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INTRODUCTION

Pos t-mortem debugging bf assembler language programs is, for the
most part, a difficult, time-consuming task requiring in many cases
detailed familiarity with the system be‘ng used. Most assembler lan-
guage programmers would surely benefit from improved pust-mortem er-
ror diagnostics, yet very little practical work has been done in this
area. With few exceptions, the standard manufacturer-supplied system
dump is all the assembler programmer has recourse to in determining
the reason for his program's abnormal termination. The system dump
generally contains all the information necessary for the user to ac-
curately deduce the cause of his error, but cloaks it among much ir-
-~ - relevant data in an extremely hard-to-read format. It is only the

experienced programmer, knowledgeable in reading dumps and accustomed
to the different sources of program errors, who does not have diffi-

Cculty in poring over the pages upon pages of data in the typical sys-
tem dump. Even he should benefit from a more compact, informative,
and easier-to-read post-mortem diagnostic analysis.

Described herein is an error diagnostics system for assembler
language programs written for the IBM System/360 - 370 series of com-
puters. At the programmer’s option, any or all of the 15 program in-
terruptions can be trapped and handled by the error diagnostics package
instead of or in addition to the standard system dump. Although the
diagnostics system is not able to determine the precise cause of every
possible program error, its use should facilitate the process of post-

mortem program debugging.
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“ The output produced by the diagnostics system is designed to pro-
vide anly that.information which would be of the greatest value to the
“user in debugging his progrém. No system control biocks or "raw" data
are printed. Instead, relevant data items are taken from the control
blocks, the program's core imaée, and data areas, and then programma-
tically analyzed; only that information which will aid the user most
in the debugging process is printed, organized in a comprehensive, in-
formative format.

The system was written for and tested on the IBM System/379 Model
165 computer operating under 0S/MVT (operating system providing mul-
tiprograiming with a variable number of tasks), at the Instruction
and Research Computer Center of The Ohio State University. Although
-dasigned specifically for use with-this configuration, the system .
could be easily modified to run on other models of the IBM System/360-
370 computer series operating under any of the IBM-supplied operating
systems.

The author has attempted to incorporate into the system all of
his knowledge of the various errors that may result in program inter-
ruptions on the computer in question, along with the many possible
causes of these errors. Information of this type taken from a number
of books and publications has also been included. However the logic
contained in the programs comprising the error diagnostics system is
by necessity incomplete. Other errors are sure to arise that are not
covered by the program logic. In particular, among error conditions
resulting from attempted input/output operations, logic related to only

those ciused by execution of the queued sequentiaﬁ access method (QSAM)
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GET and PUT macros has been included. QSAM is by far the most commonly
used access mefhod in assembler language programs (especially in a stu-
dent environment). Code c&vering the error conditions resulting from
use of the macros of other access methods might be a desirable future
enhancement, Since the system has been designed in a modular format,
logic covering any addigional error types and/or causes may be easily
added at a later time.

The requirements for a programmer to use the system have been
deliberately kept to a minimum. Although much of this thesis is writ-
ten for the person with some knowledge of the details of the System/
360 - 370 Operating System and its interrupt structure, little back-
ground is required to actually use the error diagnostics package.  The
reader with little or no experience is referred to-thg appendix where
the first example given shows all the program and job control language

statements necessary for the successful use of the system.



CHAPTER 1

User's Manual




General

The error diagnostics system is capable of trapping and handling
any or all of the fifteen program interruptions (system completion codes
0C1 - OCF) produced by assembler language programs executing on the
IBM System/260 - 370 series of computers. The user determines which
interrupt conditions are to be trapped and whether or not a system dump
is to be produced along with the diagnostic output. Only one macro
instruction within the user's proaram, and two or three extra job con-
trol language (JCL) cards (described below) are required to use the
system. Since, at the user's option, a post-mortem system dump is also
produced, any user may use the package without fear of not getting some
infoymation that would otherwise be produced using the standard system
interface. Just as with the system dump, the use of the error diagnos-
tics system results in the termination of the user's job; recovery from

an interrupt condition is not possible.

User Requirements

The macro instruction should be included in the first control sec-
tion (CSECT) in the task for which the error diagnostics system is to be
in effect. The exit routine will then be given control when any of the
specified program interruptions occurs in any program of the task.

