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Introduction

This set of notes has been rut tocether as an aid to persons
who wish to program the IEM syster /360 under 0S. and who do
not have much or any experience in 0OS assembler programming.
Note however, that these notes are not intended to be a com-
plete course in 0OS assembler programming, but rather just a
supplement to the regular IEM manuals and courses on OS and
assembler programming. Furthermore, these notes assume that
the user has some previous assembler programming experience,
and has some knowledge of the /360 and OS.

The following manuals may be used in conjunction with these

‘ notes.

/360 Principles of Operation

0s Concepts and Facilities
0s Job Control Language
0s Assemkler Lanquage
0s Assemiler (F) Programmer's Guide
s Linkage Editer and Loader
Cs Supervisor and Data Management Services
0s Supervisor and Data Management Instructions
oc ‘Messages and Codes
Cs Programmer®s Guide tn Debugoing
‘ NEUCC 260 User's Manual



Part I. How to do assemblies under OS

This section is meant to describe the overall activity of the
assembly language programmer in assembling and testing a pro-
gram under 0S/360. It is simply a guide, based on experience,
of the most productive methods of using the system to get
your work done.

The coverall process may be flowcharted as follows:
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Summary of overall process.
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Assermbly-Linkedit.

There are several advantacges to having a RUNLIE dataset
and doing an immediate linkedit into it followinec each
assembly. These include:

1) you can test your prograr (with or without TRACE)
as many times as you wish without re-asserbling the
source deck each time

2) if during testing you find a bug that is zappable,
then you can SUPERZAP your PUNLIB and test the pro-
gram again without re-assembling

3) if you have a large program, and it is written
modularly, then you need only re-assemble the modules
in error, and then linkedit them against your RUNLIB,
keeping the correct modules.

Sguishing RUNLIE
This is the one disadvantage of having a permanent RUNLIB

dataset: it cverflows every so often. Fowever, PDSOUISE
will squish it for you in a few seconds.

EFxecuting the program

This is the fun part (if it works). If it doesn't work,
CS 1is very good at printing core dumps.

Tracing the program

By using the SUPRTRAC program you can trace your program
without making any special modifications to it. You can
also zpecify what parts are to ke traced and what narts
not traced in order to reduce the amount of time and
volumre of naper used.

Finding the bug

This is the un-fun part (I hate core dumps)'
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Zapping your program

fea

By using CUPERZAP it may be possible to fix (or
bypass to permit further testing) certain kinds of bugs.
You cannot add instructions with SUPFRZAP, hut you can
change instructions or data, and vou can effectively
remove instructions by changing them to M0OP's,

la

Updating your source

If your source is ox cards, you use classical urdating
techniques. Fowever, the WITS syster will aopefullv e
running on the /75 soon, permitting vou to keer vour

| source decks on disk and do on-line updating, which is
much faster, more convenient, and less errcr nrene
(I love VIITS).



//jobname

4
//SYSPRINT

//DPD

//
//SYSII

/*

Notes -

Control Cards to Create
vour RUNLIRE Datacet

JOE acctinfo, 'name’ ,MSGLEVEL=1

EXEC PGli=IZHPPOG

DD SYSCUT=2

DD DSM=your.runlih.dataset,VOL=SER=volume,

UNIT=SYSDA, SPACE=(TRK, (20,2,R2)) ,DISP=(I'EV/,KEEP)
4O
DD * !
CATLG DSHAMI=your.runlib.dataset,VOL=2314=volume

this job both creates and catalogs vour RUMLIBE
dataset

the user should check the current computing center
policy on user datasets hefore creating his data-
set.



Control Cards for
Assembly~Linkedit

//jobnare JOR acctinfo, 'nare’' ,MSGLEVEL=1
S ST P— ~include
// BXEC ASMGCL, [PARM.ASM=*RENT", ] if test-
ing for
. _ T ; re-en-
// PAR}M . LKED='LIST,LET,MCAL', troncy
errors
4 Q'}
// COND . LKFD=(16,LT,ASM) ~-to permit cesirec
linkediting even
if asserbly errors
occur
//ASM, SYSIM DD *
source cdeck
/*
//LKED, SYSLMOD DD DEFM=your.runlik.dataset,DISP=CLD
//LXED,RUMLIRB DD Dfll=vour.runlib.dataset ,DISP=CIR
//LKED,SYSIN DI *
‘ENTRY entryname
[ ICLUDE RUNLIB (progname) ]J-include if re-
NAME progname (R) placing csects
7 in your module
/*
liotes = this job does both the assembly and the linkedit

-

ASMG is omerationally similar to Asserkler F, but
up to four times faster

default options for ASMG are LOAD,NCDECK, instead
of DECK, NOLOAD

ASMG uses SYSLIN instead of SYSGO for the object
cataset

if PARM.ASM='BATCH[,PENT]' is specifiled, then
multiple source decks may appear in ASK.SYSIN.



Control Cards for
Sguishing RUNLIR

//jobname JOR acctinfo, 'name’,MSGLEVEL=1
// EXEC PDRSQUISH
//GO.DD DD VOL=SER=volume, UNIT=SYSDA, DISP=0QLD
//GO.SYSIM DD *

COMNDENSE DSMAME=your.runlib.dataset,VOL=2314=volume
/*
Notes -~ thats all there is to it

- the volume specified con the GO.DD card is the same
as in the COI'DENSE statement.




Control Cards for
Fxecuting your Program

//jobname JOR acctinfo, "name’ ,MSGLEVEL=1 ,

//GO EXEC PGM=progname [ ,PARM= only if your
program uses parms

//GO.STEELIB DD DSN=your.runlib.dataset,DISP=SHR

/ /GO . SYSUDUMP o SYSOUT=A

if your program usec SYSPRINT include the following
//GO.SYSPRIUT nbh SYsouT=Aa

if your procrar uses any other PP cards, include them here
//G0.édnare DD specifications

if your program uses SYSII include the following
//GO.SYSIH DD *
data cards

/%

Notes = use SYSUDUMP instead of SYSABEND ~ save lots of
paper and time,



//jobname

//
//GO.STEPLIR

JOB
EXEC

DD

Control Cards for
Tracing your Program

acctinfo, 'name’' ,MSGLEVEL=1
SUPRTRAC
DSM=your.runlib.dataset,DISP=SER

optionally include SYSUDUNMP, SYSPRINT, SYCSIIl, or any other
dd cards used by your progran

//GO.TRACEIIS pn *
PROGRAM progname
( REGIOM csectnamet+displacement, (PRINTON )
( csectname+displacement, (PRINTOFF))
( REGION csectname+disnlacerment, (PRINTON );
csectname+displacement, (PRIMTOFF)
(,PARM='"~~" onlv if)
E xE \7_= Y R
FAEC PGI=progname (vour nrogram uses )
(parms }
Notes ~ 1if no REGION statements are present, all tracing

is printed

to selectively print only certain portions of the
procram use REGION statements

- the REGIC:! statements are processed secuentally
until one is found that includes the instruction
being tracec. If none is found, then PRINTOFF is

assumed

- the statement

REGIOW STAPRT, START+X'24r', PRINTON

causes printinc of all instructions fror CSECT
START until CSECT START + disnlacement X'24r°

the special syrbols $MODSTRT, $MODEND, ané $SECTEND
may he used as operands of RFCIOM

PROGRAM STARTY
REGIOL STAPT+Y'10C"', START+X'24F"' ,PRINTOFF
REGION fMODSTPRT, $MODEND, PRINTOI

this prints tracing for the entire nroqram except
the instructions between START+X'10C' to
START+X'2AR",
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//jobname

//GO.SYSLIE
//GO.SYSIN

0

JOE
EXEC
DD

DD
NAME
VERIFY
FIP
VERIFY
REP

Control Carcs for
SUPFRZAPing your
program

acctinfo, "name’ ,MSGLTVEL=1
SUPERZAP

‘ESN=your,runlib.datasetyDISP=OLD

*

prognare csectname
displacement data
disrlaccement data
displaceament data )

repeat as rany
cigrnlacement data ) times as necessary

the displacement is a 4~-digit hex numker civing
the disnlacement from the start of the CEECT
(not necessarily the prograr)

the cdata may ke any even nurber of hex digits

VERIFY checks o0lé contentzs of module,; REP replac~ns

new data

HALTE START START
VERIFY 01QC 501C604C
REP 010C A7000000

in this ex2mple a ST instruction a* location 1C0
is replaced hy a NOP.

The program name and the csect name were Loth

START.



Part II. Assemblv Languaqge Programmince Technigues

This section is reant tco provide some general pointers on
the best overall method of organizinc procrams written in
assembler for 0S/360. Again, the methods described here do
not constitute rules, but simply explain the technicues
which I have found, through hard experience, to bhe the
best vay to implement assertler programs, particulariv
large ones.

Three items are discussed in this section:

A)

B)

C)

Programring modularly ~ that is, dividing tho total
program up into sukroutines, each of vhicl has a defi-
nite purpose or jok to do and havirng a “clean” interface
with the rest of the progran.

Programming re-enterably - this is a concept relatively
new to the third generation of computers. It is a very
powerful and useful techknique when aprlied to programs
¢l general use, since it allows many users to use the
sare nrogramr simultaneously.

Macro augmentation ~ throuql. the use of macros a
programrer can recduce the amount of repetitive coding
he does, thus increasing his productivity and reducing
the possibility of errors.




) Programming Modularly

By programming modularliy,
aram up into a small main

As an example, consider the following structure of *+he

terminal support package:
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This ic perhaps more complicated than a tymical case, but
it does show that modular programmincg can still leave roor
for great flecibility in logical structure. The following
pages will describe some of the requirements and advantages
inherent in this method of programming.

A.1l Logical Independence of modules

Each mocdule is written as ar independent subroutine.

It saves anc restores the callers registers, has a well-
gefined set of input parameters, a certain specific jobk to
do, and a set of return or error codes that it passes back
to the caller to describe whether it found any unusual or
error conditions.

This approach has several advatages. It simplifies the
planning and implementing of the total program because, once
the division of modules has been decided upon, you can con-
centrate on each indivicdual module, one at a time, without
worrying too much about the total prograr or any strange
interactions between diverse parts of the job. It eases the
debugging problem since, to some extent, modules can be
written and tested one at a time, and when there is a bug it
is usually easy to isolate the particular module which is
incorrect.

Finally, this technique permits a structuring of thke modules
vhich can provide increasing logical independence as vou 1mov:a
up the structure. For example; the bottom routines in the
WITS terminal support package are completely dependent cn

the type of terrminal (1050 or 2260), while at the top, the
main WITS routines dc not need to know (and in fact, are
unable to find out) what kind of terrminal is beinc used vhen
they call READTFRM, WRITTERN, etc. This provices compatilhilty
between the various terminals, and greatly simplifies the
coding of the main WITS routines.

A.2 Physical Indepencence of Modules

Fach module is a seperate CSECT, and thus can ke physically
independent of the other rodules in the rrogram. The follow-
ing are sore of the acvantaces of this method.

The base register nroblem becomes almost non-evistent since
each module will load its own base register and it is extre-
mely unlikelv that any one module will be greater than 4 ¥
bytes. This is a proilem new with the third generation, but
one which needs not worry you if vou follow this coding
method.
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This technicue permits you to assemble only those modules
that youv have changed. fince each module is a CSECT, the
linkediter can ke used to rerlace the re-assembled CSECTs
in the load module, while keeping those CSECTs which are
not altered. This results in faster asserilies when it is
not necessary to re-asmsemble the entire nrogram.

If this technicue is used it heccomeg very easy o use the
overlay facilities of the linkediter since it works on a
CSECT basis. Also, it would simplify the process of going
to scre kind of svster vhere the modules ars norrally non-
resicent hut are loaded vhen recuired (an experimental
terminal syster called "PATE does thisc for instance).

Finally, it oftern happens that when writing a new nrogram
you find that you could use a subrcutine that you once
wrote for arother program. Under this svstem it is very
easy to "lift" a subroutine out of a program for insertion
into another.



B) Programminag Re-enterably

When a program is coded re-enterably, a single copv of it
can ke used simultaneously by mrany users. This iz very
important for any prcogran» of general apnlicability, since
otherwise a seperate copy of the prograr must Lz in core
for each user, a great waste of core in szme cases. At
Waterlco we discovered, too late, that several programs,
incliucing WATFIV and PDSNUISH,; sihiould have been re-enterakle.
In my opinion, any progrzm ci & general usage nature and
which kas even the remote rosgibilitv of being erecuted
simultaneously Ly multiple users should ke written re-
enterarly.

Writing a rrecram sc that it is re-enterable is not too
difficult, especially, if the routine control macros described
later are usecd. The basic rule for re-enterable programs is
that they rust nct modify themselves, i.e. the proagrar CSECT
must never be altered cduring execution of the prooram. This is
enforced in OS by store-protecting the program from iteelf,
insuring that there is no possibility of it being changed by
any method. The foliowing paracravhs outline the main things
to remember in re-enterable proaramming.

D.1 GETMAINing of UWork Areas

Since the CSECT of a re-enteratle program mav contain only
instructions and constants, it is necessary to do GPTHMAING
for any save areas, vork areas, huffers, etc. which arc
stored into, modified, manipulated, read inrto, or olther:
changed at any time.Tha $ROUTIIE/SFITRY macros Aescrikad
provide an easy method of cettince save areas and vork ares
whose lengths do not vary from run to run. Other worl ares
or buffers vhose lengths are not known until evecution time
must be dynemically allocated bv using the R Fform of the
GETMAIY svstem macro.

'
o
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For example:

LE R0, UTIEBC+DBCELESTI  GFT EUF LEW
GETMAILY R, LV=(0) GET TER CORE
AR ny.21 SAVE ADDFR

In this examrle a huffer has been GRTMAINed, and now this
buffer can be used for PYADs or VRITFs on uhat data set.
Hote that this would not be necessary for 0OSA cince it
gets the buffers for vou.



B.2 EXecuting S& instructions

Often in a program it is necessary to do an MVC, TR, TRT, or
CLC, etc. on charactexr strinos whose lenaths are not known
until execution time. One way to do this is to modify the
length field of the instruction at execution time using the
STC instruction. For re-enterable programs this is ‘verboten’
(it*s not a good idea anyway since on models 65 end up a

STC x+5 instructicn gives the instruction pre~fetch circuits
a nervous breakdown). The correct way of handling thig
situation is with an FY instruction which operates on the
out-cf~line subject SE€ instruction. Remerber that the instruct-
ion length operand is the real length -1, and also that an EX
cannot be cnne on RO.

For example:

LR R4, R2 ETRING LINMGTh IW R2
BCTR R4, C (R4)~1 FCR EX
BX R4, VARNMVC NMOVE THE STRING
VARVVC ﬁVC 0 (*x~x,R7), BUF OUT-OF-LINE EX'ED MVC

In this example a string whose length is available in P2 i=s
moved to the location pointed at by R7 by EXecuting an MVC
instruction.

3.3 PRe-enterably coding system macros

The rule that the program must not store into itself or
modify itself includes the code cenerated by system 1acros.
Unfortunately, many of the IBM system macros do not lend
themselves to re-enterahle programmina., Those macros that
expand into (generatf) contrel blocks (DCE ﬁO? exarprle) nust
be expancdecd in the constant section of the program, a GIEMATN
done for their core (see SROUTINE/SENTRY for an easier wav),
and the nev core initialized hy rovirg the constant DCE into
the core recuired for the DCR. This new DCP in thie GETMAIFNed
core can now be OPEled and used without viclating any re-~
enteralbilitv rules.

a
2

The rmacros wviicl: onlv ermand inte instructions can lLie used
freely. Fxamples of these macros are IXCP, VAIT, GIT, PUT,

and the I form of GETMATI' and TFRLEMATI, Fovever, the majority
of the system macros ©xpand into a combination of instructions
and in~line parameter lists or control hlocks. 'ith these
macros it is necessary to de the following in order to produce
re-enterahle coda:

a) Fxpand an MpP=L forrm of tha macro in the consiont ar=sa of
the program. Cnly those macro pazrameters which are con-
stant should he srnecified.



b) Get core for on irage of the MF=L macro (zee $EQUTINE/
$ENTRY for an easy way) and irnitialize it bv rovina the
constant MF=L macro into the aguired core.

c) Erecute an VMF=(F. ) form of the racro which points at
the aquired copv of the INF=L forr of the macro. All the
racro parameters which are variable should be specified
on the MP=(E, ) racro.

For example:
(assume the core has been gotten for the MF=L
oren and is peointed at by P5, and that the DCR
is pointed at by RE)

mve 0 (OPLEM, R5) ,OPMFL IrIT. TFE MF=I, OPEN
OPEIT ((RG)) . ¥F=(F, (R5)) DO THEE OPEM

— N

OPMFL OPEFE  (x~#, INMPUT) ,MF=L CONETANT MF=L OPE!N
OPLEN ENU *--OPMFL |

In this example the MF=L part of the open includes the option
INPUT since this is constant, while the MF=(E, ) part specifies
the DCB address since this is different for each run.



C) Macro Pugmertation

It is often the case that vou find yourself coding the same
sequerce cof instructions over and over again, with little
or noc variation from one occurance to the next. In this
situation it is cften desirable to write a macrc whicii will
generate the secuence of instructions. This has several
advantages. Once the macro is written and debugged, the
probability of malking a mistake in coding the instruction
seguence decreases. I'urtherrore, since the macro call is
noramlly shorter and simpler than the instructions it gene-~
rates; a reduction in coding time and kev-punching time
results. Finally, a well-<efined macro is easy to read, thus
making the legic of the program easier to see, esnecially
when the listing is produced with PRINT MNOGEH.

Once a macro is written ané debugaged it is usually placed in
a macro likrary dataset vhich is concatenatef intoc SYSLIB
during the assembly step. Until the macro is completely de-
bugged it should be placed at the start of your procram.
This is cdue to the fact that the assembler diagnostics con-
cerning macros frorm SYSLIF are impossible to relate hack to
the specific statement which was in error.

The following section descrikes a set of macros of cenerzl
appnlicability which are availahle for use.




Part III. A set of macros to simplify assembler coding

This section describes a set of macros which are generally
useful to the average asserkly lancuace programrer. These
racros are in the data set SYS2.MPCLIE and are available bv
default if you use any of fhe ASMG catalogued procedures
(ASMGC ,ASMGCL, etc.).

In order to prevent any possilkle conflict with user macros
or IBI' system macros, and elso tc make it obvious that these
instructions are macro instructions, the mnemonic upcode of
each of the macros begins with a $. Here at NEUCC, this cha-
racter may appear as £ on some of the heypunches, terminals,
and prlnters

These macros can he divided into 5 cateqgories as follows:

A) Register Macros $EFTR, $SUTY, $USE, ¢DROP

B) Strina Macros fDC, $LDV

C) Routine HMacros $ROUTINE, $ENTRY, $CALL, FRETURIT,

C) Switch Macros $SVITCH, $rIT, $SET, »Oh, FOFF,
$IF, $IFOI, $IFO

) iscellaneous Macros $ALIGM, $CCW, $REF, $NULL



A, Register [acros

Macros usecl to set up syrbolic rames for the registers, and
to imnrove facilities for USING and DROPinc base registers.

These macros are used for tlra: purpose

0

A.l Symbolic register names

Then prograrming the /360, it is corron to use symbolic names
for the recisters (e.g. R5 instead of just 5). There are
several reasons for this. The first is that it is just more
natural to sav P5 than simply 5, partly because R5 is ob-
viously and unicuely associated with reqgister 5, whiie the
decimal nurber 5 has many rossible associations. Ancther
reason for using symbolic registers is that each reference
to the register appears ir the YREF, allowing vou tc locate
all the instructions which use each register, or *o heln vou
to fin? a free register (i.e. one which is not used by the
program) . Finally, if it hecores necessarv for some reason
to change the logic of a procrar so that, for exarple, it
uses R3 instead of R5, this can be done quite easily bv re-
placing all occurances of °‘R5' with 'R3°, easily done with
the VITS REPlace command. In contrast, replacing all occur-
ances of '5' by '3' might after some decimal constants which
happered tc include the dicit 5,

There are two comnon systems cf svmholic recister names in
use. One syster names the recisters in cdecimal, RC to R15,;
while the other system nares ther: in hex, RC to TIr. My ex-
perience has been that the second system is far surerior to
the first, and therefore the hex system is the one implemented

in these macros.

A.2 Symbolic Base Register references

In /350 programming it is often the case that one of the
general recisters contains the address of some data which
is reing referenced or manipulated. The following secuence
cf instructions in an example of this.

