
Check input (pictured decimal) binary) 
Check input (pictured character) 
Table of powers of ten 
Set a subfield of a complex number to zero 
Conversion (fixed binary - float - free decimal) 
Conversion (fixed decimal - free decimal - fixed decimal) 
Conversion (pictured decimal to packed decimal) 
Conversion (packed decimal to pictured decimal) 
Conversion (bit to fixed binary or float) 
Conversion (fixed binary or float to bit) 
Conversion (decimal constant to packed decimal) 
Conversion (binary constant to float) 
Conversion (packed decirr.al to E format) 
Conversion (packed decimal to F format) 
Conversion (fixed binary to fixed binary and float to 

float) 
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Size 
(approx) 

390 bytes 
100 bytes 

1760 bytes 
1630 bytes 

580 bytes 
370 bytes 

1230 bytes 
420 bytes 
330 bytes 
380 bytes 
520 bytes 
400 bytes 
200 bytes 
610 bytes 
770 bytes 
210 bytes 
660 bytes 
240 bytes 
390 bytes 
350 bytes 
890 bytes 
330 bytes 
420 bytes 
700 bytes 
350 bytes 
220 bytes 
240 bytes 
520 bytes 
420 bytes 
270 bytes 
410 bytes 
340 bytes 
720 bytes 
870 bytes 
200 bytes 
140 bytes 
300 bytes 
480 bytes 
370 bytes 
810 bytes 

1080 bytes 
490 bytes 
400 bytes 
670 bytes 
780 bytes 
670 bytes 
490 bytes 
250 bytes 
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IBMDEFL 
IBMEEOC 
IBMBEOL 
IEMEERC 
IBMDERR 
IBMDEVO 
IBMDIEC 
IEMDIEF 
IBMDIEF 
IEMDJDS 
IBMDJD'I 
IEMDJDY 
IBMDJDZ 
IEMDJTT 
IBMBJWI 
IEMDJWT 
IBMGJW'I 
IEMDKCP 
IBMDKDM 
IEMDKST 
IBMBMAl 
IBMBMAS 
IBMBMAX 
IEMEMAY 
IBMBMBI. 
IBMBMES 
IBMBMBX 
IBMBMBY 
IBMBMCL 
IEMBMCS 
IBMBMDL 
IEMEMDS 
IBMBMDX 
IEMEMDY 
IBMBMGl 
IBMBMGS 
IBMBMGX 
IEMBMGY 
IBMBMHL 
IEMBMHS 
IBMBMHX 
IEMBMHY 
IBMBMIl 
IEMBMIS 
IBMBMJL 
IEMEMJS 
IBMBMKL 
IEMEMKS 
IBMBMKX 
IEMBMKY 
IBMBMLL 
IBMBMLS 
IBMBMMI 
IBMBMMS 
IBMBMOD 
IEMBMPU 
IBMBMPV 
IEMBMQU 
IBMBMQV 
IEMBMRU 
IBMBMRV 
IBMBMRX 
IBMBMRY 
IEMEMUD 
IBMBMVU 

FLew option 
ON-code 
eNIOC built-in function 
CHECK system action 
Error handler 
Event Variatle operations 
Interlanguage housekeeping 
Interlanguage housekeeping 
Interlanguage housekeeping 
DISPLAY 
DA'IE tuilt-in function 
DELAY 
DISPLAY ~ithout EVENT 
TIME built-in function 
wAIT (array events) 
WAIT (multiple events) 
wAIT (single event) 
Checkpoint/restart interface 
Dump bootstrap 
SORT interface 
SCRT (long float real) 
SQRT (short float real) 
SQRT (short float complex) 
SQRT (long float complex) 
EXF (long float real) 
EXP (short float real) 
EXP (short float corr.plex) 
EXP (long float complex) 
ERF, ERFC (long float real) 
ERF, ERFC (short float real) 
LOG, LOG2, lOGi0 (long float real) 
LOG, LOG2, LOGI0 (short float real) 
LOG (short float complex) 
LOG (long float complex) 
SIN, SIND, COS, CCSD (long float real) 
SIN, SIND, COS, COSD (short float real) 
SIN, SINH, COS, COSH (short float complex) 
SIN, SINH, COS, COSH (long float complex) 
TAN, TAND (long float real) 
iAN, iAND (short float real) 
TAN, TANH (short float complex) 
TAN, 'IANH (long float complex) 
SINH, COSH (long float real) 
SINH, COSH (short float real) 
TANH (long float real) 
TANH (short float real) 
ATAN, ATAND (long float real) 
ATAN, ATAND (short float real) 
ATAN, ATANH (short float corr.plex) 
ATAN, A'IANH (long float complex) 
ATANH (long float real) 
ATANH (short float real) 
ASIN, ACOS (long float real) 
ASIN, ACOS (short float real) 
ADD (fixed decimal real or complex) 
MULTIPLY (fixed tinary complex) 
MULTIPLY (fixed decimal corrplex) 
DIVIDE (fixed binary complex) 
DIVIDE (fixed decimal complex) 
ABS (fixed binary complex) 
ABS (fixed decimal corr.plex) 
ABS (short float complex) 
ABS (long float complex) 
Shift and assign/load (fixed decimal real) 
Multiplication and Division (fixed binary complex) 
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1200 byt€s 
220 bytes 
160 byt€:!s 
490 bytes 

1500 bytes 
16 bytes 

500 bytes 
910 bytes 

1000 bytes 
740 byt.es 

80 bytes 
130 bytes 
590 byt€s 
15C bytes 
390 bytes 
800 bytes 
220 bytes 
820 bytes 
140 bytes 

1440 bytes 
170 bytes 
170 bytes 
290 bytes 
300 bytes 
460 bytes 
260 bytes 
140 bytes 
140 bytes 
640 bytes 
410 bytes 
340 bytes 
260 bytes 
230 bytes 
230 bytes 
390 bytes 
310 bytes 
310 bytes 
370 bytes 
320 bytes 
260 bytes 
230 bytes 
230 bytes 
240 bytes 
160 bytes 
260 bytes 
200 bytes 
470 bytes 
360 bytes 
260 bytes 
260 bytes 
260 bytes 
180 bytes 
350 bytes 
260 bytes 
290 bytes 
290 bytes 
280 bytes 
460 bytes 
580 bytes 
210 bytes 
540 bytes 
120 bytes 
130 bytes 
360 bytes 
290 bytes 
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IBMBMVV 
IBMBMVW 
IBMBMWX 
IBMBMWY 
I~MBMXL 
IBMBMXS 
IBMBMXW 
IBMBMYL 
IBMBMYS 
IBMBMYX 
IBMBMYY 
IBMDOCL 
IBMBPAF 
IBMBPAM 
IBMBPGO 
IBMDPGR 
IBMDPIR 
IBMDPJR 
IBMDPOL 
IBMDPOV 
IBMBPRC 
IBMDRIO 
IBMBSAI 
IBMBSAO 
IBMBSBO 
IBMBSCI 
IBMBSCO 
IBMDSCP 
IBMDSCV 
IBMDSDI 
IBMDSDJ 
IBMDSDO 
IBMDSED 
IBMDSEE 
IBMDSEH 
IBMDSEI 
IBMDSEO 
IBMBSFI 
IBMBSFO 
IBMDSII 
IBMDSIO 
IBMDSIS 
IBMDSLI 
IBMDSLJ 
IBMDSLO 
IBMBSMW 
IBMBSPI 
IBMDSPL 
IBMBSPO 
IBMDSTF 
IBMDSTI 
IBMDSXC 
IBMBTOC 

IDFHPL1I 

Multiplication and Division (fixed decimal complex) 
Multiplication (long and short float complex) 
Division (short float complex) 
Division (long float complex) 
Integer exponentiation (long float real) 
Integer exponentiation (short float real) 
Integer exponentiation (short and long float complex) 
General exponentiation (long float real) 
General exponentiation (short float real) 
General exponentiation (short float complex) 
General exponentiation (long float complex) 
OPEN/CLOSE bootstrap 
Controlled variable management 
AREA management 
Reset CHECK enablement 
Storage management 
Program initialization from system 
Program initialization from caller 
overlay space saving module 
Overlay 
Return code module. 
Record I/O interface module 
Input conversion director (A, P, and B formats) 
output conversion director (A format) 
Output conversion director Ccharacter-P and B formats) 
Input conversion director CC format) 
Output conversion director (C format) 
COpy 
Conversion fix-up bootstrap 
Data-directed input 
Data-directed input 
Data-directed output 
Edit-directed I/O housekeeping 
Edit-directed combination mOdule 
Edit-directed combination subset module 
Edit-directed input. 
Edit-directed output 
Input conversion director (F and E formats) 
Output conversion director (F and E formats) 
GET FILE initialization 
PUT FILE initialization 
GET or PUT STRING initialization 
List-directed input 
List-directed input 
List-directed output 
Missing output width module 
Input conversion director (P format) 
PAGE, LINE, and SKIP 
Output conversion director (P format) 
stream input transmitter 
stream print F-format transmitter 
X and COLUMN format items 
COMPLETION pseudovariable and Event variable assignment 
CICS initialization bootstrap 

660 bytes 
120 bytes 
100 bytes 
100 bytes 
140 bytes 
140 bytes 
410 bytes 
160 bytes 
150 bytes 
260 bytes 
270 bytes 
240 bytes 
150 bytes 
540 bytes 

40 bytes 
610 bytes 
420 bytes 
330 bytes 

8 bytes 
110 bytes 

40 bytes 
280 bytes 
420 bytes 
130 bytes 
400 bytes 
300 bytes 
290 bytes 
230 bytes 

90 bytes 
2090 bytes 
2090 bytes 
1210 bytes 
1050 bytes 
1420 bytes 

880 bytes 
440 bytes 
210 bytes 
240 bytes 
210 bytes 
420 bytes 
330 bytes 
350 bytes 

2220 bytes 
2070 bytes 
1610 bytes 

340 bytes 
370 bytes 
~30 bytes 
290 bytes 
440 bytes 
190 bytes 
440 bytes 
130 bytes 
100 bytes 
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APPENDIX B: LIST OF LIBRARY MACRO INSTRUCTIONS 

Name 

IBMBXCH 

IIBMBXCIC 

IBMBXDBG 

IBMBXDBL 

IBMBXDBM 

IBMBXDC 

IBMBXDD 

IBMDXDM 

IBMBXDP 

IBMBXEC 

IBMBXER 

IBMBXET 

IBMBXFLT 

IBMBXEV 

IBMBXFV 

IBMDXGC 

IBMBXGV 

IBMBXIC 

IBMBXIN 

IBMBXIOS 

Function 

Chains a specified element to a specified chain. 

Map of CICS appendage 

Debug macro. 

Debug macro. 

Debug macro 

Dechains a specified element. 

Provides a DSECT map of the Data Element Descriptor (OED). 

Provides a description of the options for the dump modules 
and a description of the dump control routine's Dynamic 
Storage Area (DSA). 

Provides a description of the picture part of the Data 
Element Descriptor (DED). 

Gives the code required by routines which raise CONVERSION 
or set up information for data conversion conditions. 

Provides DSECT maps of the following blocks: 

Dynamic Storage Area (DSA). 
Dynamic On Control Block (ONCB) 
Static On Control Block (ONCB) 
Diagnostic File Block (DFB). 
Dump Block (DUB). 
Dynamic storage Area (DSA) for IBMDERR. 
Interrupt Control Block. 

Generates the message text modules. 

Provides DSECT maps of the heading for the flow statement 
table and for the meanings of the bits in the flag byte of 
each statement number entry. 

Provides a DSECT map of an Event Variable (EV). 

Frees a Variable Data Area (VDA). 

Contains the GOTO code that is copied into the TCA by 
module IBMDPII. 

Gets a Variable Data Area (VDA) and returns its address. 

Initializes two adjacent chain fields to zero for use by 
macros IBMBXCH and IBMBXDC. 

Performs the initialization functions required by a library 
module. 

Provides a DSECT map of the Request Control Block and the 
parameter list for record I/O statements. 
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IBMBXKY 

IBMBXLB 

IBMBXML 

IIBMBXPL 

IIBMBXPLC 

IBMBXRRI 

IBMBXRRT 

IBMBXRT 

IBMBXRWS 

IBMBXSIO 

IBMBXSY 

IBMBXTAB 

IBMBXVKD 

IBMBXVRD 

IBMBXWT 

IBMDXCOM 

IBMDXDGT 

IBMDXDTF 

IBMDXFCB 

IBMDXOSA 

IBMDXTA 

Checks the key given in the KEYFROM or KEY option for 
regional files and converts it into the "search address" 
for the record. For Regronal(3) files the macro also moves 
the key to the buffer to tne buffer area. 

Defines all symbolic register and offset names and provides 
DSECT maps of the Task Communications Ar~a (TCA), library 
workspace (LWS), and the On Communications Area CONCA). 

Moves any number of bytes from one area to another. 

Map of the DOS PLSTART parameter list·. 

Map of the CICS initialization parameter list. 

Provides a record checking table for reference in library 
modules. 

Generates code to set up the registers for record checking 
or generates an offset table for use in record ckecking 

Provides the code necessary to return trom a library module 
to a caller.' 

Defines the workspace of all record I/O transmitters to 
enable them to pass information to the record I/O error 
modules. 

Provides a DSECT map of the Stream I/O Control Block 
(SIOCB) • 

Provides a DSECT map of the Symbol Table. 

Provides a DSECT map of the tab table. 

Provides a DSECT map of the Key Descriptor. 

Provides a DSECT map of the Record Descriptor. 

Provides DSECT maps of an EVTAB element. 

provides a DSECT map of the DOS communication region. 

Debug macro. 

Provides a DSECT map of the Define The File Block (DTF). 

Provides a DSECT map of the File Control Block (FCB). 

Defines a DSECT for Open/Close workspace. 

Provides a DSECT map of the implementation defined 
appendage of the Task Communications Area (TCA). 
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APPENDIX C: REACTIVATION OF DEBUGGING MACRO INSTRUCTIONS 

The program listings of many library modules contain debugging macro 
instructions which were used during the development of the library. The 
release version of the library does not contain any instructions 
corresponding to these macro instructions; the debugging facilities 
that they provide are therefore normally inactive. This appendix 
describes how the debugging macro instructions can be reactivated. 

Debugging Facilities 

The facilities provided by the debugging macro instructions are as 
follows: 

1. Module trace: This facility is provided by macro instruction 
IBMBXDBM, which is included once in every library module. When the 
instruction is executed it causes the 5th, 6th, and 7th letters of 
the module name to be entered in a push-down stack, thereby 
providing confirmation that the module has been entered. The push
down stack holds the names of the last twelve modules entered. 

2. Label Trace and General Register Dump: This facility is provided by 
macro instruction IBMBXDBG. When this macro instruction is 
expanded, it generates a label of the form DBXYZnn, where X, Y, and 
Z are the 5th, 6th, and 7th characters of the module name, and nn is 
a numeric value unique to the particular appearance of the macro 
instruction. When the macro instruction is executed, it stores this 
label in a trace table. Optionally, the contents of specified 
registers can be stored in the trace table following the generated 
label. 

3. Bit setting: This facility is provided by macro instruction 
IBMBXDBG as an alternative to the label trace facility. Wheu the 
macro instruction is executed, it sets a bit in a known position in 
a bit table, thereby providing confirmation that control has passed 
through the section of code containing the macro instruction. 

The debugging information generated by these macro instructions is 
stored in a table known as BUGTAB. storage for this table is obtained 
at program initialization by macro instruction IBMDXDGT. 

The debugging facilities are controlled by operands on a "debugging 
level ft macro instruction: IBMBXDBL. This macro instruction appears at 
least once in every module that contains other debugging macro 
instructions. It has the following format: 

lNILI, 
IBMBXDBL LEVEL=tBITI, REG1=n, REG2=m, TYPE=CHANGE, PHASE=IDEV I 

ILABI. I RELEASE I 
IREGI 

The operands are optional and can be coded in any order. The default 
values are: LEVEL=BIT, REG1=13, REG2=11, PHASE=RELEASE. 

LEVEL=NIL causes macro instruction IBMBXDBG to generate no executable 
instructions. 
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LEVEL=BI~ selects the bit-setting facility ~rovided by macro instruction 
IEMEXDBG. 

LEVEL=LAB selects the label trace facility ~rovided by macro instruction 
IEMBXDBG. 

LEVEL=REG selects the label trace facility with the general register 
dump o~tion. Registers REG1 through REG2 are dumped. 

If an IBMBXDBL macro instruction a~~ears more than once in a library 
mcdule, TYPE=CBANGE is coded on the second and subsequent appearances. 

PHASE=RELEASE deactivates all the debugging facilities. This option 
overrides all ether options. 

Reactivati~he debugging nacro instructions 

In order to reactivate the library debugging facilities you will require 
a source module for each module that you wish to reactivate, source 
modules for modules IBMDPIR (PL/I resident library) and IBMDPII (PL/I 
transient litrary), and a library macro library. 

The source modules must be modified as follows: 

1. Locate the IBMBXBDL macro instructions in modules IBMDPIR and 
IBMDPII and change the PHASE operand to PHASE=DEV. ~his is 
necessary to obtain storage for the BUGTAB. 

2. Locate the IEMBXDBL macro instructions in the modules whose 
debugging facilities you wish to reactivate, change the PHASE 
o~erand to PHASE=DEV, and code the LEVEL operand for the required 
debugging facility. 

The modified modules must no~ be reasserebled and link-edited onto the 
appropriate system library. The following methods are suggested. 

For modules of the PL/I resident library, reassemble the module and 
catalog it onto the relocatable library with a new, unique, name. 
Specify the new name on an INCLUDE statement in the link edit step of 
your PL/I test program; since the entry point names of the modified 
module are unchanged, references to there- will be resolved to the 
medified module rather than to the unmodified module. 

For modules of the PL/I transient library, the name of the modified 
module cannot be changed, since the modules are loaded by name. It is 
therefore necessary to rename the unmodified version of the module on 
the core image library, and then to link edit the modified version onto 
the core image library. 

The modules can now be executed by means of·a PL/I prograKo. 

Recovering the debugging information 

The information in the BUGTAB is recoverable only in a dump. Your test 
progran must therefore produce a durrp at the required point in its 
execution. 

The BUGTAB is located immediately after the program management area, and 
its address is located in field TBUG in the TCA. Field TBUG is at 
offset 3C (hexadecimal) from the start of the TCA. Module trace 
information is located at 'the start of the BUGTAB. Each module name in 
the trace table is prefixed by a number between 1 and 12. Modules 1 
through 6 are at the start of the BUGTAB; modules 7 through 12 are 
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irrrrediately before the start of the BUGTAB. Module 1 is always the most 
recently entered module. 

If LEVEL=LAB or LEVEL=REG has been coded on an IBMBXDBL macro 
instruction, the label trace will appear in the BUGTAB as a series of 
labels of the form DBXYZnn, where X, Y, and Z are the 5th, 6th, and 7th 
characters cf the module name, and nn is a numeric value unique to a 
particular appearance of an IBMBXDBG macro instruction. The macro that 
has generated the particular label can be found by examining the program 
listing of the reassembled module. 

If LEVEL=REG has been coded, each label in the BUGTAB is followed by a 
dump of the contents of the registers specified in the REG1 and REG2 
operands. 

If LEVEL=BIT has been coded, then each IBMBXDBG macro instruction will 
set a specific bit in the BUGTAB when it is executed. The particular 
bit set by IBMBXDBG is referenced by a note in the macro expansion. A 
typical note appears as: 

SET BIT 2 IN BYTE 0 OF FIELD EZJDS OFFSET HEX 136 FROM BI~-TAB 

The bit table (BIT-TAB) starts at the first fullword boundary after 
character string 'BIT TAB' in the BUGTAE. 
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Part 2: Flowcharts 

The chart references for the flowcharts in this part are derived from 
the last four letters of the module name; for example, the flm',chart 
for module IBMDERR is on chart DERR. The charts are arranged in 
alphabetical order of the last three letters of the chart reference. 
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IBMBAMMA IBMBAMMB IBMBAMMC IBMBAMMD 
····Al •• •• •••• • •••• A2......... • ••• A3......... • ••• AII ••••••••• 

• STRUCTURE. " MAPPING PLII • • MAPPING COBOL •• • 
: LENGTH ENTRY : : ALGORITHM: : ALGORITHM: : REFER MAPPING : 

··· .. ··[:~-------:~~::r:::::::----------:::::~L::::-------____ ::::::r .. ··. 
: •••• B2 ••••••••• : · . : HOUSEKEEPING : · . ................. 

~-----------l j ... . .. 
Cl •• C2 •• 

. * *. .• *. o •• ENTRY A OR •• AID •• TEST ENTRY •• B 

L
---.. D 1 •• -----.. peINT •• ---

*. .• *. .• 
*..* *... ••••• *. .• • ..• 

• UII ..A .C 
• • F~. L>:~:.. j 

• • Ell • . . .... 
··02·.····· . . 

• SET SWITCH TO. 
• COBOL • . . . . ........... 

"010 1<---------
·····E2· •• ••••••• · . · . • GET VOA • · . · . ................. 
:~i;· .->j · . .... 

i'lMOI2 ····.F:.!· .•..••.•• · . • ZERO 2 WOROS • • 
• STORE SO PTa • · . · . ................. 

j ... 
••••• Gl.......... G2 •• 
• SET OP OUMMY • • • • • 
• ADD FOR AI. 'lES •• ONL Y 1 •• 
• BASE EL .<--------. . ELEI!ENT 1 •• 

STRUCTURE • •• •• • *... ................. . ... 

.' . 
C5 o • 

• "END OF •• 
.' MINOR •• YES ----------------------------> •.• ::~UCTUR~.: ••• ---~ .. .. . .... 

0NC 002 • 

••• 0 1 · CII' '01 • • • 
: 05 0 .-> • . ... 

MM050 .'. 
05 •• 

.• * . 
•• BASE •• YES 

•• ELEMENT? • '---l .. .. 
*. . • .. .. . .... 

.NC .02 • 1 · .:~ . 
• 0. 

E5 •• .. .. 
r-----------!:~·: :. · ~::r::; .:: · 

I:!MO:~ ••• F4 •• ooo ••• o. F5··· •. 
• STACK SO P1'R • • • '. 
• OFFSE'I 0 YES •• MINOR o. 
• MAX ALIGNMENT .<--------o.STRUCTURE HAS.' 
'DIML'fY ACC LEN • '. DIMS? .0 · -. ... . ................. . .. . 

oNC 

L _______ ;;~;~----> r------"-----------------------------------------

Chart BAMM. 

·····H2·········· · . • INCREMENT VOA • 
• STAC)( PTR .. OR , 
• NEXT LEVEL • · . ................. 
:~i;' .->j · . .... 

MM032 ·····J2·········· • LENGTH ACC" • 
• POSN • 
• VALUEISTRING • 
• OVERLAY) ZERO • 
• POSN VALUE • ................. 

"",l:~:: .-> 1 <-------------------------------------------------------------
····.J{2· ••• ·••••• I • • : EliiE~Xloo : ______________________________ _ 
: ENTRY : ................. 

Structure mapping (part 1 of 4) 
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Chart BAMM. 

..... 
*02 * 
* *A~' . 

MM010 1 ·····Al·········· * GET * 
'DIMENSIONALITY * 
• ALIGNMENT • 
'LENGTH FROM ADD' · . ................. 

I .' . 
III '. .' '. 

NO .' '. 
---'. LENGTH ZERO ?' 

*. .' . .' '. .' r ·.·.·Cl·········· · . • GET STRING OR • 
• AREA LENGTH • 
• FROM SO • · . ................. 

:::::-----'1 ·· .. ·D~·.· ... ···. • INCREMENT • 
• LENGTH TO • 
• ALIGNMENT • 
: REQUIREMENT : ................. 

I . ' . 
E2 '. .' '. 

NO .' HAS EL '. 
---'. DIMENSIONS OF.' 

'. ITS OWl~ 1.' 
'. .' ' .. ' r 

••••• F:l •• • ••• • ••• 
• CALC 'STORE • 
'MULTIPLIERS FOR' 
• ITS OWN • 
:DIMENSION IN SO: ................. 

I . '. 
G:l '. 