The macro instruction is written as follows:

SPIESET  name,{interruptions)

where:

name is the name to be given to a control section automatically
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generated in the user's region by the expansion of tHe macro. It may be
1 - 6 characters in length and should be distinct from all other names
used in the user program. Three labels, name prefixed with SP, ST, and
SV, will also be generated - these too should be distinct.

interruptions is one or more decimal numbers, separated by commas,

1ndicéting the corresponding interruption types shown below. The inter-
ruption types can be designated in any order as follows:

a) one or more single numbers, each indicating the corresponding
program interruption type, or

b} one or more pairs of decimal numbers, each pair indicating
a range of corresponding interruption types. The second number must
be higher than the first. The pairs of numbers must be separated
from each other by commas and enclosed in an additional set of paren-
theses’,

For example, a second operand of (4,8) indicates interruption
types 4 and 8; ((4,8)) indicates interruption types 4 through 8, in-
clusiVer. ({1,15)) indicates all interruption types 1 through 15;
((3,11),(13,15)) indicates all interruption types except 1, 2, aﬁd 12.

The interruption types are as follows:

Number Interruption Type

Invalid Operation
Privileged Operation
Invalid EXECUTE

Protection

Addressing

Specification

Data

Fixed-Point Overflow (maskable)
Fixed-Point Divide

Decimal Overflow {(maskable)
Decimal Divide

— OWONDIONSWN —

— c—



Number Interruption Type

12 Exponent Overflow

13 Exponent Underflow (maskable)
14 Significance (maskable)

15 Floating-Point Divide

Care should be taken in the specification of the interruntion types.
If a maskable interruption type is specified, the corresﬁondihg program
mask bit in the pfogram status word is set to 1, thus allowiny the inter-
ruption to occur. If the programmer desires to mask any of these con-
ditions (i.e., not permit an interruption when the condition is present),
he should not specify the corresponding interruption number. Both
operands of the SPIESET macro must always be coded; there are no default
values,

The result of the macro call is the setting of a SPIE macro (which
is included in the expansion of the SPIESET macro), and the production
of a small control section in the user's region which, as a result of
the SPIE, is given control at time of interrupt and then links to the
error diagnosis routines. Although all the other routines comprising
the error diagnosis system are reentrant, the CSECT broduced is not in
order to minimize in-core code and execution time overhead. Since the
SPTESET macre is designed for use primarily in a "driver" program within
a testing environment, the fact that the generated control section is
not reentrant should not be considered a significant drawback. However,
the error diagnostics system should not be.used by a program which will
actually be run simultaneously by multiple users.

If the user desires to change the interruption type specifications

after issuing a SPIESET macro instruction, he may”%sue another SPIESET,
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agafn specifying the name to be given to a generated control section and
the interruption types upoh the occurance of which the error diagnosis
system is to be given control. The control section name specified must
follow the rules given above and must be distinct from the name(s) spe~
cified in any previously issued SPIESET macro instruction(s), since
another control section will now be generated with the name as given.
The interruption types specified in the newly issued SPIESET should be
complete - they totally override any previous specifications, and the
previously generated control Section(s) are no longer given control
under any circumstances.

To cancel the effect of a SPIESET macro instruction, a SPIE macro
with no operands may be issued. After a "cancel" SPIE has been issued,
the standard control program exit routine is once again given control
upon any program interrupt condition.

Since the SPIESET macro is generally issued only in a main or
"driver" program within a testing environment, it is usually not neces-
sary to reestablish the effect of any previously-issued SPIE macro
before returning control. However, the user should make sure that the
program that issues the SPIESET macro instruction does not return con-
trol to a calling program, or transfer control {(by issuing an XCTL macro
instruction) to another program that is not fully cebugged, and for
which the error diagnosis system is not to be in effect, before issuing

a "cancel" SPIE.



Necessary JCL Statements *

In the JCL for the assembler step in which the macro instruction
is included, the user should concatenate the FRA380.KIRSCH macro library
with the system macro library (SYS1.MACLIB) and any other macro libraries
he might be using. This data set contains the definition of the SPIESET
macro.

A JOBLIB or STEPLIB DD card specifying the FRA380.KIRSCH2 data set
must also be included in the user's JCL stream. It is on this data set
that the object modules of the various termination analysis routines
are kept. If a STEPLIB DD card is used, it should be included in the
JCL for the user program's execution (GO) step.

A SYSUDUMP or SYSABEND DD card should be included in the JCL state-
ments for the user program's execution step if a system dump is désired
in addition to the error diagnosis output. If no SYSUDUMP or SYSABEND
DD card is provided, no dump will be produced.