LOOP L Rl,%(,R1l) POIN'T AT THE MEXT TLOCK
TM 3(R1) ,X'80' TFST EMD OF CHAII PIT
BZ LOOP LOOP IF 1OT
LA R1,16(,R1) POINT AT TEE DATAZ PART

|

|
STORE ST R5,4(R6,R1) DOC AN IMDEXED STORD

i

|



In this example, the general register Rl is being used as a
data base register to move alonc a chain of control blocks.
Mote that the sequence '(Rl)' and '(,Rl)' appears auite
often, and that this is not a particularly nice or obvious
notation for the use of a changing base register. Using the
method of symbolic Rase Reaister references, the above code
would be replaced Ly

LOOP L R1,XR1+4 PCINT AT TEE NEYT BLOCI
TM ¥R1+43,X'R0° TEST FND OF CEAIN BIT
BZ LOOP LOOP IF MOT
LA R1,¥R1+16 POIMNT AT THEF DATA PART
STORE ET P5,XR1+4(RP6}) DO AN INMDEXTD STORE

This; in my opinion at least, is a far more natural notation
for using a changing base register. Note that the secuence
of characters ;RXﬁf sirply reans 'base register n’.
YRn
The implementation of this scheme is not too difficulty and,
in fact, needs not concern you at all since it is completely
handled by the macros described in this section. Basically, |
what is cdone is to define 1% DSFCTs whose names are XR1l tc
XRF, and to cdo USINGs on therm such that the assembler thinks
that register Rl contains the address of DSECT X¥R1l, and
similarly for the other 14 D'SICTs. Thus, whenever the |
assemirler finds a reference tc XRl, it searches its I'SING ‘
table and cetermines that base register Rl plus 0 displace--
ment provices the prorer addressarility for the symisol ¥R1. |
As mentioned, this needs not concern vou since the macros
which follow handle the declarations of the DECTs ané the
USItGs automatically.

A.3 Improved USING ar< DRCPing facilities

Two of the macros vhich follow are {UST and $DROP. These
racros are used Ly you instead of the asserbkler USING and
DROP instructions. They have the following acdvantages:

The JUSE macro reverses the order of the operands fronm
UCING. In ry opinicn, it is more natural to specify the
register first and the address second when declarinc a
constant Lase register.

The $DROP macro has the extended facility for dronping all
the registers currently ir use. This is invoked hy specifying
$DROP without anv operands.

Finally. $DROP irplerents the symbolic hase register references
described above. This is done by doing a USING XRn,R: **n+ezd of
a DRCP Rn for each register that is ®DROPed.

The following paces contain detailed descrinrtions of these
four macrocs.
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SBEER

This macro is used to declare the symbolic register nares.

Its format is simnly

$SETR Lbc b

This macro has no cperands. It simply generates sixteen QU

r

statements to assign values to the names RO to RF.

this would generate the followina instructions

$sgTr P DR

Example
RO EQU
Pl EQU
R2 EQU
R3 EQU
R4 EQU
R5 =QU
RE QU
R7 EQU
R8 EQU
RS EQU
RA EQU
RE EQU
RC EQU
RD EQU
RE Fou
RF EOU

FHEFFHOOdANRWN - O
Feworo

R



This nacro is used tc declare the symbolic base register
reference names. Its format is simpnly

SeEPx fPCl AR

This macro has no onerands. It sirply generates fifteen
DEECT statements to declare the nares ¥Rl to XRF.

rxample
$opre—  FPCL tr

this woulcd cenerate the following instructions

XR1 DEECT
XR2 DSECT
ZR3 DEECT
HRA4 DSECT
XEB5 BSECT
AR5 CSECT
xrR7 peEmCTY
ZRE DEECT
XRe DEECT
b:639.Y DEECT
XRp DEECT

rrRe DEECT
XRD DEECT
ARE DETECT

XRw GEECT

{// [

Yol (R, +r)



This macro is used tc declare a constant base register. Its
formet is simply

fUEE 2n,address

This mecro sirnly aenerates an assembler USIVG statement
which permits the assembler to assion addéressability (hase +
displacement) for any locations within 40" bvtes of the sne-
cified adcdress. It also sets a kit in on internal macro
table which permits {DROP to krow vhether the register iz in
use or not. l'ote that the order of orerands for ¢USI is the
opposite of the assembler USIIG staterment, and that only one
register may be declared on each §USE instructicn.

Fxarmnle
$uUeT R5.UT1DCE
this statement would generate the following instruction
USING UT1eCE, RS
In this example R5 has been declared to contain the address
of UTIDCB. The assembler will now ke akle to assign address~

ability to any reference within 4K of UT1DCR bv generating a
displacerent + a base of 5.
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$CRCP

$DROP

This racro is usec tc counter-act a former $USE statement,
i.e. to specify that a register no lonaer is to be used as
a constant hase register. The feormat of the $DROP macro is:

$PROP [Rn[,Pm....]]

If no operanﬂ is specified, then all the registers currently
in use are cdropred. If an operand is present, then u“ly those
registers spec1f1ed are dropped. An error message is issued
if an attempt is made to explicity $DROP a register which is
not in use.

In craer to support the symbolic hase register references,
ROP does not DROP the recister but instead generates a
USIW instruction which nermits the assemhler to generate
adéressakilityv for the XRn notation.
[xample
$§DROP RS, R7

this would aenerate the fcllowing instructions

UsInG XR5,15
USITG %XR7 . R7



B. String NMacros

Macros used to aid the passing of character strings between
routines.

When programming the /360 it is often desirable to call a
subroutine, giving it a character string as one of the para-
meters. The subroutine will read into, or write from, or
otherwise use or manipulate the character string before
returning to the caller. In many cases it is useful to write
the sukroutine such that it will work on character strings
of different lengths, i.e., accept a length overand as one
of its input parameters, and possibly return a different
length operand to the caller if the lencth of the character
string has been altered by the subroutine.

A method of handling this probler in a complete and general
manner is to use Dope Vectors, a technigue borrowed from PL/I.
The format of a string dope vector is as follows:

one word: the address

ROCOR of the string
] two half-words: the
L7 | 42 maximum and current

length of the string

A string dope vector is eight bytes long. The first word con-
tains the address of the strina, or, if the string immediately
follows the dope vector the first word may ke zero. This word
is rfollowed by two half-words which describe the length of
the string. The 1lst half-word contains the maximum lenath of
the string, i.e. the amount of core allocated to the string.
The 2nd half-word contains the current length of the string,
i.e. the number of data bytes currently valid in the string.
Obviously, the current length must ke less than or equal to
the maximum length, and hoth are restricted to the range zero
to 32K,

For example, the following instructions could ke used to de-
fine a character string with a maximum length of 121 charac-
ters, a current length of 17, and an initial value of 'READER
OPEN ERROR'

VECTOR1 DC F'0',H'121,17"' DOPE VFECTOR
STRING DC CL121'READER OPF!MN ERROR' STRING

If a subroutine was written to type a character string, and
you wished to have the above message typed, you could simply
call the subroutine (see $CALL macro), passing it the address
VECTOR1 in a regis:er. The subroutine could then determine
that the string was located at VECTORL+& (since the first word
of the dope vector is 0) and that its current length is 17
characters, and using this information it could prorerly type
out the message.
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To extend the example, another dope vector could be defined
as follows

VECTOR?Z2 DC A (STRING),E'60,0'

This dope vector points at the same string, but describes it
in a different way. VECTOR2 specifies that the maximum length
of the string iz 40 characters and that its length is 0, i.e.
it is a null string. If you now called the string type-out
subroutine, passing it the address of VECTOR2, it should
either just return, or else return with an error code, depend-
ing on whether or not null strings are supposed to be used
with that subroutine.

Now, suppose that we have another subroutine which reads a
card whenever it is called, and passes the contents of the
card back to the caller by placing the data in a string pro-
vided by the caller. If we called this subroutine, giving it
the address of VECTOR1l, then it should place the 80 charac-
ters from the card into the string and set the current length
of the string to 80. However, if we called this read card
subroutine, giving it the address of VECTOR2, then the follow-
ing should happen: When the read card subroutine checks the
maximum length of the string, it will find that it has been
declared as only 60. Because of this the subroutine should
only move the first 60 characters from the card into the
string, and should set the current length to 60, and possibly
return with an error code to indicate that some data has been
lost because the output strinc was too short.

Two macros are providec to help support dope vectors. These
are $DC, which allows vcu te declare a constant dope-vectored
string, and {LDV, which is used to load the various parts of
the dope vector into the gereral purpose registers. Detailed
descriptions of these macros follow.
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§DC

$DC

This macro is used to permit the declaration of a constant
Gope-vectored string. Its format is as follows

[label] $DC 'character string'[,’string’,...]

The operand format of this macro is similar that of the C-iype
DC instruction. By omitting the C specification you indiczte
that the character string is to be preceeded hv a dowa voctoxr,
A quote character within the string must be coded as two
quotes. A null string may be declared by having nothing ha-
tween the outer cuotes. Replication factors and length modi-
fiers are not allowed.

If any operand of $PC does not kegin with a ', then an crdinarv
DC instruction is generated for that operand. Thus, a mixiure
of dope-vectored strings and other kinds of constants may be
declared with one $DC.

Examples

DV1 $oC 'EI TEERE'
Dv2 $DC TrLxregr, 'ar'pe

these would generate the following instructions

oVl nC 2(*+3),2AL2 (L'$DClnnnn)
$DClnnnn DC C'HI THERE'
DV2 DC F'0',20'0"
EC x'es?
DC A(x+C),2AL2 (L'$DC2nnnn)
$DC2nnnn DC C'A'"'B?
Note: For a non-null string the following statements are
generated
nC A(addr of string),2AL2(length of string)
label oC C'string'

where “addr of string” is *+f and "lenogth of string”
is L'label.

For a null string the following statement is generated
DC F'Q',2p'e?

i.e., a zero-length string at location zero.
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i

$LDV

$LDV (Load Bore Vector)

This macrc is used as a guick method of determining the
address,; maximum length, and/or current length of a string,
given the address of its dope vector. It is normally used
at the start of a subroutine whose input parameter is a
dope vector address. The format of this macro is

[label] $LDV (Ra,Pm,Rc) ,dvaddr

The operanc dvaddr is the address of the dope vector, usually

in XRn notation. The operands Ra,Pm, and Rc are the registers

which are loaded with the address, maximum length, and current
length respectively from the dope vector. One or two of these

three operands may be omitted if desired, in which case those

parts of the dope vector are not loaded. Ra is loaded with

the address of the dope vector plus € if the first word of

the dope vector is 0. The three registers (Ra,Rm,Rc) must not

be the same as the register specified in dvaddr if any.

Example
PICKUP SLDV (R8,,R7),XR2 GET ADDR AND CUR LEN

this instruction would generate the following code

PICKUP L RE,XR2
LTR R2,RR
Bz *+8
LA RE,¥XR2+8
LE R7,XR2+6
FL/Z C'/I(: (\'X _:'//t;?. (
o I ; [
B AL
¥ lo' v Fyven .:"/‘/" ’
- ] ',f;‘. » ., o
2 S (F ) i
L/7 CF
|
|
|
|
- — |
o ek | | :




c. Routine Macros

Macros used to facilitate modular, re-enterable programming.

- T e B ETN Gt LM ET 3 e e e e s e - Lk o T R peepa gty

These macros are used tc make it easy to write nrograms
modularly ané re-enterably. When using this system, routines
are coded in the following ranner:
TITLE 'routname purpose of routine’
Comments
routname $ROUTINE

Work Area Description (optional) ) DSECT
$ENTRY )
instructions, including $CALLs )
$RETURM )
* EX'ED INSTRUCTIOMNS )
executed instructions if any ) CSECT
* CONSTANTS )
constants if any )
THEPORG. )
fEwr

The above sequence is repeated for each routine recuired to
make up the complete program. Finally, the last (or only)
routine is followed by the register definitions as follows:

TITLE "REGISTFP DEFIMITIONS®
$SETR

$SETX

END

Each part of the above secuence of instructions will now be
considered in more detail-

TITLE statement - this causes the assertler to skip t2 a new
page and to print the specified title at the top
of this page and each succeedina page until a new
TITLE statement is encountered.

Comments - it is a standard practice to place comrents of the
start of a routine to describke the purpose of the
routine, its method of operation, its limitations,
etc. It is also useful to specifv the input nara-
meters, output values if any, and the error return
codes if anv.



$ROUTINE staterment - this statement has several purnoses.

2) it is used to declare the name of the whole
routine.

b) it generates a DSECT instruction to “"open“ the
definition of the routine's work area.

c) it defines an 12 word register save area in the
vork area.

G) a dope vector is optionally defined in the work
area to describe the PAPM field from the FXEC
card.

Hork Area Description - this section is used by vou to define

the contents and Forna* of the routine's worl area.
Normally in this section you code labeledl DS in-
structions and syster wmacros which expand inteo
control hlecks (e.g. DCE) or parameter listgs (e.c.
MP=L OPEN). These statements are only usec to
reserve the nececsary space in the work area and

to determine the relative @igplacoment of each
label from the start of the work area. Rerermbe

that this section is within the DSECT nencratea by
§ROUTIVE, so it is not possible to declare any con-
stants cr instrvctions here.

$ENTRY statement - this statement rerforms the f£ollowine ser-

vices:

a) the first (or only) $ENTRY statement in a routine
cenerates a syrkol cguated te the length of the
work area (alwavr 72 tytes or more due to the
nresenca of the register save ar=a), used in the
GFTMAIN. It then "closes” the definition of the
work area and “opens® the defirition of the body
of the routine bLv ceneratinc a CSECT statement
specifving the nare of the routine.

k) Any $EFTRY statements agenerate the lakel specified
¢ the FENIRY and alzo generate an assembler FNTRY
instruction to rake the name known to the link-
aditor for inter-module resolutiocn.

=) the $ENTRY macro thsn generates instructions to
save the caller's registers in his save o*eap
and to do a GETMAIN for the work area needed for
this routine.

¢) the register save area in this routine's wor
area is chained to anéd from the caller's save
area according to OGS conventions.

e) register RC is set as the hase register for thic

er
routine and a fUST generated so that the ascemile-
can assign addressability to the routine.



f)

g)

h)
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recister RD is set to the address of the GETMAIN
vork area. This serves the dual function of
pointing at this routine's register save area

(as required by OS conventions), and as well
acting as a base register for the routine's worlk
area. & $USF is generated so that all the zvmbols
declared in the Tork Area Description section are
addressable.

$ENTRY optionally generates code *to initicli=ze
the PAR field dope vector in the work rresa.

Rl is then set to point to this dopre vecior. The
user can now access the PAPM field ar a2 dope-
vectored string via Ri.

finally, $ENTRY will optiocnally generate code
to save the input parareter recgisters in core

or in other registers.

Instructions - this is the main, executakle rart of the routine.
This is the section where you actually co the com-
putinag recuired hy the calling routinz. The follow-
ina conventions aoply:

a)

al)
az2)

al)

b)

depending on how (and by whom) the routine was
called, the input parameter registers may con-
tain any of the fcllowing:

Rl-Rn contains the parameter values

P1-Rn contains the addresses of the rarameter
values

Rl contains the address of a list of
adcresses of the narameter values.

Cases al) and a2?) are uvsually chosen if the
routire will only ke called from other assembler
routines (sce $CALL below) or inveked by the
system (via an EXEC statement). Case al) is
chosen if the routine is called from Fortran,
Cobol. etc., and may also be chosen for calls
from other assemkler routines.

Guring execution of the routine, vou rust ke
avare of the usage of the general registers.
Register RC is reserved for the procrar hase

and RD ie reserved for a save area pointer and
work area kase. Registers RI, RF, RC, and R1

are used and/or destroved by any system macros.
Registers FE and RF are used by $CALL, in
additior tc El1 to Rn being possibly used for
parameters and return values, ¢enending on the
subrcutine called. Use of RA and N2 should ke
avoided if possikle since thev may be used if the
program is run under a special monitor routine.
Thus, a possible register assicnment micht e as
follows-



$CALLs -

c)

c)

- lorg term constant registers (e.g. control
block or data pointers used during all or
almost all of the routine) - R9, Rf, and R7?

- medium terr constant work registers (e.qg. a
register usecd for the same purpose across.
one or rore $CALLs or system macros - RG,
R5, and R4

-~ shert term vork registers (e.g. a register
usec in a computation involving about one
to tern instructicns with no #CALLs or syster
macros - R3, RZ2, Rl, PO, RE, and RF

- save register across a $CALL - RC

This assignment is certainlv not meant to bo any
kind of a rule, but merely a cuide. Fach routine
will be different and require a slichtly diffe-
rent assignment of register usacge.

in order to call another subroutine you use the
fCALL macro. To return control to the calling
routine you use the $RETURV macro. See balow for
rore information.

if you wish to program re-enterably you must
follow the conventions outlined in Part II,
section B) of these notes. lNote thet the use of
$ROUTINE/$ENTRY has simplified this problem con-
siderably since any control bhlocks,; work areas,
etc. which you defined in the Worlk Aren Regorint.
icn section of the routine have been automaticall~
aquired (GETKAINed) and mode addressable for VO .
However, it is still your responsibility %o
initialize any part of this area hefore vou uze
it.

the $CALL macro is used tc call a subrcutine from
this routine. It generates code to perform the

a)
b)

c)

- following actions:

it loads the zddress of the subroutine into B

it optionally loads the parameters or the adcéres—
ses of the rarameters into Rl tc BRn

it does a BRALR RE,FF to the subroutine., =)
specifically save the general registers since

this service should he done by the subroutine,
Fowever, if this routine or any of its ascen-
cdants use the floatina point recisters, and if

the subroutine may destroy them, then it is the
calling routine's r93pons¢k11 ty to save them
before the call cnd to restore them afterwards

This consideration usually only applies to Fortran
subroutines.

"hen CALLing a subroutine it is not necessary to .

°




$RETURN -

After the subkroutine has returned it is usually
proper to test the rzturn code in R2F to dcter-
mine if any unusual cor error conditions have
been detected by the subrouvtine. See the next
paracraph for more information on return codes.

this macro iz used tc return to thn calling rontiac,

or,

in the case of the main reutine,. to return to

who ever invoked it, usually 3. The $RITUPM pacre
agenerates code tc perform the following functions:

a)

if a return code is spacilficd it is placed in
RF. Return ccdes are noxralis rultinle of 4
to permit their possille vz irn o Jum» takle.
Zero is used to sicnify rounel ﬁfﬁnletlon and
4, 8, etc. to sicuilv unusunl auwl error con-

ditions i increzsiac ovder of sevarity.

cle

if return valuves ex= snec
intc El1 to n.

7i2d tnhev are loaded

the caller’s reoistars are restored excent for
RE Aanc possirly —he velur.: valu= registers.

the work arec agiired for this routine by $ENTRY
is freed byv a FRETNMATH

2 2 RE is nerformad Lo return +o the caller.

Two ncipts shoulc ke mole here. The first is
that if th;c modvlar prouramming technicue is
to be uzed fullv, +hon me of the rules i=
that everv suhroutine which is callecd must
eventualiy return. In other words, once a rou-
tinzs is entered, whenever it issues a $CALL it
can assume with conficdence that control will
eventually ke returred *o it, and it is the
re°PCu51hl"fL" oY each rcutine to eventuallv
issue a $RETUPN +o retvrn control to vhoever
called it. It is =precificellv forbidden for a
routirne to scmehow brerch outside itself or
ctherwisce trgn-Lov control avav from itself.
This recuirerent impos=s Lhe neces s¢ty of having
return codes and of checg;nq themr, hut it pays
off in providina o simpler. luaner asier-~
to~debug structure.

The second peint is that if a2 subroutine has
explicity eguirsC anyv resources, then it should
free these resources hefore returning to the
caller. Txammlne of resources include core
storage and open datasets. Zn erception to this
rule would be 2 subroutine wvhose nurpose spe-
cifically iz or includes tke agquiring of a re-
sourca. ir tiris case the program should bhe or-
canizedl. guch that it = ensured that the resourcas
is eventually freed. Tor example, if a subroutine
is written C"“ PUrrose fs 0 open a dateset,
then ancther suhroutine should l'e written &
close the dztaset and the main routine should



be organized so that if the open routine has
been callecd, then the close routine :ill be
called hefore the main routine returns toc thke
invoker. It is not correct for a program to
return to its invoker (including ©f), when it
still has G¥TMAINed core, 0QOPENed datasets, or
any other kind of resource.

Executed Instructions - since FX'ed instructions cannot be
in-line, it is common to group them together at
the end of tle routine. A programming convention
which I have found useful iz o define the length
field of an TX'ed instruction as x-%, thus indi-
cating that the length comes from the register
specified by tlre FX.

. Constants = any constants used in the routine are defined here.
If the program is to be re-enterable, rerember that
the constants must remain constant Aurinc execution
of the routina.