. ' e. 
• 'MULTIPLIER '. YES 

'. TOO LARGE ? • '---l '. .' .. .. 
' . . ' ..... r ::~l: 

·····Hl·········· • CALC PARTIAL • 
'AO-VO FOR THESE' 
• DIMENSIONS' • 
: STORE IN SO : ................. 

I . '. 
J:l *. 

. ' *. 
" AO-VO TOO', YES 

• , LARGE? • *---~ 
*. .' 

" " ' .• * ••••• 
'NO *03 * 

----------> 1 · .:1' 
MM110 ,'. 

Kl '. • •••• K3 •••••••••• 
, • • , 'CALC AMOUNT BY • 

.' '. PL/1 • WHICH PAD CAN • 
" COBOL 1 •• -------->. BE REDUCED' .--> 

• , , • • ACD TO OFF SET • 
*. .' • • ' . . ' ................ . 

'YES l ____________________________________ _ 

Structure mapping (part 2 of 4) 
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·····A4·· •. ····.· • STORE PARTIAL • 
'AO-SO IN SO ADD' 
• EL LENGTH TO • 
• ACCUMULATOR • · . ................. 

1 
: •••• 84 ••••••••• : 

• INCREMENT SO • 
• PTR TO NEXT • 
• ENTRY • · . ................. 

j 
.' , 

C4 " 
• 'ENO OF " 

" STRUCTURE '. NO 
'. TO BE MAFPED • '---t 

" 1 " '. .* * .. ' ••••• 
'YES '01 • .... 1 · K2' '02 • • • 

• 04 .-> • · . .... 
MM230 .'. 

04 '. .' '. ,'CONTAINING '. YES 
'. STRUCTURE •• ---

" MAJOR 1 .' 
'. .* ' .. ' r .' . 

E4 " .' '. •• '. PLI 
•• CCBOL 1 •• --> .. .' .. .. 

* ..• r .' . F4 ., 
•• IS •• 

NO ,'CONTAINING •• 

l-.--.' STRUCTURE •• 
'. OIMNED .' '. . . ••••• * ..• 

• 04 • .YES 

.. :::" (---------
·····G4·········· • GO BACK 1 VOA • 
• LEVEL GET • 

CONTAING • 
STRUCTURE • 

• DIMLTY • . ............... . 
I ... HII '. .. .. 

.' '. YES 
'. ZERO OIMLTY 1 •• ---t *. .• 

•. .* 
*. .• • •••• r ::~l: 

·····JII···.······ · . • GET STACKED • 
·OIMENSIONALITY • · . · . ................. 

j 
. .. 

KII '. .• *. 
" HAS IT ., NO 

•• DIMENSIONS OF, .---~ 
•• ITS OWN ?' ., ,. .. ' .. . .... 

'YES '03 • 

~ 
• J2' .. 

• ..... 
·03 • 
• A2' .. . 
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..... 
·03 • 
• 1.2· •• . 
1 -------------------------~ 

·····A2·.······.· .CALC ALIGNMENT • 
• PADDING BETWEEN. 
• DIMS OF MINOR • 
• STRUCTURES • · . ................. 

j 
··.··B2· •. ····· •. • CALC , STORE IN. 
• SD MULTIPLIERS • 
• FOR MINOR STR'S. 
• OWN DIMS • · . ................. 

~r. 1 
:.~> ·l<----------l 

"""10 ••• ..... Cl.......... C2 .. 
•• •• ". *. 
•• IJlM8ERRB.. YES •• MULTIPLIERS •• 
•• RAISE ErROR •• ---.. TOO LARGE 1 •• .. .. .. .. .. .. .... ••••••••••••••••• * .. * r ·····02· •.... ·· .. • CALC PARTIAL • 

• AO-VO FOR 'IHESE. 
• DIMS ADD TO • 
• Ao-va IN so • · . 

~:~~: ·1<----------\ ....... ·r··· .. · 
MM'I20 ••• ..... El.......... E2 .. 

•• •• ". *. 
•• IBJIIBERRB.. YES •• AO-VO TOO •• 
•• RAISE ERROR •• -----.. LARGE? •• •• •• *. .* 
•• •• *"". ••••••••••••••••• *" .* 

Chart BAMM. 

r ·.···F2· •.. ·.·· .. • COPY 1ST BASE • 
• EL BOUNDS FOR • 
• THESE DIMS TO • 
• OTHER BASE ELS • 
• IN MIN STR • · .... ··T ...... · 

... 
G2 •• ". ." •• •• YES 

•• COBOL 1 •• ---
*" ,,* *. .* 

." ,,* r' ·····82·········· · . • SUBTRACT • 
• ALIGNMENT • 
• INCREMENT • • • ................. 
:~3· • 1<----------• J2 .-> • • .... 

MM300 ••• 
J2 •• 

• • IS TRIS •• 
•• THE MAJOR •• NO 

•• S'IROCTURE 1 •• -----------------*. .* *. .• .... 
·YES l ____________________________________ _ 

structure mapping (part 3 of 4) 

220 Licensed Material - Property of IBM 

MM310 ••• 
All •• • •••• AS •••••••••• 

•• •• • CJ\LC PADt:ING • 
•• •• PL/1 .BE'IWEEN PRESEN'I • 

•• COBOL 1 •• -------->. 'PRECEEt:ING • 
•• •• • STRS • 
.".* • • *" ". • •••••••••••••••• 

• YES 

MOl" 1 ·····BII ...•.•••.. · . • ALIGN 'IO • 
• MAXIMUM • 
• REQUIREMENT • · . 

--;;;.;:::=:1::::::::---------------
·····CII····.· .... · . .GET CONTAINING. 
.STR se AND ADD • 
• PTRS • · . ................. 

:;~;-----' 1 
·····011···· •• •••• · . .FINO NEXT BASE • 
• ELEMENT • · . · . ...... ·T· .... ·· 

... 
Ell •• .. .. 

• .HAS IT BEEN.. YES 
• • MAPPED •• ---

..<REFER) 1 •• 
*" .-. ... r ·····FII·········· · . • ADD At:JACENT • 

• S'IRUC'IURE • 
.OrFSE'I TO AO-SO • · . ...... ·1 ...... · 

.•. 
Gil •• 

.* ." •• MAJOR •• NO 
•• STRUCTURE 1 •• --> .. . . 

• " ,,* 
*. It· r ·····HII··.· .•.. ·. .CONVER'I 'IO BYTE. 

• AO-SO' IF • 
• UNALIGNED BIT. 
• S'IORE BIT • 
• OFFSET • ·· .... ·1 ...... · 
·····JII···· •••• ·• • CALC AO-VO IN • 
• BYTES OR IF • 
• UNALIGNED BIT. 
• BYTE (1.0).8 - • 
• BIT(VO) • .. .. · .. ·I:::::=~--

MM360 ••• 
KII •• 

. * •. 
YES •• MORE ELS IN •• 
---.. THIS STR 1 •• .. .. .. .. 

*" .• 
·NO 

! ..... ·011 • • A2· .. 
• 



.... 
·011 • 

• A2 .--~ · . .... 
,., MM390 

A2 ., ••••• A3 •••••••••• ,.., . . .···A4 ........ . 
,. MAJOR ., YES • STORE LENGTH • • RETURN ~O 

., STRUCrURE ? ,.-------->. AND OfFSU' IN .-------->. CALLER ., ,. • TARGET WORD •• • . , ,. . . . ............. . 
· . •••• 

. , ,. . ............... . 
:Oi:· .->1· NO 

MM380 
..... B2·········· • • • SET ADD PTR Tu • 
• NEXT CONTAINING. 
• STRUCTURE • • • 
········1········ 

,. , 
C2 ., 

,. ANY·, 
YES ,.BASE ELS AT., 

r
---.,3AME LEVEL AS,-

., STR? , • . , , . . , ,. 
••••• • NO 
·01 • l .... • 05. .02 • • • ->. 011 • 

• • • •••• 

•••• ·011 • 

•••• • '2 .--1 • • 
MMSOO 

·····'2·········· • GET VDA AND AD • 
• '~ORS CALC ADD • 
• START' END • 
• ADORS • • • 
········1········ 

,., 
G2 ., 

,. START ., 
YES ,.AOO SAME AS., 

l
---.,ACTUAL START ,. 

• , ? ,. . , , . .. .. 
:~~.: 1. NO 
• F2· • • • 

·····a2.········· • • • ADDRESS CORRECT. 
• LEVEL VOA SLOT • • • • • ••••••••••••••••• 

l .... ·01 • ->. J2 • • • •••• 

• ••• ·011 • 
• Ell .--1 • • •••• MM800 V 
··~··£II·· ••• ••• •. • STEP ~HRU BASE • 
• ELS UFDATING AD • 
• UNTIL LAS~ BASE. 
• EL • · . 
········1········ 

•• ··.FII·· •.• •• .•. • • • GE~ AO-SO FOR • 
• THIS LAST BASE • 
• ELEMEN~ • • • 
········1········ 

.•. 
Gil •• .. .. 

YES •• •• ---.0 ZERO DIMLTY ? • .. .. .. . . .0 .• r ·····H4· ........ . • GET AO-YO CALC • 
.YC-SO THEN CALC. 
• A(LAST EL IN • 
• ARRAY) - SO • • • 

:::::::::::1········ 

• •••• JII •••••• • ••• • • • ADD LENGTH OF • 
• LAST EL • • • • • ••••••••••••••••• 

1 ·.···l4· .... ·· ... • S~ORE RESULT AS. • ••• lS ••••••••• 
• • OF BYTES. • RETURN TO • 
• OCCUPIED BY .-------->. CALLER • • S~RUCTURE.. • • • • •••••••••••••• ••••••••••••••••• 

Chart BAMM. Structure mapping (part 4 of 4) 
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IBMB~NIl~ IBMB~NMB 
·····AZ·········· •••• ~1......... .slORE A(TARGET). • ••• ~3 ••••••••• 

• STRUCTURE - -OR A(TAR~ET sL)- .STKI~G BUILT IN. 
~URR£Mr LENGrH .-------->. GEl .<--------. FU~=TION • • •• A(OESCRIPTOI'() •• • ••••••••••••••• • • • •••••••••••••• ··· .. ···r···· .. 

... 
B2 '. • •••• B3 •••••••••• .... . . 

• ' ARRAY •• YES • BUILD • 
•• ~RGUMEN'l' 1 •• -------->.EQUIVALENT Ace • 

'. •• • AND Ae • .... . . 
··i~~--------------::::::::i········ 

NM02') ... 
c2 •• • •••• C 3 •••••••••• 

•••• • • •• • SET UP FIXEC • 
• • YES.' '. NO .TARG OESCR WITH-
• F3 .<----.. ENTRY A 1 .--------->.ZERO LENGTH OR • 
•• '. •• • Z~RO CURRENT • 
•••• •••• • LEN • 

NM210 
··r·~:o--------------::::::::i········ 

• • NM200 ••• 
02 '. 03 •• 

•••• .'15 N~XT' • 
• ' IS NEXT '. NO.' MINOR '. 

---------------------------->.. ELEMENT A •• <--1<----.. STRUCTURE .' 
•• BAsE EL 1.. '. DIMNED1 .' .... ... . '. .. ' .. . 

• YES : .:: : l' YES 

• • •••• 
NM220 

·····E3···· •••• • • 
• GET VDA LENGTH • 
'8' IELS OF BASE' 
• ELS IN MINOR • 
• sTRUCT • • • 
;::::;::·1········ 
• • •••• NM270 

••••• F1 •• • •••••• • ••••• F3 •••••••••• •• •• 
• ADO CURRENT • 'FIND NEl!.T BASE • 
• LENGTH TO .---------------- --------------->. ELE~NT • • ACCUMULATOR • •• •• •• 

········I·:~:···· -----------------::::::::1········ 
NM290 G1' '" ••••• G2.......... NM280 G3···.. NM310 G4···.. NM3!2 ••• Gs •••••••••• 

o • '. • FIND CURRENT • • • '. • • '. "CALL IBMBAIH •• 
•• •• • LENGTH' ADDR • NO o. BASE EL •• YES •• MORE THAN 1'. YES •• TO SET UF •• 

•• ENTRY A 1 •• <--------. OF SCALAR .<--------•. OIMEN5IONEO 1 •• --------> •. DIMENSION 1 •• --------> •• TABLE TO •• 
'. •• • ELEMENT· •• •• •• •• •• INDEX THRU •• 

•• .' • • .". .,.. •• ARRAY·· .. ).. ..1.:0 ••••••••••••••••• ••••• ..1.:0 ········1········ 

·····a1······ .. ·· ..... H4.......... • •••• HS •••••••••• 
-ASSIGN • .ASSIGN • 'ASSIGN • . -.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. 'AS31GN ELEMENr • • FASS CURRENT • • PASS CURRENT • 
• ro rARGET • • LENGTH , ADOR • • ~NGTH , ADDR • 
: ••••••••••••••• : • OF EACH EL. • Of EACS EL • 

1 ········I::::::::---------::::::::i········ 
,', NM440 ,', J1 ., J4 ., ,. ., ,. " 

N:> ,. ENO OF ., YES " END OF ., 
---., srRUCTURE 1 ,. ,---------------------------------------------------------., STRUCTURE 1 ,. '0 ,. " , • . , " ., ,. .. .. . ... 

I·<~~~------- 1 00 

NM4S0 .', 
1t4 •• 

····K1········· •••• .' EL IN '. • ••• 
• PAD TARGEr IF • • • NO.. DIMNED ., YES. • 
• NECESSARY' • • 02 '~----.. MINOR ,.~--->. f3 • 
• RETURN • •• •• STRUCTURE, • •• ••••••••••••••• •••• •• 1 .' •••• 

N!l700 

.. .. 
• 

Chart BANM. STRING built-in function (part 1 of 2) 
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ASSIGN ••. NM900 
A3 •• • •••• A4 •••••••••• .. .. . . 

.• •• YES • ADD LENGTH TC • 
•• ENTRY A? •• -------->. ACCUMULA10R .-----.. .. . . .. .. . . .. .. . ............... . ro 

... 
B3 •• 

•• EL IN •• 
NO.. OIMNED •• 

---.. MINOR •• 
·.STRUCl'UHE.· 

•• ? •• .. .. 
{'"' 

••••• C3 •••• • ••••• 
• • • STORE ADDRESS i • 
• CURR£NT LENGTH • 
• IN VDA SLOT • · . 
········1········ 

... 
03 •• 

•• •• ··.·05.·· ••• ••• 
.:~f~g g~ ~~~O::.!~: _______________________________ >:RE1U:~uf~N~AIN : 

•• STRUC) •• /I • • .. .. . ............. . .. .. 
• NO 

".'20 t 
••• •• E3 ••• • •••• •• .SIMPLE EXCHANGE. 
• SORT ELEMENTS • 
• INTO CORE • 
• ADDRESS ORDER • • • 

---::::::::1········ 

..... F1.......... . .... F2.......... NM560 F3··· .. · ... .. ... . 
• SEr RETURN ~ODR. ..C~LL IBMBERRB.. YES •• •• 
• TO EXIT FROM .<--------.. RAISE •• <--------•. STRINGSIZE?. 
• MAIN ROUTINE • •• STRINGSIZE •• •• •• · ... .. . . 
........ [::::::::---------:::::::::::::::::--------------~:~I·~ 

NM575 ••• 
G3 •• • •••• G4 •••••••••• 

. ' '. . . .• .0 CHAR • ASSIGN TO • 
•• Bl1 OR CHAR 1 •• -------->. lARGET .----> 

Chart BANM. 

.. .. . . .... . . .. .. . ............... . 
{"'T 

NM600 0·0 H3 .0 ..... H4 •••••••••• o. .0 .. .. o. VARYING .0 NO •• ASSIGN USING •• 
• 0 TARGET? o.--------> •• IBMeBG~C BIT •• ----> .. o. .. ASSIGN •• ·0.· .. .. ·0 o. . .•.•..•.•..••••• 

• YES 

..... 1 
····.J3··.··· .. ·. •• • • •• ASSIGN USING •• 
•• IBMBBGKA BIT •• -------------------------------•• CONCATENATE •• •• • • ••••••••••••••••• 

STRING built-in function (part 2 of 2) 

Licensed Material - Property of IBM Part 2: Flowcharts 223 



IBMBAPI-IA 

····A]········· • • 
• ENTRY • · . ·· .... T ...... 

.. . 
B3 •• • •••• B4 •••••••••• .. .. . . 

•• ARRAY •• YES • BUILD • 
•• ARGUMENT? •• -------->.ECUIY~LENT ADD. 

•• •• • AND AD • ...* • • .. .. . ............... . 
• NO j 

PM •• ' 1<------------------------
•• ••• C3.·· •••• •• • 
• FI[~i) NO OF EIS • 
• , G~T VDA WITH • 
• 8 BYTES FOR • 
• EACH • • • 

P •• ~~~~:;::I::::::::-----------------------------
·····0)···.·····. • • FIND BASE • 

ELEMENT • • • • 
········i········ 

PM140 ••• 
••••• E2.......... E3 •• 
•• CALL IBMBAI8A.. ..., 
•• TO SET UP.. YES ,.MORE THAN 1., NONE 

•• TABLE TO •• <--------•. OIMENSION ? .• -----------------1 •• INDEX THRU •• •• ,. 
•••• •• ARRAY·. ., ,. 

:·;1:': ········1········ PMl" "i'~E 
••••• Fl. •••••••• • •••• F2.......... • •••• F3.......... • •••• F4 •••••••••• 
• PM200 • .FIND ALLOCATED • .FIND ALLOCATED • .FIND ALLOCATED • 
• -.-.-.-.-.-.-.-. • LENGTH'. • LENGTH AND. • LENGTH AND • 
• FORM DESCRIPTOR.<--------.ADDRESS OF EACH. .ADDRESS OF EACH. • ADDRESS OF • 
• FOR EACH EL IN • • ARRAY EL IN • • ARRAY EL. • ELEMENT • 
• TURN. • TURN •• •• • ................. ................. . ....... {........ ········1········ 

..... G3.......... . .... G4 ......... . 
• PM200 • .PM200 • . -.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. 
• FORM DEsCRIPTOR.---l • FORM CORRECT .---
.POR EACH EL IN • -DESCRIPTOR FOR -
• ~URN. • EL IN YDA • ................. . ............... . 

•••• • • 
• 03 • • • •••• 

Chart BAPM. STRING pseudovariable (part 1 of 2) 
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PM200 
••• •• Al •••••••••• • • 
• CALC. BIT AODR • 
• fOR UNALIGNED • 
• BIT ELS • • • 
········1········ 

•• •• ·B) •• • ••••••• • • 
• STORE ADCRESS • 
• AND LENG~H IN • 
• VDA SLOT • • • ••••••••••••••••• 

I 
•• •• ·C3· ••••••••• 
• SET VARYING BIT. 
• ON IN • 
• DESCRIPTOR IF • 
• NECESSARY • • • 
········1········ 

.•. 
D3 •• .. .. ····cs········· •• •• NO .RETURN TO MAIN • 

•• END OF VDA 1 •• ---------------------------------->. ROUTINE • .. .. .. .. .. . ............. . .. .. 
• YES 

PM'" 1 
•• ••• E3 •••••••••• 
• SIMPLE EXCHANGE. 
• SORT ELS INTO • 
• CORE ADDRESSS • 
• ORDER • • • ••••••••••••••••• 

:·;:·:->1 • • .... 
••• PM260.· • ..... F1.......... F2 .. F) .. .. .. .... ... . 

•• CALL IBMBERRB.. YES •• •• YES •• 15 NEXT EL •• 
•• TO RAIS~ •• <--------•. STRINGSIZE 1 •• <--------•. rHE LAST 1 •• 
•• STRING5IZE •• •. •• •• •• .. .. .... .... 
········l~~~~~~~~ _______________ ~~!~~: ____________________ ~~I·:O 

PM)SO PM26S ••• ..... G2.......... G3 .. . .... G4 ......... . 

Chart BAPM. 

•• CALL IBMBCBBA.. •••• • • 
•• TO ASSIGN.. Blr •• •• CHAR • ASSIGN SCURCE • 
•• SOURCE TO •• <--------•. BIT OR CHAR 1 •• -------->. TO ELEMfNT 
•• ELEMENT •• •• •• • .. .. .... . . 
········i::~:::~~ ______ ;~~;;----:~~~~---------------::::::::j ....... . 

• •• ·.H3 ••• ••••••• · . • UPDATE SOURCE • 
• DESCRIPTOR • • • • • 
········i········ 

... 
J3 •• .. .. . ... 

•• LAST •• NO • • 
•• ELEMENT 1 •• ---->. r3 • .. .. .. .... . ... .. .. r' 
•••• 1<] ••••••••• 

• RETURN TO • 
• CALLER • • • ••••••••••••••• 

STRING pseudovariable (part 2 of 2) 
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ENTRY 

•••• A3········· · . • IBMBCACA • • • ••••••••••••••• 

j 
•• ••• B3·········· • • • INITIALISE • 
• REGISTERS · • • ••••••••••••••••• 

1 ... ... . .. 
C2 .0 C3 .0 C4 .0 •••.• cs •••••••••• 0··0 ,.., ,.., • • 

NO ,. COMPLEX., YES ,. PICTURE ., NO ,. ., YES • CONVERT • 
---., SOURCE? ,.<--------., INPUT? ,.-------->.,BINARY SOURCE,.-------->. PRECISION(AND • • , ,. ., ,. ., ,. • SCALE) • 

•. .• *... •..• • • ·0 ,. ., ,. ., ,. • •••••••••••••••• 
• YES • • NO 1 

1 1<------------------------..... 02.......... . .... 04 ........ ~. 
•• •• • DOUBLE THE • • SET ElF • 
• WIOrH • • FARAMETERS AS • 
•• • APPLICABLE • 
•• •• 

---::::::::1········ ········1········ 
... . .. .•... el.......... E2 ., .••.• E3.......... E4 ., 

·IBKBCCQ • ,.., • • ,.., 
.-.-.-.-.-.-.-.-. YES ,. PICTURE ., • • YES ,. COMPLEX ., 
• ZONVERr TO .<--------., TARGET? ,.<-- .SELECT ROUTINE .<--------., SOURCE? ,. 
• PICTURE. ., o. • • .0 ,. · . ..... . . .... 

___ ::::::::i········ ':1::0 

········1········ '.1.:0 

..... Fl.......... F2 ., ••••• F3.......... • •••• F4 •••••••••• 
·IBMBCC::. ,.., • •• • 
.-.-.-.-.-.-.-.-. NO ,. SOURCE.o • CALL RTN, TO •• • 

ASSIGN TO .<--------.,LENGTB < 2S6 ,. • CONVERT 1ST, .-------->. SELECT RTN, • 
rARGET. • , , • • HALF.. • · . .". . .. . 

--_::::::::......... ··1·;ES ................. ········1········ 

..... G2.......... • •..• G4 •••••••••• 
•• • CALL RTN, TO • 
•• .CONVERT 1ST, OR. <-----------------. MV:: • • REMAINING • 

····B1·.· •• •• •• · . • RETURN • · . ••••••••••••••• 

•• • SUBFLD, • 
•• •• ................. . ............... . 

1 , ., 
84 ., ••••• H5 •••••••••• ,.., . . 

,. ., YES .INSERT-'-, SET • 
., F-TYPE? ,.-------->. EXPONENT, • .. .. . . ., ,. . . 

··I~~--------------::::::::i········ 
, ., 

,)4 ., ,. ., 
NO ,. .0 

-------------------------------., COMPLEX? ,. " ." . . , , . . , ,. rs 

••••• K3. •••••••• • •••• K4 •••••••••• 
• •• • • DELETE BLANKS •• • 

ETC, .<--------. INSERT -1- • •• • • •• • ................. . ............... . 
Chart BCAC. Conversion director (arithmetic to character) 
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t.NTRr 

···.AJ.··· ..... • • 
• I8N8CeAA • • • ••••••••••••••• 

1 
·.··.82·········· • • 
• INITIALISE • 
• REGISTERS AND • 
• SWITCHES • • • ................. 

j 
.' . 

C2 '. ····cl········· .... • CONVERSION' rES .' '. 
• ERROR .<--------•. BLANK SOURCE?' 
• • 1\ '. .' ............... .... 

'. .' ro 
.'. .'. 02 '. • •••• 03.......... 04 '. • •••• tS •••••••••• . ' '. . . .... . . 