The error diagnostics system writes its output on a data set whose
DONAME is SYSPRINT. The user must thus provide a SYSPRINT DD card in
the execution step directing the error diagnosis output to the desired
device. HNormally the output would be directed to the printer; in this
case SYSOUT=A should be coded. Hote that SYSPRINT is the DDNAME commonly
assigned to the normal progran printer output. This has been designed
so that in many cases an additional JCL card will not be required, and
the error diagnosis output will follow directly any output the user

program may have produced before its termination.

* The data set names given in this section are those in use at the

- Instruction and Research Computer Center at The Ohio State University
as of May, 1974. It is expected that these data sets will continue
to be available.
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A sample deck of a user job including assembler and loader (execute)
steps, employing the ASMGRUN catalogued procedure, is given below. A1l

the necessary JCL cards are included:

Notes

// Job Card

1) //J0BLIB DD DSN=FRA380.KIRSCH2,DISP=SHR
//STEP1 EXEC ASMGRUN
//CMP.SYSLIB DD
// DD DSN=FRA380.KIRSCH,DISP=SHR
//CMP.SYSIN DD *

User program including SPIESET macro instruction
/*
1) //GO.STEPLIB DD DSN=FRA380.KIRSCH2,DISP=SHR : ¥
//GO.SYSPRINT DD SYSOUT=A

2) //G0.SYSUDUMP DD SYSOUT=A
3y 1/

Noves: 1) Either of the JOBLIB or STEPLIB DD cards, but not hoth,
is required.

2) The SYSUDUMP DD card should be included only if a system
dump, in addition to the error diagnosis output, is desired.

3) Other DD cards may be needed in the GO step depending on

the individual user program requirements.

The :eader is referred to the first example in the appendix, where
an actual computer run is shown including all required user-supplied JCL
statements and program instructions necessary to use the diagnostics

system, ~

Qutput Description

The output produced by the error diagnostics system is in two

parts. First is general information, common to all 15 interruption types.
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In this section output first is the message EXECUTION ERROR followed by

the system completion code (0C1-0CF, corresponding to program interrup-
tion types 1-15, respectively) and a brief description of the interrup-
tion type. Hext the location of the interrupt is printed with the name
of the CSECT in which it occurred and its relative address, if it oc-
curred within the user's program area. If the interrupt location falls
outside this area, a note to that effect is printed. Next output are
the contents of the 16 general purpose registers and four floating-
point registers at time of interrupt in both hexadecimal and decimal
representations. This is followed by the hexadecimal representation
of the eight bytes of memory starting at the interrupt location, and a
reconstrucfion of the instruction causing the interruption when this
can be positively determined - i.e., for all interrupt types other
than OC1 (invalid operation), 0C4 (protection), and 0C5 (addressing).
The second part of the output is diagnostic information keyed to
the specific interruption type and its possible causes. This informa-
tion includes a message explaining the cause of the interrupt in gene-
ral (the messages produced for each interrupt type are described in
Chapter II1). This is followed by a detailed e'planation of the pre-
cise cause of the error, insofar as this can be determined, and, when-
ever possible, debugging hints aimed at correcting the error condition.
In the case of an invalid operation interruption (0C1}, recon-
- struction of the instruction causing the exception is impossible, but
an error diagnosis is printed and debugging aids are provided. Due to
the instruction look-ahead feature of many models of the System/360 and

370 computers, protection and addressing interruptions (types 0C4 and
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0C5) are imprecise, and it is thus impossible to determine exactly the
instruction causing the interruption. In these cases the instructions
immediately preceding the iﬁterrupt location are reconstructed and

printed, those instructions capable of causing the interruption being

flagged. This procedure is explained in more detail in Chapter III.



CHAPTER I

Program Logic Structure

13
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General

This chapter describes the structure of and the linkages between
the various modules that combine to make up the error diagnostics system.
The first component of the system is the user program interface.

In order to utilize the package, a programmer must include a SPIESET
macro instruction.in the first control section of his job for which
he desires the error diagnosticé system to be in effect. This would
generally (but need not) be the main of “driver" control section of
the job.

The SPIESET macro instruction expansion includes the following:

1) the expansion of a SPIE (Set Program Interrupt Element) macro
instruction, and

2) the creation of a small control section in the user's program
area.