LTORG - this stetement specifies that any literals needed
shoulc be placed here. This statement shouléd be
rlaced after every routine, even if no literals
are explicity used, since some of the codina pro-
duced by the macros use literals.

This completes the detailed over-view of the modular rrogramming
technique and how it is implemented through the four Routine
Macros; $ROUTINE, $ENTRY, $CALL, and $RETURY. Mote that while
these macros are esmecially useful when writing a modular, re-
enterable program, they can ztill ke used to advantage even if

. writing a single non-modular. non-re-enterable nrogram, since
they nrovide ecual or hetter services than the IRM SAVE and
RETURI macros.

The following pages give the detailed specifications of the
four Routine Macros.



$ROUTIVE

N
!

{

$ROUTINE

This macro is used to declare the start of a routine and to
“open" the definition of its work area. The format of the

macro is:

routname $ROUTINE [OPTIONS=MATIN]

routname -

OPTIONS=MAIN -~

This is the namre of the routine. It is saved
in an internal tahle for $ENTRY to use as the
name of the CSECT.

This specifies that this routine will be invoked
only by the OS initiator (via a // EYFC state-
ment) cor a procoram that uses a compatible
calling secquence (the 0S Loader and the Trace
program meet this reguirement), and also that
the routine wishes to process the PARM field
frorm the EXEC statement. If either of these
conditions do not hold then OPTIONS=MAIN should
not be specified. OPTIONS=MAIN should be spe-
cified onlyv on the main routine. It should not
be specifie¢ for subroutines. If OPTIONS=MAIN
is specifiecd then {ROUTINE allocates an extra

8 bytes in the work area for $INTRY to use in
buildirng a dope vector to descrile the PARM
field.

This macro generates a DSECT to define the start of the work
area and a DS 18F to define an OS-~compatible register save
area as the first item in the work area. Mote that the DSECT
name is not the same as the routname.

Example

START '~ $ROUTIFE CPTIONS=MATIN

this statement will generate the followinag instructions

'nnnnA DSECT

25 12F
De F,2H

The nnnn in the DSLCT name is just an arbitrary 4-dicit number
which will be used by $FNTRY to deternine the length of the
DSECT and to declare addressability for the work area.



$ENTRY

This macro is used to specify an entry point into a routine.
Its format is as follows:s

entryname SENMTPRY [ (rlsavel,r2save,...])]

entryname - for the first 3ENTRY statement in a routine, the
entrynamne is optional; if specified and different
from the routine narme, then an 'entryname IQU
routname’ and an 'EMNTRY entryname’ statement are
generated followina the 'routname CSFCT' staterent.
For $ENTRY statements other than the F1rst the
entryname must be specified and must bhe different
from the routine name an¢ any other entrynames. In
this case an ‘entryname DC CE'0' ' and an ‘ENTRY
entryname’ are generated.

rnsave - these parameters mray be coded as register names ir
brackets or as symbolic locations. Thev are used %o
specify that the input parameters located in R1-Rn
are to be saved in less volatile registers (R?, RC.
etc.) or in some location in the work area. IL a
register name in brackets is cocded, then & 'L“
rnsave,Rn’ is generated, vhlle if anjthinq els
coded then a ‘ST Pn,rnsave' is generated. Th
cessing of the rnsave operands is the verv 1
thing done by the $ENTRY macro.

n

A
K

L7

( .s
ast

Examples

a)
$ENTRY (PARMDOPE, (RC))

This entryv statement causes the main nart of the routine to
begin. The entrvname is the routine name py defavlit. The
operand specifies that, after the norrai processing done Ly
$ENTRY, the parameter in Pl is to bhe stored in FARVMDOPE, and
the parameter in R2 is to be loacded into R2., Mote that Ri
and R2 vill still contein the parameters as well.

b)

EJTRY $LLTRY
This statement declares “FTPY +o he the nare of this entrypoint.
No optional savinag of the rarameters is recuested. To invoke
this routine at this entry poirt the {CALLstatement would be
'$CALL IVTRY'.

A detailed description cf the code generated ky the $ENTRY macro
follows:




1)

2)

3)

4)

5)

6)

7)

g)

9)
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If this is the 1lst $ENTRY statement in the routine a
'finnnnL EQU *~-$¥WnnnnA' statement is generated to deter-
mine the length (symbolically) of the work area DSECT.

A 'routnare CSECT’ statement is generated to end the work
area DSECT and begin the main part of the routine.

The entryname parameter is processed as discussed above.

All in-use registers are dropped by generating a '$DROP'
statement.

A Fortran compatible entry sequence is generated. This
consists of ''B 14(RF)', and ' DC ALl (8) ,CL2'entryname"'® °
The entryname is only used by ABDUMP when printing the
save area trace, and by Fortran when printinc the sub-
routine trace-back.

The caller's registers are saved in his save area by
doing a '"STM RE,RC,12(RD)"

Base register RC is set and a $USE RC,routname’ statement
generateC to provide addressability for the routine. For
the lst $ENTRY, setting RC sirply requires 'LR RC,RF’.

For succeeding $ENTRY's the sequence is ‘LR RC,RF','LA RF,
entryname-routname’ and 'SR RC,RF'. This ensures that the
routine will always be running under the same base
register value, regardless of which entry point was called.

A GETMAIVM is issued to acuire the core necessary for the
routine's work area.

Register RD is set to point at the save area/work area,
and a '$USE RD,$VnnnnA' is generated to provide addressa-
bility for the work area.

This save area and the caller's save area are chained
both ways according to OS standards. The backward
chainring is required bv ¢{RETURN in order to find the
calling routine. The foreward chainning is only a
diagnostic aid. It nermits ABDUMP to print the save
area chain.



10C)

11)
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If OPTIONS=MAIM was specified on the $ROUTINE statement,
then {ENTRY generates code vhich will build a dope
vector in the work area to describe the PARM field, and
will then set Rl to point at this dope vector. The lst
worc in the dope vector will contain the address of the
PARVM field character strino. The two half-woxrds in the
dope vector will each contain the length of the PARM
field character string. These half-words will contain
zero if there was no PARM field on the EXEC card. Note -
if CPTIONS=MAIN was specified on the $ROUTINE statement,
and the routine is invoked by a program which does not
use a calling secuence compatible with the 08 initiator,
thenr a program check may occur when the $ENTRY code
attempts to build the dope vector.

If any parameter register save operands have been coded,
then they are processed as described above.
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$CALL

$CALL

This macro is used to call a subroutine, after opticnally
loading the specified parameter registers. The format of
this macro is

[label] $CALL entryname(, (parml ,parm2,...1)]

The entryname operand usually specifies the routname, except
for routines with multiple entry points. It may optionally
be coded as a register name in brackets - e.g. (Rl), if the
address of the routine or entry point has previously been
placed in a register. Otherwise, the macro qgenerates a

L RF,=V (entryname)
instruction.

The parmn operands may be specified in any of three different
forms.

a) Register name in brackets: In this case a LR Rn,parmn
instruction is generated to set the parameter register.

b) A constant string,; enclosed in guotes: In this case an
in-line dope vector and character string are generated,
and the parameter register is set by generating a
BAL Rn,past string instruction. See example below.

c) Any other form: If the parmn operand does not begin
with a quote or a left bracket, then a LA Rn,parmn
instruction is generated. This can be used to load a
constant as a parameter, or to set a parameter to the
address of a work area or a literal.

Examples

a) GO $CALL ENTRY, ((P6),'HI THERE',25)

this statement would generate the following instructions:

GO L RF, =V (ENTRY)
LR R1,R6
BAL R2,$CAnnnn2
pC (A(*+8),2aL2(L'$DCnnnnl)
$DCnnnnl  DC C'HI THERE'
$CAnnnn2 LA R3,25

BALR RE, RF




b)
$CALL
this staterent would generate

LR
LA
LA
LA
BALR

(R5) , (PARMDOPE ,=X'FF',X¥'FF"')
the followinc instructions:

RF,RE
R1,PARMDOPE
R2,=X'FF'
R3,X'FF’
RE,RF

In this example the subroutine whose address is in RS is

called with three parameters.

The first is the address of

something called PARMDOPE. the second is the address of a
byte containing X'FF‘, and the third parameter is the con-

stant value X'FF' itself.



§RETURN

$RETURN

This macro is used to set the return code, to ontionally
set some return registers, and then tc return control to
the calling routine. Its format is:

[label]l $RETURI returncodel , (valuell ,value?2,...

>

returncocde - may be specified as a cfecimal number or as a
register name in bkrackets. If a register name in
brackets is not specified, then a LA RF ,returncode
is generated. IZ a recister name in brackets is
specified, ther a LR RF,returncode is agenerated.

valmen - these operands specify the values to be returned
in registers r1,R2, etc. Each valuen may be spe-
cified as a register name in brackets or as some
other quantity, for example a decimal number. If
a register name in brackets is specified, then a
LR Rn,valuen is cgenerated, whereas if some other
quantity is specified, then a LA Rn,valuen is
generated.

After the return code and return values have been properly
processed, the {PETURN macro generates code to restore the
caller's registers (except for RF and the return value re-
gisters), to free the work area associated with this routine
and to return to the caller.

Examples
a)
GETBACK $RETURF (RF)

This staterent specifies that the return code has alreacdy
been loadec¢ into RF, and that there are no return calues.

b)
$RETURN 12, ((R9),256)

This statement causes RF to be set to the return code 12,
Rl to be loaded with the contents of R9, and R2 to be set
to the value 256, before returning control to the calling
routine.



D. Switch Macros

Macros used to aid the setting ané testing of kit switches.

Then programmring the /360 in assembler, it is often useful
tc set up groups of bit switches. This is facilitated through

the use of the following mracros:

$SrTTCH
$BIT
§SET

som
IOFF

$IF
$IFON
$IFOFF

declare a byte full of bit switches
declare a specific kit switch
set a hbyte full of kit switches

turn specific hit switches on
= - - - off

test sepcific kit switches
an¢ kranch according to
their status

As an exarple, consider the following instructions:

FILEL

FILE2

EODAD2Z2

)

)
$EWITCH

$BIT
${BIT
$EIT
$SWITCH
$CIT
$BIT
$BIT

)
)

OPEN
$SET

™M
ety iald

L1

STATUS OF SYSUT1

(0)5 CPEN

®OF FOF ENCOUMNTERED

ER SEQUFIN'CE ERROR ENCOUNTERIED
ETATUS OF £YSUT2

OFr CPLN

EQOF EOF ETNCOUNTERLD

ER SEQULMCE FRRCR ENCOUMTERED

(SYSUT1, INPUT, SYSUT2, INPUT)
FILE1 (CP)
FILE2 (OP)

(FILE1(FR) ,0ONM) ,SEQZR1
(FILEZ (OP+ECF) ,OlT) ,READ]

FILF2 (LOF)



In the above-mentioned e:xzample, two bvtes are declared as
switches, each containing three bit switches. This vastes
five bits in each byte, but it is usuallyv hetter to keep
bit switches grouped logically than tc try to cram eicht
switch bits in every hyte. Mext, the hytes are initialized
with the OP bit on in each and all other hits off. The two
$IF instructions test varicus bit svitches and branch if
they are on. Mote that the second IIF reaquires that bhoth
OP and FOF be on in ordexr to branch. To branch if either
is on vou would code switch (bitl|bit2) instead of switch
(bitl+bit2). Finally, the $ON instruction is used to turn
on one hit in the FILEZ switch kyte.

Although each: of these macros generates only one or two
lines of code there are several advantages f£o their use.
One is that they are less error-nrone, especially the $IF
macro, which greatly reduces the possibility of bhranching
on the wrong condition when testing twe or more switches.
They also simplify the ccding since you need not be con-
cerned witlh the exact bit position of each switch and, in
the case of $OFF, with the prohlem of working out the
inverse kit mwask. Finallyv, one of the useful side-effects
of these macros is that each switch kyte and each switch
bit is referenced by name whenever it is tested or mani-
oulated. Thus, if vou have forgotten how part of the pro-
gram works or are trying +to track down a bug involving the
switches, vou can consult the XREF to determine the lccations
of all references to each specific switch byte or kit.

Mote that these macros rust be used *tocgether as a farily;
e.q. the use of %0, $0FF, $IF, etc. reauires the use $SVITCH
and $PIT.

Detailed specifications for these macros follow.



$SVITCH

$SWITCH

This macro is used to declare a byte full of bit switches.
Its format is as follows:

svritchname FETITCH CIVIT=(bitl{+kit2+...1])]
If the INIT= operana isc oritted, this instruction simnly de-
clares switchname to be one byte whose initial value is zero.
If the INIT= parameter is codec, then those kits specified
are on in the initial declaraticn of switchname.
Examples
a)

FILEL $SWITCH

this woulé generate the following instruction:

FILEl nC Xree!

b)
FILF1l $SYITCE INIT=(OP+FR)
this woulé cenerate the followina instruction:
FILEl ne ALl (FILE1OP+FILT 1ER+0+0+0+0+0+0)

which in turn will assemlle into cne byte which has two of
its bits or (see $RBIT).



This macro is used to rdeclare a bit switch. Its format is as
follows:

$SBIT Litname

The $ZIT instruction must fellow a $SVITCH instruction, and
no more than eight $BIT instructions are allowed after each
$SWITCH statement. Each $RIT staterent assignes a value to

a nare formed by concatenating the switchname and the bitnane.
Thus, the numker of characters in the switchname rlus the
number of characters in the bitname must not exceed eight.

The first $PIT statement zfter a $SVITCH assignes the value
128 to that kitname (i.e. ¥'80'), the next $BIT uses 64, the
next 32, etc.

Examnle
FILEl $£SVITCE
$RIT oP
3BIT F'OF

this would generate the fcllowing instructions:

FILF1 DC x'o0’
FILEIOP  EQU 2¢
FILE1EOF EQU 64




This macro is used to set all the bits in a switch byte at
the same tire. Its format ¢ as follows:

t

[label] TSET svitchnamel{bitl{+bit2+...])]

The instruction sets 2ll the kits that are named to one, all
the others are set to zZero.

“zamples
a)
ImMIT ST FILEl
this would generate the followinag instruction:

NIt MV FILEl,X'0C'

b)
fSFT FILEL (OP+ER)

this would generate the followinc instruction

MVE TILEL, (FILE1OP+FILELER+0+0+0+0+0+2)
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$Ou!

$C1T

This macrc is used to set one or more bits in a switch byte
on. Its format is as fcllows:

{lakel] §£o17 switchnarel (bitl[+bit2+...])]
If no kits are specified in the operand,; all the bits in the
swvitch byte are turned on. Otherwise, onlv those bits spe-
cified are turned on, all others remain unchanged.
Txamnples
a)

EODADL tor FILF1 (EOF)

this vould cenerate the follcwina instruction:

EODADNL O FILFEl, (FILE1FOF+0+0+C+{+0+C+0C)

b)
REQRH SYRYTE
this would generate the following instruction:

BVI SURYTY ,X'FF’



$OFF

This macro is used to set one or more bits in a switch kyte
off. Its forrat is as follows:

[labell] $OFF switchnarel (Litl{+bit2+...1)]
If no its are specified ir the operand, all the kits in the
svitch byte are turned off. Otherwise, only those bkits spe-
cified are turned off, all others remain unchanged.
Examples
a)
SOFF SUBYTE

this would cenerate the followine irstruction:

MYT SVRYTE,X'00"

b)
CLOSE1 *OFE FILEL (OP+ER)
this would cenerate the following instruction

CLOSE1 I FILEl,X'FF'- (FILE1CP4+FILELFR
+0+0+0+0+0+0)

which turns off the OP and I'R hits in FILEl, leavinn the rest
of the kits unchanged.



$IF

This macro is used to test a switch byte and to branch
depending on whether certain switch bits are on or off.
Its format is as follows:

+

[labell $IF (switchname[(bitl[{T}bitZ{I}.,..,])Ja.{oN

CEF

_aA .
}),braddrezs

If no bits are specified in the operand, then all the kits
in the switch byte are tested. If they are all on, and Ol
was coded, or, if they are all off, and OFF was coded, then
a branch occurs to braddress.

If bits are specified in the operand, then only those bits

are tested, other bits in that switch byte are ignored. If
more than one bit is specified, they are scperated by a plus
sign (+) which means “and”, or by the vertical kar (|) which
means "or". If the plus sign is used, then all the bits tested
must meet the condition (OFM or OFF) for the branch to occur.
If the vertical bar is used, then if any of the tested kits
meets the condition specified (OM or OFF) the branch wilil
occur.

Examples
a)
$IF (SWBYTE , OM) ,JOEJOF.
this will generate the following instructions:

TM SURYTE,X'FF? test all the bits in SWBYTE
RO JOEJOFE branch if all ones

b)
TEST ¢IF (FILE1l (EOF) , OFF) , HOTEOF
this will generate the following instructions

TEST TV FILEl, (FILE1EOF+0+0+4+0+0+0+0+0)
RZ MOTEOF branch if tested bit was 0




$IF (FILE1 (EOF+CP) ,ON) ,FILE1CK

this will gererate the following instructions:

™ FILEl (FILE1ECF+FILF10OP+0+0+0+0+0+0)
BO FILE1CK branch if kits tested were 1

d) $IF (FILEL (EOF |ER) ,OM) ,NOFILEL
this will generate the following instructions:

™ FILEli(FILE1EOF+FILElER+O+0+0+0+0+0)
' ENZ ITOFILEL branch if either bhit tested was 1

Notes 1) You cannot use a mixture of + and | in one
$IF statement, the same operator must be used
between all the bits specified.

2) If you cocde the braddress as a register name
in brackets (i.e. (RF)), then ECR instead of
a DC is generated as the second instruction.




$IFON
$IFOFF

$IFOM and $IFOFF

These macros are variations of the $IF macro. They do the
same thing, but have a slightly different syntax, and are
a bit easier to code. Their forrat is as follows:

{$IFON }

.
¢ IFOFF }...1)Y1,braddress

svitchnamel (bit10{ ipica(™

[labell] | |

Examples

These examples are the same as for $IF and will generate the
same instructions:

a) $IFON SUBYTE,JOEJCE

b) TEST <¢IFOFF FILE1l (EOF) ,NOTEOF

c) $IFON FILEl (EOF+OP) ,FILE1OK

d) $IFONM FILELl (EOF |ER) ,MOFILF1




E. Miscellaneous Macros

Documentation of the macros $ALIGN, $CCV, $REF, and $NULL.
This section documents four miscellaneous macros. They are:

$ALIGN -~ This macro is used to round the contents of a re-
gister up to a multiple of 2, 4, or 8. This ope-
ration is occasionally needed on the /360 due to
the reaquirement that the operands of loads and
stares must not he aligned on a multiple of their
length (1,2,4 or 8 bytes). For example, a register
might be being used as a pointer within a symbol
table, in which each entry uses a variakle length,
but each entry had to start on a full-word boundry.
In order to place the next entry, you would add the
length of the previous entry to the pointer register,
and then $ALIGN it up to the next full-word boundry.

$ccy - This macro is an extension of the assembler CCV in-
struction. Among its features i3 the ability to
specify the CCV opcode and the flag bits by nmemo-
nic, and the ability to specify the contents of the
"option byte® - the sixth byte of the CCU.

$REF - This is a simple little macro used to create entries
in the assembler's XREF. Often it occurs that two
adjacent items in core can be referenced or set by
one instruction which explicitly references only
the first item. For example, two adjacent halfwvords,
labeled A and P, could be zeroed by the instruction

XC A(4) ,A

The only problem with this is that at some later

date, you may be changing the logic of the program,

or trying to find some new bug, and because of this
you may wish to find all references to the halfword 3.
The above instruction alters E, but there is nothing
in the XREF to indicate this. Therefcre, it is a good
idea to place the statement

§REFF B
immediately following the akove XC statement.

$NULL - This macro simply prcvides a convenient place to
hang a label when you don't want to execute an in-—
struction just yet.

Detailed specifications of these four macros follow.




$ALIGN
This macro
a multiple

{label]

Ra

OUT=Rm

$ALIGN

is used to round the contents of a register up to
of 2, 4, or 8. Its format is:

E
$ALIGH Rap{F}[,INC={§n}][,OUT=Rm]
D

This 1s the name of the register containing the
value which is to be rounded. It cannct be RO. If
OUT= is not coded, then this is also the register
where the result is placed.

- This specifies whether the contents of the
register is to be half-word, full-woréd, or double-
word aligned.

This is only specified if yvou wish to add a constant
amount, or the contents of another register to the
value in Ra before cdoing the alignment. To add a
constant amount you specify INC=X, where X is any
decimal or hex number. To add in the contents of
another register yeou specify INC=(Rn).