• ' COMPLEX '. NO' • .' BINARY'. NO • SET FLAG • 
'. STRING? •• -------->. SET FLAG TO 4 .-------->.. STRING? •• -------->. DECIMAL • 

'. .' • • II '. .' • • '. .' . . .... . . ' .. ' ................. '. .' ................ . I 'ES j.<::: _____________________ J 

.'. E2 '. • •••• E4 •••••••••• . ' '. .. 
NO •••• 'SET SOURCE OED' 

-----.. VALID? .' • AND LENGTH • .. .. .. 
'. .' .. ':rES 

...... ·r ...... 
F2 '. . .... F3.......... . •..• F4 ..•....... .... . .. . 

• 'SOURCE ALL '. NO • SET FLAG TO 8 • • SELECT NEXT 
'. IMAGINAriY? ,.-------->.TO INDICATE TWO.----- • MODULE 

...... ...... : ..... :~::: ..... : III : ............... : i .. & ----.------ I 
..... G2.......... . .... G4 ......... . 
'IBMBCGZ • 'IBMBC'I/CU • . -.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. 'ZERO REAL PART • • CONVERT TO • 
• OF TARGET • • "lARGET • .. .. ········1········· ········1········ 

. ' . ..... H2.......... H4 '. 
• POINT TO • .' '. • ••• ss ••••••••• 
• IMAGINARY • 8 .' '. o. • 
'SUDFIELD. kESET.<--------------- ----------------•• FLAG VALUE? •• -------->. RETURN 
• FLAG TO 0 • • 0 0 • II ' • • .. .... . ............. . ...... 'T....... 'r 

.'. .' . 
.12 '. JII '. .. ., .. .. 

o' COMPLEX '. YES o' COMPLEX '. NO '0 TARGET? •• ----------------> '0 TARGET? ,.----> .. .. .. .. .. .. .. .. 
' .. ' '. .' 

i~ r"' 
••••• K2.......... • •••• JII •••••••••• 
•• 'IBMBCGZ • 
• SET DUMMY • .-.-.-.-.-.-.-.-. 
• TARGET .----------------- • liMO TARGET .-----•• • I Ml\Gl NARY rAR1 • •• •• ................. . ............... . 

Chart BCCA. Conversion director (character to arithmetic) 
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BNrRI' 
•••• ,.1.· •••• • •• • • • IBMBCGZA • • • ....... 1' ...... 

·····B1·········· • • • INITIALISB • 
• RBGISrSRS • • • • • 
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Chart BCGZ. Zero a subfield of a complex number 
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Chart DEFL. FLOW option module (part 1 of 2) 
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Chart DEFL. FLOW option module (part 2 of 2) 
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DISPLAY module (part 1 of 2) 
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Chart DJDY. DELAY module 
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Chart DJDZ. 

JDSOO .. ··A2········· • CONSOLE I/O • 

: Dig~~~~;~~f.Y : ............... 

JD510 

j<------------------------------------

·····82·········· ·EXCP • 
*-*-*-*-*-*-*-*-* 
• ISSUE EXCP • 
: MACROCc~l -) : ................. 

JD530 ·····02·········· ·WAIT • 
*-*-*-* -* -* -*-*-* 
• WAI'I FOR * 
• CRANNEL E.ND * 
• * ................. 

j 
JD610 • *. JDb15 

E:.! •• • •••• E3 •••••••••• ... ... . . 
•• UNIT •• Y .BLANK OU'I REPLY. 

•• EXCEPTION? •• -------->. STRI NG .---*. ... 1\. • *. .• • • ... ... . ............... . 
r 

••• JD620.·. 
f"1 •• 1'2 •• . * ... ..... 

NO •• IIARYING •• N.. •• 
---•• REPLY STRING? .<--------.. UNIT CHECK? •• *. ... •. ... 

*...* *..* *. ... * .... 

~E' J.... .1: ..... Gl.......... G2 ... 
• SET VARYING • ••• • 
• STRING CURRENT • • • •• N 
• LENGTH = THAT • •• INTERVENTION •• ----> 
• TYPED BY. •• REQUIRE.D?. 
• OPERATOR· •••• --_::::::::\......... .. ( 

JOb:.!!> ••••• R:.! •••••••••• 
•••• H1......... .EXCP , WAIT • 

• RETURN TO. .-.-.-.-.-.-.-.-. 
• CALLER·· .-----
• •• RING ALARM • .............. . . ................. 

DISPLAY without EVENT (part 2 of 2) 

Licensp.ct Material - Property of IBM Part 2: Flowcharts 255 



Chart DJTT. 
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·····C3·········· ·LOAD • . -.-.-.-.-.-.-.-. 
• SERVICE CALL • 
• PLIOVLY (MODULE). 
: .... ~~~~~~I •••• : 

I ····03 .......•• 
• RETURN TO • 
• COMPILED CODE • • • ••••••••••••••• 

Overlay module 
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IBMBRIO ... ···· ... 1········· • RECORD I/O • 
: STATEMENT : ....... 1" ..... 

·····61·········· · . • SET UP REGS FOR. 
• XMITTER • · . · . ................. 

j ... 
C1 •• .... · .. ·C2·.······· . * VALID •• Y • BRANCH TO • 

•• S'IAT.EMENT • *-------->. XMI'ITER • •. .• * • .. .. . ............. . .. .. 
r .•. 

01 •• .... ····D2········· • • • • N • BRANCH TO • 
•• FILE OPEN •• -------->. IBMBOCLB FOR • 

•• • • • IMPLICIT OPEN • .... . ............. . .. .. .,. 

'M~'OC I ····E1········· • CALL IBMDERRB • 
• WITH INVALID • 
• STMT • ............... 

IBMBRIOB ····A3 ••••••••• 
• RECORD I/O • 
• ERROR MODULE .<-
• BOOTSTRAP • ............... 

1 ·····B3· .• •• .•. ·· · . • GET 7TH CHAR OF • 
• MODULE NAME • 
• FROM FCB 4 · . ................. 

I ·····C3··.··· .. ·· · . • GET ERROR • 
• MODULE LENGTH • 
• FROM TABLE • · . ................. 

I .•. 

IBMBRIOD ····AII· •••.••.. 
• ERROR ENtRY • 
• FROM IN/LINE • 
• CODE • .. .... 1 ...... 

.•. 
ell •• .. . . 

N •• ERROR •• 
-----•• MODULE LOADE!: •• .. .. 

*. .* . ... 
r ····CII···.····· .BRANCH TC ERROR • 

• MODULE • · . . ............. . 

03 •• • •••• 011 •••••••••• 
• • • • • LOA!: ERROR • 

•• NON-LIFO •• N • MODULE INTO • 
•• AVAILABLE •• ----- --->. LIBRARY • 

• • • • .TRANSIENt AREA • .... . . .. .. . ............... . 

r ·····E3 ••••...•.. · . • GET NON-LIFO • 
• SPACE • · . · . . ....... 1" .... .. 
: •••• P3 ......... : 

• LOAD ERROR 
• MODULE · · . .. ·····T .. · .... 
·····G3 .••• • ••• •· • REPLACE • 
• A(BOOTSTRAP) IN • 
• FCB BY A(LOADED. 
• MODULE) • · . 
.. .... ··1:==::----------------
····H3··.····.· .BRANCH TO ERROR. 

• MODULE • • • ............... 

Chart DRIO. Record I/O interface 
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IBMBSAIA ····,.1···· ..... • A/B/P-CHA~ • 
• INPUT • · . ............... 

1 "'" ..... sl.......... . .... ss ......... . · . . . 
• STORE REGS 0 • • SCAN LEACING 
• RESET • ---->. AND 'IRAILlhG 
.::ONVERSION FLA:>. • BLANKS · . . ................. . ............... . 

J 'A120 I 
•• Cl ..... : •••• C2 ••••••••• : : •••• CS ••••••••• : 

o .ANY LENGTii •• YES • • MAKE LOCA'IGR • 
•• ON FOiU'AT •• -------->. SET UP RI:.TRY .FCR SIGNIFICANT. 

•• •• • : INPUT : 

*. ··l··~;· :·······1···· .. ··: ...... ·T .... · .. 
SA130 IBM&&IUR ••• os •. .... 01......... . ... ~2......... .. .0 

• •• • NO o. .0 
• RillS;;; ERt{OR • RETRY POINT ---•• EI'!: '!:IIRGI!.'I •• .. .. .. ............... ............... .. .. 1 ' .. ' .'. i '" 

1:.2 •• • •••• iS~ ••••••••• .. .. . . 
•• •• YES • GET VDA fOR • 

•• B- FORI'IAT 0 .------------------------------------------------------- • TE"P 0 BIT • •. o. • S'IRING 
*. .• • • '. r ::::::::::f .... .. 

..... r2.......... . .... fS ......... . 
• • ·Xe"SCCBA • 
• CREATE 30URCE • .-.-.-.-.-.-.-.-. 
• LOCATOk AND • .CCNVERT SOUNCi • 
• P.LXST • • 'IO I!IT STRING. · . . . ...... ·T .... ·.. .. ...... r ...... 

••• SAO 10 ••• 511030 ,., 
G2 •• G3 •• • •••• GII.......... GS •• 

,. ., ..., ·IfMBc.:CAA· ,.., 
,. ., ~O ,.ARITHHI;;'IIC ., YES .-.-.-.-.-.-.-.-. YES ,. ., 

., P-CII'\R FORMAT •• -------->., TARGET ,.-------->. CONVEaT • ,-----., BIT TARGET , • • , ,. " •• •• • c.:HAJiACT£R TO • ., , • • , o. • 0 o. • ARI'IHICETIC • ., •• 'f" ",,,' r ,,,:: ...... l·::::::::··· '1;' 

..... il2.......... . .... ,0.......... . .... HS •••••••••• 
• I8MBCGPA • .JB;~I!CC-" • • ••• HII......... .CONVERl • . -.-.-.-.-.-.-0-. .-.-.-.-.-.-.-.-. . RETURN TO. .-.-.-.-.-.-.-.- • 
• ::ftECK PICTURED. .SEU.CT AND CALL.--------). CALLER .<--------. • 
• 11~PU1·. • STIUN<i.. •• BIT TO TARGET • 
• •• CONVEH::iIOI'I. • •••••••• •••••• • • ................. ................. . ............... . 

L ___________ _ 

Chart BSAI. Input conversion director (A, P, and B formats) 
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Chart BSAO. 

IBMBSAOA ····A3·· .. · .... • • • A-FORMAT OUTPUT. · . ••••••••••••••• 

·····C3·········· • SET UP TARGET • 
• LOCATOR OED , • 
• ARGLIST FOR • 
• CONV. MODULES • • • ••••••••••••••••• 

1 ... ..... 02.......... 03 .. 
·IBMBCBCA· ••• • 
• -.- .-.-.-.-.-.-. YES •• • • 
• CONVERT BIT TO .<--------•. BIT SOURCE? •• 
• CHARACTER· • • • • : ............... : . .. . .. . 

r 
SA010 • •• SA020 ••• 

E3 •• E4 •• • •••• ES •••••••••• 

•••• • ••• NO •• ·~XTENOEO·· •• YES ::~~:~:~-.-.-.-: 
•• CHAR SOURCE? •• --------> •. PRECISION? •• -------->. CONVERT TO • 

•• •• •• • • • CHARACTER • .. .. .... . . .. .. .. .. . ............... . r r ..... F3.......... . .... F4 ......... . 
• IBMBCCCA • .IBMBCACA • . -.-.-._.-.-._.-. .-._.-.-._.-._._ . 
• CONVERT CHAR TO. • CONVERT ARITH • 
• CHAR • • TO CHARACTER • • •• • 

-----------------~~::~~~:l:~~~~~~~---------~~::::::I::::::~~-----------------
····G3········· • RETURN TO • 

• CALLER • • • ••••••••••••••• 

Output conversion director (A, P, and B formats) 

Licensed Material - Property of IBM Part 2: Flowcharts 279 



I BMBS BOA 
····A3········· 

• s- & P-CHAR • 
• FORMAT OUTPUT • • • ••••••••••••••• 

1 
•••• ·B3·········· • • • SET UP LOCATOR • 
• FOR TARGET • • • • • ••••••••••••••••• 

1 
••• SB100 ••• SB110 

C3 •• CII •• • ••• *<:5 ••• ••••••• •• •• •••• • CONVERT • 
•• ARITHMETIC •• YES •• B-FORMAT •• YES .-.-.-.-.-.-.-.-. 

•• SOURCE? •• -------->.. TARGET? •• -------->. ARITHMETIC TO • •• •• •• •• • BIT • .. .. .... . . .. .. .. .. . ............... . 
• '. SB.," .'. r 'NO 1 

01 '0 02 '0 •• 03....... ·····05·········· .. ... . ..0 . SET UP • .IBMBCBCA • 
NO •• SOURCE TOO •• CHAR •• '. • PARAMETERS • .-.-.-.-.-.-.-.-. 
___ '. LONG? •• <--------•. BIT SOURCE? 0.<-- .FOR CONVERSION. .CONVERT BIT TO • .0 . . '. . . . RETRY • • CHAR • .. .' .0.. .. . . •. o· .. .. ..•••...••. • ••...•.......... 

IYES IYES .!. l_>:::::: 

••••• E1.......... • •••• E2.......... E3 '. 
'IBMBERRB • .IBMBCBCA. 0··0 ._._._._._._._._. .-.-.-.-.-.-.-.-. YES •• •• 
• RAISE. 'CONVERT BIT TO • -----•• B FORMAT? .' 
• STRINGSIZE. • CHAR· '. .' • •• • •. o· 

• H3 • • • •••• 

--::::::::1········· ········t:::::::: ··l·N~ 
58060 58010 ••• • •• 

••••• F1.......... • •••• F2.......... F3 '. FII •• 
• • ·IBMBCCQA· •••• •••• 
'SCAN SOURCE FOR' .-+-.-.-.-.-.-.-. NO.' •• •• EXTENDED '. NO 
'O·S AND 1-S AND' 'CONVERT CHAR TO.<--------•• BIT SOURCE? .' ••• P.RECISION? ••• -----------------j • MOVE' • PICTURED CHAR • •• o. · .. . .... ... . ................. ................. .. .. . .. . 

J r r 
G1 '. • •••• G3.......... • •••• GII.......... • •••• G5 •••••••••• 

YES •• ··INVALID··.. !:~~~~~~-.-.-.-: ::~~~~~~-.-.-.-! !:~~~~~:~-.-.-.-: 
---'. SOURCE? .' .CONVERT BIT TO • • CONVERT TO. • CONVERT TO • 

• • • • • PICTURED CHAR • CHARACTfR. • CHARACTER • ... ... .... . 

S8'" "IN~ ---------------s-B-o~-·o::::::l·::::::::---------::::::::t::::::::---------::::::::j ....... . 
••••• H1.......... J 

•• .···H3·.······· 
• PAD TARGET IF • • RETuRN TO • 
• NECESSARY .---------------------------------->. CALLER .<--1 •• II • • •• ••••••••••••••• ••••••••••••••••• • •• 

----------~ 

·····Jl·········· 'IBMBSCVA • .-.-._._._._._._. 
• RAISE .-------------------------------• CONVERSION • • • ................. 

• • 
• H3 • • • •••• 

Chart BSBO. Output conversion director (B and P formats) 
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IBMBSCIA 

····A2········· • • 'C-FORMAT INPUT • • • ••••••••••••••• 

1 
·····B2·········· • • 'SET UP RETRY AT' 
• IBMBSCIR • • • • • 
········1········ 

IBMBSCIR .'. 
C2 ' • . ' '. 

YES .' '. 

j

-----------------.. STRING TARGET.' .. .. .. .. 
' .. ' 'NO 

se06' 1 .•..• 01.......... . .•.. D2 ......•... 
'IBMBCCSA •• • 
.-.-.-.-.-.-.-.-. • SELECT REAL • 
• C-roRM~T TO • • SUBPORMAT • 
• STRING' • DIRECTOR • • •• • 
................. sco~······I········ 

·····E2···.·.···· 'DIRICTOR • . -.-.-.-.-.-.-.-. 
'CONVERT PART OF.<----------------
• fIELD • • • ...... ·T .... · .. 

. '. 
f2 '. . - -. . ' '0 YES 

'.ON REAL PART •• ----------------'. .' .. .. .... 
SC030 r 

····G2········· • RETURN TO • ---------------->. CALLER • • • ••••••••••••••• 

seO .. o .'. 
F.. ' • .- -. .' TARGBT '. YES 

---------------> •.• ~ eCMPLEX •••• -----------------1 '. .' ' .. ' r 
V SC070 ..... G............ . .... Gs •••••••••• 

'IeMBCGZA •• • 
.-.-.-.-.-.-.-.-. • SET UP DUMMY • 
• ADDRESS IHAG • • TARGET • 
'PART OF TARGET •• • • •• • 

se.:~······I········ ................ . 

·····u .. ·········· · . • SELECT IHAG • 
-----------------. SUB FORMAT .<----------------• DIR~CTOR • · . ................. 

Chart BSCI. Input conversion director (C format) 
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IBMBSCOA 

.... A2········· • • • C-FORMAT OUTPUT. • • .. · .. ·T· .. · .. 
0.0 

B2 .0 o. .0 o. .0 YES 
.oSTRING SOURCEO.----------------------------~--------------I ·0 o. 

to ot 
••• + 

• NO 

1 seD .. ..... C2.......... • ••.• C ........... . 
•• ·IBMBCCSA • 
• SELECT REAL • .-.-.-.-.-.-.-.-. • SUB FORMAT • • STRING"IO • 
• DIRECTOR • • C-PORMAT • •• •• 

sco~:""'T""'" ................ . 
..... 01.......... . ...• 02 ......... . 
• IBMBCGZA • .OIRECTOR • . -.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. 
• ~ocArE lMAG .-------->. CONVERT TO • <----------------• SCORe!. • SUBFORMAT • • •• • ••••••••••••••••• • •••••••••••••••• 

• 1 
0·0 SC020 

E2 .0 o. .0 •••• E .......... . 

Chart BSCO. 

o. .0 NO • RETURN TO • 
• oON REAL PART 0.---------------- --------------->. CALLER • ·0 o. .• ·0 o. . ............. . ·0 o. 

seO.O i .IS 

••• •• F2·.···.···· • • • SELacT lMAG • 
• SUBrORMAT • 
• OIRBCTOR • • • ...... ·T .... · .. 

0·0 G2 .0 •.••• G3 ••••••••• 0··0 . • YES o. COMPLEX .0 NO • ADDRESS DUMMY • -----------------.0 SOURCE 0.-------->. ZERO SOURCE • ·0 o. . . .... . . ·0 o. . ............... . 
• 

Output conversion director (C format) 
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Chart DSCP. 

I BMBSCPA 

····A2········· • • • COpy • · . ............... 
j ... 

B2 •• .. .. . ... 
• • ANYTHING TO.. NO • • 

•• COPY? •• ---->. JII • 
e. .• •• .... . .... 

e •.• 

!''' 
• •••• C2·.········ · . • CRBATE ,. DUMMY • 
• SIOCB rOR COpy. 
• FILE • • • ·· .. · .. T· .... ·· 
···.·02 •••• • ••• •• 
·IBMBSIO,. • . -.-.-.-.-.-.-. -. 
• INITIALISE PUT • 
• OR COpy FILE • • • ................. 

j 
•• ···E2·········· • • • FIND LENGTH OF • 
• COPY FIBLD • 
• (FCU - rCPM) • · . ................. 

1 
SC010 ••• SC020 ••• 

.. 2 •• F3 •• • •••• FII •••••••••• 
•••• •••• • MOVE COPY • 

•• OM COL 1 0 .... YBS •• ROOM IN •• YES .INFORI!ATION TO • 
-->.. COpy FILE •• -------->.. COPY FILE •• -------->.BUPfER OF COPY • 

•• RECORD? •• II •• RECORD? •• • FILE • e... e... • • 
e. .• •. .• • •••••••••••••••• r ~ ... r j 

••••• G2.......... • •••• G3.......... • •••• G ........... . 

:!~~~~~!I!~~.-.-: : FILL UP THIS : : UpflATE BUrFER : 
---. PUT OUT,.. • BUrFER. • POINTERS rOR • 

• RECORD.. •• COpy FILE • · .. .. . 
................. sc.:: ...... r...... · ...... T ...... · 

••••• H3.......... • •••• H ........... . 
• TRANSMITTER. .TRANSMITTER • • -e-e_._ ._e_ e.e-. .-e-. -e-.-. -e -.-. 

---. PUT OUT,.. • PUT OUT A • 

COpy option module 

• RECORD. • RECORD • 
• •• • u............... ;:;::;::j ........ . 

· . .... 
SC030 · .. ·J4··· .. · ... • RETURN TO • 

• CALI.ER • · . ............... 
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IBMBSDIA ·.··Al·· .. · .... • ENTRY F~R • 
• DATA-DIRECTED • 
• INPur LIST • ••••••••••••••• 

IBMBSOIB 

•• ··A2··· ••..• · 
• ENTRY FOR • 
• DATA-DIRECTED • 
• INPUT GENERAL • 

·······1 .. ··· .. 
.·.·.B2.·· ..•.... • • • • ---------------->. HOUSEXEEPING • 

Chart DSDI. 

• • • • 

sDD::······l········ SD.~:~::··:!. sc.!:~::···l 
•• C2....... Cq " ••••• C5 •••••••••• 

• SET XMIT • ,.END OF ., .I!!MBERRB. 
'FLAG IN SIOCB. NO ,. FILE OR ., YES .-.-.-.-.-.-.-.-. 

• IF ERROR ON .<----------------------------------., S'IRING ,.-------->. RAISE END FILE • - INPUT • -,DETECTED " • (ERROR fOR • • DETECTED • ., ? o. . STRING) • .... 1'... :1:. .. .. · .. ·1········· 
50020 •• 0 • C4 • 

D2 '. • •••• 03.......... • • 
,.., 'S0350' •••• • ••• D5 ••••••••• 

• ' END OF " YES .-.-.-.-.-.-.-.-. 'RETURN TO NEXT' 
'. RBCORD? , .-------->.. • S'IATEMENT • 

'. " • GET A RECORD • •• '. o' •• ••••••••••••••• 

SDOl. ··i~~:----··········::::::::i········ 
·····E2·· ....... . • • • SCAN FOR • 
• NON-BLANX • • • • • 
········1········ 

.', 
F2 '. .. .. 

·::··~::~::··::·!~~····--···························-------I 

,'. 50260 S0270 
G2 '0 •• G3....... • •••• Gq •••••••••• 

• ' '. • END OF • • • 
• ' '. YES • INPUT - SET • • STEP BUFFER • 

'. SEMICOLON? ,.-------->. TERMINATOR .-------->.PTRS PAST COMMA' '0 o. . FOUND FLAG • • OR SEMICOLON • '0 " • • • • 
'Ol"~ ........... i;i~~:~l········· 

•••• 50280 .. 82....... . .... Bq ......... . 
•• 'IBMBERRB • 

'SET BLANX AND' .-.-.-.-.-.-.-.-. 
• PERIOD FLAGS • 'RAISE TRANSMIT • 
•• • IF XMI'I FLAG • 
•• • Sft IN SIOCS • 

·····r····· sD,::·····:l:······· 
..... J2.......... J4 .0 .• •••• o. '0 
• ADDRESS FIELD • • • NO. • WAS •• 
'FOR COLLECTING' • CIl .<----•. TERMINATOR ,. 
• NAME • ••• • FOUND ? .' .. .....0 e' 
........ !........ "I";ES 

·····X2·· .•..•... 'SET FeB BUFFER • • ••• K4 ••••••••• 
• PTRS TO START • • RETURN TO • 
• or ASSOMEO NAME' • CALLER • 
• FIELD • •• •• ••••••••••••••• ········1········ 

••••• 
'02 • 
• A2' . . 

• 

Data-directed Input (part 1 of 9) 
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Chart DSDI. 

•••• ·02 • 
• 1.2 .--t • • •••• SoollO • •• S0080 , •• 

A2 •• All •• 
.• •. .• e. 