The SPIE macro instruction is used to specify an alternative exit
routine to be'given control when any of the specified program exceptions
occur. This allows the user to bypass the processing -of the standard
control program exit routine which would otherwise be given control and
abnormally terminate the task, producing a standard system dump. After
the SPIESET macro instruction is exccuted control is transferred irstead
to the generated control section upon any specified program interruption.
The generated CSECT then brings the major routine of the error diagnostics
system into main storage and passes control to it by issuing a LINK macro.

The expansion of the SPIE macro instruction results in the forma-
tion of a program interruption control area‘(PICA) which contains the

new program mask for the interruption types that can be disabled, and a
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code for the 1nterruption‘types specified in the SPIESET macro. Also
included in the PICA is the address of the new CSECT (Fiqure 1). If the
SPIESET macro instruction specifies an exception for which the interrup-
tion has been disabled, the control pkogram enables the interruption

when the macro instruction is issued.

Displacement in bytes

0 1 2 3 4 5
r“““m‘ TyTTTT T e e “‘““""
0000 .gram_l Exit Routine Address Interruption Types
| idask | T
Figure 1. Program Interruption Control Area

Upon execution of the SPIESET, and thus the SPIE, macro, the control
program creates a 32 byte program interruption element (PIE) in the main

storage area assigned to the job step (Figure 2).

Displacement in bytes

0 1 2 3
. Reserved J PICA Address
Interruption
01d Program ‘ o
12 Status Word —Codes)
R 1
16 eg1ster 4 _ )
20 p— . Register 15 ,
24 Reg[iger 0 o
28 Register 1 o L
2 L .. Register2
Figure 2. Program Interruption Element
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The PICA Address in the program interruption element {s the address
qf the program interruption control area created by the expansion of the
SPIE macro. When control is passed to the generated control section
(designated in the PICA and hereinafter referred to as the exit routine)
the program status word and thé content§fof general purpose registers
14, 15, 0, 1, and 2 at time of interrupt are stored in the PIE by the
control program as indicated. The register contents are as follows
when the exit routine gains contrel:

Register 0: internal control program information

Register 1: address of the program interruption element

Registers 2 - 12: same as when the program interruption occurred

Register 13: address of the save area for the user program
causing the interruption

Register 14: return address (to the control program)

Register 15: address of the exit routine

When control is passed to the exit routine it stores these register
contents in a special 16 word save area and then executes a LINK macro
passing control to the major control section of the error diagnostics
system (INTERUPT). When INTERUPT returns control, the exit routine
restores the registers from the special save area and then returns con-
trol to the control program using the address passed in register 14,
This does not result in a normal return to the user program, however,
since the old program status word and some of the register fields of
the PIE are changed by the error diagnostics system before returning
control. This procedure is explained in more detail at the end of

this chapter.
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Description of INTERUPT

- The INTERUPT control section forms the mainstay of the error diag-
nostics system. Passed control by the user program's exit routine, it
performs all the genefal error diagnosis functions, determines the inter-
ruption type, and then passes control to the appropriate termination
analysis routine.

One of the functions of the INTERUPT control section is the printing
of both the general purpose and the floating-point register contents at
the time of the 1ntérruption. To this end, it creates two special regis-
- ter save areas. Since the contents of the floating-point registers have
not been changed since the time of interruption, their contents are
stored directly into the floating-point register save area. The con-
tents of general purpose registers 3 - 13 at time of interrupt are
moved into the special save area from the save area in the user pro-
gram's exit routine. The contents of registers 14, 15, 0, 1, and 2 at
time of interrupt are found in the program fnterruption element and
moved into the special save area from there.

Bits 28 - 31 of the PSW at time of interrupt (found in the PIE)
give the number (1 - 15) of the program interruption which occurred.

The program interruption number is translated into the corresponding
system completion code (0C1 - OCF) and is printed along with a general
description of the interruption type taken from a table in the routine.

The location of the interruption is next printed with the name of
the user program control section within which it occurs and its relative
address within that CSECT. If the location of the interrupt falls out-

side the user's program area, a message to that effect is printed in-
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stead. In this case the name of the control section being executed at -
the time pf interrupt is printed in the specific error diagnosis section
of the output.

Next printed are the con;ents of the sixteen general purpose and
four floating-point register§ at the time of interruption (now stored
in the two special register ;ave areas previously mentioned)}. The
register contents are printed out in both hexadecimal and decimal rep-
resentations. For the general purpose registers, the decimal repre-
sentation is in the form of simple signed integers; for the floating-
point registers the form is standard scientific or "E" notation - a
normali zed decihal numﬁer with point raised to a power of ten.