If this operand is coded, then tlie result of the
alignment calculations appears in Rm;, and the con-
tents of Ra are unchanged (even if INC= is coded).
Rm may be RO if desired.

The operation of the $ALIGN macro is as follows.

If the value in Pa is already correctly aligned, then it re-
mains una’tered. Otherwise, it is rounded up to the next
highest value which is properly aligned.

For example, if Ra contained 12, ané a $ALIGN Ra,F was done,
Ra would not be changec¢. FHowever, if a $ALIGMN Ra.D was done,
then the value in Ra would be changed to 16.

Examples

a)

MEXTWORD $ALIGHN R1,F

this statement would generate the following instructions:

NEXTWORD LA R1,XR1+3
M Rl ,=X'FFFFFFFC'



b)

this statement would

$ALIGN RF,F, INC=3,0UT=R0

generate the following instructions:

i
e

L RC,XRF+1+3

Lot

3 RO,=X'FFFFFFFE'
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$CCV!

$CCv

This macro rrovicdes some extensions bevond the facilities of
the assembler CCY instruction. Its format is:

[label]l  sccv  {2¢%)y aadressr, ( (flacst.option bytel)

: flag },lengthl

—

fhis is the op-code of the CCW. It may be specified
decimal cr hex constant, by a symbol EQU'ed to a
lcciral or hex constant, ot bv one of the following
rneronics: YWRITE, READ, NOP, SEN“M, TIC, or READBACK.
‘ In the case of TIC, if the 2nd word of the CCH is
rot nceded the 0pcode may be specified as (TIC,4).
in which case only four bytes are c¢enerated, and the
last tvo operands of $CCY do not need to be coded.

a

)

Q-3

A

address - This field may contain any value or expression which
will bhe valid within a DC AL3.

flag - This item may ke a hex or decimal number, or it may
be one of the fellowing mnemonics: CD, CC, SLI, SFKIP.
or PCI.

flags - This item may be a hex or decimal numker, or it may

ke one of *the fcllowing mnemonics: CD, CC, €LI, SKIP,
or PCI; or, it ray he several of these mneronics
. siperated by commas.

option byte ~ This iter may be a hex or decimal nurber, or a
syrkol TQU'ed to a cdecimal or hex constant. This
value 1s assembled into the 6th byte of the CCIlI.

T» omitted, the value will be zero. This byte is

igrnored by the cnannel, but it is scometimes useful

to w2 ebla to set it since your program may wish to
uge it to indicate the purpose of the CCY, or what
sort of error recovery to initiate if a I/O error
oczurs on the CCW,

length - This field may contain any value or expression which
will b2 valid within a DC AL2.




Examples
a)
CHAIN] $ccewm READ, BUF+00,CC, 80
sCCw READ, BUF+80, (CC,SLI), 20
gccr (TIC,4),CERINV2
b) CPELN2741 $CCc DISAPLE,?, (CC,SLI),1
gccu ENABLE, 0, (SLI,5) .1

This example assumes that DISABLE and FNABLE are symbols which
have been EOQU'ec to the recessary hex constants. The 2nd CCW
in this examnle will have the constant 5 assembled into the
6th byte cof the CCli.
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$REF

$REF

This macro simply generates a statement which will result in
a symkol being referenced in the assembler’s Cross Reference
table (XREF). The format of this macro ic:

$REF symbol[,symbol, ...
symbol - This mev be any valid, defined symbol in the program.

If desired, more than one may be coded on the same
$REF statement.

This macrc simply generates a 'DC OALé(symbol)v instruction
for each symbol in the operand field of the $REF statement.
The assembler processing of this instruction causes an entry
to be generated for the XREF. This instruction does not cause
any core to he used or any alignment to be nerformed.

Examples

a)
$REF A

this staterment would generate the following instructions:
DC O0AL4 (2)

b)
$REF AE,C

this statement would generate the following instructions:

BC OAL4 (A7)
bC CAL4 (R)
oC OALZ (C)



$NULL

This macro is used to define a label at a location vou wish
to branch to, but you Jon‘t wish to code the first instruction
at that point. Its format is:

[ilabsll $WULL
This macro has nc orerands.
The only use of this macro is at places where you wish to
declare a label, but then you wish to code some $USIs, $DRCPs,
or comments before coding the instructions to be executed.
The macro generates = DC OE'0', which defines the latel
and forces half-word alionment, but does not generate any
data output.
Example

HERE $NULL

this instruction will gernerate the following code:

HERE &C oH'Q!



Part IV. Reading 0SS VT dunps

The information in this section is reant to be a supplement
to the information found ir the IBM manual "0Of Programmer's
Guide to Debuagina™, most of which is irrelevant and con-
fusing. In fact, except for the section entitled “ALREND/SNAP
bump (Svstems with MVT) " and the appendices. I woulcd strongly
advist avervone to stay awayv from the above~mentioned manual.

This part ic divided irnto four scctions:

A) Anaiyzina the Complietion Code.
2) Analvzing the Mxecution Flovw.
C) 2r=2lvzine Mermory Tontents.

D) Aralvzing I/O Errors.

Arnalyzing an abend always starts with section A: 2Analyzing
the Corp10tlon Coce. In some cases this is sufficient to
¢etermine the cause of the error. In other cases it is

necessary to get into sections B, C, and/or 2. The tvpe of
additional analvsis necessary is usually indicated by the
Completion Code analysis,; and in most cases is section 2@
Analyzing the Execution Flow.
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A. Analyzing the Completion Code

The completion code is the first thinc you alwavs check when
your job aknormally terminates. There are two kinds of com~
pletion codes, the Uscr Corpletion Codes, denoted by Unnnn,
and the fystem Completicn Codes. Adenoted by Snnn.

If the completion code is a User Completion Cocde, then you
must check the deccumentation on the particular prccessor
which issued the ABEMD. For example, ASMG ABEIDS vwith a UO0C20
if DD cards are missing or there is not enough core, while
PL/I run-time routines AREI'Ds with a U4C10C if you manacge to
clobber some of the PL/I control bklocks.

. If the completion code is a System Completion Ccde, then in
some cases it is all the irformation you need. For exarrle,
the B37,D37 or E37 abend durinc a linkedit means that the
SYSLMOD dataset has overflcwed, and it is time for you to
either sguish the dataset or else tc allocate a larger one.

Full exrlanations of the System Completion Codes can be found
in the manual “0f Messages and Codes”. DRrief explanations of
the more common Svstem Completion Codes can be found in
Appendix B of the "0OS Procrarmer'’'s Guide to Debugging”. Very
brief explanations of the mwost common System Completion Codes

follow:

£2oC1 Bad channel program. Go tco section L.

SOCx Program check. x is the hex digit specifying
vhich tvpe of »rogram interruptior occurred.
Check the POP (Principles Of Operation) manual

. or the green carcd. Go to section T.

SOF2 Program check in SVC. You passed the SVC routine
bad pointers or control klocks. %o to sections
E and possihkly C.

s122 Cancelled by operator with a dumn. Possiiily
cancellec Iy IASP for excessive prirted or
punched output.

S222 Cancelle? by operator without a «urp.

s322 Rin out cof time. If not loopring, re-submit wit’
a larger tire estimration.

S604,605,60A Dad FQE. Your program clolicred a Free

Queue EZlement (storace management control klock)

at some peint in the past. Go to section C.

This car e a hard one to find because ABDUMP
" sometimes refuses to dumr the adjacent core.

Look for huffers too short or MVC's too long.
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S706 Not-executakle load mocdule. Check the linkedit
output to find out why the module was marked
not-ex=ecutakle. Either fix that nroblem or re-
linkedit with DPARM=LET.

S&04,80A Ran out ofecore. Resubmit the jol» with a larger
REGIONM=parareter.

S80€ Mon~existent lcad module. If the module is not
in SYS1.LIUKLIB, check that your JOBLIR or
STEPLIE card is present and correct. Check
that you haven’'t rispelled the module name.

Se37,D37,E37 Ran out of space on disl dataset. Fither
squish the dataset or allocate a larcer dataset.

If, after having looked upr the completion code, you are still
unable tc cdetermine exactly what is wrong, then it is necessary
to examine the ADDUMP. (If you didn't cet an ABDUMP, re-run the
jcb with a //SYSUDUMP DD SYSOUT=A card in the abending step).
then analyzing the dump you are usually looking for one of
three things:
£. Ixecution Flow - wvou wish to finéd where the last

irstruction executed in vour program is, and

what the flow of execution was that led tc that

point.,

C. Merory Contents -~ vou wish to look at your data areas
to determine their present contents.

T. I/0 Errors = you visk to examine the results of an
I/0 operation to determine whv it ended with an
I/0 error.
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B. Analyzing the Execution Flow

To find the last irctruction executed in your orogram, proceed
as follows. On the first nage of the dump, uncder the heading
"ACTIVE RBS" (Request Flocks), finé the last {current) or

only PRE (Program Recuest Block). In this PRB, look at the
APSW (~lend Program Status Word). If this entrv is non-~zero,
then that is the address at which the interrunt occurred. If
the APSV is zero, then the second half of the PSV in this PRB
contains the address at which the interrupt occurred.

Several things rmust immediately le noted here., The first is
that the interrupt address is the address at the end of the
last instruction; not the start. To find the start of the last
instruction you usually: a) £ind the interrupt address in the
core dump, and Ly looking at the prCceedinc courle Fvtes vou
can usually see wvhat kinc¢ cf instruction wes beine axecuted;

or k) un-relocate the interruption address (see later) and
lcck at vour asserbly listing to deterrine the nrriceeding in-
struction. Mote that the correct method of findino the start

of the last instruction executed is to multiply the ILC (In-
struction Length Code - the ton two hits in the APSY or 2néd
half of the PS¥) by 2 and subtract this from the interruption
address. Fowever, the above two methods are usually faster.

The next thing tc note is that the irnterrupt address may not

be in your program, for =:arple it mev be 020082 (Cown in the |
low core) or ClC1Cl (up in ncn—-existant core). Tn thecc cases

the usual cause is that you have branched through e recister
containing garbage instead of an address. Lock at +the "REGISTTRS

AT ENTRY TO ANFMDY (irmmedictely preceedinc e iadv of the dumn)

for a register that iz 2, 4, cor 6 less than the in
If RF looks likely, then =F prcbakly contains the
vhicir will give vou the last instruction exccu+
garbane; BALR RE,PF wos executed). If RF is no+t *+%
then you ray have prchlems. Check that vour bage r c
correct, anc un-relocate *the contents for anv register that
lookz like it is a return regizter (2 return »eqgister is one
set by a I'’AL or IALR irstruction; thev have ~» non-zero top kvte
and a valid acdress (address in your proaram) in the lov 2
btvtes) in order to trv to localire the hranch instruction that
went wild,

errupt address.
oturn address
i.e. a L RAF,
culprit,

Another thing to note i= that, although ITI doesn't advertise
the fact, the /7F is <lichtly imprecise on a feiwr of the inter
rupts. fpecifically. if on a €0C4 or £0C5 abend, vou have found
the iast instruction executed, and you cannot see anythina wrong
with it or the contents of the reaisters it references, then
check that the IZ{ is nct zero. If the JLC is zerco, this means
that it was not the lazt, »ut thre 2nc last, or possibly even

the 3rd last instruction viich caused the interrurt, and vou
rust look at these instructions toc in order +o find the one

in error. Under these circumstances (S0C4 cr SOCE and ILC=C),

if the interrurt address corresnonds to a laheled instruction

in the source. then you may have to chec! the nsiructions which
rreceed each kranch instruction to that label, since the /75 can
sometires execute one hranct before the interrunt occurs. For-
tunately. these occurrances arc cuite rare.
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Finally, it is time to discuss how to un-relocate addresses.
The quickest vay usually is to find the module in the core
dump (each module is dumped separately, preceeded by its name)
and to note the address at which the dump starts (this will be
the address printed beside the first line, possibly plus &, 15§,
or 24 if the dump starts part way across the first line). Once
you have this you simply subtract the address of the start of
the mocdule from the address you wish to un-relocate. If you
have multiple CSECTs/mccdule , you may have to further un-relo-
cate this address by the offset of the active CSECT within the
module, which you determine from the linkedit map. If you are
using the $ROUTINE/SENTRY racros rreviously descrited, then
the entry nares will appear in the right hzlf of the dump in

EBCDIC, and this may be usecd to help to find your un-relocated
location.



The correct way to un-relocate addresses is to look at the
entry marked FL-CDE in the current PRE, and then to find the
CDE (contents directory clement) which is at that address
(the CPEs are printed following the PRBs). In this CDE you
will find three things: the name (MM) of the module (in case
you were not sure which module you were executing), the

entry point address (EPA) of the module, and an item called
the XL/MJ. The EPA of the module can usually be used to un-
relocate addresses, or, if the EPA is not at the start of

the mocdule , look under the XLs for one at the address spe-
cified¢ by the CDE’s XL/MJ. The XL (extent list) contains the
address (ADR) and the lenagth (LN) of the module. Usually, the
rethods for un-relocating addresses described in the previous
paragraph are faster than these "correct”™ methods.

Once you have located and un~relocated the interruption point

in the present module; it is sometimes useful to try to de-
termine how the program got to that point. This can ke done at
two levels, the module level and the routine level. If your
program consists of multiple modules which pass control via

LINK and XCTL, then the last (current) PRB may not be the only
one in the list of "ACTIVE RBS". These PRBs above the last one
are modules which have passed control by issuing a LINMK to the
next module down. Their nares may be determined by finding their
CDEs as described above.

Uhen attemptinc to determine the flow of execution at the rou-~
tine level, your main tools are the current register contents
("REGISTERS AT ENTRY 70 AREND"?) and the “SAVE AREA TRACEY. As
mentioned previously, the registers set bv a BAL or BALR in-
struction canr usually be spotted hecause of the non-zero top
byte followed by a valid adéress. Unless RD (R13) has been
clobbered and/or the save areas vere not chained accorcding to
S standarcds (typically, Of access methods are one of the
things which do not conforr to the 0OS save area standards),
then you should be able to work your way kack through the save
area chain. RD points at the current save area, znd the save
area previous to that (the save area pointed at by the EESA
(High Save Area) field of the current one) containg the regi-
sters belonging to the calling routine at the time it called
the current routine. The fields lakeled RET (Return) and EPA
(entry point address) were its RE and RF respectively, while
the fields labeled HSA and LSA are the save area chain pointers
(high save area and lovw save area). If the $ROUTINE/$ENTRY
macros previously described have been used, then each save
area is preceeded by the name of the entry point, making it
easy to see at a glance the flow of control through the rou-
tines.

The only remaining thing tc mention is that there is one possible
exception to some of these procedures. If the last (current) PRZ
is not followed by two, and only two, SVREs, then this indicates
that your program was not in control when it abended. The last
(or only) two SVRBs are always ABEND and ABDUMP respectively.



If there are any SVRSs or IREs between the last PRB and the
last two SVRBs, then either an SVC and/or an asynchronous
interrupt routine was in control when the abend occurred. If
this is the case, then the program's current registers are
not the "RFGISTERS AT ENTRY TC AREND", but are the registers
saved in the RB (either SVRE or IRE) which follows the last
PRB. The above procedures are ccrrect, if this problem does
not occur,

In the case where an IRE (interruption recuest block) was in
control at the time of the abend, then you may wich to find
the interrupt address in crder to determine the cause of the
abend. The method used is the same as for a PRE, i.e. check
the APSV, and if it is zero then check the right half of the
PCW to find the ILC and interrunt address.



cC. Analyzing Memory Contents

Fortunately, finding your data areas is not as tricky as
finding the last instruction executed. In fact, it is cuite
straight-foreworc¢. Any data areas that have been defined
within your module with DS or DC instructions may ke found
by relocating the address and finding it within the dump of
the module. To relocate the address you reverse the un-
relocating process, i.e. you simply add the address of the
start of the module onto the address of the data area, or,
if you have multiple CSFCT3, then add the address of the
start of the CSECT to the data offset within the CSECT.

Finding dynamically acquired core is slichtly more difficult.
This core is printed at the end of the durp under the heading
SP 000 (subpocl 0). Note that if you have multiple blocks of
SP 0(the usual case) the system doesn'‘t necessarily print them
in any order (it least, not any order aprarent to mere humans),
so that when trying %fc find a certain address vou may have to
look at =211 the SP 0 blocks printed.

Determing the address of what vou wish to find is another
matter. Often your recisters point at your control blocks and
data areas. If the $RPOUTINE/LENTRY macros previously described
have leen used, then RD points at the current save area/work
area, and the save areas of previous routines each preceed the
work area belonging to that routine. The buffers associated
with a file can ke found from the DCEBUFCE nointer in the DCB
(DCB plus 21 bytes, a 3 byte pointer). The buffers are pre-
ceeded by an eight-byte huffer contrel block. Often, it is
easier to find buffers and work areas just bv looking at the
EECDIC portion (right half) of the dump until you snot some-
thing which looks familiar.



D. Analyvzing I/0O Errors

Vhen CS abends you or enters your SYNAD exit because of an

"I1/0 error"”, what this actually means in 99 cases out of 100

is a programming error invclving I/0O. Real I/O errors (an
error in the I/O device or recording media) are extremely

rare with the /360s and associated equipment. "Thile the fol-
lowing discussion will be of most help to persons who are
prograrming I/0 using EXCP (Execute Channel Program), it may
be of some use to persons programming I/0 using access methodés.

The first thing to do is to find the IOB (Input Output Block)
associated with the channel program whkich failed. If you are
using EXCP you must know where the IOE is. If you are using
access methods you can usually find the IOB from the DCP

(Data Control Rlock). The DCBICBA field (DCR+68, 4 lLyte pointer)
should point to the IOB-~E. In some cases, for example when pro-
gramring in a high-level language, you may not even know where
the DCE is or even which dataset was the one in error. DCEs
can be found by looking at the DEBDCBAD fields in the DEBs
(data extent blocks) which are printed out nreceeding the core
dump. The address of trc DEB is found by looking at the DEB
pointer in the TCB for the first DEB, then that location + 5
is a 3-byte pointer to the next DEB and so on. You have to
find the addrescs of the DEB in this manner because ABDUMP
prints the DEB prefiy with the DEB, and the length of the
prefix is not constant. Anywvay, given the address of the main
portion of the DEB, the pointer to the DCB is at DEB+25 and is
a 3-byte pointer. The DCRB which is in error can be spotted
because it willhave the 1lst 2 bits (hex CO) of the DCBIFLGS
byte on (DCB+44), indicatinc permanent error.

See "0S Programmer's Guicde to DRebuaging®”, Appendix G.

Once you‘ve found the IOB associated with the failing channel
program, there are several useful fields vou can lecok at. The
first 1s the IOBECBCC (IOB+4, 1 byte). This byte contains the
completion code for the I/O event. See "Cf Programmer's Guide
to Debugging®, appendix . The usual completion code for an

I/0 error is 41 hex. In this case the IOBCSW will be useful.
The IOBCSW (IOB+?, the last 7 hytes of the channel status word)
contains the address +8 of the last CCW (channel command vord) ,
the channel status bits (see POP manual or green card for in-
terpretation), and the residual count from the last CCW. If

the ECBCC was 41 and the CSW status includes unit check (hex 02
in the first status byte), then the IOBSENS bytes will be
useful. These bytes (IOB+2; 1 or 2 bytes depending on device)
can he interpreted from the "0OS Programmer’s Guide to Pebuaging”,
appendix F, or from the manuval for the appropriate device.

In any case; the IOBSTART field (IOB+17, 3 bvte pointer) will
point to the start of the CCW chain which was executed. These
CCWs can be interpreted via the green card or the manval for
the appropriate device. If the chain was partially executed,
then the data areas rointed at by the address fields in the
CCWs may be interesting.
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Part V. Programming I/0 in assembler

The following notes are meant to be a supplement to Section II
of the "OS Supervisor and Data Management Services® manual.
Specifically, I would recommend that vou read the following
topics in that manual:

Section II, Part 1, “Data Set Characteristics, and
"Interface With the Opzration System®.

Section II, Part 2, “Data Processing Technigues’, and

"Processing a Secuential Data Set®.

Appendix B: Control Characters.

These notes are divided into four sections as follows:

A)
B)
C)

D)

Data set characteristics.
General processing technicues.
psSaM.

BSAM/BPAM.



A. Data Set Characteristics

The onlv additional notes necessary tc the discussion in the
"0S Supervisor and Data Management Services® manual are some
hints on what the most common tvpes of data sets are.