•• EOUATE OR •• YES •• WAS MAMB •• NO 
-->'.LEPT SRACKET •• ----------------------------------> •. FIELD OMITTEO"---l 

'. ? " " ? .' .. .. .. .. 
' .. ' ' .. ' .r I YES ::~;: 

S2 '. • •••• SII •••••••••• 
• ' '. '5DII50 • 

• ' SEMICOLON •• YES .-.-.-.-.-.-.-.-. 
" OR COMMA? •• ---------------------------------->·RAISE HAM! FOR '---1 

• • '. .' .' 1\ :FILE§Tlr~R FOR: ' .. ' ................ . 
• NO 1\ ••••• 

1 
:O~II: 
• • • 

,'. 
C2 " " " .... 

" '. YES' • 
" BLANK? 0.---->. J3 • .. .. .. .... . ... .. .. r 0'. 

D2 " .. .. 
" '0 YES 

'0 PERIOD? 0.----------------'0 .' •. .* .... r 
0'0 

E2 '0 o' ARE '0 o' BLANK AND '. NO 
',PERIOD FLAGS 0.----------------> 

'oTIIB 5MB " 
'. ? .' '0 o. ra 

.... 2····.·· • • • UNSET 80TB • 
• ~LAGS • • • • • 

YES 
80070 0.0 '" 

.' " o. IS PERIOD '0 
--------------->.0 FLAG SET? , • 

'0 " '0 o' '0 " r 
.·E.··.···· • • • • 'SET BOTH FLAGS • • • • • • •••••••••• 

·····i:::::---.. -----.-------- ------------------------
s0050 ,'0 

G2 '. .. . . 
• :·2~~aIltN?:.!~~--------------

'0 .' '0 o. '0 o. r ••••• a2 •••••••••• 
• • 
• MOVE CHAR TO • 
• COMPARE PIELO • · .. • • • ••• 
········1········ ..... ='i:'= 
..... J2.......... ..J3 ...... . 
'SD300 • • • . -.-.-.-.-.-.-.-. . . ---. .<--------.SET BLANK FLAG • • GET NEXT CHAR • • • • • • • ••••••••••••••••• • •••••••••• 

Data-directed Input (part 2 of 9) 
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Chart DSDI. 

•••• • 03 • 
• 102 .--1 • • •••• ••• SD130 

102 •• • •••• 103 •••••••••• .... . . 
•• DATA LIST •• YES .SEARCB LIST OF • 

•• ENTRY? •• -------->. SYMTABS • 
~. .. . . .... . . .... ~ ...... ·T ...... · 

SOlOO 1 .' . ••••• 82.......... 83 •• • •••• 811 •••••••••• 
• • •••• ·StllSO·· 
.SBARCB CRAIN OF. •• •• NO .-.-.-.-.-.-.-.-• 
• SYMTABS FOR ALL.--------> •• NAME FOUND? •• -------->.RAISE NAME FOR. 
:KNONN VARIABLES: •••• •••• A !FILEATlfRN8R FOR: 

••••••••••••••••• •• •• • •••••••••••••••• 

1
· YES L ..•. 

·01 • 
>.: BII •• 

•••• 
·····C3···· •••••• • • • ADDRESS DATA OR. 
• ITS LOCATOR • 
• FROM SYMTAB • • • ...... ·T .... · .. 

8D220 ••• 
••••• D2.......... D3 •• 
·SD700 • ••• • 
• -.-.-.-.-.-.-.-. YES.. ARRAY •• 
• SCAN 'CHBCK .<--------•. VARIABLE? •• 
:Agg~~~I:Ii~Ar: •••• • ••• 
••••••••••••••••• • ••• 

:Oi;· .->1· NO 
• • •••• SD230 ••• 

E3 •• .. .. 
•• IS •• NO 

----------------> •• NON-8LANK AN •• -----
·.EQOATE ? •• .. . . .. . -ra 

••••• F3··· •• ••••• • • • • • FRBE ANY VDA"S • • • • • ••••••••••••••••• 

1 
·····G3·····.·· •• • • • SBT FCB BUFFBR • 
• PTRS TO START • • OF VALUE FIBLD • 
• • 
········1········ 

·····83·····.· ••• • • 
• Sft ADDRS. or • 
• TARGBT , ~RGET. 
• DBD IN SIo~a • • • 
········1········ 

·····J3········.· ·IBMBSLIA • . -.-.-.-.-.-.-.-. • SCAM DATA AND • 
• A88IGN VALUE TO • 
• TARGft VARIABLE. 

········1········ 

••• 5D250 
K3 •• ..KII....... • •••• KS •••••••••• 

•••• • • ·IBMBERR8· 
•• •• YES • 8ft FtAG TO • .-.-.-.-.-.-.-.-• 

•• IS CBBCK ON ?.-------->.S80M INA8LIMEN~.-------->.RAI5E CHECK ON • 
•• •• • UNCERTAIN • • ELBMENT • .... . . . . ··1·:0 •••••••.••. ········1········ 

••••• • •••• ·01 • .01 • 
• ell. • ell. • • • • . . 

Data-directed Input (part 3 of 9) 
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Chart DSDI. 

S0300 

····A2········· • SUBROUTINE TO • 
• GET NEXT CHAR • • • ....... 1' ...... 

: •• ;;t~.;~~:~: •• : 
• POINTER' • 
• REDUCE BYTE • 
• COUNT BY ONE • • • 
········1········ 

... 
C2 •• 

•••• ····C3········· 
•• ANY BYTES •• YES • RETURN WIT8 • 

•• LBPT IN •• -------->. NEXT CHAR • 
•• RECORD 1 •• • • .. .. . ............. . .. .. 

1· NO i~~: : .--1 
•••• ••• S0660 ••• S0670 

02 •• D3 •• .... .... ····D4 ........ . 
•• 'GET STRING •• YES •• SCANNING •• NO • RAISE ERROR • 

•• DATA' 1 •• -------->.. LEADING •• -------->. ('NAME' FOR • •• .• •• BLANI(S 1 •• • STRING) • .. .. .... . ............. . .. .. . .. . 
1
· NO l_:!~~:·. 

• • •••• .•. 
E2 •• .. . . 

•• STACKING •• NO 
•• REQUIRED 1 .• ---1 .. .. .. . . .. .. 

• YES ••••• 

1 
:0~2: 
• • • 

••• SD310 
F2 •• •• ••• F3·········· 

• • • • .COMPUTE LENGT8 • 
• :.ANIL~~~DS.:.~~ ______ >: A~~~~V~~~ : 

•• STACKED 1.. • NEX'I RECORD • .... . . 
'OI°;£S ········1········ 

..... G2.......... . .... G3 •••••••••• 
• •• • 
• COMPUTE NEW •• • .TOTAL OF SOURCE. .CLEAR VDA COUNT· 
• CHARS·· • • •• • ...... 1 ...... · s.,:~ ...... r .. · .. · 

H2 •• • •••• 83.......... • •••• H4· •••• ••••• 
~... . .. . 

• • STILL ROOM •• NO. • .STEP VDA COUNT • 
•• IN 1ST VDA 1 •• -------->. GET A VDA .-------->. BY ONE • .. .. . .. . .... . .. . •• •• ••••••••••••••••• • •••••••••••••••• 

rES 
·····J2·········· • • • ADDRESS VDA AND. 
• INCREMENT • 
• LI!!I~GTR USED • • • ................. 

1 
••••• J4 •••••••••• 
• SIT FORWARD • 
• CHAIN IN • 
.PREVIOUS VDA OR. 
• SAVE ADDR. IF • 
• 1ST VDA • • •••••••••••••••• 

l .... ·OS • ->. A2 • • • •••• s.'" 1 

Data-directed Input (part 4 of 9) 

• •••• 1(4 •••••••••• 

• STORE ADDRESS • 
• OF LATEST VIlA • 
• AND SET LENGTH • 
• USED • • • ........ j ....... . 

••••• ·05 • . A2· • • • 
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•••• ·05 • 
• A2 .--1 • • •••• 50340 
•• •• ·A2 •• • •• • ••• , • • • MOVE FROM • 
• CURRENT RECORO • 
• INTO VOA • • • 
i~i;::::l········· 
• • •••• 50350 
••••• 82 ••••• ••• •• 
·TRAN5MITTER • . -.-.-.-.-.-.-.-. 
• GETANEW • 
• RECORD • • • 
········1········ 

.·C2 ••••••• 
• SET XMIT • 

• PLAG IN SIOCS. 
• IF ERROR ON • • INPUT • 

• DETECTED • .... ·r .... 
50360 ,., 

02 ., 
•••• ·.··03·· •• ••• •• •• END OF FILE., NO • RETURN WITH • 

•• DETECTED? •• -------->. N~XT CHAR • . , .. . . 
•••• • •••••••••••••• .. .. 

rES 
... 

E2 ., 
.' t • •• SCANNING •• YES 

•• LEADING '.---1 .,BLANItS ? ,. .. . . .. .. 
• NO ••••• 

! :0~4: 
• • • .. , 

F2 ., .. ., 
•• SCANNING ., NO 

., DELIMITING '.---1 .,BLANItS ? •• .. . . .. .. 
• YES ••••• 

l .... ·01· 
.07 • • A2. 

-> • .14 ••• • • • .... 
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····1.2········· • SUBROUTI NE TO • 
• RAISE HAME • · . · .. ···1·· .... 

... 
B2 •• .. . . 

•• 'GET STRING •• YES 
•• DATA'? '.---1 .. .. .. . . .. .. 

• NO ••••• 

• • 1 
:0~4: 

I--------------~~~~~-----:·· · 
:;~;~51 •••••••• : .• C2 •••• 
• -.-.-.-.-.-.-.-. YES •• •• __ >. .<--------.. BLANK? •• 
• GET NEXr CHAR • •• •• · . ... . ................. . .. . 

( 
••• SD520 

D:l •• • •••• D4 •••••••••• .. .. .. 
• • • • YE.S • SCAN FOR NEX'! • 

•• EQOATE? •• ---------------------------------->. NON-BLANK .. .. . .. .. .. '1:0 .... · .. T ...... · 
SD490 ••• ••• SC560.· • 

•• E1....... E2 •• E4 •• E5 ., · . .... ...... .. 
· .SET SCANNING. Yt5 ,. LEfT ., ,.., NO ,. COMMA CR ., YES 

• • ., ,. ., ,. /I., ,. (--·SUBSCRIPTS rLAG·<--------·, BRACKET? ,. ., QUOTE? ,.-------->., SEMICOLON? '.---1 • • ., ,. ., ,. 1 ., ,. ........... .. .. .. .. . ... 
I NO i YES :.:::: 1· NO ::~;: 

, SDSOO ,., SDS40 0 .. F1....... F2 ., ..... F4.......... . .... rs •••••••••• 
• UNSET • ,.., •• ·SD300 • 

• SCAIUUNG. YES ,. RIGHT ., • SCAN FOR NEXT. .-.-.-.-.-.-.-.-. 
(--.SOBSCRIPrS rLAG.<--------., BRACKET? ,. ->. QUCTE.. • 

• • • , , • •• • GET NEXT CHAR • · . ., ,. ... . ........... '1:0 .... · .. T ...... · .... · .. T ...... · 
,., ,.. SD580,·, 

G2 ., G4 ., GS ., .. .. ...... .. 
•• ., YES YES.. IS NEX'! •• NO ,. ., NO 

., SEMICOLON? '·---1 ---., CHAR ALSC A ,.-------->., ,BLANK? '·---1 ., •• ., QUOTE? ,. ., ,. .. .. ...... . . . , ,. ., ,. ., , . 
• NO ••••• • • YES •••• 

1 
·07 • l ..... · • A2. .07 •• 15 • • • ->. 1.2 . . 

• • ••••• .... 
,., SDS10 ,., 

H2 ., 83 ., .... .... 
•• ., YIS ,. SCANNING ., NO 

., COMMA? ,.-------->·.SUBSCRIPTS? '.---1 •. .• *. .• .... ... . .. .. . .. . 
• NO • YES ••••• _____________________________________ J< ________________________ J :012: 

Chart DSDI. Data-directed Input (part 6 of 9) 

Licensed Material - Property of IBM 

• • • 

Part 2: Flowcharts 289 



Chart DSDI. 

.... 
• 01 • 

• A2 .--1 · . .... 
s0590 

·····Al·········· • COMPUTE TOTAL • 
• or CHARS IN • 
• ITEM' SET • 
• LENGTH IN • 
• DATAfIZLO SLD • ••••••••••••••••• 

I ... 
82 '. .. ' . 

• ' ANY CHARS '. NO • GET A VDA fOR. 
'. ALREAOY •• -------->. OATAFIELD 

•• STACKEO 1.. ~. .... . . .. .. . ............... . 
. i.YES 1 

C2 '. • •••• c l •••••••••• .... . . 
•• ROOM IN 1ST •• NO .SET AODRESS IN • 

•• VDA 'OR WROLE •• ----- • DATAFIELD SLO • 
•• ITEM 1 •• • • .. .. . . .. .. . ............... . 

rES 
• ····02·········· • • 'SET ADDRESS IN • 
• DATAFIELD SLD • • • • • ................. 

1 .•. 
Dl '. . ' '. NO •• ANY cHARS •• 

---'. ALREADY.' 
'.STACKED 1.' '. .' ' .. ' • YES 

S~l. I 
·····El········ .. • • 'MOVE IN LESSER • 
• VDA'S • · . · . 

-----------------::::::::1········ 
SD620 .'. 

Fl '. 
• ' ANY •• 

•• BYTES LEFT •• NO 
'. IN CURRENT •• --> 

'.RECORO 1 •• .. .. .. . ' 
• YES 

1 
·····Gl······ .... • MOV~ IN • 
'REMAINING BYTES' 
: - g~Tr~~~UT :---
• DELIMITER • ••••••••••••••••• 
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SD640 ••• 
C4 •• .. . . 

•• WAS •• YES ----> •. DBLIMITER EOF.'---
•• ? •• .. .' * ..• r ··011 ....... · 
• SET FLAG • 

-FOR SCANNING • 
• DELIMITING • 
• BLANKS • • • .... r .. · 

·····EII·········· • • 
• SCAN FOR • 
• NON-BLANK • • • • • ................. 

1 . .. FII .. .. . . 
NO •• •• 

---'. COMMA 1 .' '. .' '. . . .... 
r~ 

·····GII .. ··· ..... • • · . .STBP PAST COMMA. • • • • . ............... . 
:::::----->1 

·····HII·········. • • • SET FCB BOFFER • 
• PTRS FOR NBXT • 
• ITEM • · . 
;~;::···l·::::::::---
• JII .-> • • •••• SD655 
····.JII •• •• •••••• 
'IBMBERRB • . -.-.-.-.-.-.-.-. · . • RAISE NAME • • • ••••••••••••••••• 

1 
·····111 .. ·.· ....• • • · . 'FREE ANY VDA'S • · . · . ••••••••••••••••• 

! ..... 
'01 • . HII. 
• • • 



SD700 

.. ·.A2········· • SUB~OUTINE TO • 
• SCAN SUBSCRIPTS. · . ............... 

1 ... ..... Bl.......... B2 .. 
·S0450 • .•• • . -.-.-.-.-.-.-.-+ NO.. LEFT •. 
• RAISE NAME FOR .<--------.. BRACKET? .• 
:HLEh~~~gR f'Oil.: •.•.. •.• 
••••••••••••••••• * .. ' 

l .... l· YES 
·01 • ->: HII •• .... 

··C2······· . . 
• SET SCANNING. 

• SUBSCRIPTS FLAG. . . . ........... 

1 ··.··02·········· • COMPUT~ VO OF • 
• ARRAY IN • 
• BITS/BYTES AS • 
• APPROP. • . 
•• ,4 ."' ........... . 

:~i; .. ->j · . .... 
SL72G 

··E2······· . . 
.UNSET LEADING. 

• ZERO, MI~US , • 
• • BLArl!( FLAGS •• 

............ 

j 
•.• ··P2·········· · . • SCAN FOR NEXT e 
• NON-BLANK .---· . · . ................. 

-------------~ . .. 
C3 •• .. . . 

YES .• • . 
---.. PLUS? •• .. . . 

'. .' .. .. 
1"' 

• e. 
D3 •• .. '. 

•• •• N0 
• MINUS? .• -----------------

S0770 

.. . . 
'. .' .. .. 

l''' 
··E3·· .• ··· . . . . 

• SET MINUS FLAG • 
• e . . . ......... . 

:::::-----'1 SD1'0 ,-, .•... F3.......... fll .. · . .... 
• SCIIN FOR NEXT • .• LEALING •. NC 
• NON-BLANK .-------->.. ZE~O? '.---1 
• • A e. •• · . .. ................. .. . . 

·l··YES :~~i: 
50800 

··G4······· . . 
• SET LEADING • 

• ZERO fLAG • . . . ........... 

j 
·····HII ••••••• • •• 
·5D300 • 
• -.-.-+-.-+-*-+-+ 

---* • 
• Gl"T NEXT CHAR • · . .... ............ . 
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.... 
·09 • 
• A3 .--~ · . .... 

50150 ,-, S0810,., ,-, 
A3 ., A4 -, A5 ., 

,. ., ,. ANY·, ,.., 
,. COMMA OR ., YES •• NON-ZERO ., U.S •• MINUS FLAG., NO __________________________________________ ).,RIGHT BRACKET, .--------)., CIGITS IN ,.--------)., SET 7 ,.---
., ? ,. ·,SUBSCRIPT,· ., ,. 

... ... ... ? ... .... . ... ... ... ... . .... . 
,0'60 J"" SC870.i. '0 I YES 

••••• B1. •••••••• ..B2....... B3 •. BII •. • •••• B5 •••••••••• 
• 50300 • • • ,.., ,.., • • .-.-.-.-.-t-.-.-. . . YES ,. ., ,. LEADING ., YES • ADJUST • 
• ·<--------·SET BLANK FLAG .<--------., BLANK? ,. ., ZERO FLAG SET, .-----1 SUBSCRIPT 
• GET NEXr CHAR • • • ., ,. ., 7 , • • • • • *.... ...... • • ................. ........... ., ,. . . . ............... . · r .j'." ----------+---------

,., 50820 ,., C3 ., •.... CII.......... CS ., 
,. •• .5[;1150 • ,.., 

,.BLANK FLAG ., YES .-.-.-.-.-.-.-.-. YES,. SUBSCRIPT ., 
., SET 7 ,.--------).RAISI:. N""IE FOR .<--------. ,OUT Of RANGE , • 

• '., •• ,. ":f'ILE.!;T~~~gR FOR: .'., 7 ,.' • . , .. ................. ., ,. 
·1 NO l .... j. NO 

_):O~< • .... 
, ., 

03 ., ••••• DS •••••••••• 
,. ., • ADO S(U.M(U • 

,. TEST FOR ., NO • TO SUM FOR • 
• , • , OIGI'I ,. ' *----) :BLEI(f~ITAe8~BSS: .. ... . . .... ;" .. · .... T .... · .. 

1 '086' .'. .' • ••••• E3.......... Ell ., 15 ., · . ,.., ,.., 
• INCREMENT. NO ,. • , NO ,. END OF ., 
.SUBSCRIPT CHAR • <--. ,CCMMA FOUND 7, .<--------., SUI!SCRIPTS 7 ,. 
• COUNT· ., ,. ., ,. · . ..... .... . ................. .. ... . ... . 

J 
· YES • YES 

L>:~i:·. 1 . . .... .... . .. 
F3 ., FS ., 

... ... ... e. 
,.MORE THAN 5., YES NO ,. RIGHT ., 

., NON- ZERO ,.----- <----------------------------., HRACICIT FOUND, • 
• ,DIGITS 7 ,. ., 7 ,. ... ... .. ... 

*. ... ' ..• r rES ..... G3.......... ..GS ...... . 
• REMOVE ZONE • • UNSIT • 
• THEN ADD INTO • • SCANNING • 

-------------------------------------------. SUBSCRIPT SO • .SUBSCRIPTS FLAG. 

Chart DSDI. 

• FAR • •• .. .. ................. .. .. T .... 

Data-directed Input (part 9 of 9) 

,., 
HS ., 

,. e. 
,. ARRAY Of • , NO 

• , S'l'RI IIGS 7 , .---., ,. 
•. .* ..... 

JYES 

••• •• JS •••••••••• · . • COMPLETE TARGET. 
• 510 • • • · . ••••••••••••••••• 

'0'" 1<----------
····.KS.· •••••••• · . • SCAN POR NEXT • 
• NON-I!LANIC • · . • • ······ .. ·1········ 

••••• ·03 • 
• 23 • • • • 

292 Licensed Material - Property of IBM 



IIlMBSDJA ····.0.1········· • UiTRY FOR • 
• DATA-DIRECTED • 
• INPUT LIST • ............... 

IBMBSDJB ····.0.2·.··· ••.. • ENTRY FOR • 
• DATA-DIRECTED • 
• Il~PUT GENERAL • . ............. . 

j 
·····Bl·········· · . · . ---------------->. HOUSEI<EEPING • 

Chart DSDJ. 

· . · . ................. 

I .... . ... 
·01 • .01 • 

• Cli .--~ • cs .--1 . . . . .... . ... 
SD01S SD010 ••• SD680 ··C2······· CII •• • •••• cs •••••••••• 

• SET XMIT • •• END OF •• .IB~BERRE. • FLAG IN SIOCB. NO •• FILE OR •• YES ._._._._._._._._. 
• IF ERROR ON .<----------------------------------.. STRING •• -------_>. RAISE END FILE • 

• I NPU'I • •• DE'IECTED •• • (ERROR FOR • 
• DETECTED • ., ? ,. • STRING) • ..... j...... (::. ::J' ........ j ........ . 

.... 
SD020 ••• 

D2 •• • •••• D3 •••••••••• 
•••• .SD350 • • ••• DS ••••••••• 

•• END OF ., YES .-.-.-.-.-.-.-.-. .RE'IURN '10 NEX'I • 
•• RECORD? •• -------->.. • STATEMENT • 

. •• • • • GET A RECORD • •• .. .. .. . ............. . .. .. . ............... . 
• NO 1 

"'" 1<------------------------
: •••• E:.I ••••••••• : 

• SCAN FOR • 
• NON-BLANX • · . · . ................. 

1 
, .. 

Fl·. .. .. · : :. · ~:~r~ : .. : : · :::--------------------------------------1 

••• SD260 SD210 
G2 •• ..G3....... • •••• GII •••••••••• 

•••• • END OF • • • 
•• •• YES • INPUT - SET • • STEP BUFFER • 

•• SEMICOLON ? •• -------->. TERMINATOR .-------->.PTRS PAST COMMA. 
•• • • • FOUND FLAG • • OR SEMICOLON • .. .. . . . . · 'l"~ ........... i;i:~:::j········· 

.... 
50280 . ··H:.:!:······· ••••• H ........... . 

•• ·II!MBERRI! • • SET BLANX AND. ._._._._._._._._. 
• PERIOr: FLAGS • .RAISE 'IRANSMIT • 
•• • IF XMIT FLAG • 
•• • SET IN SIOCB • 

.... 1'... ",::·····r······ 
.·· .. Jl.......... JII .. .. .. .. 
• ADDRESS FIELD • • • WAS •• NO 
.FOR COLLECTING • •• TERMINATOR •• ___ ~ 
• NAME • •• FOUND ? •• •• •. .* ................. .. .. . ... 

j j
.YES : CII : 

•••• 

·····11:0/·········· .SET FCI! BUFFER • • ••• XII ••••••••• 
• PTRS '10 START • • RETURN TO • 
• OF ASSUMED NAME. • CALLER • 
• FIELD • •• .. .............. . ................. 

1 ..... 
·02 • 
• 1.2· .. . 
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Chart DSDJ. 

..... 
·02 • 
• • A~-

-t 
SD040 ,., SD080 ,., 

A1. -, 1\4 _, .. '. .' .. 
,. EQUATE OR -, YES ,- WAS NAME -, NO 

-->., LEFT BRACKET ,.---------------------------------->., ~IELD OMITTED, ----l ., ? ,. ., ? ,. 

*. .' *. .' '. .. ' . . ' ..... 
l·NO : -::.: I. YES :~:~: 

•••••• _> 
, *, 

B:.! ., ••••• B4 •••••••••• 
,* ., ·SD450 * 

,* SEMICOLON '", YES .-,"-*-,"-*-,"-*-.-• 
• , OR COMMA? ,*---------------------------------->*RAISE NAME ~OR *---1 

'", '", ,*'. :FILE~,~~~gR FOR: V 
'. .. . .................... . 