For all precise interruption types (all those except 0C4 and 0C5,
protection and addressing, reshectively) the hexadecimal representation
of the eight bytes starting at the location of the intefruption is next
printed. This is followed by a reconstruction of the instruction cau-
sing the interrupt whénevgr this is possible {(for all interruption types
other than 0Cl1, 0C4, and 0C5). This is accomplished by executing a LINK
macro passing control to routine DECODER which reconstructs the instruc-
tion from its object code and then retums control to INTERUPT from
where the reconstructed instruction is printed. DECODER makes use of an
instruction list (INSTRLST) which includes the mnemonic and instruction
type for all System/370 instructions, as well as all the program inter-
ruptions each instruction is capable of causing. The instruction list
is brought into main storage by means of a LOAD macro instruction execu-
ted from the INTERUPT control section. It is used by the termination

analysis routines for the imprecise interruption types 0C4 and 0C5; for
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all other interruption types its space is relinquished after DECODER
returns control, by means of a DELETE macro also executed from INTERUPT,

This ends the functioning of the general error analysis section.
The floating-point registér contents are restored and control passes
to one of the fifteen termination analysis routines, depending on the

interruption type. Control is passed by means of a LINK macro.

General Description of the Termination Analysis Routines

There are fifteen termination analysis routines, one correspon-
ding to each of the program interruption types. Rather than being
general in naturé,as is the INTERUPT control section, each of the ter-
mination analysis routines is keyed to one specific interruption tyoe and
the possible causes for that error condition. They are brought into
main storage only when needed and invoked by means of a LINK macre
executed in the INTERUPT control section. Although each routine is a
separate entity in itself, similarities exist among the functions per-
formed. This common functioning is the subject of this section. |

When each routine receives control it prints out a short message
generally describing the error condition. This message does not attempt
to give the cause of the error - it is simply a description of the inter-
ruption type. In the case where the interruption occurred outside the
user's program area, this line is followed by a line giving the name of
the control section being executed at the time the interruption occurred.

Following this is a detailed analysis of the probable cause(s)’for
the error condition, based on the interruptién type; the instruction

causing the exception, its location, and other factors, This processing
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is detailed in Chapter III where the functioning of each of the fifteen
termination ana]ysisvroutines is described.

At the conclusion of each routine's detailed error analysis, con-
trol is retumed in such a way as to force the production of a system
dump reflecting the original program conditions at time of interruption.
This is done by placing the address of the instruction causing the
1nterrupt in the second half of the old program status word stored in
the program interruption element. A SPIE macro is then issued speci-

fying a PICA address of zero, thus cancelling the effect of the SPIESET
macro. When control is returned the PSW is reloaded from the old PSW
field of the PIE; this effects a return to the interrupt-causing in-
struction and causes its subsequent attempted re-execution. When the
interfuption occurs this time, control is not passed to the éxit rou-
tine (due to the effect of the "cancel" SPIE), but instead a system dump
is produced. This is the standard action taken. The system does not
allow for the resumption of the user program's execution from the point
of interruption,

In the case of imprecise interruptions (types 0C4 and 0C5) this
procedure is modified somewhat. Since it is not always bossib]e to
determine the instruction causing the exception, it is similarly not
aiways possible to force the interruption to recur. In this case the
hexadecimal code for the ABEND SVC (0AOD) is placed at the interrupt
location. The contents of the o1d PSW field in the program interruption
element are changed to reflect this address and the saved contents of
register 1 in the PIE are altered to reflect the desired system comple-

tion code. Control is still returmed to the interrupt-causing iocation,
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but now an ABEND macro is executed, again producing a system dump re-
flecting in almost all respects the program conditions at the time of
the actual interruption.

This is also done in the case of those interruptions for which
the operation causing the exception is not suppressed (types 0C7, 0C8,
OCA, 0CC, OCD, and OCE). This is necessitated by the possible elimina-
tion of the interrupt-causing condition by the total or partial comple-
tion of the operation. The programmér is notified when this special

procedure is used by a message includéd at the end of the error diagno-

sis output.



Terminatic

CHAPTER I1I

outine Logic

.
2
I

<
v
v
23

22



23
General

This chapter details the logic of the 15 termination analysis rou-
tines corresponding to the 15 program interruption types handled by the
error diagnostics system {system comoletion codes OC1 - OCF). The rou-
tines are named 0C1 - OCF, each name reflecting the interruption type
handled by‘the program. There is also an 0C45 routine which performs
the instruction traces required by the 0C4 and 0C5 error diagnosis pro-
grams.