Most datasets contain card images, and therefore have a LRECL
(logical record length) of 20. Datasets containing printed
output usually heve a LRECL of 121 or 133 and a RECFM (record
format) wrich includes the letter A cr M, indicating that each
record begins with a contrcl character. Then possikle, you
should try to write your programs to print only 120 data
characters/line. Most printers do have 122 print positions,
but some have only 126 and terminals have only 130, and it is
nicer to have a program that will work independent of minor
cdetails such as this. "ote that there is no problem printing

a LRECL=121 dataset onr a printer with 132 print positions,
while printing a LRECL=132 cdataset on a printer with 120 print
positions causes 12 data characters to be lost. The 2 type of
control characters are far prreferable to the M type, unless
you happen tc be a computer.

Almost all datasets are RECFM=I'B, with possibly an 2 or M added.
All datasets on disk or tape should be klocked. Elocking on

tape results in increased volume capacity and processing speed.
Flocking on disk results in increasec capacity and creatly in-
creased processing speed. Rerember that on the avarage the disk
must rotate once for each klock read or written, so why not

block your cataset and let your nrograr run 4¢ to 20 times
faster? The most common block size for LRECL=80 is BLKEIZE=3360,
This gives you 42 records/block. 1 block/2311 track, or 2 blocks/
2314 track.

RECFM=FBS means that the Frlocke are “standard”, in other words,
all the blocks in the dataset rust be of length BLKSIZE, except
possibly the last. This should not be specified for a PZg
(partitioned dataset) with rany small merbers since it tends to
waste a lot of disk space. Also, if it is specifiec¢. it mav be
necessary to over—-ride the specification if that dataset is
concatenated with non-standard datasets.

This is because it is permissable to read on FBS dataset that
is OPENed for F2, while reading an FR dataset whicl was opened
for FBS results in I/0 errors.

Except for the akove tvio iimitations, RECFM=FRBS is recommended
since it is processed somevhat faster than RECFM=FB,
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B. General Processing Technicues

Most of the points menticned in this section are discussed in
the "0OS Supervisor and Nata Management Services® manual, but
some of them are not properly emphasigsed. The purpose of this
section is to present again the more important optional ser-
vices that your program can be made to include. To the person
writing a specialized prograr that will only have limited use,
the inclusion of these extra services are ontional, depending
on whether you feel they are necessarv or not. To the person
who is writing a general prograr which will receive wide use,
the inclusion of these services should be mandatory since it
results in a more flexible and wugable program.

This section is divided into four sub-sections under the fol-
lowing headings:

l. Supporting Device Independence
2. Supporting Opticnal Pleckineg
3. Supporting Concatenation of Unlike Devices

4, Providing Error Piagnostics.




1. Supportinc Device Indénendence

If you write your program so that it is device independent,

then the dcvice on which the dataset resildes can be specified

cn the // DD (data definition) card at run time, without any

need for rmodifying or re-assembling the nrogram processing

the dataset. As an example, sumpose you write a simple program

which reads BCD (7094) cards on SYSIN, translates them to EBCDIC

(/360), and writes them cut on SYSPUNCE. If your procram is not

written device indenendent, it might require that SYSIN must be

a card reader and SYSPUNCE rust be a card punch. Howvever, by

supporting device indepencence, you could make the program work

whether SYSIN was a card reader, a ragnetic tape cataset, or a

disk dataset, and alsc let SYSPUNCH be a card punch, a tape dataset
Qr a disk dataset, ir any combination. The program is now much more use-

ful since it can be used to copy + translate car< decks onto

tape or disk, or to copy + translate tape onto carcds or tape

or disk, etc., as well as the oricinal purpose of duplicating +

translatina card decks.

There are only two rules to remerber in order to support device
independence on seguential datasets that are only read or only
»ritten. The first is that you must not use the DEVD parameter
in the DCE (data control block) macro for the cataset; and the
second is that you cannot use the CNTRL nmacro, ard should not
specify its use in the MACRF parameter of the DCB.

Since CNTRL is not usable, we npust now consider what is the
correct method of preducing page control for datasets destined
for the printer. The simplest solution is to not provide any
page control at all, but this is generally not sccaptakle
because nokody likes printed output that goes on, page after

. page, without any spacing over the perforations between pages.
Also, it is much nicer to start printing output at the top of
the next page than to have the first line of output imrediately
follow the JCL (Joh Control Language) or OS allocation messages.

The best (and usual) method is to use A or M contrel characters.
This is done by setting the LRECL to the number of data charac-
ter plus 1, specifying A or M in the RECFM parameter, and pre-
fixing each line written with an A or M control character.
Assuring the use of A characters, a simple page control method
right be to prefix the first line and every &Cth succeeding
line with a "1 (causes skip to a new page). and tc nrefix all
other lines with a blank (causes normal nrinting).

A sirnle example of the coding that could be use? tc do this
follows (it is assumec the output line has alrea’y been placec
in LINF):



*

PRINT

NOTNEY?

OUTPUT

WOLINES
ASA

LInE

[ B
m N

O
n

—_ o~

IS THE PRINT

RO, NOLIITES

RO, MOTLIFW

ROUTITE

FETCH NO LIMES LEFT
DECPREFMENT AND TEST

ASA,C'1° SET TO SKIP

RC, (O SET 60 LINMES LFFT

RO, NOLINES SAVE NO LII'CS LEFT
OUTPUT ; ASA PRINT THE LIMNE

ASA,C* ¥ SET IPOR I"™RMAL PRIMNT
DEORG=PS , DLNAME=CYSPRII'T, X
MACRF=PM, RECFM=FA4, X
LRECL=121,ELKEIZE=121

B'1° IO LINES LEFT OI PAGE
C ASA COMTROL CHARACTER
crizae PRINT LINE



2. Supporting Optional Blocking

One thing to be noted about the immediately preceeding example
is that, though it does support device independence (SYSPRINT
could be allocated to a printer, tape, or disk dataset), it
does not allow blocking. Because the BLKSIZE is specified in
the DCB, it is not possikle for either the DD card or the data
set label to alter it. As mentioned previously, all disk and
tape datasets should be blocked, so it is therefore desirable
to permit the user to specify the BLKSIZE on the SYSPRINT DD
card or in the Jdataset lakel, but it is also desirable aot to
reguire that he must specify the blocksize if he doesn't want
to, for example when the output device is a printer (it's much
easier to say //SYSPRINT DD SYSOUT=A than //SYSPRINT DD
SYSOUT=2 , 3CB=BLKSIZE=1Z21).

The wav to do this is with a DCB exit list that specifies a

data control block exit routine. This data control block exit
routine will be entered by the OS OPEN routines after they

have finished merging the ['D card and dataset label parameters
into ti¢ DCB (but before they have used any of this information).
This gives you a last-minute chance, in the data control block
exit routine, of supplying or modifying any of the fields in

the DCB before the dataset is completely OPENed.

The following code is an example of using a data control block
exit rcutine to determine if the BLKSIZE field has been speci-
fiecd ky the user on his DD carc or dataset label, and if not,
then the BLKSIZE 1s set equal to the LRECL (i.e. the dataset
i3 assumed to be unblocked; blocking factor=1),

OPLEH (CUTPUT, OUTPUT)
(
(
* THL IFCLLOWIIG CODI IS THE DATA CONTROL BLOCK
* EXII ROUTINE
EXOUT DC OF 0% ,X'85',AL3 (OUTEXIT)
OUTEXIT $NULL
* Ol ENTRY TC THIS ROUTINE, RF.IS TEX CASE AND
* Rl IS THE LCR PCINTER
$USE RF . QUTEXIT BASE REG IS SET BY CPEN
CLC XR1+DCBBLKSI(2) ,=E'0" TEST IF BLKSIZE
STILL O
ENER RE RETURN IF SPECIFIED
MVC XR1+DCEBLKSI (2) , XR1+DCRRECL SET DLKSIZE

EQUAL LRECL
BR RE RETURIY



*
DPCBBLXSI
DCELRECL

OUTPUT

$DROP
DCB
EQU
EQU

(

(
DCE
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RF

FIELD OFFSETS

62 BLOCK SIZE HALF--VORD

82 RECORD LEINGTH HALF-VORD
DSORG=PS ; DDNAME=SYSPRINT, X
HMACRF=PM,RECFM=FZA, X

LRECL=121, EXLST=EXOUT



3. Supporting Concatenation of Unlike Devices

OS permits input datasets to be “concatenated™ that is, several
sequential datasets and/or mcibers of FDEs to be processed as
if it were one long sscuentisl dataset. This can be a very
handy feature soretimes. Unf unately, OS mekes a distinction
between what it calls concat:

ic

e

‘w O
j Ko
ﬂ t

nating of "like” cevices and con=
catenating cf “unlike™ denx

is supported by CS withcout eny extra work on yocur part at all,
in fact, ycur progrem is totally unaware that it huq happened.
Unfortunately, concatenaticn of unlike devices requires that
you place some extra coding in your program in order to make
it work. Concatenating of unlike devices is discussed in a
cryptic location in the "CE Supervisor and Data Management
Services™ manual; consult the index to find it.

<‘
T

=5, voncatﬁnatd.ng of like devices

As an example of the usefulness of this feature, consider the
fact that ASHG supports concatenation of unlike davices on
SYSIN. This permits you to give ASMG an input dataset which
partly comes from the card reader ( DL * ) and partly from some
disk cdataset. Another example is the linkeditor program which
supports concatenation cf unlike devices on SYSLIWN, allcwing
you to give it a mixture of object datasets end card image
control statements. Mote that if you attempt to concatenate
unlike devices with a program that doesn't support it, then en
abend results,

In order to support concatenation of unlike devicas on vour
input datasets, it is nscessary to have a data control hiock
exit routine (same as in previous section) which, in addition
to supporting optionel blocking if desired, mus: zlso set a
re-read switch whcnevgr it iz en_c*ed In addition, zn extra
bit must ke set in the DCR to indicete +tha* concatenation of
unlike devices is being supported, and each GET f(or READ/ZEECK)
must be followed by a test of the re-read switchy; if it is on
the CET nust ke re—iszved.

The followirng coding shows how this micht be cdone for an input
dataset called SYSII:

CPER (T¥PUT, INPUT)
(
(
* THIE IS THE READ ROUTING
READ gorE IFSy (CAT) TURM OFF RE-=READ &W
2uT IUPUT,CARD GET EXT CARD

¢IFOM TNSTT(CAT) , READ RE~READ IF MECRSSARY



(

* THE FOLLOWING CODE IS THE DATA CONTROL BLOCK
* EXIT ROUTINE
BXIN DC OF*0',X'85"',AL3 (INEXIT)
INEXIT $NULL
* ON ENTRY TO THIS ROUTINE, RF IS THE BASE
* AND R1 IS THE (% POINTER
$USE RF, INEXIT
o1 XR1+DCBOFLGS,X'08! SET UNLIKE CONCATE-
NATIOM BIT
$ON INSY (CAT) SET RE-READ SW
processing for support of optional Elocking, sarne
. i as in previous example
BR RE RETURY
$DROP R
* DCB FIELD OFFSETS
DCBOFLGS EQU 48 OPEN FLAGS BYTE
(
(
INPUT LCB CECRG=PS , DDNAME=SYSIH,

MACRF=Gi1, RECFM=FB,

LRECL=€0, EXLST=EXIM
$SWITCH INPUT SWITCHES
$BIT CAT RE-READ SWITCH
DS CLE80 INPUT CARD
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4. Providing Error Diauncstics

One cf the most frustrating things that can happen to you is

to try to run some program. and to have it abend without giving
any indication whatsoever concerning what was wrong. In order
that you cdo your part in reducing the number of nrograms of
this nature in existence, you should do the fellowing two
things whenever you are cocing I/0 routines in assembler:

1) check each OPEN to ensure that it did in fact open, and

2) code a SYNAD exit to get control of I/0C errors, and write
out the SYIIADAF information.

It is necessary to check that OPENs workec because if the user
forgets or misspells the DD card that is to be opened, then

OPEN returns to the user without issuing a diagnostic or

giving any indication that it failed. The only way you can

find out if the OPEN worked or not is to test a bit in the DCB.
The usual procedure followed when this bit is off is +o print

or type a message informing the user that his DD card is missing.
If this check is not performed, an SCC6 abend occurs on the
first GET or PUT done on the DCB.

Coding a SYIAD exit causes OS to give control to you whenever
a permanent I/0 error occurs. Py issuing the SYMADAF macro,
you can get some information about the nature of the error.
This information can thei. be printed out for the user. The
usual procedure then is to CLOSE the dataset and return to
the calling program witi an error code.

The following coding includes examples of both of the above
error checking procedures:

(
(

OPEN (bC, IITPUT)
THM DCE2+DCBOFLGS,X'10" TEST IF OPEL: OK
BZ OPENIKEKE BR IF NOT
(
(
* ERROR ROUTINES
*
* FAILURE TO OPEW
OPENIKKE VITO "UNABLE TO OPEM SYSIN. CHECK CONTROL CARD'®.
LA RF,8 RETURIMN CCDE
B EETURN RETURN

* I/0 ERROR



IOERROR

IOoWTO

RETURN

DCB

SYNADAF
MVC
WTO

CLOSE
FREEPOOL
SYNADRLS
LA
$RETURN
(

(

(
DCB

ACSMETH=0SAM
IOVTO+19+€ (60) , XR1+66
*I/0 CRROR.

DO AIALYSIS
MOVE MSG INTO WTO
SYNADAF=%%k*x*x%x %% X

Kok Kok ek okok ok ok ok ok ok k ok ok ok ok ok ok ok ok ok ok ok kK X

Aokkkkhkhhkk kA hkhk kX kkkkkkkkk b

bCo CLOSE THE DATASET

DCB FREE TEE BUFFER POOL
RELEASE SYNADAF CORE
RETUREF CODE

RETUR WITH ERROR CODE

RF; 12
(RF)

DSORG=PS, DDNAME=SYSIN, X
MACRF=GM, RECFM=FR, X
LRECL=80, EXLST=EXIN, X
SYITAD=TIOLCRROR
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This section sirply emphasizes some of the major roints con-
cerning QSAM, and gives some hints on its use.

QSAM (Queued Sequential Access Method) is a very good access
method, and should be used whenever possible. It provides all
the facilities needed for simple reading or writing of a
sequential dataset. Subject to the limitations mentioned in
section B.l. it provides complete device independence. For
blocked datasets it automatically handles the blocking/deblocking
for you; you do GETs or PUTs of logical records and never worry
about the blocking. Multi~-buffering is also suppcrted and
completely taken care of by (SAM. If you don't specify BUFIO
(buffer number) in the DCB,then QSAM assumes 2. If you wish
more buffers you need only specify it in BUFNO parameter. The
buffer pool is automatizally gotten at OPEN time.

About the only special thing you need to remember about using
QSAM is that after you CLOSE the dataset vou should issue a
FREEPOOL macrc to free the buffer pool which was autcmatically
gotten by the OPEN. For some unknown reason, IBM chose to not
automatically free this buffer pool. An example of doing this
was included in the previous section.



D.  BSAIY/EPAN

You should only use B:AlM or BPAM when you have to do things
not supported by QSAl, for instance process multiple members
of a PDS using FIND, BLDL, and/or STOV, or jumping around
within a dataset using NOTE/POINT.

When you use BSAM/BPAM you no longer have any of the nice QSAMNM
features at your disposal. If you wish to process blocked
datasets, then you must write your own blocking or deblocking
routines. You have to manage the buffers voursel®, and for
that reason it's usually better to not specify SUFNO in the
DCE; simply do a GETMAIN for the buffer(s) and later FREEMAIN
them. liote that if you do specify a BUFNO, then OPEYN will get
a buffer pool for you,. but, like (QSAM, CLOSE will not free it,
SO0 you must explicity issue a FREEPOOL on the DCB,

Multi-buffering is possible, but remember that you must use
multiple DECBs (the [MF=L part of a READ or WRITE), and handle
the huffer switching yourself.




Part VI. Examples

Two sample programs are shown on the following mages. There
are comments in them which explain what they do and how they
do it. The two programs are similar, but the second one is
more flexikle, includes «ll of the optional dataset facilities
discussed in the previous section, and is re-enterant.
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. Jv Tee noEn TATLS, THEN THC NRR O[S FRFEND AND A MESSAGF TYPED, £X2001 81
200182

Y S APNE AF CONSTANT DOC EX200183

; 2 [ FRGTH NF NOR FX200184
“n 0 TE GNPUT, 1 1F NUTPYT £X200185

FX2001 84

e \ AnPe NFE OPENFN nra TR GOTTEN CORF FX200187

w FX200188
5 jRN Goonx FXx200189
= A NARLE TR OPEN FX200190
. Ex200191
R N ANCHITING FX2np19?
o £YX2NN] 92
. GORK ARFEA EX2001094
o FX20N105
, ch mESL NBTN MACED EX2001 04

FESFRYE CNRF FNR MF=] DNPrN FY20niey

L ENGTH DF GORF RESERYED FX200198
FX200199

PESERVE CORF FOR NAPE YECTNR TN XFEX20020N
AESCRIBE NNANAME TIFLN [N NCR - £X200201
£X200707

EX20Nnzn7

THE DA IN TT £X200204
CEY THF MORF FX20020%
SAVE THE ANNR NE GNTTEN (NRF FX200204
§ENSTH FIFE NCR =) E0R MVC FX2007207
£X NFE MyC NF DeR FX20n208
EXECUTE THE MF=F NPEN ON JT £X200209
TEST [€ INPUT P OnTenT £X200710
EX2002 11

ENALT O IMTT ME=L [N WNRK ARFEA £X200212

EX20072113
EX2N0214
EX20M21%
EX200216
EXZ200217

N A
Ly nn

INFT ME=t TN WNRY ARFA

THE (QPEN

ANNRESSARILITY VIA TRM NSECTY

TESY APeEN RIY EX20021R

£X200219

FX200220

RUILN NNPF VFELTNR FNR DNNAME EX2nN221

ANNRESS £X200727

Rt MAX ANN CURRENT | FNGTH EX2N020
F TN OPEN '  NAMEN(OPX) TYDPF THEM EXP0N27 5

X200
XD
EX20 T
cxo y:
EX PG A
YDA
EX2037
TXDNP 4
ST UBYEY
CY2NN7 34

FRFEF NCR*S CNRF
SET RETURN C0ONF
GFT RACK

GOYTEN NCR

SET RETHURN (NONF

QETUHRN, PASSING RACK NDCR ANNR

MOVE THE NCRB TNTO AOTTEAN {NRE

wE-i CONSTANY OPEN C0R AgTaur FX2N07238
ME={ CONSTAMT NPEN FNR TNDUTY EX2NN7 2

EX2N0237



ER EaL S TLOSE A DATASET®

TSTS SUHRRNYTINT 1S USEN IO CLENSE A NATASFET

Trn THE POR IS CLNSEN THE RUFFFR POOL IS FREFN AND THFN
it pORE NCENDYEN Y THE NnR [TSELE TS FREFN,

fannT K1 ANDR NF NER TN 2f £LOSFEN
o2 {FNATH NFE THIS NCR

SRTHIRN fa) K

CROIT IR

WORK O ARES

AN NTET CURTE MACKN (TR RESEAVE SPACE [N THE WARK

";‘ r]qc ot Mt N;F'-‘:L CL”QC ran!:
itk Frm 1 CYRE B LENGTH NF CNR¥ RESFRVEN

ARFA NSFLYY

SrNTRY
INTT THE

f{ray.(eay) MOV E
ME L CFCRE O AND TXETUYE LT
By CHOSEMEY ICLNSYLENT ZCENSECON INTY THE MF=| 71NSF
CLOSE £20Y: MT=F (CLNSFYFLY EXFCUTE A CLOSE ON THE NCA
oA FEEERDM DN THE N0R
EREEPNAL {RD)

THE HIPTS CORT
TREEMATN B V=i08),4=1R9}

TETUNM TTOCALLER

ENTRY REGS T RQ ANND RAR

FREE THF BUFFFR PONL

TRrs

FRFFEMATN THE DCR

COETIRM s RETUEBN WITH O REY CONE
CONSTANTS

JrraE R St B CONSTANT Mr={ CLOSF MACRD
LTORG

TTTLE e WeIYFE T NPERATOR!

TUTS ORUAAADTINEG 5 USEFD TN TYPRY MESSAGES TN THF NPRERATAR

TY OACETOTS THS TNEE-VECTORFN STRINGS AS [NPUT.
THEGCS Tun) SYRINGS ARE CONCATENATEN TNGETHER AND TYPED NUT
G ORE UIME SEING THE WY MACRO,

ToTLED 0T THE QTRINGS MAY O RE NHLE O TF DESIREND {AUT NOT ANTH)
TheMyY 23 ATINN NFE NAPE YFCYNR NF 1ST STRING

£ ENPE 07 NN VECTOR 0OF 2NN STRING
DETHRN 00

PIMTTAYIONS -

COMRINFN | ENGTH OF THFE 2 STRINGS MHST RE 122 DR
LESS, THERE 1S NN CHFCKING NF LENGTHS 8Y THIS

ROUTINF.