·NO II *01 '" 1 * .:~-
, *, 

C1. '", .' '. ,* -, YES 
*, IlLANK? ,*-----------------

*. .• 
*. .' ' ... r , ., 

D:.! *. . ., YES 
8D070 D4 _. ,. ., 

,* '", YES 
-, PERIOD? ,-----------------

,- IS PERIOD., 
--------------->-, FLAG SE'f? ,-

*. .• 
*. .' ' ... r 

, '", 
El '", 

,," ARE ., 
,. BLANK AND -, NO 

'", PERIOD FLAGS ''"---l 
*,'fHE SAME,. *, ? ,. 

' . . ' .... r - -: B4 : .... 
··Fl······· . . 

• UNSET BOTH * 
•• FLAGS • 

* * ........... 
1<-----------------------

SD050 ,'", 
G:.! ., 

.' *. 
,. MOR.E THAN -, YES 

-, l56 CHARS ? '----l 
*. .' 

*. .' ' . . ' .... r :.::': 
.·.··H2·········· · . • MOVE CHAR TO • 
• COMPARE FIELD • 

- * - * ................. 

I SD060 ..... ,J2.......... ..J3 ...... . 
·SD300 • • • 
*- *- *- *- *- *- *-*-. • • 

---. .<--------.SET BLANK FLAG • 
• GET NEXT CHAR • • • · . . . ................. . ......... . 

'. .' 
*. .' '. .. r 

• ··ElI •••••••• . . 
.SE'f BC'fH FLAGS -. -. -. ......... . 
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..... 
*03 * 
• A2· .. . 
J 

••• SD130 
Ai •• • •••• A3 •••••••••• .... . . 

•• DATA LIST •• YES .SEARCH LIS'! OF • 
•• EN'!RY'I .-------->. SYMTABS • -. . - - -

- . - - * -. .. . ............... . 

'"'" r J 

Chart DSDJ. 

: .••• R:L.......... 83 •. • •••• ElI •••••••••• 
• S.E.ARCH CHAIN UF: ••••• . ·SD450 • 
:SYMTABS FOR A~L.-------->.: NAME POUND /: .~~------>:RiI;E·NiMi-;o~-: 
.KNOWN VARIABLES: •• • ... ".FILE, ERROR FOR. ................. ... ... : .... ~~~~~~ ..... : 

·1 YES L>:~r .. 
• H4 • . . .... 

V ·····C]·········· · . • ADDRESS DATA OR. 
• I'!S LOCA'!OR • 
• FROM SYl-rrAB • · . .. ........ ... ... . 

I 
:;;;~g2 ••••••••• : SD220 03··· ••. 

:-.-.-.-.-.-.-.-. YES •••• ARRAY •• 
• ~5~~C~I~~~;\ :<--------•.• ~ARIABLE ? ••• 
• ADDRESS ELEMENT. •• ....... .......... .. .. 

•••• . -NO 

:O~j •• ->1 · . .. .. 
SD230 ••• 

E3 " .. . . 
• " IS ". tiC 

---------------->". NON- BLANK AN •• ----
* .EQUATE ? •• .. .. .. .. 

r" " •••• ~3·"· ••••••• 
" " " " .FREE ANY VDA' S • 
" . · . · ............... . 

I .·· .. Gj·········· 
" " .SE'! FCB BUFFER " 
" PTRS TO START " 
"OF VALUE FIELD " · " ................. 

1 ..... H3·········· " . 
• SET ADDRS. OF • 
"TARGET & TAFGET* 
• CEO IN SIOCB " · " ···· .. ·1··· .... 
·····J3·········· "IEr-.BSLJA • *-*_.-._.-._*-*-. 
• SCAN DATA AND • 
• ASSIGN VALUE TO • 
• TARGET VARIABLE. ·······1······· 

••• SD250 
.• 10 •.•• • .. 1<4........ :~:::~~:: ....... : 

• : is CHECI< ON ;:. ~:~ _____ >.;H6~'I E~k~~E~~~.--------> :ii: I;E·c~E~j( ·o~-: 
• •• • • •• •• UNCER'!AIN •• ELE~.ENT • .. .. ........... . . 

INa ·······1········ 
:~~.: ..... 
• C4. ·01 • • * • C4* . . . 
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Chart DSDJ. 

SD300 ····A2········· • SUBROUTINE TO • 
• GET NEXT CHAR • · . ............... 

1 ·····B2·········· • STEP SOURCE • 
• POINTER' • 
• REDUCE BYTE • 
• COUNT BY ONE • · . ................. 

I ... 
C2 .~. 

•••• ····C3.· ••••• • • 
•• ANY BY'IES •• YES • RETURN IHTH • 

•• LEfT IN • ---------). NEXT CHAR • 
-.RECORD 7 .- - • *. .• • •••••••••••••• .. .. r l:~:;.--l 

••• SDbbO.·. 
D~ •• 03.. SD670 

.• *. .••. ····D4 .. · .. · •. · 
•• 'GET STRING •• YES .- SCANNING •• l-oC • RAISE ERROR '" 

•• fll\TA' 7 •• --------).. LEADING .'"--------). ('NAME' FOR .. 
•• •• ... BLANKS ? •• .. S'IRING) .. ". .• *... • •••••••••••••• 

•. .• * ..• 
• Ne .YE~ •• ," 

1 
l->.Ol • 

... 
E~ •• .. . . 

•• STACKING •• NO *. REQUIRED? • *---l *. .• 
*. .* .. .. . .... 

• YES *05 • 1 · .B~. 
••• SD3l0 

• C5 • . . .... 

F~ •• • •••• F3 •••••••••• 
• • •• -COMPUTE LENGTH -

.: .ANIL~fAg~DS-: .~~ ______ ): A~[O~~gG V~~~ : 
•• STACKED 7.. • NEXT RECORD • 

*. .• • • 'T:' ·······T······· 
.•..• G2.......... . •.•. G3 ...•...... · .. . 
• COMPUTE NEW •• • 
:TOTALC~~R~OURCE: :CIEAR VDA COUNT: · .. . ................. . ............... . 

J '"'" 1 82 .. • •••• 83.......... . .••. H" .....•.... .... . .. . 
• • STILL ROOM •• NO. • .STEP VDA COUNT • 

•• IN 1ST VDA 7 •• -------->. GET A VDA .--------)- BY ONE • *. .• • •• • 
*..* • •• • 'or' ................. · ...... T .. · .. .. 

..... J2.......... . .... J" ......... . 
•• • SET FORWARD -
.ADDRESS VDA AND. • CHAIN IN • 
• INCREMENT • .PREVIOUS VDA OR. 
• LENGTH USED • • SAVE AODR. IF • 
•• • 1ST VDA • .. · .... T:i~~~: ,,,:: .... ·r .. · .. · 

·····K4·········· • STORE ADCRESS • 
• OF LATEST VDA • 
• AND SET LENGTH • 
• USED • · . ········1········ ..... 

·05 • 
• A2· •• . 
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..... 
·05 • • • A;* . 

503110 1 
·····A:.! •••••••••• · . • ·MOVE FROM • 
·CURRENT RECORD • 
• INTO VOA • · . 
i;i:::::l········· · . .... 

50350 ·····B:l·· ....... . 
·TRANSMITTER • • -._.-._*-*-._*-. 
• GET A NEW • 
• RECORD • · . ...... ··r· .. · .. 

··Cl.··· .... 
• SET XMIT • 

·fLAG IN SIOCS. 
• IF ERROR ON • 

• I:-lPU'I • 
• DETECTED • ····r· .. 

SD360 ,., 
D:.! ., 

,. ., ····03 ••••••••• 
• : ·5~~Rg~E~I~E.: .~~ ______ >: R~i~Nc~nR : .. .. . . .. .. . ............. . * ... r 

, ., 
E:.! ., 

.• *. 
,. SCANNING ., YES 

., LEADING , .---l 
·,BLANKS "/ , • . , ,. .. .. . .... 

• NO .01 • 

1 · .:~* 
,* , 

F:.! ., .. .. 
,. SCANNING ., NO 

., DELIMITING , • ___ ! 
., SLANKS ? ,. .. .. .. .. . .... 

"YES .07 • 

L>:~;". • .A~. 
: JlI.. • .... 
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SOli 50 
····A2········ .. 

• SUBROUTINE TO • 
• RAISE NAME • · . ............... 

j 
, ., 

B:.! ., 
.• *. 

,.'GET STRING., YES 
., DA'lA'? ,.---t 

*. .* 
*. .• .. ... . .... 

• NG .011 • 

SDII60 ,., r
------------------------> 1 · · ~~. 

••••• el. •••••••• C2 •• 
·S0300 • ,.., 
.-.-.-.-.-.-.-.-. YES ,. ., -->. .<--------., BLANK? , • 
• GET NEXT CHAR • ., , • 
• • *.... ................. . ..... r 

,., S0520 
O:.! *, ••••• 0" •••••••••• ... ... .. 

, • ., YES • SCAN FOR NEX'l • 
• , EQUATE? ,.- --------------------------------->. NON-BLANK *. ... • 

*oo .* •• 
*oo ... • •••••••••••••••• 

l
·NO j .... 

·07 • 
• .1\2 • 

IYi~ .: 
•• £1....... E:.! ... , Ell'·' .. , 50560 E5" ., SDII'JO 

• • ...... ... *oo .... .. 
• SET SCANNING * YES ,. LEFT ., ,.., NO ,. COMMA OR ., 

<--.SUBSCRIPTS FLAG .. <--------., BRACKET? ,. *, QUOTE? ,.-------->., SEMICOLON ? ,.<--
• • too ... ... ... ... .. • 

• • *oo.* *oo ... ..... . 
••••••••••• ... ... ... ... *oo .. . 

SD500 r "'" r r •• Fl....... F:.! ., ••••• FII.......... • •••• FS •••••••••• 
• UNSET • ,.., •• ·S0300 • 

• SCANNING. YES ,. RIGH'l ., • SCAN FOR NEX'l • .-._.-*_.-.-*-*-* 
<--.SUBSCRIPTS FLAG.<--------., BRACKET? ,. -->. QUO'lE. * * 

• • ., ,. •• * GiT NEXT CHAR • 
• • *oo .. • •••• ........... 'or ...... ·T ...... · ...... ·T ...... · 

,., ,., SOS80,·, 
G:.! ., Gil ., G5 ., 

... *. ... ... ... too 
,. ., YES YES •• IS NEXT ., Ne •• ., Ne 

., SEMICOLON ? ,.---t ---*, CHAR ALSO A ,*--------;>*, BLANK? , *---., ,* ., QUOT .. ? ,. •• • * 
*oo ... ... ... *oo ... ... . * ••••• *oo ... • ..... 

l
·NO :~A.1~: * e::~; .. 

: A2. * .... 
,., S0510,·, 

H:l .. , H3 .. . 
... *oo .... .. 

,. ., YES ,. SCANNING •• NO 
., COMMA? , .--------> * ,SUBSCRI PTS.? ,. ---l 

*oo ... *oo ... 
*oo ... *oo ... 

... ... too ... • •••• 
• NO -YES *01 -__________________________________ ~ _________________________ J • • A~ • . 
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..... 
·0"/ 0 

•• A;* . 
S::I590 1 ·····A'L·········· • COMPUTE TOTAL 0 

• OF CH.'1RS IN 
• ITEM' SET 
• LENGTH IN 
• DATAFIELD SLD • ................. 

j 
••• SDbOO 

Hi • ••••• B3 •••••••••• . . .. . . 
• ' ANY C·IAPS o. NO • GET A VDA FOR. 

•• ALPHID'i .0 ________ >* CATAFIEID • 
•• STACKED ?. fl. -.. . .. .. 

C' ... 
C L • . . .. 

• -ROOM 1,'1 1ST •• :1O 
•• V',JA "'OR WHOLE •• -----

'. ITEM? ,. . , . 
•• • * r 

: •••• D2 ••••••••• : 

• SET .'I[1DR£SS IN. 
: CATAf'IELD SLD : 

• * ................. 

. ................ . 

j 
·····C3·········· · . .SET ADDRESS IN • 
• CATAFIELD SLD • · . · . ................. 

j ,. , 
D3 ., .. .. 

HO ,. A:1Y CHAllS ., 
---*.. ALREADY ... 

., STACKED ?, 0 
to •• 

*0 .• 

'"''' r' : •••• E3 ••••••••• : 

• MOVE IN LESSER. 
: VDA' S : · . ................. 

------------------------> j 
SD620 ,., 

F3 ., 
,. ANY ., 

,.BYTES LEFT., NC 
., IN CURREN'I ,.--> 

• , RECORD'? ,. 
*, .• .. .. r ·····G3·········· • MOVE IN • 

• REMAINING BYTES. 

: - ~b-r T<£ {IC ~UT : ---
• CELIM I'IER • ................. 

SDbilO ,. , 
CII ., o· •. ,. WAS ., YES 

---->., DELIMITER EO ... ---
*0 ? .• .. . . 

* ..• r ··C4.·· .. ·· 
• SET FLAG • 

.FOR SCANNING. 
• DELIMITING • 

• BLANKS • . . . ......... . 
j 

·····E4 ..... ·· ... · . SCAN FOR • 

· NON-BLANK : · . ................. 
j ,. , 

FII ., o· •. NO ,. ., 
---., COl'MA? , • 

*0 ... 
• I •• . ... r ·····G,,·········· · . · . .S'IEP PAS'I CO!'.~A. · . · . . ............... . 

:::::-----' j 
·····HII ..... ····· · . • SET FCB BUfFER • 
• PTRS FOR NEX'I • 
• I'IEM • · . 
;~~:: ... j.::::::::---
• JII .-> · . .... 

SD655 ·····J4 ..... ····· ·IDMBERRB • . -.-. -.-.-._. _._. · • RAISE NAME · . ................. 
j 

·····KII ..... ····· · . · . :FREE ANY VDA' S : · . ................. 
! ..... 

·01 • 
• HII • . . . 
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S0700 

····A~········· • SUBROU'IINE TO • 
• SCAN SUBSCRIPTS. · . ............... 

j ... 
••••• B1 •••••••• *. B:.! ". 
·SOll50 • ••• • . -.-.-*-.-.-.-.-. NO.. LEFT •• 
• RAISE NAME FOR .<--------.. BRACKE'l? • '" 
.FILE, ERROR FOR. •• •• 
• STRING" •••• ................. . ... 

1 ·YES 

->:~;.. j 
• HII ,. . . .... 

··C4:!~······ · . ,.SET SCANNING • 
• SUBSCRIPTS FLAG'" . . · . ........... 

j 
·····D~·········· • COMPUTE VO OF • 
• ARRAY IN • 
• BITS/PYTES AS • 
• APPR0P. • · . ................. 
:~i:· .->j · . .... 

S0720 
··E:.!······· · . • UNSET LEADING-

• ZERO, MINUS' • 
- • BLANK FLAGS •• ........... 

j 
··.·.Fl····.···.· · . - SCAN FOR NEXT • 
- NON-BLANK :---. ................. 

-------------~ 

. .. 
C3 •• .. .. 

YES •• - • 
---'". PLUS? •• 

*. ... 
*. .. • * .... r . '". 

D3 -. ... .. 
•• •• 1>C •• MINUS? •• ---_____________ _ ... ... ... .. . 

* .... 

50770 r ··E3······· . . . '" 
-SET MINUS FLAG • - . . . . ......... . 

----------,1 
S0780 V S07110 ••• 

: •••• F3 ••••••••• : •• F4 •.•. 

• SCAN FOR NEXT - •• LEJ\;JING •• ;~O 
• NON-BLANK .-------->*. ZERO? • ----t 
• • 1\ *. .. • 
: ••••••••••••••• : ... *. ...... • •••• 

S0800 
j
_YE3 :~:1: 

··GII •• ••••• . . 
- SET LEACING • 

•• ZERC FLAG •• . . ........... 

1 ·····Hlf·········· ·50300 • 
*- *-*-*-*- *-*-*_. ---* • 
• GET NEX'l CHAR • . . ................. 
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.*.* • 
• 09 • 
• • A~ • 

.. 
J 

SD7')0 ,0, SD810,., , .. , 
A3 ., A4 ., A5 ., 

,. ", ,. ANY ., ,..., 
,. COMMA OR ., YES ," NCN-ZERO ., 'lES ,.j\(INUS FLAG", NC ------------------------------------------>.' ~:GHT ~RACK::r' *-------->., 0, ~6g~~~I~'.' .-------->.'., SE'!? ,0' .---

•• •• ? •• •••• 
•. .• *0 .• * ..• 

,"n" r "'" r r :!~~~~f~l* ••••••• : ••• Hol........ ..83 •••• ..R" •.•. : •••• 85 ••••••••• : 
*-0-*- .. -.-"-*-"-' .. • YEc; ,. ., ,. LEADING ., liES ADJUS1" 
• *<-------- ':~LT IlLA:~K j-'LIIG *<--------., BLANK? ," ", ZERO FLAG SE'I, .-----1 SUBSCRIPT 
" (;11' NEXT ('HAR • • .. ", ,. .,?, • " 

: ••••••••••••••• : ••••••••••• • .'. .'. *,.. • • , r' r ---::::::::1::::::::---
,... V SOS 20 ,., Cj ., ....• C4.......... C5 ", 

." ", ·80450 " ,.", 
,.BLANK FLAG ., YES .-"-.-"-.-0-.-.-" 'lES ,. SUBSCRIPT ., 

", SET? ,.-------->oRAISE NAME FOR .<--------.,OUT OF RANGE,. 
0, .0 0 ":FILEh~~~gR FCR: .'., ? ,.'. .. .. .... .... ......... .. .. 

l"IW L>:;r.o JONC 
o H4 0 
o • .... 

•• 1J{ +, :.:~;D§7~~::~~r.: 
,. 1:O!.'T FOR ., :W - TO SU~ l'OR -

". ,,1(; IT " - .. --> .ElJ:.~ENT ADDRESS-
•• • IINIT VO) • .. ." .. '"(' ........ 1" ...... 

V ;'D860,., ,., ..... .:. J...... .... E4 •• E 5 •• · . .... .... 
.. L'CKE"E:l~·. 11O,. ., NO ,. END OF -, 
.!;lJE'!~C!UP1 CIIAR • <--. ,COMMA FOUND ?,.<--------.,SUESCRIPTS ? ,. 
: COUNT: •••••••• ••••• ••• ......... .... .... .. .. .. .. 

j 
.'l~S .YES 

L>:;=" 0 I 
: !":2 * • 
•••• V ... . .. 

F j ., F5 ., .. .. .. .. 
,.~ORE THA~' .,., YES NC ,. RIGHT ., 

., NON- zt Rrl ,* ----- <----------------------------*, BrlACKE'I FOUND, • 
• • [;IGI1~' ? ,. *, ? ,* .. .. .. . . .. .. .. .. 
r r .... ·(iJ.......... ..GS ••••••• 

• RtMOVI:. ZOtIE • • UNSET • 
• THE" ADL IN'IO • • SCANNING • 

-------------------------------------------. SUl'SCRIPT SO • .SUBSCRI FTS FLAG. 

Chart DSDJ. 

• FAR • ". .. .. ................. . ......... . 
j 

H5'·' *, .. .. 
,. ARRAY OF ., NC 

., S'IRINGS? ,.---.. ,. .. .. 
+0 •• r ••••• J" •••••••••• · . • CO~PLETE '1ARGET. 

• SLD • · . · . 
'" :: .... "I:::::::: ---

·····K5 •••••••••• · . • SCAN FeR NEX'I • 
• NON-BLANK • · . · . ................. 

1 ..... 
·03 • 
• E3· .. . 
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IBIIBSDOA 

····Al········· • SCALAAS , WHOLE. 
• ARRAYS • · . ............... 

IBMBSDOB IBMBSDOC •.•• A2......... • •.. A3 ••••..•.• 
• SINGLE ARRAY • • ALL KNOWN • 
• ELEMENTS. • VARIABLES • · .. . ............... . ............. . 

.. .... ,.1........ I · . · . 

IBMBSOOD 

····A"········· .CHECK OUTPUT CF. 
.SINGLE VARIABLE. . . . ............. . 

---------------->. HOUSEKEEPING .<------------------------------------------· . · . ................. 
j ... 

C2 •• .. .. 
.... 1-----"----------':: :::::~l~::;~· ::-~----------------1 
.01 • .01 • 
: 01 •• -) : 02 •• -> .... . ... 

S0010 50020 :;0350 
••••• 01.......... • •••• OZ.......... • •••• 03 ••• • •••••• 
• •• •• GET EASED/CTL • 
• ADDRESS FIRST • • STEP TO FIRST • • ADDRESSING • 
tOR NEXT SYMTAB • .OR NE-XT SYMTAB • • VALUE IF ANY • 
• III CHAIN. • IN LIST. • FROM ICB • · .. .. . ·······T······· ·······T······· ·······T······· 

••• ••• SD360.·. 
E1 •• E2 •• E3 •• 

•• LAST •• •••• ••• • 
• • ELEMENT IN •• YES •• •• YES NO •• CHECK ON •• 

·.CHAIN ALREAOY'.---

l 
.. ENTRY A 1 .• --- <----•. SINGLE ARRAY •• 

•• USED 1 . • • . • • • . ELEMI:;NT ?. •. .• *... •..• .. .. .. .. . ... 
• NO :~~·:l · NO 1· YES • G5· .. . 

• ..•. F2........... . .... F] ......... . 
• SET AIELT/SLO) •• • 
• IN SIOCB FOR • .SET AIELT/SLD) • 
: CI'.LLLIgT:PUT : : IN SIOCB : ................. . ............... . 

1<------------------------1 
S0030 ... 

GZ •• • •••• G] .......... . 
•• • • • ADDRESS ITEM • 

•• SHORT •• NO • lOR LOCATOR IF • ---------------->.. SYMTAB 1 •• -------->. STRING OR • 

Chart DSDO. 

•• • • • ARRAY) FROM .. 
•••• • SYMTAB • *. .• • •••••••••••••••• 

• YES 

,""0 j · .. ··H2·········· · . • SET UP SPBCIAL • 
• PARMS IN SIOCB • · . · . ................. 

l .... ·02 • ->. A2 • . . .... 

I 
••. 5[;160 

H3 •• • •••• n11t ••••••••• 
•••• • GEt VDA FOR • 

•• ARRAY •• YES .INDEXING TABLE • 
•• VARIABLE? •• --------). 'SUBSCRIPT • 

•••• •••• STRING: .. .. . ............... . 

r moo I .· ... J3.......... . .... J" ......... . 
• • .I(I;ITIALISE VOA • 
• SET "IELT/SLD) • ., SET UP • 

: Iii SIOCB: :STR¥~~S~~~PfST : 
• • .OR ONLY ELEMENT. i;i; ~:: :1········· ....... ·1········· 
.... 

50170 
•• •• ·K3.......... • •••• K" •••••••••• 
• SET AODRS. OF •• • 
:~fi~~C:~~S8~~D ':< ________ :SET I~ l~r~~~LO) : 
• IN SIOCB.. • · .. . ········1········ ................ . 

..... 
·02 • • "2· .. . 
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•••• ·02 • 

• A2 .--1 · . .... 
S0180 

••• ·.A2 •• •••••••• ·IBMBSLOA • . -.-.-.-.-.-.-.-. 
• PUT OUT WHOLE • 
• ITEM • • • ................. 

j ... 
82 •• .. . . 

•• WAS VALUE •• NO 
•. FIELO OUTPUT .• -------------------------------------------•• ? •• .. . . .. .. 

1'"' ... 
C2 •• .. .. 

•• ARRA¥ •• NO 
•• VARIABLE? •• ------------------------------------------> .. .. .. . . .. .. 

(' 
••• S0190 

02 •• • •••• 03 •••• • ••••• .... . . 
•• •• YES· • 

•• ENTRY B? •• -------->. fREE VtA .----------------> .. .. . . .. .. . . .. .. . ............... . ro 

• 

SOSSO ... 
E2 •• .. .. 