Although actually a description of program logic, this Chapter is
written so that it could be used in itself as a non-automated assembler
program debugging manual.

In each case, the standard error message which is printed out is
given first, followed by a breakdown of the logic used to arrive at the

possible causes of the interrupt condition.

0C1 - Invalid Operation

The operation code in the instruction causing the interrupt is in-
valid - no such operation exists on this computer.

Check the location of the interrupt (PSW at entry to ABEND):

1) If the interrupt location is within the user program area, the
cause of the exception is most probably an attempt to execute data as an
instruction. A previous move instruction may have placed data in the
program area, or the contents of the program base register may have been
destroyed.

The ABEND PSW will point to the next instruction to be executed
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in the program.

2) If the interrupt location is 50, 52, 5002, or 5200 the most
probable cause of the interrhpt condition is an attempt to access an
unopened or impropert; opened data set:

If a GET was attempted, the interrupt location will equal 5002 or
52005 if a PUT was attempted, the interrupt location will equal 50 or
5¢. In either case, the contents of the following registers at time of
interrupt should be investigated:

Register 1 points to the Data Control Block (DCB) of the data set
{nvolved;

Register 1 + 40 (decimal) points to its DDNAME;

Register 14 points to the next instruction to be executed in the
user program.

3) If the interrupt location is outside the user program area and
is not one of the above noted locations, the most probqb]e cause of the
error condition is a branch to a da;a area resulting in the fetching of
data as the operation code for an instruction. A possible cause&of this
condition is the alteration of the program's base register contents.
Check the contents of register 14 at entry to ABEND for {possibly, but
not always) the next instruction to be executed in the pfogram or the

instruction following the last BALR branch to a subroutine.

0C2 - Privileged Operation

The instruction causing the interrupt is valid only in the super-
visor state - it cannot be executed by the user program.

Check the location of. the interrupt (PSW at entry to ABEND):
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i) If the interrupt location is within the user progtam area, the
cause is most probably an attempt by tre problem program to issue a
privileged instruction.

A less probable cause would be an attempt to execute data as an
insiruction (an OC1 interrupt Qbuld much more commonly result from this
condition). This might be the result of a previous move instruction
placing data in the program area, or the alteration of the program's
base reqister contents. |

In either case, the ABEND PSW will point to the next instruction to
be executed in the user program.

2) If the interrupt location is outside the user program area, the
most probable cause of the error condition is a branch to a data area
resulting in the fetching of data as the operation code for an instruc-
tion (although an 0C1 would, again, much more commonly result from this
condition). This might be the indirect result of the alteration of the
user program's base register contents. Check the contents of register
14 at entry to ABEND for (possibly, but not always) the next instruction
to be executed in the program or the instruction following the last

BALR branch to a subroutine.

0C3 - Invalid EXecute

The subject of the EXecute instruction causing the interrupt is
another EXecute instruction.
The instruction causing the interruption is the first EXecute

instruction. It, in turn, points to the subject EXecute instruction.
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0C4 - Protection

The user program has attempted to change the contents of a protected

area of main storage.

Possible causes of this error are:

1) If register 15 at time of interrupt contains 02005000 or
02005200, the cause is most probably an attempt to execute a GET macro
referring tovan’uncpened or improperly opened data set.

2) If register 15 at time of interrupt contains 02000050 or
02000052, the cause is most probably an attempt to execute a PUT macro
veferring to an unopened or improperly opened data set.

In either case, register 14 at time of interrupt will point to the
next instruction to be executed in the user program.

2) The error might also result from an uninitialized index, or an
attempt to index outside the program's assigned 1imits. This condition
might be indirectly caused by the alteration of the user program's base
register cﬁntents.

If the interrupt location is outside the user program area, the name
of the CSECT being executed at time of interrupt is printed.

Due to the instruction look-ahead feature of many models of the
System/360 - 370 computer series, protection interruptions are imprecise,
If the interrupt location is within the user program area, control is
passed to the 0C45 routine which prints out the instructions immediately
preceding the interrupt location, flagging those that could have caused
the interruption. Only those instructions that attempt to store data in

main storage can cause a protection interruption.
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0C5 - Addressing

An address of a specified instruction or data is outside the limits
of the computer's available ‘storage.