CTCOL LN NG TWD STATEMENTS ARFE A HAND-GENFERATED MFE={ WTD
e VELA AL P{LIWTOMESHA Y L HINY L ENGTHEA AND ZFRDGS

“e SR YESSAGE  (MAX LFNGTH 0F 122)
LENTRY tETY LRI

ANNR NF 2NN NNBE YECTNAR T RG

FY20023R
EX2NNZ2A0
EX2002 A0
EX200241
EXZON2 0l
EX 2NN LT
FXZ2O0244
CHPINNZaY
FXFOOP4&S
EX2ON24T
EX20N24
FX20N0247
£X200255
EXY AN S?
EXP2N0PED
EX200253%
FX2002 54
EX200285
FX200256
FX20025%7
EX20627258
EX2007259
FX200760
£X200261
FX200D2A/7
EX2007263
EX2NN24A4
FX2N0765
FX2D0764
EX2007267
FX200768
FX200769
FX200279
FX200271
FX200272
EX200273
EX20027274
FX200275
EX200274
FX2on2717
FX200278
£X2n0279
FX2002R0
FX20028%
EX200282
FX200283
FX200284
FX20028%
£X2002 86
FX200287
EX2007R8
FX2002A
FXz200290
FYX2Nn07291%
EX200227
FX200293
EX2007a4
EX200295
FX2Nn0296
EX2a0297



£ Uy W TIIMEC DA ODPOINTS AT MESSAGE ADEA XD e
1MW (27, ,85),¥01 AET O OANDR AND 1 ENGTH OF 1Y STRIN &XDANTan
PR Ri,RH PEN TO BY OANND TUST TF M CYX2ANNN
PN CTRINGD IGNORE STRING TFE NI L R AR
RETE RS fEN=] ENR MyL TN
oV Py, MY CMES MAY T 19T STRINA TN MEGIAST AREA  SY20AT0A
A Ay PA RUIMD MECGAGE ARTA PIINTER | 200,
(‘,"D}Mr:'f' %1 iy (L&')'VQA),Y\QC) {;CY ADND  AND [‘EM neoNn CYD NG +
¢ T ?’T_ q}? £ LC.\](‘,TH TH !‘Jt AND TESY Y R A
PaH nory R TE ONUL L
afTo 21N | OMO T 0D Myr
Y 23 "\f‘s_f(‘ AT O ATYDY  DAINY QTU['\V‘ (1?\;‘{?} M LA ABEA DX 2T0ING
Ty A 20, 4{P5,PA) WTT P RNGTH = 1 ENY + ) BN 4 LY 2NNTIN
it an, a0 MOYE TN TR AL T NE BECTOTED FXPNNRYT
QT SRR E Salti=hg GYADFE WY § AL ANMD 7ER:C TN MO =) TN P
LTy AL —f £ 7",}?(" MCf‘m \ AT THS WTN [ 4 ')QQ '11 Q
. ARTETHON i DETHARN YO CALYL EP rA2NN] 4
* CYFCUTES g rens T IaNg CYXPNNATH
MY LMIT My VDL et XD D MR A STRINA TO MERSANL ALK CXDPANTTEA
% CIINST ARTS CY2NANRY 7
L Tnnag (=D 7 RATA TR I8 S
TITL T epTaroTaD ACT TAT TN OR [ S Fatalc S Bt)
LN S ryzanzan
3o TY EX 720N 2
TETLE TN T OR NrRn MAC RN FXP2NAN22
cran . CXPNNRD T
[N A i C L /\ ey '}f}ﬂ e Se VA
TAS

/G0 SYSPRINT An Y30 T=A
[7GNJSYSPUNCH AN ST =R
7/G0.SYSTIN PR *
PYACE [APNG TN BE RESEAYFNOFEN HERE
/%




SEOSTE ANY T
@
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Neu/ Macre s

.‘Mesc nofes  cfocameat some macees whic 4 A‘n‘.
been ooridfen or allered  since the release of msy |
manual 7 Intnduchen o Assembly Langueye ,’O’r.qmn/h’
with 0s/3¢¢" .

Rennie Petersen

oct 79
Nov 7¢
NEUCC



BOC or DS

‘(“- The H0€ and DS macres  aqre vff(*{ fo declare strings a'm'//w

47(6‘/7( v('clus, f/)c éaglk /érﬂ af /6e mMalre 14

[/a.‘e/_] ﬁé)g} o,analt) opn/z, . o @

&(‘ o/eroq/ cq e /cée one o(, Ml’ g//lw/'}g d{m s

Cstrrng ! ths 15 The /,,o,‘,o//e/ string conslenl. A dope
veclor and q charecter  siryng  are g(,,(rc/\'/ . 7%e
e slrisg may be nilf £ Aesiied.
A/[[ mo«/«\(}c}]. slnc‘.g' s s fhe ‘ex,/,‘ci/ s/rm‘y rons'/’”/. The

only dRecence 15 that it permits a leagld
mod €ier  fo be  specrttied. A dwpe veche s
generated itk an acldress  of 18, a max
lnghh s specsficd 1 the modiice oc, ¥ no.
; moditier, fhe slengs /m,//f, anwd . the carrent
| ® lens?h 15 the shrngs lenglh. The sternp may
be aull, or , ;5 the case of IS, L,

be .0"71 #(0/.

@ (odde, maxlen, carlen) @ due veche (s gesecated with i
spocitied addeess, .max/e’ng/é, g | cacrea¥
fength  lields. Fre 405 the s Liraten
hay be om i Hed .

an/ o/’li(r }y,c 01[‘ g/e’rlnﬂl (‘; q;;u.n(c/ ‘/0

< Aer

be an ara//ddl‘)/ DC, arm/cé ,er(un‘e/ 05 suwch



‘ '
i

\

| ' ‘
i

01[ IpC or ;Pf

/mp//(f/ m/// /r 08

[/15(/] $DC o s

. *[/.‘;’A(/] DC o+ D5
) /»;}///‘ra/ s/rn;9

demxz.fRS

A(8), ALL($,?)
! 5/ru;9 !

/;(ans«), Ace (Jenqgth, /mp/A))' C' sthring !

'z
Alp), ac2 (%, 8)

$'5lrng

A(ausaf)) /7(,2('/4-:.,/4) /M;/U, ¢’ J/f""Q'

/eny/'C maﬂll'f,é_r

llmm//t‘f-r '
A(£15) , AL 2 luslder 2,

* 4 /f-u) //\

Il modibier / s/r/r}g !

A ("'* 8), ALZ (MOJ//[.\/(‘I) /(0’7/4)) C ! ,/r/},g ,
¥* - /Pn,/'/) 'f'modlg;'?r-

é(_d//f) Indx/fn) (w/pn)
A (da,///‘) 5 AL 2 (nd)f/e’n ) (ar/(n)

[label] — #pC o #05
"’[/Ai/’){/] bC o DS
C) nu‘// :/rm)
[lbel T #9C or #Ds
tlhbet] D or DS
6/) ;/rlhg .
[Jabe) ]  4DC or V14
il ate)] X o DS
€> /]u// -;/rm', wit
[ibel T #pc o 405
"'[/'5(/] 1% or 05
+ ORC
p) 5‘////{9 w;/”) /(n9/4 "no/lﬁ?/‘
Tibed ] gac o 405
+[/4ée/] FOC o 4DS
ORG
9) 5/5»‘,}6 Vf(‘/o'“
[lobe]]  85¢ o #S
“"[/“f’/]» DC or DS



new ﬂ KauTL VE
FENTAY
ord é’/{ ETURN

| o~

new Kod/’mc /7arrés
One peoblem with Vhe orryinal version of ey Noatie
inacros was 1hat one had Vo pay 14e f(né‘/)’/ A a
GET190IN and FREEMALY benyg oone -everytime a contine
was (n//m/) even it /"/ was no/ recessary 74 (ou//
consume a large ampounl ol CPU time. There ace  fwo
cas€s where Hhe ﬁFTMAT//V /F/S/EE)';AIMS crre ,,o/' neeessary.,
1. J€ Jhe routtne }s wol  re-onfrant or recursivc,
@ 2. I€ #He rouline 15 a lowes]- /;ve/ roatrat  (does not cafl
ony olher roatraes or 05 sul:ou//&c‘s) ond Frrs nol peed
a work acca (/-e.. 7 oes wl 175 han//m/u//dns 17 dee
registecs or  un areas supplied by He caller)
7o ol/l’l‘.(an;c 415 //aé/wm, several c/voége: have been made
lo dhe BRUTINE) JENTRY, and BRETURN pocros. The changes /o
BENTRY gqnd BRETURN  are  completely 1a fecnal , 1. there 15
1 na change b 1he way  the,  are used, The BROATINE macro
@ 15 changed 1o pé’fm/‘/ e uger Ao g f, [ the rou/m'e_ /s
Reenlfrant o Recursive and whether  or it o  new save
arcy s Aesired | Nofe ’7.%4/ £ the ratine s re-catraal, 4hes
metst  be 5/)9(/{}0/} hich S5 dtCerent frem  Hhe ol versien
A e wmacros, which olwdys pisumed Hhis, |
7o S/dr‘/ w/'/é) A TR R VA (oa/;hg a Je. 75t =lfevel
ra.ﬂl:i;C wtﬁo‘cé idoes no'/ neeo/ a save or wor k area , H1aen on
| 1he  HBROWTINE sfu/n»??nf, he codes NEWSAVEZNG ,  taen 'Mi:
" T s a/ane) He LROUTINE macre  foes na/ yener«fc a VSECT eor
a  sqve area , BENTR Y  saves the  callees  registers , bat  does

not acguire a hew  save  grea and  Jrerusy smip//



| .“ |

resloces  the (c(/;/,or'f /(‘9/57{'('5) gw//mw} r/l)(’(/ny any 5a.C ored.

Tn lhe OféPf case £ Jhe user does not ;/J(*cn[y
OPTTING= RENT  of  OPTIONS= (MATN, RENT) | (and f he
has | ot ;/ﬁcxf}‘co/ NwaﬂUFr/VO)} fhes, Hbhe /3//0.»4;):9 wilf /,"o//.»m.
/6’0147'1'/\/5 will gpm'ra?[e 1he sauc/wor,é grea as. aq CSEc]
instead of a DsSEeT (it will shll bave the gom arbiteary

{4e savtfwork orea '

hd'nc)’ BENTRY will set RO o po:b)‘-af/‘ by /oao//ng a
V’?"}/f: aer/r('s'; (onsy'an} which retecences }*) and will  Abea
Cfim../h the save arcas n’ the normal fa:AOn) and /fna//y)
LEETARN well pon'af RO fack fo  the- ca//er's save areq Ont/
}‘(’S/Wc his r(’g/;’/(’r; w/‘/émff freem) any savet aréq, This
pc"rm/‘fs the Pregram /a be weellen 14 a re-pn/ntrn‘ ,(,,"s-/,'a,,
£ desired  tor asy laler  conversion, bul, unfil of7Tons-
NENT s 5.;:«*(/?[/?.:/ NVis e /1 14 otes the  CETIATY J FREEHA
oﬂ.—rémw/,

One f)oa/ 1/;’6/'4'? of the  neew Rauf"mc  macros (s //;m‘,
1 the e of  non-reentrant programmeng , ooy pecomit o uger
!’o Sfen‘r[} e 00/6//‘655 o[ the sque careq. Ia 745 n;;e,
BROWTINE locs  nof qcm:fa/c Ay ;4#/.”@/(' arca Jut BENTR
wit  set Lo/ /e/:}/ w?  Me wusers caqve arca 1)/ orny @

LA on ity ond BRETURN il agam  pont Ry bech . b fhe

p)
/d//.)fr’s save qgrea 0'/7/// res lore  his rpy/;’f(rs.‘fn oredir fo
f'(/‘rf/ the adldeess  of o seve  area , fhe user shouid
cale NEXSHYE = (Y¢§$) sqve drcancme) on s ﬂK’O(/‘/"T/VE'
slatement, Nole one restrcdron : i€ OPTTONS: MATY 15 abso
4/7;;(,/'/‘00/)‘. 1hen 71*{76 sque Qareq 5«10/’//'(0/ 44‘/ ‘féc wser m-ls‘f

e 20 word's /ony) rq/_éor #fan J‘m/ 1¢.



GEND

o /I
This macro
begun wilh o PEOUTZNVE smacro. I/s formmal Is a3

fslfon s

/s wsc'o/ /a (r)o/ a fw)l/hc Wélc/l was

BEND rv«{/m ehame

W)é reutine name s rgy,u'?c/, and must mateh  Ihe
nhame on 19e preveos Iﬁ'A’WﬂA/Z shelementd. Thes  wmacro
@ gtaerales o fJl7roee |, g(ﬂfra/c” /4 /,‘/em/s and
ex((ulfl/ v srwetions - ((see YLrore ond  HEX ) N and
Jhen gmem/ﬁ a JoRoP  fo  Jdrop 9_// /4he ,(9{5?(’5.

pxam,/e

BEND MAIN



L —

JE X

BEX
T%i5s macro /f’f‘"'—%J /le execu/rO/ ,hs/ru(//on fo

50 5/pc/f/%/ as /4( 'z"a( op(fl'vc/ 0( f‘( N/ 54 ,hs/rw(//ao}.

I/S /grm s 5 /07//0«'4
[[ﬂf:(/‘z ﬂf)( r,’,"lef Py (o,(o/e 3 a,(umﬂll 3 0’(r4~f/2)£ L(SE:@’ d/./

where opcode, operandt, and operand 2 ﬂ(//y deline the
jnstewction Jo  be executed. The execuled s tructon will
be gesecated at the focahan of 15" 4Ems  snshocton
[or BLIORE ,psteucties ), See GEND and 4L70KC G- more
dotarls . TC the USET grerand 05 codded, Yoen o LuUsE 1y,
adole /s gmt’rﬂ"’ﬂ/ Jefvee  fae exceculed ms/rwc//oq, andd  a
o’ ceg 15 Ptaerated tollonrng 7+ .
PROPAGART  BEX Rsy (Mve,y, xR 1 ¢+1 (4“*)) XK 1)

YE X R7, (TR XR1 (¢ =4) wrerrast) ust=(
¢ wrer)

€X.

FEND RoOUTINE

these /6s/rac¥lcnr ,,.47/ 7‘(n(rd’c /ﬁ@ /;//.awn\p

PROPAGAT Ex Rs, ALITA92S
Ex ~ R7, BLIT 393

JLITe92s MVE XK1+ (ae—vt)) XR L
PUSE  RT, WTCT |

gaareazy TR ¥R 1 (4 -4) WIcT7A61
gDKOP R9



BLTO0R ¢

N
® LL7oK ¢

7his macro  genecales any /i ferals that  hace
éofn Sav(‘c/ l:y 0/4(7 nacres ( f(l-s' ) IMYS , elc )) ond/
a Is o ;(rr(rcft’s any /3 /ru'c f/onk sa vc.";:/ éy ./,5(. iéﬁl’

ma Cro . It /‘04(0—. g{'n("df(s Qn a(p‘/l/)b/‘)f QSS(‘“"IPF L7TOR &
7he /o‘r mat of f/)e /ﬁf‘/ruC//aé I\S

/

BLrowr &

777(3 /ﬁj/r“c//bh Aa; no op(nrna/)/ anol (‘dr) /w?/ Aarf

. /45&/.

fxa M// ¢

ger ¢



§Jr/hj l)asn [p Vl/a //vb Macro s

—~
‘ ////c‘ ﬁ//w//n"y MmAacCros Are u;ca/ ﬁ m4m/ d/d/C 5;4,,'79;-
P
gcls ~ (ompare /a_y/&a/ 57/r/hﬁ5 4 S
ﬁrn‘rl?z:
[label] BCls  stmgt, slnot

. 74( -/wp 5/,,,‘,95 agrc (‘ampd'?l/ (1( /4(')/ arc a‘p M"P?Uﬂ/ /‘4]/{,
anéz fherr /"'"}’/‘45 dare (‘am/dl'(»f/) grnd the comdi¥son code /s
6{/, Rglf-ﬁ”s 71, g2, aqc/ RF cre CAAAF'CI/. 5'/40 'opprao/

. may be a !)1/‘/}79 /,’/era/ N4 4/(5//(_0/..

exam/:/e s .
(Or1PARE SCLS BUFFER 5 = '/#% '
4CLS XK &4, POPEL

gmvs = Maove Sierng 20 &
lisrma# '
[/dbe/J AMVs 5/”:‘191, ;'/r/hgz

The second slrng is moved nto  1he lest slriigs
focation (an?/ /Nncﬂ'n/ 4 mres;lry) and  the  [lenglb o
loe hiest stng isosel. Registers &1, Rz, and BF oce
chobbered . The second specard may be a stemg hteal
£ dessied. wode that!  Hhe operand steing 1 must  rclec
bo a vald Ape  yectr, .«/40_56 adress and  max /pny/4.

15 wsed by fhis gastenctian.
extmple s
- MovE #rvs BUFFER, =41 THEKE'
INTZ) DofEL, XR Y | |



pCcvsc - (o,wul' o §/r/h}: from (/wmc/(r — 5@:("\/5('

for—ndf .
[//‘f/] ﬁ(}’fc J'/f/i)?j 0/;/)/_ [)lfﬂ/: /(n}//?]

The characters af focation o,mc/ are  maved nto  dhe

®

sting ( and ;‘runcq/ro/ i ,,e(rs;nr/), and  jhe current Jenyl4
of the sleing set. IO LEN s no?t S/"QJ}?‘/) jhen the
/M9/4 ar//r/'év'/f o a/n/ s wsed. I?ey:#ns £1 and RF
are  cfobbered. 0/,,./ mty be a character ftecal 1€
Aesired . ’

/
examples |

Ms¢  gcvsc BUFFER  =('HI THEKE'

Jcvsc botFL, XRE LEN=20
S deves - Covert fo  Character flom Sterag 3 coo g
lormat? ‘
[iket] B CVCS  apady shersg LEN= lenglh]
The conlen's J/ the s/r/,)Q are ,.,ovc,/ o the Joralon
. (,-,m/ (ard //unm/e//_ or /mz//m/ wi?b Yenks £ /;ecm'sar/). £
LEW s ot specitied ) dhen  the length atbrbite of opnd 13
.usta/ fo  delermene _Jhe length of  he resulton? ot
Registecs &1, KT, and KF are Jobbeced . Shrn g oy
be a slerng hiteal Arssied. |
examples
pA>  HCves xRS ,='/+' , LEVZED
Beves  LINE , BUFFER LEN= (R7)




LCVBS - Coaved o Ginary fiom Steihg — $CVBL
lirmat :
[label ] $cVBS reg, sting
7he G/r/»‘;) (nhich should consist  of numeric Afala

gng’/ op //o na //\/ p/p(epoall'} g é/dﬂl‘}) /f con ver /(’/ 7{9 é/i)a"/

°-

)or 9(n(rd/ register reg . Registers K1, R, and KF
ar€ (/olérreé/ , The cana//'//ah (‘oﬁ/e /‘s‘ ;e/ ﬁ pg«ﬂ/ or
/;,9/, ) /qa?na//mjp 0.»; whelher f4e resulf s gero or ol

The silring a/o(’ra'ro/ % be a ;/nag Litecal

. N | ;/p;/i-e/.
exqmples :
bcvEs R&, BUFFER
jeves le;)—:'ékzas"
gMvoy - Move Dope Vector — Liv ey
Gematl ©

[l«‘c/] V44 opnd 1 | opnd2
T/Ilk macCro S/n)p/y' gpnern/fs a rrmove 0{ g8 'A//Bs.