•• LAST ARRAY •• YES 
•• ELEMENT USED •• -----------------•• ? •• .. . . .. .. r 
••••• F2 •• •••••••• • ADDRESS NEXT • 
• ELEMENT , SET • 
• UP SUBSCRIPT • 
• STRING • · . 
········1········ 

.. ···G2.········· • • '-SET A(ELT/SLD) • 
• IN SIOCB • • • · . ••••••••••••••••• 

l :~~ .. ->. 1t3 • • • •••• 

50200 ... IBMBSOOT 
Eq •• 

•••• ····ES········· 
C •• TEST ENTRY •• C .fINAL SEMICOLON • r---.' POINT •• ----- • ONLY • 

~.. .. . . 
::~~: ····r·:;: ....... j ....... . 

S0210 ••• 
fq •• • •••• FS •••••••••• .... . . 

NO •• •• • • 

!
---.. END OF LIST 1.. • HOU5E~EEPING • .. .. . . .. .. . . 

:~A;: ··1··;ES ;;~:: ••• j ........ . 
• • • G5 .-> • • • •••• ••• SD220 

Gq •• • •••• GS •••••••••• .... . . 
..TERMINATING •• YES • APPEND • 

•• CALL? •• -------->. SEMICOLON TC • 
•• •• • OUTPUT • .... . . 

··.·:0 ········1········ 

. .. 
HS •• .. -. 

•• •• NO 
•• CHECIt? •• ---.. .. .. . . .. .. r' 
·····Js·········· .TRANSMITT ER • . -.-.-... -... -... 
• PUT OUT LAST • 
• tINE • • • 

--------------;~;~~::::::I::::::::---
····Jes········· • R!'l'URN TO • •. CALLER • 

• • ••••••••••••••• 
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IBMBSEOA 

····A1 •• • •••••• 
• EDIT DIRECTED • 
• INPUT • • • ....... 1" ..... 

• •• ··B1··· ••• • ••• 
·HOUSE~EEPING , • 
• INITIALISE • 

IBMBSEOB 

• ••• A2········· 
• EDIT DIRECTED • 
• OUTPUT • • • • •••••••••••••• 

• RETRY .<----------------• PARAMETERS • • • · ...... ·1 ........ 
•• C1 ••••••• 

• SET XMIT • 
• FLAG IF ERROR. 

• ON INPUT • • DETECTED • • • .. · .. c .. 
·····01··· .. ·.··· .AODRESS CORRECT. 
• FORMAT OED • 
• CONTAINING • • FIELO WIDTH IF • 
• ANY • ........ 1" ...... 

••• SE200 
E1 •• • •••• E2 •••••••••• 

•••• • CALC. FIELD • 
•• MISSING •• YES • WIDTH FROM • 

•• LENGTH ON •• -------->. SOURCE • 
•• OOTPOT ? •• • ATTRIBUTES • 
*..* • • 

;~j~:·:~l·~~:------------~::i········ 
•••• 81020 ••• 

F1 •• .. .. SE080 ••• 
14 •• • •••• F5 •••••••••• .... . . 

NO •• •• YES • GET LENGTH CF • •• ROOM IN •• NO 
•• BUFFER? •• ---1 --------------------------------•• VDA USBD? •• -------->. ITEM AND • *. .* *. .• 

* .. * • YES ••••• 

1 
:0~1: 
• • • 

G1···.. SEO~2 ••• G2 •••••••••• 
•••• • SET SOURCE • 

•• •• NO .PARM. , ADDRESS. 
•• OUTPUT? •• -------->.INPUT DIRBCTOR • •• •• •. TABLE • 

*..* • • 

··i·YE
• • .. ~······l::::::::---

..... H1.......... . .... H2 ......... . 
. ' SIT TARGET" • • PARM. , ADDRBSS. • STEP BUFFBR • 
.OUTPOT DIRECTOR. • POINTERS • 
• TABLE·· • • •• • 
i~i:~:::l········· ········1········· 

•••• SB050 ••• ..•.. J1.......... J2 .. 
·DIRBCTOR· •••• • ••• 
• -.-.-.-.-.-.-.-. NO •• •• YES. • 
• SELBCT , CALL .<--------.. OUTPUT? •• ---->. H5 • • FORMAT DIRECTOR. •• •• •• · . .... . ... ........ 1"...... . ... . 
·····K1··· ...... . • • • INCREASE ITEM • 
• COUNT .----------------------------------------------------------• • • • ••••••••••••••••• 

•• • • • ADDRESS VDA • *... • • 
··~1·· ·········l··;;;::· 

->. 03 • • • YES •••• 
G4 4 

••• .. .. 
.* *. -->.. OUTPUT? •• 
*. .* 

*. .* * •• * 

1· NO ;01::.--, .... ~ 

H4···.. 51060 HS··· •• 

.' '. .' ' . •• TRANSMIT •• Ne •• GET/PUT •• NO 
•• PLAGGED? •• -------> •. STRING CALL •• ---

•• •• /I •• REQD? •• •..• 1 •. .• .. .. . ... 
1

· YES i ::·i 1· YES 

•••• 
SE400 . .... J4.......... . .... J5 ......... . 
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'. •• • SAYI ADDR. If • 

'. •• • 1ST YDA • 

'·1·;'· .L5~~······I········ 
••••• ~2· ••••• •••• ••••• J ••••••••••• 
•• • STORE ADDRESS • 
I ADDU 55 VOA , • • or LATUT VDA • 
• INC.SMlNT • .AND SST LENGTH • 
• LlNGTB USEC • • USBD • •• •• ········1········ ········1········ 

••••• • •••• 
'07 • '07 • 
• A2· • A2. • • • • • • 
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.... 
·07 • 
· 1'.2 .-~l · . •••• S151l0 
·····1'.2·········· · . • HOV! FROM • 'CURRENT RECORD • 
• INTO VOA • • • 
i~i;::::l········· 
• • •••• SL5S0 ·····22·········· ·TRANSIUTTER • ................. 
• GE'l' A NIW • 
• RECORD • • • 
········1········ 

··C2······· • SE" XMIT • • PLAG IN SIOCS. 
• IP ERROR ON • • INPUT • 

• DETECTED • .... 1 .... 
. '. 02 •• .... ····03········· .:·~l¥lg~lbltE·:.~ _____ >: ~i~¥NCt1jB : .. .. . . 

•••• • •••••••••••••• ' .. ' 
:Oi: • '->1' YES • • •••• SIS 10 

··12······· • • '8ft lOP PLAC • 
'FOR GIT STRING • 
• • • • 

:Oi;::::l······ :Oi:' .--} 
• • • • •••• • ••• StS1S SL600 .. P2....... • •••• PS .••••••••• 

• • 'COIIl'trrl ONCIlAlt • 
'Sft lOP ITIII • • ADDRBSS PROII • 

'2ILIIIITIR rLAG.' : o'~=:au:~iHIN : 
• • • • 

··G·2·~I:.··.·· st •• o G3.'. ...::······1········ 
'. . .... C........... . ...• 05 •.•....... 

.• *. .• *. • •• • 
• ' WITHIN '. YlS • 'CONVERSION '. YBS 'Sft UP Ol8ooIC.' 'CQIIPLITI OHCIIAR. 

'. STRING SCAM 1 •• ------>.. RITRY 1 •• ------>. SLD , CO_UTI .---->. 8ID • 
'. .' '. .' 'OMeHAR ADDRISS •• • 

···T~· ...... ····l··~· : ............... : : ...... ·1 .. · .... : 
H2· .'. • •••• 15 •••••••••• .... S1......... .... . ... H3......... 'IBMSCVA • 

'RETURN WITH IND' NO .' ANY CIlAltS '. •• • •• -.-••• - ••••••• 
'! 0JdMi8 :<--------•.•. FOUND 1 ••• ' : RAISE IRROR : : codtilloN : 
••••••••••••••• •••• ••••••••••••••• •• ' .. ' ................ . 

1
· DS L •••• 
. ' . ..... J1.......... J2 '. 

• SET UP SOURCE' •••• 
• SLD POR ZERO. YIS .'CONVERSION '. 
• LENGTH AKITH •• <--------.. RITRY 1 .' 
• SOURCE' '. .' · . .... ·········t .. ::::.. · ·1' .:0 

_>:oJ .... 
• • •••• .' . .. 11....... 12 '. 

• • .• *. 
• SIT PLAG TO • NO .' '. 

'RAISE ENOFILE/ .<--------•. GIT DATA 1 .' 
• ERROR LATER • '. .' • • *..* 

·····r····· ··r·;IS 

••••• • •••• 
'05 • '05 • • E2' • 12' • • • • . . 
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51800 

•• "':"2'" •••••• 
.;jUa'lCU1Hlf FOR • 
• IN-llNl CCNV •• 
• 1'(, CHAPACfE!;. • ............... 

j 
·····.22·········· · . • ~EI:UCE SOURCE • 
• LENGTH BY • OF • 
• DOUf:lU: QUOTES • · . ................. 

I 
·····C2·········· 
• GET TARGET • 
• ALIOC. LENGTH ,. 
.CAIC. ANY FILL • 
• REQO. • · . ................. 

j ... 
02 •• 

• ·SOURCE •• 
•• LENGTH > •• NC 

•• TARGET LENGTH •• ---
•• ? •• 

'. oo' ' .. ' 

1
m 

·····£2·········· ·IBMEERREl • • -e .• -t-e-e-.-.-. 
• FAlSE • 
• STRINGSIZE • · . ................. 

I 
·····F2·········· · . • TRUNCATE SOURCE. 
• LENGTH TO • 
• TARG!T LENGTH • • • ................. 

1<---------
SL810 ••• 

G2 •• .. .. 
•• VARYING •• NC 

• .TARGET STRING •• ---
•• ? •• 

'. .' ' .. ' 

(" 
·····tl2·········· • SET UP CURRINT • 
• LENGTH SLOT , • 
• INI:ICATE ZERO • 
• FILL • · . ··· .. · .. i ::::::::---

S1820 ••• 
J2 •• 

.e e • 
• • ZERO LENGTH •• YES 

•• SOURCE? •• ----------------'. .' .. .. 
f •• ' r .. . 

1<2 •• . ' ' . • • ANY DOUBLE •• Ne 
•.•. ~gijiE~ r~ .. ·· -----------------

'. .' ' .. ' 
• YIS 

! .... . . 
: All : .... 

3lH jl) 
•••• 1;"4 •••••••••• 

• "fl ~'O!;RCl:. • 
• • • I-CI"'fE~ FCI< " • I-ij .---->. COUiHE QUG!i "<-----------------__________ _ 
• •••• • : ~CJ1h : . ............... . 

1 
SL8ijO ••• Sl870 

1:4 '. • •••• E:r', •••••••••• 
.".. • CI-1C. LENCTH • 

." •. n.l: "Fe" /"C\-E UF TC • -->.. ~UCTE? •• --------). , l"C. f 1,,';1 • 
". •• "CuCIE· 

'.. oo' • • .. .. 
• r-c 

j 
·····C,,·········· · . " STEP SOUF<CE • 

POINTEI' : 

" . . ............... . 
j 

.' . 
e" ' • .. -. 

NO •• END OF •• 
---'. SOUIlCE? •• *. .• .. .. .. .. 

I'" 
·····l"·········· · . • CALC. LENGTH • 

. ............... . 
I ·····es······· .. · · " ·~OVE SECT1CN Cf. 

• SOURCE TO • 
TARGET : . ............... . 
j 

: •••• 05 ••••••••• : 

• STEF SOU"CE • 
• FCINTER OVER • 
• 2N:: CUCTE? • " . ........ r ...... 

... 
ES •• .. .. 

YES •• END CF •• NO 
-----.. SCURCE? •• -- ... 'FOII fINAL I!C\lE • 

• IN'IO TARGET • · . . ............... . 
j 
. .. 

F" •• .. .. 
•• •• YES 

·.2:1)iO L1NGTH 1 •• ---.. .. .. . . . ... 
• NO 

I 
S1850 ~ ·····G,,·········· · . • FINAL MOVE OF • 

----------------). SCURCE TO • 
• TARGET • · . ........ F:::~--

S1860 ••• 
!Ill •• .. .. 

.' ANY FIll '. Ne 
--).. "ECI:. 'i • '---1 '. .. 

t. • t .... 
• YES ••••• .. . 1 

:0~2: 

: •••• J ........... : 

.MOVE IN BLANKS • 
• AS RECt. • · . · . 
········[:~ii;:: . . .... 

.. .. .. .. . ... . 

Chart DSLI. List-directed Input (part 8 of 8) 

330 Licensed Material - Property of IBM 



IBMBSLJA ····Al········· • ENTRY FOR • 
• SCALAR lTD! • . . ............... 

IBMBSLJB ····Al········· .ENTRY FOR WHOLE. 
• ARRAY • · . . ............. . 

1 •• ···B:l· ••••••••• · . ·HOUSEJ(EEPING , • 
--------------->. SET 1/0 • 

• CONVERSION FLAG. · . ................. 
I 
,., SL100 

C2 •• • •••• Cl.......... • •••• CII •••••••••• .. .. . .. . 
•• ., YES • SET UP ARRAY • • ADDRESS FIRS'I • 

·.ARRAY EtfTRY ?.-------->.INDEXING TABLE .-------->. ARRAY ELEt'EN'I • 
'. .' • IN A VDA" • *..* • •• • 

i:i; : '::1' :~-------------~~~~~~~~~~~~~=~--------~~~~~~~~ j .•...... .... 
SL010 ·····02·········· • INITIALISE • 

• CONVERSION 
• RETRY 
• PARAt'!TERS · . ................. 

I .... 
'01 • 
: E3:--

1 .... SL020 ,.. SL620 
E:.! '. • •••• E) •••••••••• 

• 'Elm OF '. 'II!MBERRB' •••• EII ••••••••• 
•• FILE OR •• YES .-.-.-.-.-.-.-.-. .RETURN TO NEXT • 

•• S'fRING •• --------). RAISE !NDFIU .--------). S'IA'IEMINT • 
" DETECTW .' • (ERROR FOR" • 

'. ? .' • STRING)' ••••••••••••••• . , .' ................ . r 
18118SLIR •• '2 ••••••• ....• 1......... . SET XMIT • 

• • • FLAG IN SICleB. 
• RETRY POIN'!' • • IF ERROR ON • 
• • • INPUT • 
••••••••••••••• • DETECTED • 

1 
·····.1.·· ..... 

SL030 
.'Gl....... G:.! ., ••••• Gl •••••••••• 

• • ..., 'Sl!l~O • 
• 8E'I' RETRY • .' END 0' •. YES .-.-.-.-.-.-.-.-. 

• .LAG ~ CLEAR • '. RECORD? •• -------->. • 
• OTIIEIIS' '. ,. • GET A RECCRD • 
• • *..* • • 

····r .. · SL...·' i:~----------~~~=~J······· 
.•.•• 81.......... • ••.. H:l •••••••••• 
• R~T PSEUDO •• • 'Burna POINTERS. • SCAN FOR • 
• 'ROIl OII8OURCE .--------). ItON-BLANIC • 
• SLD" • · .. . ................. . ............... . 

I .e. . •. 
J2 '. J3 •• • •••• JII.......... • •••• JO; •••••••••• 

.• *. .• *. • •• • 
• ' •• YES ,'CONVERSION " Ne 'STEP PAS'I COMMA' • RESET FCB • 

'. CO"",,? ,.-------->.. RETRY? •• -------->. I' ONE .-------->.eUHER POINTERS' 
'. • • 1\ •• " • •• FeR NEX'I ITEM • •. .• *... • •• • 

•• • * *. .• ••••••••••••••••• • •••••••••••••••• r r L'i:!::' 
1t2 " ••••• K3 •••••••••• 

•••• • SE'I UP SOURCE • 
•• SEMICOLON '. YES • SLD FOR ZERO • 

•• IN SCAN FOR •• ----- • LENGTH ARITH, • 
•• GET DA'IA " • SOURCE • 

*, ? •• • • 

'. iN~ ········1········ ..... . .... 
'02 • '03 • 
• A2' • JII' . . . . . . 
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..... 
-02 • -A2-... . 
1 ·····A2·······.·· · . • MARJI: FIRST • 

• SOURCE. • 
• CHARACTER • · . ................. 

I 
.'. SLIIOO 

B2 '. • •••• B3 •••••••••• 
• • '. 'MARK SOURCE AS • 

•• •• YES "STRING , CLEAR • 
•••• QUOTE ? •• ' .-------->: OOUB~5uiTUOTE : 

*. .• • • : .;:. : · ·l·N~ ........ j ........ . 
• .-> 

SLO";··· SLIIIO 
••••• C2.......... ..C3 ••••••• 
.SL500 • .FLAG ERROR • 
• -.-,-._._.-.-,-. .SITUATICfI FOR. -->. • -->. END OF FILE.I • 
• GET NEXT CRAR • • STRING.I • 
• • • ONSOURCE • ................. . ......... . 

SL050 J 1 
02 '. • •••• 03 •••••••••• 

•• ENO OF •• 'SL500 • 
•• I'lL::!' '. YES .-.-.-.-.-.-.-.-. " STRING;' , ._--. t< __ 
'. ONSOURCE .' .. GE'I HEX'I CHAR • 

t. ? .' • • 

'r~ ·······T······· 
• '. SLII20.'. 

E2 '. E3 '. .• *. .••. 
•• '. YES.' ., NC 

'. BLANK? •• --> '. QUOTE? •• ---
*. •• •. .-
e..* *... *. .• * ..• r r 

1'2 '. • ... 3 ••••••• .• *. • • 
• • '. YES 'RESET STRING • 

'. COM"'''? •• _-> 'SCAN ERROR FLAG. 
eo •• • • .... . . 

-:r ·····r·· 
G2 '. • •••• G3 •••••••••• .• *. • • 

NO .' SE'-lCOLON " • STEP DOUBLE t 
---'. IN GET DATA .' • wUOTE COUNT • 

'. SCAN? .' • • *..* • • .. .. . ............... . 
· .... · l·:~~-------- 1 

SLO:~::' :-> . ·.H1....... . .... H2.......... . .... H3 •..•.•.•.. 
• FLAG. 'COMPUTE LENGTH • .SL500 • 

'RSTRCTD CONV • • OF SOURCE PeR • .-.-.-.-.-.-.-._. 
'11' BINARY CONST.<--------. CONVERSION" • 

• IN SOURCE • • ROUTINE' • GET NIXT CHAR • · . . .. . . ····T···· ................. .. .... ·T·· .... · 
5LOII0 ,., SLlllO ,', 

oJl ., oJ] ., 
,'1.110 or ., " ., 

Y&S " rlLE.I .. , YIS ,. ANOTHD " NO 

~---.' STRIlIG.I ,.<---------------- ---., QUOTE 'I ,.----
• • OIISOURCE •• • • • • 

" 'I " . " .' ••••• •• •• * .. -
'OJ • .110 • · .:~. 1 ,., 

J(1 ., ••••• 112 ••••••••• 
,.., ·SLSOO • 

" ., YES .-.-.-.-.-.-.-._. 
" 8LAJ11(? , .-------->. • 

• , , • • GET N1XT CRAR • '. ,. . . " " ................ . 
·110 

! ..... 
·03 • 
• A2 • • • • 

·.···s,,···· .. ·· .. · . 'READJUST DOUBLE' -->. QUOTE COUNT , • 
• SAVE VALUE • · . .. .... ·T ...... · 

,', 
CII " ._ e • 

" '. NO *. 'B·? .*---*. .• .. .' * ••• r ·····0''·········· · . 'MARJI: SOURCE AS • 
t BIT STRING • .. . · . · ...... T· ...... 
·····EII· ••••.•.•. 'SL500 • ._._.-.-._._._._. · . • GET NEX'! CHAR • • • .. ...... I:::::::~--

SLIIIIO ,., ,. " 
,'END or " 

" .. ILE.I ., YES 
" STRING.I '.---1 

• ,~~SOyRC~ • ' • ~ " ,. . ... 
'NO • • 

1 
: 82 : .... 

, .. 
Gil " .. .. 

,. ., YES 

" BLA"II 'I "---J .. .. .. .. .. .. . ... 
'''0 • • . ... ! : H2 : 

.. , 
HII " ot. e, 

,. " YES 

" COlIMA 'I "---1 .. ,-
I, .' .. .. . ... 

'NO • • 

1 
: H2 : 

•••• 
,'. JII ., 

" " " SEMICOF ., YES 
" IN GET TA, '---1 ., SCAN " .. .. * •. ' •••• r =.::.= 
·.··.1(11·· •••••••• 
• GET ONCHAR • 
• O .... SET WITHIN • 
• ONSOURCE FOR • 
• RAISING CONV • · . ••••••••••••••••• 

l .... ->. • 
- C2 • . . 
• ••• 
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..... 
·03 • 
•• A~ • . 
t 

,., SL090 
A1. ., ••••• A3 •••••••••• .. .. . . 

,. ., YES· • 
• '., COl'MA ?' *' .-------->:STEP PAS'I COMMA: .. . . .. .. . ............... . . r moo 1 

B1. *, ••••• S3 •••••••• •• 
, • ., • ENSURE THAT • 

,. SEMICOLON ., NO • FINAL DELIMI'IER • 
• , IN G1':'I DATA ,.-------->*DCES NOT APPEAR • 

• , SCAN? ,. • IN ONSOURCE • 
III. •• • • .. .. . ............... . 

*YZS I 1 < _______________________ J 
SLllO ,., 

c;.! .. .. 
,.CONVERSION ., YES 

., RETRY? , .---
III. • • . , .... r .. ···Dl·········· · . • RESET FC!! • 

• BUFFER POINTERS. 
• FOR NEXT ITEM • · . ................. 
:~;. · l<----------• E2 .-> · . .... 

SL120 ·····E'l···.······ .COMPU'IE LENGTH • 
• OF ONSOURCE , • 
• SET LE~'IH IN • 
• SLD • · . ................. 

1 
,., SL160 F1. ., .····FII·· ... ··.·· •• •• • *' 

,. ANY VDA'S ., NO • COMPLE'IE • 
• , ACQUIRED? ,.---------------------------------->. ONSOURCE SLD • . , ,. " . . *. .• • ,. 'r:' ·······1······· 

,., SL130 ,., G1. ., ••.•. G3.......... Gil ., .. .. . . ... . 
• • ROOM I." 1ST •• NO .GE'I A LARGE VDA. •• STRING •• lIO 

•• VDA FOR WHOLE •• -------->. FOR ONSOURCE • •• SOURCE? ,.---
•• ITEM? •• • • •• •• 

*. .• • • •..• .. .. ................. ., .. 

r 1 r-•••.. H2.......... • .... H3.......... ·····HII······ .... 
• • .MARI( FIRST BYTE.. • 
• ADDRESS VDA , • • OF VDA AS. • STEP SOURCE • 
• SET TARGET FOR • • ONSOURCE. • POIN'IER OVFR • 
: MOVE: ADDRESS:: INI'IIAL QUOTE : 

................. ········1········· ;. ii::···l·::::::::---• JII ._> . . .... 
SLlIIO SL170 .•.•. J3.......... • •••• JII •••••••••• 

• •• SET UP SOURCE • 
• MOVE IN LESSER. • PARMS. FOP • 
• VDA' S. • CONVERSION • 
• •• ROUTINE • · .. . ................. . ............... . 

-------------;~;;-----> 1 L,l:~:: · 
·····1(3·········· • MOVE ANY • 
• REMAINING BYTES. 
• INTO VDA TO .-----
• COMPLETE • 
• ON SOURCE • ................. 
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Chart DSLJ. 

..... 
-04 • 
• • A~ • . 
! · .. 

A2 •• • •••• A3 •••••••••• 
•• •• • SET UP • 

• .CONVERSION •• NO .D-ALIGNED TEMP. * 
•• RETRY? •• -------->* FOR MITH. • 

•• •• .TARGET IF ~EC •• 
*..* • • *. ... • •••••••••••••••• 

·YES j 
1 <------------------------

SL180 · .. 
B2 •• 

... *. 
•• RAISING •• YES 

•• CONVERSION ? • *---t 
*. .* *. ... ... ... . .... 

• NO *07 * 

1 · .:~* 
· .. 

C2 •• 
• *RAISING*. 

• .RESTRICTED •• YES 
• • CONVERSION ? •• ---l *. ... 

*. .-*. ... • •••• 
•• ~O .07 * 1 .. :~. 

••• SLllO ••• 
D:l *. 03 •• ... *. .... .. 