Possible causes of this error are the specification of an invalid
data address, an invalid index, or an attempt to index outside the pro-
gram's assigned limits. Any of thgse causes might be the indirect re-
sult of the alteration of the{usé; program’'s base register contents.

If the interrupt location is outside the user program area, the
name of the CSECT being executed at time of interrupt is brinted.

Due to the instruction look-ahead feature of many models of the
System/360 - 370 computer series, addressing interruptions are impre-
cise. If the interrupt location is within the user pfogram area, con-
trol is passed to the 0C45 routine which prints out the instructions
immediately preceding the interrupt location, flagging those that could
- nave caused the interruption. Any instruction that accesses main storage

in any way can cause an addressing interruption.

0C45 - Traces Instructions for 0C4 and 0C5 Interruptions

Due to the instruction look-ahead feature of many models of the IBM
System/360 - 370 computer series, addressing and protectfon interruptions
are imprecise, and it is thus often impossible to determine the exact in-
struction causing the interrupt condition. If the location of the inter-
rupt occurs inside the user'program area, both the 0C4 and 0C5 termina-
tion analysis routines pass control to the 0C45 module, whose function
is to reconstruct (using the DECODER routine) and print out the instruc-

tions immediately preceding the interrupt location.
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Starting 36 bytes back from the interrupt location, the routine
attempts to decode all the object code down to and including the inter-
rupt location. If the attempt fails at some point (i.e., if there is
object code not corresponding to a valid instruction), the process be-
gins again, starting 34 bytes back from the interrupt location. If
this attempt fails, the process begins again at 32 bytes, 30 bytes,
etc., until all the object code down to and including the interrupt
location can Be_successfu11y transiated to valid I1BM System/370 assem-
bler instructions. A1l the reconstructed instructions are printed along
with their object code and absolute and relative'mémory addresses.

The routine also flags all those instructions that possibly could
have caused the interrupt condition. It does this by comparing the
list ¢f program interruptions each instruction is capable of causing
(codgd along with the mnemonic and instruction type code in the instruc-
tion 1ist) with the interrupt condition that has occurred. If a match
is found the instruction is flagged. This is designed to aid the de-
bugging process by limiting the number of instructions a programmer need
consider in determining the reasons for his program's abnormal ter-
mination. In some instances only one instruction will be flagged, most
probably indicating precisely the interrupt-causing instruction.

It should be noted that only those instructions physically preceding
the interrupt location are decoded and printed. It is possible that a
branch might have been executed to the region of the interrupt location
after the interrupt-causing instruction was issued, but before the in-
terruption condition was detected. This circumstance would invalidate

the chain of instructions printed, but it is impossible to programmati-
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cally determine if this has, indeed, occurred. The user should consider

this possibility before relying on the diagnostic data provided.

0C6 - Specification

An operand specification in the instruction causing the interrup-

tion is incorrect.

Possible causes of this error are:

1) An odd register operand address is specified in an instruc-
tion requiring an even register operand address (i.e., D, DR (first
operand), M, MR (first operand), and the double shift operations).

2) An invalid floating-point register address (1, 3, 5, 7-15)
is specified. Only O or 4 can be specified for an extended operand.

3) A branch has been attempted to an odd address. Thé ABEND
PSW points to the branch destination.

4) The length of the second operand of a MP or DP instruction
is greater than 8.

5) The first-operand field is shorter than or equal to the
second-operand field in a MP or DP instruction.

6) An instruction address does not designate a location on an
even-byte boundary.

7)-LThe block address in an SSK or ISK instruction does not have
zeroes in the four low-order bit positions.

8) An operand address does not designate an integral bqundary in
an instruction requiring such integral boundary designation. This con-
dition cannot occur on System/370 comouters for any instructions other

than Compare and Swap (CS) and Compare Double and Swap (CDS) due to the
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byte-oriented operand feature.

9) A PUT or GET macro instruction has been attempted referring to
an unopened or improper]j opened data set, or a data set with a DDNAME
whose correspond{ng DD JCL card is missing or misspelled. All system
indicators upon either of these two conditions are identical, and all
addresses and‘register contents at time of interrupt are the same as

those for the 0C1 interrupts caused by. the same conditions.

0C? - Data

Pt

Data in a field fs of incorrect format for the instruction attemp-
ting to process it.