. K
| 7he Sercofa/ opefwr¢/ may be a o/.::pevcc/or /,'fOrl/ o‘f
d(SIin(. 7

€X4m,%’5-'

riovEDY  fevdd  porE, =@(LINE, ¥P, B)
Fmvdy  BUFFER, XR ¥



e

- Many  hore Miscellamesus /lacros

‘/“\ | i .Kean/‘e 1 fé 71

Kegz{fer Md(ros

FUsIné - this macro mamtams He snternel Fe.
a mgqnaer (ompaﬁ‘/e 5 Hhe LusE Oh/ /ﬂofdf’
macsros. ‘HoW(/.tf, un//it l“‘f, 1}' '(mwﬂm-s S

$y0ﬁuﬁ o/ ﬁc ‘a“{m‘/cr ASIT & s/lﬂ'hnaf,

® example -
Jusine xRS, Ré |
this sttement would gemerate The ﬁl%wm‘; Jishactnas
UsIne  w4p, RS
ustne * +yp96, Ré



Rou trhe Macros

ig; Lort

of error cona/l*/oh L,

(u/e 121 u;ud/// n ose

nested reutimnes, one
Jo check for error conddiFrons on re

reburns fo its calter, s oy

When a roeubine
of the followssis coTag

- refqu co/e_ ﬂ
found - rc"{‘”o cedes ¥ or

end-of-Fle  encounterea
error conditron - return codes 1t anodd hizh.
permanent E/o  error
shue Yurcd progream w it
tiols that 1t 15 anscy.

wrn /g’”")

narmd/

wn uswal conditren
(Xanp,kA

'CXﬂM//e

0[/(0')) /7 O AI?‘&V

('l//. L/;ad/él » w/(n an error (Ono/l 7‘/051 S On ouw
want Ho ‘O /fer back up to the top? of He
bp [feve/ >

subrouwtrae (a//r, ‘and there at the
of  the 4@/’05/ leve/s, take Fhe appropriate
actions neccessiated by the error.
T%hs sort of scheme (s //ép//'meok/ as

Fiest of  all, if the . 7/0/4/ symbe/ &Lérwow )

a non-null value, Hen the code produced sy <
and GRETURN s moditied. & And secondd), , @@ e
macro , 8 ERROR R has been 4/4(/ fo wse n signatlyer,

He defechon of an  ercer concditon .

BRETURN - . hen giroN s ,,.A’-,,.,// the ZRETHRN
qmeran‘c; @ drenck K fiur btes ,45/ RE

o diiect ‘ronc‘ ﬂn«g‘ RE

......

-

% e

.........

......



Jerir - when 38MON i nn-palf ,  Hhis macrof g{q(ro'/cs
® an exfra 1hstractron ﬂ//ow,,,', the EALk - e
gubrentine. This extra sastructron wil/ be s, 7
[f the subreuatine does a numal SRETWA..
YRETUARN il banchk F & bytes pst RE.

‘ WLl HERROR s ofone BB by He
.f"cn this extra rsastuctron will be execured ..
the fuéj'e(/ of .n, EX  ihstructron (sec Fx.
below ), The JALL  macre has an  ERRORE gper..
® o allew the seling of this extrm  shastra s,

EAROR = a/frww/ ' may have Ihe ic//vwm;

WAL , 195 trac (’_n »  gescrefes

ABEND )e 2H'e'!
LéNoRE '. 8 Y "
(ure, #n) LA RF, XRF1n
(8rancH , a) B a g
(JumP , a) | 8 a (RF) exe
| ftox
® excqp/e
deale aznpﬁue;(mm, (RS)), ERROR= (Burt .
woul o gen erate
L RF, = V (READFILE)
LA R1, PARM
LR RZ, RS
BALR  RE RF |
@ LA RF, XRF+¥ - on‘/y exeewted 1+ gubn
: oes a FEAR o



BERROR = #4)s macro 15 semewhatl similar h the ORETWRN

macro | th that F  sels  fhe return code | frees

Hhe work area if any , and cesleres the callers
reqisters, However, snstead of Jranching f He
contents of RE t¢, as JRETURN Jfees, JERROR
7me~f“ an EX  of the tastuction of RE. The
snsteaction at Fhi's locatrin oepends on F,  EAROR=
ophen coded on the BCALL macro. If E- - ACEWD

e was coded, a B¢t abend ill occar. I Env.

I6NoRE, (BRANCH, a), or (_IUI"I/, a) was coddeod,
Hen a branch Iukes place anol Fe cok
pregram (s new 1a contn! agari. Howeo

ERROR= (BUMP, n) was coded, then the
hsteuction,  which modifies RF s  execule ', K4
contrel returns FH the remayning 155
9h;er.»¢co/ 'é)/ the YERRIR smacro. 7 hese ..
cHlechiely result sn loopiny throush fhe Sevi -
«9ain  (excest for fhe relurn code sebimg), 7- .,
as (¥ the calliig program hed iisued o A
and Fs work areca (if any) 5 freed ons’ the
registers of  [fs calliny program are reshced, .
an EX owme on fhe pistuctrn al RE o vh. F£.
s0 1 conhhues 'unﬁ'/\ a Il s fovod shar
specifies  something ofher fhasn ERROR= (fip27, A

| | lgenerd/ form o YErROR L
B ) [lebe!] - fExgon returncede

............



f-r exqmp/c ) (anﬂi/er- the ﬂ//wv/ri, s/mc/um

AIN  BRouTLNE 0PT TINS = 1IATN

gcac A | ERROR=(BRANCH ,NuTS)
NUTS /,%;‘E,vé“)”.w (&)

A HROUTTNE
BeaLL 8 ERROR = (urip, %)

/

B BROWTINE

JcaL ¢, ERror= (8urp, %)

BERAIR 4

¢ Brearzwe

BERROR &

In thes eKanv//t y TMAIN calls A, which calls B, whi
calls €. IF C executes the BERRX® & stefemenr
then C retuns with an etrrer code of & B refums «
an error code of 16 (12), ond A retums .. .
with an ermor code of 24 (§+16), and o bramch -
locatien NuTsS (s excculed. T saslead, the GERROZ 2

sledement .5, 8 wws cxecufc/, RE woulod Contary : &
Hhe errer hod Cllered up h rAzw.



i

Reutine Maeros

Data  Block (Tacros

ﬂ"t macros gqre use/ /é;/ua/ ,/' HRoUTINE and

' /#5”7'( Y /;f l/l(ﬁf of Jd/‘ w‘cc‘ Ccon /‘/l.) no . ,’c.'v;.fi

o~

code, and  thus o npeed [ic saving and resforsn, F
registers , efec. An f)(qo;//é’ of « ,o:r/'l/e use
might be a CSECT full of translele [febl o
Jookup tebtes. ’

® JéLock - th's macro 'y/»,’/éy sefs up 19ternal/ va

JOATA - s macro is used o y(aera/c CsEc "

for the Halhwiny GIRTA wmacre ¢s). It vl
e //"” of BRONUTINE u{ea no Cxecu’ S code
/s trvelved. o
sya/.'x
 lebel  4BLock

ENTRY  slafements . THhe Lrst 8parm ;. o | 4
gtnecales a CSECT Stutement of the -

the block. If (F has a label, and Fthet (i

s diF¥ecent fom fhe neme of the block,
an WEZm enlryneme EQA  blocknae and &

ENTRY en)‘rymvn,g are ;mera/e/, For 2/ seb. .

BIRTA  sta /ﬂwn/;, An  esfryname PDC @L'D’ «
en ENTRY etntrynanme | m generetfed,

Syn fax . S
entryname HDATA

or



7////’79 Macros

. iC‘ Sc - compdrc /051 'ca/ 5/(169 }o C‘ar« c/(’.u'
7his macro can be used b compale a stig
7‘0 some c/era (4 /c s sn memery.

Syn 7‘4){

. [/‘b‘/J dcLsc s/nh’ ’ o,»u/& LEN - /(ngf'/-]

. . f/fe code ,o,cra/e/ by the macro first compures

| length o the stung fo  the length. alribute o opad, .
® EOLEN: % g/e(/?tia/, to  the Jenyth s,eu//'e/ o0 o
L Hhese lengths ace  egual, then a clLc 5 oo
e contents of the strivg and opne.  In orther cas.
Yhe condhsn code s sel | seflecting erther the compa
of the /M,M; or the Compar/s os of 1he dAala

The hiesl operand mgy be a striig lfera/

The second oper and may be any other kind of 1. .
if /{Sli‘t/. |

examples

fctsc  BurFer,=c'z¥’
dct sc XRY, LINE L
TEST detsc  ='$, evrey



Fissembler 0p exlension macros

74 eseCc macres };h//)/ /)ro vt ;!/c w/nor €x /(ﬂ >’uhs:

® ‘eoyond Using fhe same opcode wilhout fhe o .
JCSECT - as well as genera /m', a CSEcT stefemrenl, +4.
. macro )’9)4' 7% c 9,4/l/ Vdf/'l//e & l sECAAM b e
name of Jfhe CsSECT, ond sety He 9/045&4/
varinble LYSEcryr 4o ‘csecr’ .

ﬂ DSECT - as wel/ as gt ?nv Ydg a DSECT statemenr #4,,
. ‘ MACro s(/; The 7/0‘4 / Vqr/'d;/e EHSECNAr) . fie
name of the bsEC 7, ed sefs e y/OIa/

var,« /e g4 secryr 4o 'dsecr’ . Also, iF e L
,‘e/ 5 /ﬁak, an lr‘fff’"y name 1S mede upeo for (7

HEGY - ¥ te /aﬁt/ freld 1 non-ﬁ/aaé, on t@# /5

generated. IL the fabe/ #e// 15 blaak, ha/"‘"}
s qenerﬂ‘r/ . |

; .JPRIA/T - as well as gf'lefd;h;g a PRINT sf'lemoq/) Fh s
macre saves e ON/OFF, GEN/NOCEN, and ~7A/r

values ,, the "glclo/ wriables KIPRON, KEPréEA,
soPROATA .



, (O”ffol B/OC/( Kenera tfon MMacros

. 7The /S/Aum.'g macros are used fo acd . He wr:}l"/hg of
macros to gentrate conlrel blocks, Using these macreos provides
Fhe HAllowing  services :

o allows fhe same macroe t be used Fo gemerate eer
a DSECT or ordinary copy of fhe contrel block.

b) perwits the ophonal generation of o soterna/ [abels, some
totecnal fabels, or all iy feraa! lebels on the flelds
within the contel block,

® The folluwing 15 an example of a contrel block macee
wn'/‘/en using fhese gervices.
MACRO
gL §0b8 EAVIR= 3, LLNTH=0, X
4DSECT= NO,46EN= |
. DATA DESTROYER BLOCK
| £L 4E Db8, L¢EN, RDsEcT, F
® DDBADPR  #Dc  ACLANIR) ANR OF pa7TA To BE DESHOYED
DIBLNTH $bDC  H'ELANTH' LENETY OF DATA To Sr DESIROYE,
sx ) |
MEND

T4is macro con nows be used eiffer A gemerate a D8
bleck iy vyeur pregram
far exdmple
| 0ESTBLOK JODE  ADOR= DATAS, LNTH = 1 &
® u{cdldl generate

DEsTYLok Dc - @F'd’
be ACorTAS)
bc H'19’



Or else you can gwuse fhis macro b geaerate a

D)8 DSECT, Br purposes of symbilic oddressig of He
® Lields withm the block, ITn s case, only these

Jabels which you /e;ae;/ be merq/c/ wtll e ’(/u'/c/a/.

{;r fxe ")// (4

4008 DSECT=YES, CEN= (DhgLNTH)
w?u// 9?4”4)‘( the 4//0«//'{,

bL8 DSECT .
bc Al D)
POENTH DC Ho'

Je. the name of the block, plus alf lebels shcles i s

the GEN= operand are 9rq(rd/¢/, bw}/_ none of flhe
labe/s, (T you wish 5h gen ernte aff Hic [labels, o

R r~

can code EEN=T ) .

This scheme 15 mmplimented via  lhe YE and GX
macres | plus  The bact Jhat  Hpc  Feshs  internal ivbles
sef up b y YJE  pelore gen eratiny  Yhe Jabe/. Description o7

® the HE and HX macros bolfow .

3 - (for _én/ry) ‘-~ this macro s used f sef wp .. vwa’
lables and sw,tched Lor HOC and EX b suppo ‘e
gptranal generatien  of febels, It abo generates ei¥ie.
a bOSECT or a bc  gslolement P begin Fhe biock,

synfak - | |
® blabel ~ VE  bhckname, ECEN, 2DSECT, blockalgnment



explnation -
Blabel - This  should be e same vartable .y mbel/
as wused on the contrel bfocks macro piore. . .
Lt /s used 1n determupimg the labe/ 4% pic ¢
on  the DSECT or DC  slitemen/ which
gem'rd/u/ ‘y $E A begin  Ffhe ‘/ulé,

blockname - Kis 15 the name of the bleck. .+ .
gentrated as the Jebel on the DSEcT or - .
produced by YE under the follovsny condl.

q) Zlebe! was blank

b) ECEN was non-bleak.

ECEN - /'4!5 séou// jllf/ ‘C ‘_/46 LCEA= | kar;na/er
/rom flit (Oo/ra/ ‘/OC( ma cre ,f./o.i Zr
should have feen qiven a aell lelau. ’

Vi/a(. If s M"/ /a S'/ /fp/trno/ faole,

Dsecr - His should jus/ be the LVSECT: pgruss:
from the contral block macre prototipe . i
should have been giien @ Lelault alue
of YES or NO. It s wused b o irmame
whe ther o generale a DSECT oF «
h begin the contrel block

.-

bhckalignment - this spe cilies The algnment nece. --ary for
the Mok , usually F or b . Lt iz used 1a
Hhe OC h beysn the block (F DSE: “=NO
wes ;/«,ﬁ‘c/ or assumed. The r<sulting

Oc stalement will be bC Ba'®' , where
ais F or D, as specified by this  perometer,



24 — this macro  simply  c/eens up sh ferna/ tebles to
restore  H0C b Fs normal mede of alwu,
generatng  the label. ITf should @/ways e
the Jast statemen? sir « conlrol block geqer.

macro,
synla x
X
Hhis macra has ne label and ne operends .

" Bnother macre savolved in this scheme fs the B¢
@ macre. This macro s wsed to oefermine F a4 label

is to be genecaled or not. It is wsed by H0C, g

JCC'W and I9$) amony others of fhe ofate 9(40:64'; macres

If ;i s desired o use (x/k/'//)r) the /o//oo'/a') documenr.
5pea'f/'es how.

y 1= — this  macro dAelermines i e fobe/ choulol be
generated . not.
syntax - |
® fabel  HE

‘where label is He name fo e determmed i
should be yeoem'/e/ or nof.
The answer (s returncd sy the yﬁ‘f/ symbol SIC .
IE the habel shwuld be generaled, then o il be
returned o E4L . I the /ei?/ should net be gerated

@f/& will be set Fo null. TAe vC//owm') exp..,//f JHes o
the use of this macre '

® - DDBAPIR Y€ | - TEST IF PDBAbDr 1o 8 Goo
LA bc ﬁ({mk) CANR OF para T £E DESTRIYE



In‘/efna/ Macres

.‘ 74e R//Ow/oiy macros are wsed /3/3’04/& [), He
o Her macros. 7Hheir exact synlex and operetion need

net  concern the avereg® wser.

{eﬂerd/

JP -~ this macro /s u;e/ fo load or shre a n’mrrcurefer
1ito or from a-reﬂﬁ‘er. It is wused by many

of the other macres.

® YSAVELIT - this macro s wsed fo save a ltera/ yway
for ye‘ne"dﬁfa at the next HLroké. IZF s a;ra’

P -
lvy JEX ) L |, and &/l Ffhe shis 9 wen 1P bl

macros.

51r thy PManipulativn, acros

ﬂSl and H52 ~ are u;e/ » process #e Af‘if -

second cperands yespecti ely

Switch acros

swseal - s wied b scan off the bit operends tor JIF,
Hon , HOFF , ete

Reqister Macres
dRNum and ERSET are nternal!  macres ,0/ YU ond 1RO

_ Routine Macros
® G ECTCORE and HPuTCORE are wternal macres of iE'W’KY)
HRETVAN, and WHERROR |




20C ond 405

® ﬁfé?Ll Gs®), §SEP, and 4 5®5 are mternal macros
used to scan off variens types of operonds.
$5€P i5s abso wsed by WsqveLIT

JE and Y&
YFENSAVE and JEENSYM  are internal macros wsed ho
' manpulate e able of [abels fo he generated, and
to determone /}7’ o« Jabel! (s fo be generated.

®
Miscellaneews
§0c0S - interna! macro of HDC and 405
fecwt - rifernal macre of HCCw
GsI < cann't Ffgure out what Fhis & Lr.
®
|
. _ | ‘ ‘ . [t’d’ﬂ(@

2 kb 71
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E b »«/ N rJ ~ ,I’ },:’!f
5")‘/"‘”71"5/ /7 .J-J!—céze- co'f’ FE P quvg 7D :3;3 & ‘,-‘:ia,(.

macro . The wsucl ;}roce/a;’rc s Fo
jj,ﬂfcz‘r“y betL = (R, XR) on C) Jac 44#‘,2;"’
‘f'.‘?é‘w:"?';é’/:/@ ancd o nof 5;70.'('6/ it oal
{f;’,'/ on Fiie 0’1‘,5’:’61' SREITTesE ‘3"1«7"‘@‘936":?53
2 7ae f:‘fogmhq ., See i'ilc Joecl m.a(ro
{‘gr mere  /n )*Grmaf,'/oh on Fhe ;ym;é,,[,}

regiskec names .



c . Routine Macros

Macros used o facrlitale meclular pregrammm g wnoler

o5, with  special suyppor f Ar reenteant progtammng .
V4

. 2. / .
savc areq ‘;fao/\’/ng’ and aufamarac. i.’an&./lc'ap o

erreor c«mo/c?“ions ¢

c. 1L Mea"cl.‘rr B0 ramrpsdy i:vm._G‘-,fl‘ os

Men unﬁg fi(;e macros 7‘0 wn'z‘e f»oc{w/ar ‘progrdms
’ Az
;/lo ron ':nc/er os y one pro ce’ea;/g 41 )41.//:.9“'5 “z e aead PR

. "17 i - . . - y"”c ar A?Oo’t
e S Ttre /Orogr;w:q /5 a//u/a/&éi/ ulp /% fo —ro

. . o4 .
” léc’f’c‘;‘- &e &.'/4'? " lreu )éln s & w S c h c{l// 846/) efwer o
¢

o structured  maneicr, Each  reutine  Is werifen

to He o /o wis g convention 5 :

routname L RICTIAE

Vi
CoOrRryp CRl s

”'f:’.W;;“ woer areaq, Cop '/'mnq/)

(’xem.*'":ﬁ/c 12 s5teactions
wckedding  Gchiies

f"ﬁﬁ?‘c/ 20

-t »-‘;/' 4% [

AR R Coptionmi—
¥ Cons7i3m s '

e
Ccon S/qql; ) s arip

[ o ’
LELD rewtiiare



N J i -
The above segutace t5 fepla fecf Lr cach reu Fio e
4
reauticd  fo make wp e Complefe prograss . Finally,
2. . s 44 ; ‘
inae /(.' SIL rokn¢ (3 :‘g /Nwde‘f?’ Zz), an Q5 5€4 Ster
END  shifessenf

/qar*l! o{? f’:’;( a»éa v 5‘”;34.{3:‘7 c¢ o‘.ﬂ /égfruc//chs
w

é/)C Co’l"il‘ﬁ/(rto/ /4 mOre ﬁ’lé/&!l./l

7 - 4 r g
TITLE  stalement - Fhis  causes e aqsstmicr
5kip o o aew ;€ anc! o print  Fle

/0

Yy

. . /r -

speclicd Kl @l Fle Sop o7 Jlis poje

anc!  exch sq(((ecfzr}y page wabl o
new TLE7LE shlatemea? s Prcoisn f‘a'fcf/.

i — — ! "'":" .

SROUTEAE  shaberment - Tivs slidtement tias severa /

parposes .

61) ]f‘ I's MSCo”/ Fo 0/6(/4"6 %’;e nqs e ot
Le wéo/e | rotbize drw\‘/ }i’o S#eci f/‘y fie

. g L .
oyﬁo»vd/ ;‘cs‘)zc(//i‘”ltf clesired, For ?mf:’?ﬁ’/t,

n[ 1he ;Qi"ji"’ raw/?i)e 1‘5 ,i)'.'/cftec:/ c//ic’ci%,

#ﬂrom @SJ ﬁ’en OPTIoNs=1AZY  should be

€ L%

specified. I€ fie rewfine s fto be

reecfren f, thea | OPTIONS zREmT /S L

ghouwlc e

SPfc(‘.[iccf.