• .ARITHMETIC •• NO •• •• YES 
•• SOURCE? •• -------->*. BIT SOURCE ? • *---------------____________________________ j 

*. ... *. ... *. ... *... • ... • * * .... r r 
••• ••• SL2110 ••• 

E:l •• E3 •• E5 •• ... *. ...... ... *. 
• .ARITHMETIC •• NO YES •• ARITHMETIC •• •••• Ne 

•• TARGET? • ·---l [---_. TARGET? • - •• BI'I TARGET ? • '---t *. ... ... ... ... ... 
*. ... *.... *. .. • ... • * ••••• *. ... *. ... • •••• 

• n:.s .07 * ·NO 'YES *05 • 

I 
· .H:. 1 L>:o;·. • .A~. 

< _________ ~__ : HII.. • 

SL190 V ••• 
••••• F:l.......... F3 •• 
·IBMBCCAA· ••• • 
• -.-.-.-.-.-.-.-. • .fICT. CHAR •• YES • RECUCE SOURCE. 
• CONVERT. '. TARGET? •• -------->.LENGTH BY • OF • 
• CHARACTER TO • '. .' • OOUBLF QUOTES • 
• ARI'fHME'lIC • *... • • .... · .. T:i;i;~: '. i~ ........ j ........ . 

•••• t 
SL220 ••• 

G3 •• • •••• GII •••••••••• 
•• '. 'IBMBCC--' 

.' CHARACTER '. NC .-.-.-.-.-.-.-.-. 
'. TARGE'I? • '---l • SELEc'I , CALL • 

•• •• • CONVERSION TO • 
•• .' • S'IRING • *. ... ••••• • •••••••••••••••• 

j
.YES :~~:: L>:;~ •• 

• • R2 • . . 
•••• 

••••• H3······.··· 
.SL800 • . -._._._._._._._. 
• IN-LINE • 
• CONVERSION TO • 
• CHARACTER • ................. 

l .... 
->'05 • 

: B2 •• .... 

.... 
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..... 
·05 • 
• Al· .. . 

SL260 1 ·····Al·········· • MOVE FROM • 
• O-ALIGNED TEMP •• 
• TO TARGET AS • 
• NEC. • · . ................. 
:~~: · ·->l · . .... 

SL)OO ·····B2·········· · . • INCREASE ITEM • 
• COUNT IN SIOCB • 
• , COpy TO FCB • · . ................. 

j 
.•. 

Cl •• .. . . 
• 'GET STRING •• NO 

•• CALL REQD 1 •• ---.. .. 
*. .* * ..• r ·····D2·········· ·IBMBSIST • • -*-.-._*_._*-*-. 

• ADJUST FLNZ , • 
• fREM IF • 
• NECESSARY • ................. 
:~~. · l<----------: El •• -> .... 

SL310 ·····El·········· ·IBMBERRB • ._*-*-*_._*_._*_. 
'RAISE TRANSMIT • 
• IF XMIT FLAG • 
• SET IN SIOCB • ................. 

j 
SL320 .'. 

F:l '. .. . . 
• ' END FILE/ '. YES 

•• ERROR TO BE •• ---~ 
'. RAISED? .' *. .• .. .. . .... 

• :~O '01 • 1 · .:~. 
••• SL130 

•• G:l •••• : •••• G3 ••••••••• : : •••• GfI ••••••••• : 

•• '. YES. •• ADCRESS NEXT • 
•• ARRAY ENTRY 1 •• -------->.FREE ANY VDA'S .-------->. ELEMENT • '. .' . .. . '. .' . .. . ' .. ;.;, ................. ·······T····· .. 

"HO 1 .. ..•.. H2.......... H4 ... 
: RESET 1/0 : NO • ••• • ••• 
'CONVERSION FLAG.<------------------·-- -------------•• ANY LEFT? .' 
:: •.• * .• ........ j......... .'. t:i~~;·. 

····J2········· • RETURN TO • 
• CALLER • · . ............... 

. . .... 
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SL500 

····A:l········· • SUBROUTINE TO • 
• GET NEXT CHAR • · . ............... 

I ·····B2·········· • STEP SOURCE -
• POIN'IER' • 
• REDUCE BYTE • 
• COUN'I BY ONE • · . ··· .. ··T .... ··· 

... C:.! •. .. .. ····C3········· •• ANY BYTES •• YES • RETURN WITH • 
•• LEFT IN •• -------->. NEXT CHAR • 

•• RECORD? •• • • *. .• • •••••••••••••• 
* ..• r ... D:l .. 

.• * . 
• • CONVERSION •• YES 

•• RE'IRY? •• ---~ *. .• 
*. .• .. .. . .... 

• NO .07 • 

1 · .:~. 
,., E:l •. .. .. 

•• STRING •• YES 
•• OPTION? •• ---! *. .• 

*. .* *. .• • •••• 
-NO .07 • 1 ·.:r 

. -. F:l .. 
.• * . 

•• ANY C'iARS •• NO 
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., ? •• 
*. . • •. . * ••••• 

• YES .07 -

1 · · :~. 
••• SL~10 

•• G2 *... :~~;,~8f~.~~~~;~.: 
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•• S'I'ACI<ED 1.. • NEXT RECORD • 
*. .• • • 'or "':: ...... 1' ....... 

•.••• !!:.!.......... • .•.. H3.......... . .•.. 11" .......• ·. · .. .. . 
• COMPUTE NEW •• • .S'IEP ViJA COONT • 
:'IOTALC~IR~OURCE: -->: GET A VDA :-------->: flY O:lE : · .. .. . ................. ................. . ............... . 

J j J:.! ., ••••• JII ••..•••••. 
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• • STILI ROOM •• NO • CHABI IN • 
• , IN lS'I VDA ? •• ----- .PREVIOUS veA OR • 

• , •• • SAVE ADDR. IF • 
•• •• • lS'I VCA • .. .. . ............... . r "''' I •..•• K:.!.......... • •••• 1<11 .•••...... 
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• ADDRESS VDA , • • OF LA'IES'I VDA • 
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: LENGTH USED : : USED : 

········1········ ········1········ ..... . .... 
• 07 • .07 • . • A~. • .A~. . . 
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·01 • 
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SL5110 1 
: •••• Al ••••••••• : 
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:~~: · ·->1 · . .... 

SL550 ·····al·········· ·TRANSMITTER • *-.-.-*-*_._*_._. 
• GET _II N1.1O • 
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I ··el······· 
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• IF ERROl< C~ • 
• IllPU'l • 
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1 ,. , 
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• ~ELI"'I1ER nAG.. : Of~~~6u~HHIN : · . . ........... . ............... . 

.I. ""'.'. "'" 1 C;l • G 3 ., ••••• G".......... . .... GS • ••••••••• 
. ' •. • * •• • •• • 

,. WI'!HIN ., YES ,.CONVERf·ION ., YES .SE'! UP ONSOURCE. .COMPtE'!E CNCHAR • 
• , STRING SCAN ?, .-------->., RETRY? ,.-------->. SLO , COMPUTE .-------->. SLD • 

• , , • ., ,. .ONCHAR ACCRESS •• • .. .' .... . .. . •. .• * .. ' ••••••••••••••••• • •••••••••••••••• r 1",0 l:~:: '--1 1 
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H:l SL660 : •••• HU ••••••••• : ••••• HC; •••••••••• 
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•••• ~~~~~~.... • •••.•••• ••••••••••••••• : CC:'VER3ION: : CONVERSIO:~ : .. .. ................. . ............... . 
l·Yr.~ L>~~i:: . 

.... 
, ., ..... Jl.......... J2 .. 

• seT UP SOURCE - , • ., 
• SLD FOR ZERO. YES • • CO~VERSION •• 
• llNG'IH ARITH, .<--------., RE'IRY? ,. 
• SOURCE· ., ,. · . .... ................. . .. ' 

1 -NO 

->:~;.. 1 
• JII • . . .... 

, ., .. 1<1....... J(l ., . . .... 
• SET FLAG TO • NO, • • , 

.RAISE ENDFILEI .<---------, GET CATA? ,-
- ~RROR LATER • • , • -. . .... ·····r.... ··t~s 

..... . .... 
• 05 • .05 -
•• E~- • _ E~. . . 
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Chart DSLJ. 
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••• ·A:.I ••••••••• 
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I 
: •••• S2 ••••••••• : 
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• All ••••• . . .... 

.... · • All -· ·--t .... 
SL830 ·····AII •••••••••• 

• SET SOURCE • 
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: DOUB§~A~UOTE r----------------------------................. 

I 
S18ijO ••• S1870 

B4 ... • •••• 85 •••••••••• 
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J 1 
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* .• , .• ' - : 2ND QUOTE? : .. .. . ............... . 

r 
••••• £4 •••••••••• 

• • * CALC, LENGTH • 

I 
, -. E5 ., ,. .. 

YES ,. END Of ., ;~c 

.FOR FINAL MOVE - -----*, SOURCE? , .---
- INTO TARGET -
o * ................. 

I . -. Fij _. .. .. 
• - -. YES 

., ZERO lENGTH ? *--> ., .. .. . . .. .. 
: *::.: IONO 
• ._> .... 

SL850 ·····G4 ......... . 
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1<----------
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l .... 
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IBMBSLOA 
····A1········· 

• ENTRY FOR • 
• SCALAR ITEM • · . ............... 

IBMBSLOB 
····A2········· 

.ENTRY FOR WHOLE. 
• ARRAY • · . . ............. . 

I 
·····B2·········· · . · . ---------------->. HOUSEKEEPING • 

Chart DSLO. 

· . · . ................. 
j 

,., SL100 
C2 ., ••••• C3.......... • •••• CII •••••••••• 

.• *. • •• • 
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!oi:: .->1·::------------------------------------------------1 .... 
SL010 ,., 
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• , ~:ECI A~ CA5~., .---------------------------------------------------------------------1 .. . . . , ,. 
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,., SLII02 SLII03 
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,.P,C,D, ., •• .ADI:: LENGTHS OF • 
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• , SYMTAB IN PUT, .-------->. SUBSCRIPT .-------------------------------->.SUesCRIPrS FOR • 

• , DATA 1 ,. • STRIt«; IF ANY • • TABBING WIDTH • 
*. .• •• • • . , ,. ................. . ............... . r 

SL015 ,., SL290 •• , 
F2 ., ••••• 1"3.......... FII •• 

,. •• • GET LENGTH OF • ..., 
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• , •• • •• BIT SOURCE • .. .. . .. . "",o'r "':: .... ·T .... ·.. .. .............. . 

••••• H2.......... • •••• H3 •••••••••• 
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·····J3·········· · . • HOLD WIDTH FOR • 
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•• , SLIIOO ,., 1(3 .. . .... KII.......... K5 ., 
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- A3- - 83-. . . . . . 
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BL080 

..... 
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• A3 • . . . 
! 0·0 A3 .0 

.. ' *. o. -0 NO ·0 PRINT FILE ? o.---J .. .. .. .. ... ... . ... 
·YES • • .... 1 · E3 • ·02 • •• 
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SLO:~** • •• :-------------~~~~~------l 
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!.:~--------- r" 
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SL188 

· 'l'~ ::~;: ........ 1::::::::--------------------------- ...... 'T ....... 
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• • ... *. • • .... . 
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• • • CHARACTER. • ARITP.ME'!IC TO • • BUFFER • 
• • • .... CHARACTER·· • 
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Chart OSLO. 

••• SL2115.. • SL800 J2 .. J3 •. • .••• JII.......... • •.•. Js •••••••••• .... .... . .. . 
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List-directed Output (part 3 of 3) 
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Chart BSMW. 
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Chart BSPI. 
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····.B2·········· · . • SET UP RETRY AT. 
• IBMBSPIR • e • · . ................. 

, ..... " j .·· .. c2·········· ·IBMBCGPA • • -.-e-e-.-.-.-.-. 
• CHECK SOURCE • 
eAGAINST PICTURE. · . ........ 1" ...... 

• e. 
02 •• .. . . 

•• TARGET BAS •• NO 

'. SOURCE PIC •• -----------------1 .. .. .. . . .. .. 
• YES 

'PO" I ..... .' . ••••• £2.......... E3 •• · . ..-. • SET UP LOCATOR • YES •• •• NO 

·FOR SOURCE AND .<--------.. CHAR TARGE'1' •• -----------------1 • TARGET· •• •• · . ... . 
........ 1"...... . .. ,. ..... .' . 
..... F2.......... . .... F3.......... fll .. 
• IBMBCCCA • .IBMBCMPB. ••• • 
• -.-.-.-.-.-.-.-. .-.-.-.-.-.-.-.-. YI:S •• • • 
• !IOVE SOORCE TO· 1-----. .<--------•• BIT TARGET .' • TARGET. .CONVERT TO BIT • •• • • · .. . ...-••••••••••••••••• ••••••••••••••••• ·0 o. 

<---------- I .. 

SP030 

·····G .. ••••••·••• ·I8MBCNP- • . -.-.-.-.-.-.-.-. 
:SE~d:¥o~All: 
• • ................. 

1 .•. 
1111 •• .. .. 

NO.. REAL TO •• 
<------------------------------------------.. COMPLEX •• .. .-.. .' .... ru 

••••• JII •••••••••• 
•••• J2......... .IJ!IUJCGZA • 

• RETURN TO • .-.-.-.-.-.-.-.-. 
• CALLER .<----------------------------------.ZERO IMAGINARY. 
•• • PART • ••••••••••••••• • • ••••••••••••••••• 

Input conversion director (P format) 
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I BMBSPLA ····11,1········· · . • PAGE • • • ............... 
IBMBSPLB ····11,2········· · . • LINE • • • . ............. . 

j 
,I···*B2·········· · . • ADDRESS CORRECT. 

IBMBSPLC ····11,3···.·· .• · . . 
• SKIP • . . ............... 

---------------->. FORMAT DED FOR .<--------------__ 
• LINE OR SKIP • · . ··· .. ···r .... ·· 

, ., 
SP:l60 C:l ., 

···.C1········· ,.., 
• • YES ,.GET OR PUT ., 
.. RAISE ERROR .<--------., STRI:-IG? ," .. .. *. .• ••••••••••••••• *.. • .. .. r 

,., SPOIIO 
D:l ., ••••• 03 •••••••••• 

.• *. • • 
,. ., YES .GET LINE NUMBER" 

., PRINT FILE ? , .. -------->. FROM FCB 
*. .• • .. .. ... .. ... .. . ............... . r j 

SP010 ,., ,., SPC60,., 
spno E2 .. , E3 ., Ell ., 

•• .. • .. 1···· .. ··.... ,.., ,.., ,.INITIAL., 
• • YES ,- PAGE OR., PAGE ,. WHICH ., SRIP ,. OUTPUT ON -, NO 
.. RAISE ERROR .<--------., LINE? ,. ----, OPTION OR ,.--------> .. , PRINT FILE ? '----l 
• * ., ,. ",FORMA'I ? •• •• •• ............... .... .... ... .. 

... .• *. .• •. .• • ••• r rOE r : .::.: 
..... P2.......... . .... F3.......... . .... F" ......... . · .. .. . 
• IF SKIP < 1 SET. .IF LINE < 1 SET. • REDUCE SKIP • 
• SKI P = 1. • LINE = 1. • VALUE BY 1 • .. .. .. . .. ... ... . ........ j......... . ....... j......... . ....... j ........ . 

SP020 <---------- SP050 • •• .., 
••••• Gz.· ........ • G3 ., Gil ., 
.TRANSMITTER. , .ALREADY., , • • , 
.-.-.-.-.-.-.-.-. ,. ON COL. 1 ., YES ,. DOES THIS ., YES 

: SKIP A RECORD : .'., ? ,.'. v ., ., ? ,.'. v · · l ·,OF LINE REQD"·---l ·.MAKE IT ZERO '·---1 

••••••••••••••••• • .. * ••••• *. .• • •••• 

j _________ >j*NO :~j~: j.NO: ~!~: 

SP220 ,., SP070 <---------~-------------
••••• H1.......... H2 ., ••••• H3 •••••••••• 
·IBMBhllRB" , • •• • • • -.-.-*-*-._*-*_. YES •• ... • CLEAR LINE • 
: RAISE ENDFILE :<--------* ,~~D OF FILE,~'. rl-->:.T~U~f~~ ~~D~~8E:. .. .. ... .. ........ j......... · ·l·N~ : ·::·r······j········· .... 

, ., 
J2 ., ••••• J3 •••••••••• · ... Jl......... ,... .TRANSMITTER • 

• RETURN TO NEXT. ,. SKIPPING ., NO ._._._._._._._._. 
• STATEMENT. ., COMPLETE? , ._-- • MOVE TO NEW • 
• • ., •• • RECORD • ............... .... . . 

Chart DSPL. 

.. .. . ............... . 
·YES l 
L>:~~·. ->:0;· • 

• J3 • • A3 • . . . . .... 

PAGE, LINE, and SKIP (part 1 of 2) 
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..... 
'02 • • A3' , , . 
1 ••••• A3·········· · . 'ADDRESS CONTROL' 

• BYTE • · . • • ................. 
j 

.' . 
B3 '. .• *. 

: l;~;::· t~~1~~!;':: ·~!~-------------l 
.... 

.•. . .. ••.•• C3.......... CII '. C5 '. 
• • .••. .* •. 
'IF SKIP < 0 SET' .' LINE 'ICC '. YES .' '. YES 
, SKIP = O. '. LOW ? • *--------> •. ENDPAGE ON ? •• ---
• • *. .• •. .• 
: ••••••••••••••• : *. * ..• '.e: •• * •.•.• 

j 
'NO 'NO 

"'.. < ________________ J 1 
.. ".03.......... . .... 05 ......... . 
'SET UP SKIP or • •• 

---------------->: ~&~R~~~ iIAE :<-----------------------------:vAf~~ i~~ ~~LL: 

·····E2· •.•••••. · . 'ADDRESS CON'l'ROL' , BYTE , · . · . ................. 
..,,, 'I 

•••• ·F2· •••••••• 
• TRANSMITTER • ,-,-,-._.-.-.-,_. 
'POT OUT 3 BLANK' 
• LINES • • • ......... , ...... . 

1\ 

• NO. • • RAISE ENDPAGE • .. .. ·······1··· .. ·· ................ . 
SPllO .'. SP200.'. 

E3 '. Ell '. .• *. .••. 
• • OVER '. YES • , '. NO 

'. PAGESIZE? • ,--------> •. ENOPAGE ON ? •• -----------------, *. .* *. .• *. .• *.. • • .. * * ••• 

.>12. r=-----------------T' ••••• F3.......... • •••• F5 ••••••••• • 
• MOVE CONTROL • 'IBMBERRB • 
• CHARACTER '1'0 • .-.-.-.-,-.-.-,-. 
• BYTE , REDUCE • •• 
• SItIP COUNT • • RAISE ENDPAGE • .. .. .. .... ·T .... ·.. .. .. · .. T .. · .... 

.*. . *. 
G3 '. G5 ' • . * •. .* •. 

NO .' SKIPPING '. NO .' STANDARD '. _________________ '. COMPLETE? .' !---•. ACTION NEEDED.' 
*. .* *. ? .-'. .' '. .' * .. * •••• * ..• 

'YES ,. 'YES 

1 
: J3 :...... 1<----------••••• 85 • • .-> •••• SPl30 SP080 

••••• 83.......... • •••• 85 •••••••••• 
•• • SET CONTROL • 
: ~B~~NE :< _____________________________ : B~iIJOp~a~' : 
:: : Lfii~G~c~ ~~Tl : 

i~~~~:::l········· ................ . 
SPlIlO 

•••• J3 ••••• •••• 
• RETURN '1'0 • r->: CALLER : 

J •••••••••••••••••• 
• • 
• J3 • • • .... 

Chart DSPL. PAGE, LINE, and SKIP (part 2 of 2) 
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Chart BSPO. 

lBMBSPOA 

····A2········. ·P-ARITH-FORMAT • 
• OUTPUT • • • .... · .. r .. ·· .. · 

••• SPO]O 
B2 •• • •••• B] •••••••••• .... . . 

•• SOURCE PIC •• NO • SELICT • 
• ~ AS TARGET •• -------->. CONVERSION • .. .. . . .... . . 

··i·;" s •• ~~······i········ 
.... -c2.......... . .... C] ......... . 
• • ·CONVERSION • 
• MOVE SOURCE TO • .-.-.-.-.-.-.-.-. 
• TARGET • r-----. ASSIGN TO • • •• TARGET FIELD • • •• • 
········1·::::::::--- ................ . 

SP020 

····D2········· 
• RETURN TO • 
• CALLER • • • ••••••••••••••• 

Output conversion director (P format) 
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IB1ID5TFA/B ••• 5'1070 
~2 •. • •••• A) •••••••••• 

··.·'1········· .... . . • • .'ERROR MlSS '. Y • ADCRESS feE • 
'F FORM~T PRINT .-------->.. ENT~Y •• -------->. THRU OFS . . .. .. . ............... .... . . 

Chart DSTF. 

.... ~ ········1········ 

ST010 1 'TO" .' • ..... 82.......... E) '. 
'ST100 • •••• 
• -.-.-.-.-.-.-.-. y .'A~YTHING IN'. 
'BLANJ REMAINCIR.<--------.. BUFFER .'<--
• OF BUFFER • 1\ '. • • · . .... 
········1········ ':1:= 

... C2........... C) '. 

• PUT CURRENT 
aECORD 

................ 

1 . '. 
D2 '. .... .. .. 

• • N.· '. 
• Y2 .<----.. TRANSMIT .' .. '. .' .... .... 

' .. ' r .'. 
12 '. . ' '. Y .' IMPLICIT '. ---'0 CLOSE OR .' 

'. ERROl( .' 
·.MESS .' ' .. ' r 

..•. ·'2·········· 'IBMBERRB • .-.-.-.-.-.-.-.-. • • 'RAISE TRANSMIT • • • ••••••••••••••••• 

:::::----->1 
.... ·G2·········· • • 
• TURR 0" • 
• TRANSMIT fLAG' • • • • 

~::;:~::1········· 
• • •••• STOIIO 
.... ·H2·········· 

.' '. N .'fIRST LINE '. 

1
---'. Of ~ESSAGE .' .. .. .. . . . ... 

: .;;. : 1· Y 

• • .... 
. .. 

0) '. •• e. 
N .'ELAN~ LINE '. 

-----.. OUTPUT .' *. .• .. .. . ... 
: .:;. :->1' Y 
• • •••• S'I090 
. ... ·E)······.··· • • .to!OVE MESSAGE TO' 
• BUFFER • • • • • ................. 

5'1060 

· . . .. ·H)········· 'INITIALISE reB •• • 
• FOR NEW Bur fER • • RETU~N • 
• •• • • • • •••••••••••••• 
········1········ 'I 

.'. 5'1050 •• N 
"2 '. ") '. .... ... . 

• ' PAGESIZE '. N .' '. Y 
'. EXCEECkD •• --------> •. ERROR MESS .'---•. .• A·. .• .. .. ...-

' .. ' ' .. ' I ' · 
.····J2·········· 'IBM8ERR8 • .-.-.-.-.-.-.-.-. · .-----• RAISE ENDPAGE • · . ................. 

Stream input transmitter 
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IEto!CSTFX 
• •• ·AS··.· ••••• 

• ERROPT EXIT • 
• FROM LIOCS • • • .. ..... 1' ...... 

. .. ·.es·········· • • • SET TRANSMIT • 
• fLAG • • • • • ••••••••••••••••• 

j 
• ••• CS· •• •••••• • • 'RETURN TO LIOCS' 

• • ••••••••••••••• 
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IBMDSTI ••• 
A2 •• • •••• A3 •••••••••• .... Al......... .... .IBMCSCPA. 

• • ..COPY OPTION •• Y .-.-.-.-••• - ••• -. 
• STREAM INPUT .-------->.. ACTIVE •• -------->. COPY CURRENT 
• • •• •• • BUFFER ••••••••••••••• •••• • • 

Chart DSTI. 

ST'" ··l~~---------------::::::::j········ 
.··B2·· .. ······. 

• GET NEW RECORD · . 
•••••••••••••••• 

1 ... 
C2 •• • •••• c3 •••••••••• .... . . 