V4 ’
6) T f can AC’ Us€ci *}o op}'*_io;?a{{/y ,;/ec/.:gr c ,*I.r;e
7 . - . / -
sym uo/:c reg lsfé’r ndm €5 , Vq fae DCL=
opt’l'avr) 6{ . Thies fs us te.ag//y q’ai? e 87 f':';e

-/;’r")‘/’ JROVTENE 15 Q prograi;,



¢) Unless NEWSLYE=MO  or flewsave = (YES, symc’w/)

@ s s,aea‘zficw/ on tie [JrouTZolE, a (SECT or
DsEcT  will e gcnc‘rm‘ac{ o “ epLto “ the

deF/hzf‘ion of Fie routines ?avc'/work arca,

Bn 1Y word save arca wilf be /w/aceaf‘"

in the savefuort  area, cplionclly Allowec!
Ly a 2 word dope veclor to clescride

the FPARM freld on The ExEc card (Nﬂ;‘/

£ op7Iens = 19arn is specified ). Fvoit—

o~ / "., - lu ..'*'“"""‘“"‘ T AT TERRE S e eI S e .f" “j--u-——— vy N
. ety i avT AT W 5  Lox ey Py V2P I Ji ,;'e;/c,? AP R i [Z 0t danr~.
£ ‘7
& [P pm Gl ) #, . __\ e ey Bl = oo 4 .
ISy TT T OTE LT .'m-r!ae‘r;\w o ~f';.ufrm'7;( Yy 5 e fe T

. Y/ P -
S B Exteniledla

Co‘mw(nf: 5 - 17 s 5fan a’ara/ pra c/-(c' e ,la Flace € 0 123477 enls
ot IL #oe 5 f?«"‘ / o (C a  jou fi/.a} e fo cleszrid e
the pur,ooﬁc o 5? FHe  routs €, /?Lj 7% c,f';éoc_/
07[ 0,06/@//0‘9 ) ﬁ/’: //6) /fa}é/‘wvfl ete . Lt s
d/jt‘_}’ use £ al  fo spec /:{, 7 the 15 Py 7 para b
ot four values E any., cad return .code;:

L
1T any.

“‘V' LT, . .
worle arca =1 /hs section 5 wused Fr Fhe Dpc's R
ps's ’ e'i{'c e a(escr,'ée tie rou )‘,7176:5
wor/é area , 7',4‘33 worl area y{?ﬁ’j ﬂvecia/

. Qp‘ N R N
9[9&7!?’: cqnce /& I €€# ;‘ranf* rcv:ﬁ-e«.w €s, w-’.::c.é

D - Fo . 4
will  be cliscasses!  [fater, T fle  werk

® | arect exrsts 1€ NEWSHUES (O or MNEwSHVE =

S tiog

-~ \ -y - ,., y el '/
VS, symbel)  was  Specity ed on fic

»

N Ve e
Fif "
ING = P Iy P



SETRY  glalement - This  statement Jelines  the
® enfry laon‘;/’ o he iou b e wiién called
at  execcution Fme. As sueh,  phe Arst
gf//ﬁf\f 5‘)‘4 fer eal I Q rauﬁ;‘pc ey be
reyc’-!m’cm/ as 'c/o;:hg ' e c:/e%?w‘: (Fion of
the sqve / werk arca Gt auy ) e ol
'0;'4":)/079 ! i$C a/&[/h /9‘/'0" Oir 75}'6' t’Xr?cu/a*é:/c
far')t op #e ro4 %/r)e B ;k-’?a/ 75 /’*"}C
reatine (s&ecrT ﬁ"s‘e/?o. ',[n aa/a/l'fion ) cach
® FEHTRY  statenent 19 a2 rotrse pertorms
?’/}36 A‘%W'n9m; °;€rve6c°5 : |
&) Saves Fic callers registers 15 AL
Sarve area,
Ly Sedfs  Re  as e base register Hr
fhre robf)(’;f? e,

C) ﬁ:,",&".’lf‘éff a news §CV€/auor/< aerca

” ge}f,!/i)n i) }o P@hif’ C?'i”& If
v nce c’f‘f(’i’“y,,‘ A% CRQIneRD 47 Yo
() the calfers  save area g according

Ilo OS conveations . Thys aves 79e
roufine q valid o5 save arca  and
makes  Fhe wsers work area ad tressalle,
N . ’-l'f‘?a,- “»
ﬁ[) If fe{;-,f!@;/cé{ viq o,aera::e(s on Fhe LEU Y
code wll be generafed b })/ace he
16 put crumeter  reouter ’ oo
.I £ /).;' S("")flc \/> I 5 re ) Corf 53 "‘)

14
0T ree le;LCfg.



execut ¢dlc Iﬁfi’rwcl'ioavs - ThH/s /'5 ﬂ)( 2y f’xc’cui“ﬂ{/ﬁ

fcact s

par‘f 91( Fhe fodﬁf')e. 7%i5 Is /7‘"2‘2

section where you ac;tua//y olo  He
co'»/’wf'bg reg cwi-e/ éy e ca//f'«'};:
NM?‘N‘)C .//{’fnpwl" 7‘0 14 rw:fu‘oc conses #s
of Fie paran cters pass el 1a Fie
regf;fffs R2,R2, -.. ., For assemé// -
[anguage -oﬂ/y a/ﬁ,ﬁ./[caﬁ[@m 3, s
btﬂu'{/ fo use o «;mzera/ rey/g'fefs

as wnecessar, Fo  céx Fars, s pul

valies, wlitecss o5 ot velees, or
ac,/.ff’:fefs;’f";? 07‘2 cc'nf%'/ '5/{9644*’ . For rou f:".":?CJ
(4//6’&5’, ;{3)/ O35 or Far//m,/ (séo/l ete Fhe
s kondard et 9 seguesce wses K1

Qs & pam’f@r o« lisF c:»*‘(‘f @"«ff/ae:?ﬁ’@i?
£ fae 1o put  paras efors.

" A ;’/ :f"il. . /f(‘a . ﬂss:""l*
/ / 4 j’?‘{:&j}er/éy v%w/ D U O
A

€ GCALL A macio”

- The pcAatl smacro is  wsed o call

anoiser subroatrie fown s subrsubive .
I+ g@,;cmfes rode ,7‘0 pPer form #he ,4%‘4//»‘79
actions :
a) it Jeods F ac/é«é'CSK of  tie
sabrocthie vifo  AF,
é) ,'f;' o,a»”iom/%/ !oaa/s Fle parmae/e’ff
or tie aﬁ’c.fms;f; of fire paramc’ftr:
o Fo 2 % Ra,



¢) jt dbes a BHLR RERF fo Fle

® subroatize.

WRCH ca,;ﬁf//abg @ 3(,45?’3&}%5 e /f' /5 /?0%
necessary o gpecificall,  save fhe generaf
reisters  sice  Hhis  serviee shouled be
lone by e subrenntror e, ,fgweuer) £ this
reutmne or Qny oF 1'745 @sclaclanls wuse
e f:lbafn?m) /W.N}f' ,ogzs‘l"érs) and i€ #he
PY r‘?//eé-/ S‘uérowﬁfpe meary d’esz"roy 75665 , Flon

1 .,'S the 64’/15;79 reufiye's Vesﬁcnsllff l’//’i"},
o save  Flewm Sefore Hhe call andd o
FCSr"an: themn ﬂf/frwqr/s. His 60/73/2/6/«7‘."19&
wsually —on !y applies to Forfran
subroct iz e s,

(a//cf/

After e ’ subroutive  has referned [F
/s uﬂm//y ap/:m/?r/'q'%e fo  test  Fhe
refurs (0&/@ 15 fcgl}iler RE fo  Sefermme
I‘f an)/ Mﬂwsud/ or erreyr conc/f}“/‘ewx

/)d ve éeen a/é’fec 7‘86/ éy ff’{’c’ 5«//‘00(//;}8 .

15’/?57&!/)’/1/ -~ THhis macro s u;f(/ Fo re fure, Fo Je
ca///bg roufine,  or in je case ot Fhe
- :F/}) r'auf/i; ¢ f'c re 7“4/}7 7‘0 Wf};ae’ae'r
vyviked Gf, wsadll, o035, The GrEve]s
a21arro g &#7 t’fc’--:/c 3 co a/ e ;’e ;ﬁ{)@f f% T /&76

fb /%?W/iig é‘?w 6%/‘&"1 s !



cosle /s f).’f:': ced

qgre norma//y

/
ay tie spec: Lied refurs
KF. ﬁeﬂflq co.;fes

2

a multiple o v ¥ fe //r"m/f Alenr
Fosf/'l» le  wse m @ jump Fedle .
Eere s wsed Fo 5o .fn-’f:u, normal/
cormpleFlon anol b, &, efc. Fo
Sign z'fy wnuseal  or errer ¢Otacé}‘/'on s
in Icreassng  order of 5<§"chl?(y .

b) £ retarn . valees are 5/?ec13p/‘é’6/ Fie

are /Oar/w/ mte gL fo Ra.
l'-,[; & wre? S y
G) ;_",I:.»- S'L?UC'/W 0(/’( area , auzj el eﬁ/ _—=
for  Hhis reutine 4 BEwiey s
> e
2.7

e (s S - P oce fed 4 4 L REre
/) the coffers registers are restorect
exce ef’f' For RE  and Fe refarn

value repisfers € any .

e) « LIR F=T RERF s  dlowe o
:»‘C'i‘ fire (0*;6/1%/‘0&; (,oa./e 7o /‘Qﬂ/@crf

fﬁ're’ & €ro or 5,/5.#{: 5 o’aﬁ

e refurn  codc.

oH-%€ro

p) a #R fE ‘5 Fer f??n—»:,.; ed.f o

I’O"!"'f"f"' 71'0 72e od//t’r .



constants - any constants wsed 1 4e

reafrhe can Le c/cr%‘y ed bere,

JErp - s sttt ent Aeclares Fhe  end
of The routine, lbegwn Ly Ffhe
LROWTIME — shitement. IF «lso caquses
the generztion of  an v liferafs  or
iz’f}( ;uéjccf 14 ;)‘ruw// Yy f'a Fale

;9/(-.' cE€ .

Th6s  campletes  Fle  oebarled suer-views of e

modaler  pregrammin o toelsn «'?7 we  &s /»b,c’/l'mc’w teod

(

1!.--',‘/';&;'_,-?55 /s’{‘g &7’*’ V2 /d:‘ /"’5‘/7/?}/) (5?075(" ﬂ' 57’”/’/

£/

e d  HESY macros . HMote f/mf wibe /e Zese 2220725

maz@:/ﬁf /re:» 214, f/‘/e'y Cawy ‘;/.'// be wged Fo

are  espzejally, usetylf wden writiig a large

ég;/cf::'l’.’« d}? € eVl (-f'n wor 1—7‘/).?9’ a 51”0/5’/ PICH < 52; C?’J:'?/"/'
Frogr:‘;m or ;‘,(/frcyvif/i:é’ ) SIHC e f/ze\/ /M'ot//'(/c @f}w&’/
or é?#er 5 er Vlkrs }’Acw; ffle ZEry 5,:}9/5) '0"}”3(—/
anl RETURK maeres.



.2

Ac eniran % Proqrary i d

®
When Hhis sef of maczos 75 wused F  aid
n w//f/;;g reentroat rowf/iyes, e /’ﬂ%u//b)
(ons‘/:z/erq//‘ons dﬂﬂ/y as well as those 74
thie /7/((665,//;7? sectron. -
BROUTINE  stafesent - The aperano’/ OPTIolS =RE#N7 or
LECHR 5/)0:4/0/ be S‘/QC/??}C’&/ 7o cause
® . JEANTRY fo agu/fe fle sauefewrork
work area must contars alf
|
|

area #om' &/ynamc‘c core .,

work area - ﬁw’;

Aala areas wheed il be g/rered
or Wwa//?ojee( éy Fhe /‘oc:%/ﬁ:c. Thes

Qe Wl// con )‘c?/h ;ucé fl?/ég s as

95'5 fa d//o(ar’e bwf‘:*"erf) /Jom'fers)
}em/ordry a«’ai‘a, é/c, 35

v

well a3
6}/6{0‘% Mecros w‘slé,lv {?;:/J@::G‘/ ato

control blocks (e g- pey)  or

parari efer Iists (e 9. PMF=L 04"”&%),
These shatements are wsed o

resecie  ihe weecessary  spEEe 4d
e eworlt arca ead Fo detrre e
- refebiec  dis placess e F of eech [ile

fremm  Fle start of Fhe werf area.

® Remember that Fiis workd area
s d’ecé?red’ 9 e EROUT IE s

a DSEcT . This sweans FHhat weac

T



0{) e 0{/@?%& a’ecfcrea/ bere 1s €ver
/0‘,5;,/6.«! uﬁ’a sherece~ corc. The LENTRY
seguence /4 aarre O necessary
core Hr the work area, but wr if
will  not be mitialized 15 any vty —
iF will just  contarn  garfege. Thas
1F 15 useless o codle DC's
this arear andd any o Ffhe b05's or
;y;/fm macros (DC8's , MF=L OFENs, e/c)
#hat ﬁ?é’t’é{ iLo. be /13/5‘/'?//'-3"8// wreg

!?v? {?Xp//b l'fo/}/ /i;/'?‘}q//'eea/ 457 your
ronbine each Ffmre [F s entered.

PELRY = The only Aiffecence ;5 GEVTRY for a
RENT or RECHE program s that Fe
squefouorte  area () oay ) Y a(,?é!li'ea/
frem dynamec  core er¥her via LETFIAF
or fom o save area steck, otherwise
it fanchions uleq f/(a//y wlf/) e
orclrnary HEYIRY .

executable 1nstructions — The oo/)/ i g fo note lere
s Fo empliasize | once agqrn Fha¥ o=
d receafrant progrem must act  modcf v
ytself 1 any way, Thus, He exeentolle
part  of e roafine wmust not sibr
ito  gtsell nor  modh / fhe constants
part af any twme. To use an 55

IAS fre cf'e‘w; c;/lﬁg) a  compviy c..f/ /;ﬁ'r }7{«7 he



EX irstruction mus?t be used/ - see
the LEX rmacro Ar o convensenf
¢ method.

Pl wete b o B kit
will  be vrodclied wmust de qﬂ%cdfté/
>/}, the work areq, If neee$$ar7 ’
these .éﬁé%’ st be jaltFielized
5y rnowving (oosfdlﬂ%‘ f}om Fe

Cwnsfahf section of ihc roufine

fo the & modifiable SEBE 1o Fhe
o worl area. This can be dlone
with @ series of MUE i 5truckions
at the sftarf of | Foe rowvfine.
10 c/yrmm tc corc. The easiest way Fo
Ao thes 15 do Jef < <= JEVIRY ac e
® 7he items qutemafics //y be Leclrrs 9

‘&/)Cm

BRETURN - =lcELERTR = Fre  onl v Alrenece  [etrees
e RENT or RECUR [RETURY and the
erclinary one s Foa F e refotran#
pREann frees e save /wf.-?r‘/; area (1F
4’*?‘;./) from T ﬁ"yﬁ?c?m ce ecore Fhat Lo

. L n
6’5'0 */0 5 C’d! 24 Troem .



Constanls — Once agam Hhe warning: o @ reeqtranf
progNm Fhe cam;fa'nf area us?
remarn  constant. Mo  iedifjecatroq of
any kinel s ;?(fﬁ‘w;fea, fo the [tems
that appear 1 this  section.

This wmf’/ﬁ!é’f e a/c'scwsf/'04 of how reenfranf
pﬂf)r‘dms' aee liwﬂ/fmeafc’e:/ wzf/! s sef &;

reatin e maeros .



C. 3 gg.'/c /‘}rc@ f?‘&CA’/é’?fj?

when wn'f’/lyy Qa /argc feenfran/ frogrqh us1ng
these macres, scveral problems become apparent.
The first 05 that a EETIAZA and FREETIATH
for every subreubine  call® resalts 1 q very

hiah  systenm overhead . fecoqa//y, Ke reeatrant

"fi;g;li’m- TESE ety and  URETURN ,,ﬁ expascf
mto a not ticensidleralle amecwanl 97‘9 cocle 5

o So that Yollr proorum 15 far ger thasn éxp eci‘ec/,
espccid//y F you have a [fof of smaed
ceentran t sub rau)‘u'? es. Fri 0//y, oy @ re é’faf'/ar;/
malti-faske; g Pregrasa, fhe  conbrawous QA Ir159
an o /}ee 192 9 o 1{ savt/work Areas Cas refcf//

'h 5}”@98 ﬁvginenfaf/'on afo fqé/pa/ GEro.

A // o# }%ef e pro Z/fm:: are re//'evec’./ fa &
9rm7‘er or [lesser @K/ﬁﬂz ﬁy ustn9 fhe sgve
¢ area 'ifd&iéh}y Gﬁ?‘;Oii, 7he pr:iycipq/ m’f save

grec! ‘3/ac./<””-39 s o5 Hllows . 7he ;’:’;‘- ‘g'tna/hg:
rcu:/',ige ﬂgmiej Q /c?f;ae @Mowni& ‘of core
referedd o as o stack . Thi's é"_,:;” routire
ﬁ)%(n s b-allocates 1fs owrn wm savefworf area
Hrom tie beo1nng of Hhz shack and sefs

e rempariadder of Fhe

X

[} 2
Foar
£

ﬁfla‘?&Eff 14 6/!3:‘&!};/:’:9 Y atls
stack (s Free. When Fhis routie  cills o

o . / - .,
subroutre, He  subreative pests  [F e free
loes’ff' o ; Fir e 5‘7!2? ck 15 /arge V-5 awgég %‘?."r



#s  savefwerk areca. I[f so, 145 sevefwerk
arca (s also sub-alfocated 1, Jhe stack ., I€
”0%7 the subrewtrre  will aguire q Jew

stack . Ta er¥ier case, e steck  pointers are
up 4/(;;!8 (/ )lo y2 a//c aﬂ(e ﬂ;@ @ ogand o%a frwct'

FEmMGI R tis# arlalle
space | 19 ° Foe n ghack, Ths  space s £

foer ust .’)y ‘;N.Praw/me m/f’(’/ /f)r 0}/{ «‘fw.i‘c 4?4&6.

[rr save qrea vwwm/ 7‘» Jf/? C’A‘C" 'Uf /')‘
. stacis
is o a’/oae, phat Sirc——top——ioidine chould

Q. cnr (J

be witoried Fthat are /ar/:;e g’naugla =
<F }o safz'r:‘} Vhe. majori¥y of regues?s
of aof! He subrowtines ecalled, Toe /‘a/ea/
siFuation (f?*m? the execation Fire wmw/wm'f)

< R Gl 4 .
15 .lf The I rowuriic Gauires ¢! /(:9'96

v

e’nfﬂfzg*l) sfack fo sates fy alf /ooa'.s/‘é/e
save/p ork reg,ifﬁf; made by He subroutises
One F#ie other hand, £ a recarsive sulioufiic
(s C@//&J‘!, /'f may be wundesiable o
acuire a 5}'46/( large eorowydy  Po safi'ffy
the hmands Hhat ol be  made .5), the
MEX 18 t1en pof;’.’/'é/e Qercuant 0‘; recars iomy A Yorss
event only occurs rare/t/, In Fhis case 1F
mi;’;fp} be betler b ‘I’MJUG. Fre s ';5{‘3;*9 309

rawf'obe ang reoooo 5'f€.? ck /.,/yr‘(j P é‘yp@g{g‘é fg

3

S

.. Vi .
S5atrs [874 ‘f:"ze usua/ Vel g L A 4 eV fecHrs /os P
1 8- . . 2 3
‘;‘/ Vi € Saus ro Wfl//} €, c’)’m&/ 7 /-‘?.‘; }"'o:’e fw“f{/emﬁ‘
. . Ny ol v
Foid ..-?,.CJ’N'C a(‘{/-‘/l?’@na/ S ?qu GIAC v 5 W«é&’) ;;:’c

fiirst  torge one  raas ou?,




To request Fie scve drea strcliig facility e
@ user 9‘/?((/:‘9/'6:? NEwfivE s (YES, panber)  on  hés
/

“.";f\ vy .
P T IS shafement, where ‘musmber' s the

LN
s)2€ 015. The stact ou/)/ér-’; Y/ A aﬁfeﬂz})tf/

7 F 15 necessary Ar Fhis roubsc h
r;@acé’i W‘f‘e&; (? /::‘.' en#erca/ -

@ ere  a gews S
&

I‘f' /'f ('5 r/of nt’€€§5o’?ry ﬁr X rvwﬁ/}e
fe ageui'c o aews sfacﬁ’: e JO §ufzf"ici€é:f

space 12 the previcns onc Fh&o  number’

o will  be /‘9/:0'86,/ [AaweucQ ,‘7& must Le ffyecﬁ'ﬁ/‘cc/
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Charges o BROUTINE _ MBENTRY ,  HEND

These macros are  changed 5o Jhat  Hhe
work —area ﬂf non-reentrant routines s %rsf
76'7€fa7Lc/ as a  DSECT between HROuTINE  and
YENTRY (same —as Ffr reentrant rou /m:f), an o
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7hese cé&mges make it necessary  to 4/««4)/5
use the BEND  macro af e ead of a  reutise.
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a QLT0RE  [bor wse ith EX ),
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abs, opfion added to BROUTINE . 0PTTONS = (MAIN, NoPARN)
imp les that a /Opc vector st be sllpcated K
/cscriée 7%6 rARM= )46/0/ Am ﬂc EXEc card .
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