•• I/O ERROR •• N • 'IURN OFF • 
•• FI.AG SET IN •• -------->. TRANSMIT fLAG. 

•• CCB.. • IN FCB • .... . . 
··i~~---------------~::~::i········ 

ST03S ••• 
02 •• • •••• 03 •••••••••• .... . . 

•• •• Y .GET RaCORD LEN. 
•• P FORMAT •• -------->. FROM FCB • .. .. . . .. _. . . 

··i~~---------------::::::::j········ 
ST034 ••• 

E2 •• • •••• E3 •••••••••• .. .. . . 
•• •• Y .GET RECORD LEN • 

• • V FORMAT •• -------->. FROM RECORD • .. .. . . .... . . 
ST... ··l~~---------------::::::::j········ 

·····'2·········· • • • RESET FCB FOR • 
• NEW RECORD • • • • • ••••••••••••••••• 

1 
...• G2········· • • 

• RETURN • • • ••••••••••••••• 

Stream F-format print transmitter 
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IBMCSTIZ 

····A4 ••••••••• 
• EOF EXIT FROM • 
• LIOCS • • • ••••••••••••••• 

1 ·····Sll •••...•..• • • .SET EOl lI.AG IN • 
• PCB • • • • • • •••••••••••••••• 

1 ····CIl ••••••••• 
• ~ETUFN TO • 
• CALLER OF STI • • • ••••••••••••••• 

IBMDSTIX 

····AS •• ••••••• • ERROPT EXIT • 
• FROM LIOCS • • • .. .... ·r .. · .. 
: •••• B~ ••••••••• : 

• SiT TRANSMIT • 
• FI.AG IN FeB • • • 
········1········ 

• ••• cs •• ••••••• • • .RETURN '10 LIOCS. • • • •••••••••••••• 



I BMBSXCA I9:"3SXCB I3!'BC;XCC I '3l"'BSXCC 
•••• A1......... • ••• AL ••••••••• ····A3.··· •••• • ····Alj········· . .. . • COI'Jl"'N FCR~A':' • 

• I~PUT • 
• COL"jM~ FOR!' A'T' • 

:X-f'ORl"'JI.'I PIPUT : :X-~ORl"'AT OU':'PUT: • OJTP~T • · . · . ....... !....... . ............. . 

I j 

. ............. . ............... 

l ·····92·········· ________________ >: A D~~~~ ~T cg ~~, ECT: < _________________________________________ _ 

Chart DSXC. 

· . · . ................. 

j 
C;X010 ••• 

CL •• • •••• C3 •••••••••• .. .. . . 
•• •• ~O .IP X WIDTH < 0 • 

•• COLUMN 7 •• -------->. THE~ SET X •• ---t 
•• •• • WIDTH = 0 .. .. . . .. .. . .................... . .. l

·YES :Oi2: 

.. . 
02.. SX200 .... .··.03·· ...... . 

•• GET OR PUT •• YES. • 
•• STRING 7 •• -------->. RAISE ERROR • .. .. . . .. o· .............. . .. .. r 
·····E2 .. ··· .... · • • • IF COL < 1 THEN. 
• SET COL = 1 • · . ................. 

SX020 1 ,' . ..... F2.......... F3 · · . .... 
• IF COL > • YES •• •• NO 
• LINESIZE THEN .<--------.. COLU~N 7 •• ---t 
• SET COL = 1 • •• •• · . ... . 
········1········· ..... :;;.: 

II • A2. 
. . . 

SXOljO ... 
G2 •• .. . . 

•• ON RIGHT •• YES 
•• COL 7 •• ---l •. o· .. .. .. .. . .... r ::~i: 

... 
H2 •• .. .. 

•• COL> .0 YES 
•• CURRENT 7 •• ---~ 

•• 0 • .. .. .. .. . .... r 'O~i: 
NO 

••• SX150 •• • SX170 
J2 •• J3 Jlj •• • •••• JS ••••• ••••• .... ...0 .. GET •• .IBMBERRR· 

• • •• YES •• •• YES •• STRING OR •• NO ._.-.-.-.-.-.-.-. 
•• OUTPU'!' 7 0.----- •. PolO OF FILE 7 •• --------> •. MID X-FORMAT •• -------->. • 

•• •• t. o. t. WIDTH 7 •• • RAISE PoIDFILE • .. .. .... .... . . 
i;i;:.::j·N~ .. "j'" "iY~' ········1········· 

.... t sxoso SX060 ..... K2.......... . .... K3 .......•. 
• • .TRA'ISMITTER. • ••• Klj......... . ..• K5 ....... ·· 
• ADVA~CE. .-.-.-.-.-.-.-.-.. • .RETURN TO 'EXT • 
• POI N"'ERS TO E~ID.-------->. LOCATE NEXT • RAI SE ERROR • • STATEMENT • 
• OF BUFFEp. ". BUFFER.· •• • : ............... : .~ ... : ............... : ............... . ............. . 

·01 • 
• K 3 • 
• • 

X and COLUMN format items (part 1 of 2) 
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Chart DSXC. 

..... 
·02 • 
• A2· •• • t 

SX070 ,., 
A2 ., ,. ., 

,. ANY BYTES ., NO 
., TO gRIP? ,.-__ ! 

*. .• .. .. .. .. .. . ... 
• YES • • 

1 
: F2 : 

•••• ,. , 
32 ., ••••• S3 •••••••••• ,.., . . 

,. ENOUGH ., NO • ~EDUCE SRIP • 
• , BYTES IN ,.-------->. VALUE BY THIS. 

·,9UFFER ? ,. • NUMBER • . , ,. . . 
~:~;:·::l·Y~S ········1········· 

•••• SX080 ,., ,., 
C2 ., C3 ., ,.., ,.., 

,. ., NO ,. ., NO 
., OUTPUT? ,.--- ., OUTPUT? ,.---t 

*. .• •. .• *. .• •..• .. .. .. .. . .... 
lYES .1~·S :::l: 

••••• 02.......... D3 ., 
·SXII0 • ,.., 
.-.-.-.-.-.-.-.-. ,. END OF •• YES 
• •• , RECORD? , ._--t .BLANR OUT FIELD. ., ,. 
• • *..* ................. ., ,. . .... 

1 
· NO ·01 • 

SX.9. <---------- 1 '.:1' 
•• •• ·E2···· •• •••• • •••• E3 •••••••••• 
• • ·SXII0 • 
• ADVANCE BUFFER • .-.-._._.-.-._.-. 
• POINTERS. • BLANR OUT • 
• •• REMAINDER OF • 
• •• RECORD • 

;;;::···1········· ········i::;;~::· 
• F2 ._> . R2 • • • • • •••• • ••• SXI00 0.0 

F1 ., 
•• t. o. GET/PUT ., NO 

[

-> •• STRING CALL 0.--.0 REQD? , • . , ,. ... . ... 
:.::.: lYE. 

····tGz .. · ...... . 
·IBMBSIST • . -._.-._.-._._.-. 
• STRING • 
• HOUSEREEPING • • • 

. xl~:······I::::::::---
····H2········· • RETURN TO • 

• CALLER • • • ••••••••••••••• 

X and COLUMN format items (part 2 of 2) 
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Chart BTOC. 

.... A2......... . ... AU ........ . .. .. 
• IBMBTOCA .-----------------1<----------------. IBMBTCCB • 
.. .. 

••••••••••••••• • •••••••••••••• 

B3···.. • •••• B~ •••••••••• 
.• *. • • 

•• IS EVENT •• YES • SE~ UP ERROR • 
•• VAR. ~,CTIVE •• -------->. FLIST • 

*. .* • • .... . . 
* .. * ••••••••••••••••• r ... 

••••• C2 •••••• •••• C3 •• 
• • .* •. 
• SET EVENT VAN, • NO ,.15 VALUE OF., 
• INCOMPLETE .<--------•. ASSIGNMENT •• 
: : •••• ·1·3 •••• 
••••••••••••••••• * ..• 

1

m 

·····03·········· • • • • • SET EV COMPLETE. · . · . ••••••••••••••••• 

1 ... 
E3 *. •••• .* •. 

• • NO. • ANY :teB •• 
• H3 .<----•. CHAIN PRESEN~ •• 

• ••••• A

J 

... , .... ,.'. ------------- I "" 
.· ... F3·········· • • 
• COMPLE~E NEXT • -->. ECB IN CHAIN • • • • • 
········1········ 

... 
G3 •• 

. * •. 
YES •• •• 
---.. ~ORE E~BS •• .. .. 

*. .* .... 
: .::. :->1. NO 

• • •••• . .. 
H3 •• 

. * -. TOCA •• •• 
---•• ENTRY POINT ?. .. .. .. . . .. .. (0' 

••• •• J3 ••• ••••••• • • 
• ASSIGN THE • 
• STATUS VALUE • • • • • 

---::::::::1········ 

COMPLETION pseudovariable 

· ... K3········· • RETURN TO • 
• COMPILED CODE • • • ............... 

v 
·····c~·········· • • .-.-.-.-.-*-.-.-. · . • ~AISE ~RROR • · . . ............... . 
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DFHPLIN 

A1 
INITIALIZATION 

B1 -.I:---~ 

SAVE 
REGISTERS 

C1 

SET UP CSA 
PLiST POINTERS 

01 

FIND DFHSAP FROM CSA 

E1""'&'--_ 
GOTO FPCC 

DFHPLIC 

A2----...... 
ENTRY 

B2 -.&_--., 
MOVE CSA ADDRESS 
TO PARAMETER 

C2 --L __ _ 

RETURN 

DFHPL 11 

A3----....... 
ENTRY 

B3 -"'---...... 
GOTO DFHPCP 

IChart DFHPL1I. CICS initialization bootstrap 
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IBMBOCLA,B,C, 

A4----..... 
SAVE REGISTERS 

B4 

FIND DFHSAP VIA CSA 

C4--l1.....--...... 
GOTO IBMFPCCA 



Page of LY33-6011-1, Revised October 1976 by TNL LN33-6179 

abnormal GOTO 18,21 
(see also reset CHECK enablement) 

ABS built-in function 
fixed binary complex 114 
fixed decimal complex 115 
long float complex 116 
short float complex 116 

ACOS built-in function 
long float real 161 
short float real 169 

action byte 34 
ADD (fixed decimal) 170 
aggregate handling routines 101 
ALL built-in function 108 
allocate 

controlled variable 15 
in an area 16.1 
LIFO storage 18 
non-LIFO storage 18 

AND operation 122 
ANY built-in function 108 
A format 

input conversion director 66 
output conversion director 61 

area management 16.1 
arithmetic operations 133 
arithmetic routines 101 
arithmetic to arithmetic, internal 

conversion 19 
arithmetic to character conversion 
director 89 

arithmetic to character, internal 
conversion 19 

array events (~ WAIT) 
array indexing 109 
array operations 

ALL 108 
ANY 108 
POLY 120 
PROD 115,116 
SUM 118,119 

ASIN built-in function 
long float real 161 
short float real 169 

assign 
byte-aligned bit strings 128 
general bit strings 129 

assignment 
bit strings 128,129 
character strings 92 
of event variables 26 
with shift 111 

ATAN built-in function 
long float complex 165 
long float real 161 
short float complex 164 
short float real 163 

ATAND built-in function 
long float real 161 
short float real 163 

ATANH built-in function 
long float complex 165 
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Index 

ATANH built-in function (Continued) 
long float real 166 
short float complex 164 
short float real 166 

bit string operations (see string 
operations) ---

BIT TAB (see bit table) 
bit table in BUGTAB 216 
BOOL built-in function 126 
bootstrap 

conversion director 94 
conversion fix-up 10 

BUGTAB 
bit table (BIT-TAB) 216 
recovery of information 215 
storage 214 

C-format conversion director 
input 69 
output 10 

chain of EVTABs 26 
character-P and B formats 

input conversion director 66 
output conversion director 68 

character string operations (~string 
operations) 

character to arithmetic conversion 
director 91 

character to arithmetic, internal 
conversion 19 

check 
input, pictured character 91 
input, pictured decimal 96 
unqualified 35 

CHECK, system action 32 
checkpoint module 203 
CICS initialization bootstrap, DFHPL11 15 
close 38 
COBOL, communication with PL/I 186 
COLUMN format item 15 
communication, interlanguage 186 
compare 

general bit strings 121 
COMPLETION pseudovariable 26 
computational routines 101 
concatenation 

bit strings 129 
character strings 124 

control names 10 
control-section names 11 
controlled variable 16 
conversion 

arithmetic to arithmetic 79 
arithmetic to character 79,89 
binary constant to float 104 
bit to bit 89 
bit to character 90 
bit to fixed binary or float 102 
bit to pictured character 90 
character to arithmetic 19,91 
character to bit 92 
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conversion (Continued) 
character to pictured character 95 
decimal constant to packed decimal 103 
external 80 
fix-up bootstrap 70 
fixed binary-float-free decimal 98 
fixed binary or float to bit 103 
fixed binary to fixed binary and float 
to float 107 

fixed decimal - free decimal - fixed 
decimal 99 

fixed decimal-free decimal-float-fixed 
binary 95 

internal 79 
packed decimal to E-format 105 
packed decimal to F-format 106 
packed decimal to pictured decimal 101 
path 78 
pictured decimal to packed decimal 100 
string to string 79 

conversion director bootstrap 94 
conversion director modules 

arithmetic to character 89 
character to arithmetic 91 
input (A, P and B-formats) 66 
input <C-format) 69 
input (F and E-formats) 71 
input (p-format) 72 
output (A format) 67 
output (C-format) 70 
output (P and B-formats) 68 
output (F and E-formats) 71 
output (P-format) 73 

conversion routines 78 
COpy option module 73 
COS built-in function 

long float complex 151 
long float real 148 
short float complex 150 
short float real 149 

COSO built-in function 
long float real 148 
short float real 149 

COSH built-in function 
long float complex 151 
long float real 157 
short float complex 150 
short float real 158 

data-directed input 53 
resricted conversions 54 

data-directed output 56 
DATE built-in function 197 
debugging macro instructions 14 

reactivation 214 
DELAY statement 197 
DFHPL1I, CICS initialization bootstrap 
director modules 

conversion (see conversion director 
modules> --

input/output 43 
DISPLAY statement 194 
DIVIDE built-in function 

fixed binary complex 172 
fixed decimal complex 173 

division 
fixed binary complex 178 
fixed decimal complex 179 
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15 

division (Continued) 
long float complex 180 
short float complex 180 

dump bootstrap 204 

edit-directed I/O, housekeeping 57 
edit-directed input 60 
edit-directed output 61 
END PAGE on print files 74 
entry-point names 11 
ERF built-in fUnction 

long float real 140 
short float real 142 

ERFC built-in function 
long float real 140 
short float real 142 

error codes, in ONCA 31 
error codes 30 
error-handling modules, control names 15 
error-handling routines 27 
error handler 33 
EVENT option, on DISPLAY statements 195 
event variable assignment 26 
EVTAB chain 26 
EXP built-in function 

long float complex 139 
long float real 137 
short float complex 139 
short float real 138 

explicit close 38 
explicit open 38 
exponentiation 

general, long float complex 184 
general, long float real 183 
general, short float complex 184 
general, short float real 183 
integer, float complex 182 
integer, long float real 181 
integer, short float real 181 

external conversion 80,78 

F and E-format conversion directors 71 
FLOW option 21 
FORTRAN, communication with PL/I 188 

general exponentiation (~ 
exponentiation) 

get and put string initialization 52 
get file initialization 48 

HIGH 92 
housekeeping routines 15 
housekeeping, edit-directed 
housekeeping, interlanguage 

PL/I called from another 
PL/I calls COBOL 186 
PL/I calls FORTRAN 188 

IBMBAAH 108 
AIH 109 
AMM 111 
ANM 113 
APC 115 
APF 116 
APM 117 
ASC 118 
ASF 119 

I/O 57 

language 191 
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AYF 120 MKL 161 
BBA 122 MKS 163 
BBN 123 MKX 164 
BCI 124 MKY. 165 
BCK 124 MLL 166 

IBMBBCT 125 MLS 166 
BCV 126 MML 167 
BGB 126 MMS 169 
BGC 127 MOD 170 
BGF 128 MPU 171 
BGI 129 MPV 171 
BGK 129 MQU 172 
BGS 131 MQV 173 
BGV 132 MRU 174 
CAC 89 MRV 175 
CBB 89 MRX 166 
CBC 90 MRY 166 
CBQ 90 MUD 167 
CCA 91 MVU 168 
CCB 92 MVV 169 
CCC 92 MVW 180 
CCQ 95 MWX 180 
CE 95 MWY 180 
CGP 96 M~L 181 
CGQ 97 MXS 181 
CGT 97 MXW 182 
CGZ 97 MYL 183 
CH 98 MYS 183 
CK 99 MYX 184 
CM 100 MYY 184 
CO 101 PAF 16 
CP 102 PAM 16.1 
CR 103 PGO 18 
CT 103 PRC 25 
CU 104 SAl 66 
CV 105 SAO 67 
CW 106 SBO 68 
CY 106 SCI 69 
EOC 30 SCO 70 
EOL 31 SFI 71 
ERC 32 SFO 71 
JWI 198 SMW 65 
MAL 134 SPI 72 
MAS 135 SPO 73 
MAX 136 Toe 26 
MAY 136 XCH 212 
MBL 137 XDBG 212,214 
MBS 138 XDBL 212,214 
MBX 139 XDBM 212,214 
MBY 139 XDC 212 
MCL 140 XDD 212 
MCS 142 XDM 212 
MOL 143 XOP 212 
MDS 145 XEC 212 
MDX 146 XER 212 
MDY 147 XET 212 
MGL 148 XEV 212 
MGS 149 XFLT 212 
MGX 150 XFV 212 
MGY 151 XGC 212 
MHL 153 XGV 212 
MaS 154 XIC 212 
MHX 155 XIN 212 
MHY 156 XIOS 212 
MIL 157 XKY 213 
MIS 158 XLB 213 
MJL 159 DL 213 
!US 160 :XRR.I 213 
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XRRT 213 
XRT 213 
XRWS 213 
XSIO 213 
XSY 213 

IBMBXTAB 213 
XVKO 213 
XVRO 213 
XWT 213 

IBMOCCS 94 
EFL 27 
ERR 33 
IEC 186 
IEF 188 
IEP 191 
JOS 194 
JOT 197 
JOY 197 
JOZ 196 
JTT 198 
JWT 199 
KCP 203 
KOM 204 
KST 204 
OCL 38 
PGR 18 
PIR 21 
PJR 23 
POL 24 
POV 25 
RIO 41 
SCP 73 
SCV 70 
SOl 53 
SDJ 54 
SOO 56 
SED 57 
SEE 58 
SEH 59 
SEI 60 
SEO 61 
SII 48 
SIL 49 
SIO 50 
SIS 52 
SLI 61 
SLJ 63 
SLO 64 
SPL 74 
STF 75 
STI 76 
SXC 75 
XCOM 213 
XDGT 213,214 
XDTF 213 
XFCB 213 
XNVB 213 
XTA 213 

IBMGJWT 201 
implicit close 38 
implicit open 38 
INDEX built-in function 124 
indexing, array 109 
initial storage area (ISA) 21,23 
initialization 

get and put string 52 
get file 48 
of program, from caller 23 
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initialization (Continued) 
of program, from system 21 
put file 50 
stream I/O 43 

input 
check, pictured character 97 
check, pictured decimal 96 
data-directed 53,54 
edit-directed 60 
list-directed 61,63 

input conversion director modules (see 
conversion director modules) 

insufficient storage 22 
integer exponentiation (~ exponentiation) 
interface 

checkpoint/restart 203 
record I/O 41 
SORT 204 

interlanguage communication 21 
interlanguage communication routines 186 
interlanguage control block (ZCTL) 186 
interlanguage housekeeping 

PL/I called from another language 191 
PL/I calls COBOL 186 
PL/I calls FORTRAN 188 

interleaved arrays, indexing 109 
internal conversion 79,78 
interrupts 33 
ISA (~ initial storage area) 

library, resident 10 
library, transient 10 
library macro instructions 14 
LIFO stack overflow recovery 19 
LIFO storage management 18 
LINE 60 
list-directed input 61 

restricted conversions 63 
list-directed output 64 
listings, program 13 
LOG built-in function 

long float complex 147 
long float real 143 
short float complex 146 
short float real 145 

LOG10 built-in function 
long float real 143 
short float real 145 

LOG2 built-in function 
long float real 143 
short float real 145 

LOW 92 

macro instructions (~ library macro 
instructions) 

mapping, structure 111 
mathematical functions 134 
matheme~cal routines (see arithmetic 

and mathematical routines) 
messages 

insufficient storage 22 
no main procedure 22 
no storage available 22 
SNAP 27 

miscellaneous routines 194 
module naming conventions 10 
multiple events (~ WAIT) 
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multiplication 
fixed binary complex 178 
fixed decimal complex 179 
float complex 180 

MULTIPLY built-in function 171 

names 
control 10 
control-section 11 
entry-point 11 
module 10 
register 13 

no main procedure 22 
no storage available 22 
non-LIFO storage management 18 
non-on-type errors 30 
NOT operation 123 

ON conditions 34 
on-code module 30 
on-type errors 30 
ONCA (see error code in ONCA) 
ONLoe built-in function 31 
ONSOURCE string 70 
open 38 
OR operation 122 
output 

data-directed 56 
edit-directed 61 
list-directed 64 

output conversion di.rector modules (~ 
conversion director modults) 

oVtrlay 25 
space saving modult 24 

P-format 
i~put conversion director 72 
output conversion director 73 

PAGE 74 
PLIMAIN 22 
PLIOVLY 25 
POLY built-in function 120 
powers of ten, table 97 
prerequisite publications 3 
PROD built-in function 115,116 
program check interrupts 33 
program initialization 

from caller 23 
from system 21 

program listings 13 
program management 15 
program publications 4 
purpose of publication 3 
put file initialization 50 

reactivation of debugging macro 
instructions 214 

record I/O interface 41 
record I/O routines 41 
recovery of information from BUGTAB 215 
register naming conventions 13 
register usage 13 
REPEAT built-in function 

bit strings 129 
character strings 124 

REPLY option on DISPLAY statements 195 
reset CHECK enablement 18 
resident library 10 
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restart module 203 
restricted conversions 

data-directed input 54 
list-directed input 63 

RPGII, communication with PL/I 191 

shift-and-assign 177 
shift-and-load 177 
SIN built-in function 

long float complex 151 
long float real 148 
short float complex 150 
short float real 149 

SIND built-in fUnction 
long float real 148 
short float real 149 

single events (see WAIT) 
SINH built-in fUnction 

long float complex 151 
long float real 157 
short float complex 150 
short float real 158 

size of library modules 209 
SKIP 74 
SLD (see SUBSTR) 
SNAP message 27 
space saving module 24 
SORT interface 204 
SQRT built-in function 

float complex 136 
long float real 134 
short float real 135 

storage for BUGTAB 214 
storage management 18 
stream I/O initialization 43 
stream I/O modules 43 
STRING built-in function 113 
string conversion director bootstrap 94 
string handling modules 121 
string handling routines 121,107 
string operations 

AND 122 
assignment 128,129 
BOOL 126 
comparison 122,127 
concatenation 124,129 
fill 128 
INDEX 124 
NOT 123 
OR 122 
REPEAT 124,129 
TRANSLATE 125 
VERIFY 126,131 

STRING pseudovariable 117 
string to string, internal conversion 79 
structure mapping 111 
SUBSTR built-in function 131 
SUBSTR pseudovariable 131 
SUM built-in function 118,119 
symbolic register names 13 
SY~lTAB 32 
system action, for CHECK 32 
system publications (see program 
publications) ---

TAN built-in function 
long float complex 156 ...... 
long float real 153 \Ir.. 
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TAN built-in function (Continued) 
short float complex 1.5~ 
short float real 154 

TAND built-in function 
long float real 153 
short float real 154 

TANH built-in function 
long float complex 156 
long float real 159 
short float complex 155 
short float real 160 

TIME, built-in fUnction 197 
transient library 10 
TRANSLATE, built-in fUnction 125 

VERIFY, built-in function 
bit strings 131 
character strings 126 

WAIT 
array events 198 
multiple events 199 
single events 201 

X format item 75 

ZCTL (interlanguage control block) 186 
set a subfield of a complex number to 

zero 97 
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