Possible causes of this error are:

1) The sign and/or digit codes of operand(s) used by a CVB, AP,
SP, ZAp, CP, MP, DP, ED, or EDMK instruction are invalid, i.e., not in
the packed decimal format. | '

2) The operand fields in a AP, CP, DP, MP, or SP instruction over-
lap in a way other than with coincident rightmost bytes; or operand
fields in a ZAP instruction overlap, and the rightmost byte of the second
operand is to the right of the rightmost byte of the first operand.

3) The first operand of a MP instruction has too few high-order
zeros.

Any of these three error causes may result from:

a) an uninitialized data field (e.g., blanks might have been read
into a field designed to be processed with packed decimal instructions),
or ‘

b) an incorrect or uninitialized index, resulting in invalid data
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being referenced.

A data exception occurs during the execution of an instruction, and
the operation is suspended at that point; the contents at the result
field are unpredictable. An exception to this rule is that, except for
ED and EDMK instructions, the operation is suppressed whén a éign code
s invalid, regardless of whether any other condition causing the ex-

ception is present.

0C8 - Fixed-Point Overflow

Two distinct causes of this error conditfon are possible:

1) A carry has occurred out of the high-ordef bit position of the
result register in a fixed-point arithmetic operation - the result of
the operation causiné the interrupt is too large to be expressed in 32
bits in the 2's complement form.

2) High-order significant bits have been lost during an algebraic
left shift operation.

In either case, the operation is completed with the result left in
the register too large or too small by an even multiple of 2**3]., The
interruption could be suppressed by Setting PSH bit 36 to a zero. This

would cause the overflow condition to be ignored.

0C9 - Fixed-Point Divide

Two distinct causes of this error condition are possible:
1) The program has attempted a binary'integer division by zero,

or the development of a quotient too large to be expressed in 32 bits
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in the 2's complement form (caused by either a D or DR instruction).
The operation has been suppressed.
2) The result of a CVB instruction is too large to be expressed
in 32 bits in the 2's complement form. The operation has been completed

by ignoring the high-order bits that cannot be placed in the register.

OCA - Decimal Jverflow

The destination field in the decimal operation AP, SP, or ZAP is
too small to contain the result, forcing one or more significant high-
order digits to be lost.

The result has been truncated on the left but lower-order digits
and the sign are exacily as they would be in a longer field sufficient
to hold the result.

The interrupt could be suppressed by setting PSW bit 37 to a zero.

This would cause the overflow condition to be ignored.

0CB - Decimal Divide

The quotient formed by the decimal division (DP) instruction causing
the interruption exceeds the specified data field size. This might be _

the result of an attempted division by zero.

0CC - Exponent Overflow

The result of the floating-point overation causing the interruption
is 16**64 or greater - the result characteristic exceeds 127 (hexadeci-~

mal 7F) and the result fraction is non-zero.
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The overflow can occur as the result of a carry-out of the high-
order fraction position during normalized or unnormalized addition or
subtraction and the followiqg‘characteristic adjustment after a right
shift, or during the characterist{c computations in multiplication or
division,

The operation has been completed. The fraction is normalized, and
the sign and fraction of the result remain correct. The result charac-

- teristic has been made 128 smaller than the correct characteristic.

0CD - Exponent Underflow

The result of the floating-point operation causing the interruption
is smaller than 16**-64 - the result characteristic is less than zero and
the result fraction is not zero.

This condition could occur as the result of normalization during
normalized addition or subtraction. It might also result from multipli-
cation, division, or halving.

The operation has been completed with a result whose characteristic
is 128 larger thaﬁ the correct characteristic. The fraction is norma-
1ized, and the sign and fraction remain correct.

The interrupt could be suppressed by setting PSW bit 38 to a zero.
This would cause the operation to be completed by replacing the result

with a true zero.

0CE - Significance

The result fraction of a floating-point addition or subtraction

(normalized or unnormalized) is zero - all significant digits of the
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result have been lost.
The operation has been completed without further change to the
characteristic and sign of the result.
The interrupt could be suporessed by setting PSW bit 39 to a zero.
This would cause the operation'to be completed by replacing the result

with a true zero.

OCF - Floating-Point Divide

A floating-point division by a number with a zero fraction has been
attempted. The operation has been suppressed with the dividend left

unchanged.
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Conclusions

The major goal of this‘thesis has been the development of an im-
proved error diagnostics system for use in the post-mortem debugging of
assembler language computer programs. That goal has largely been
reached, and the system described herein represents a significant im-
provement over the facilities previously available.

The long range goal of debugging research should be the elimina-
tion or at least a greatly reduced reliance on system dumps for post-
mortem debuggihg analysis. While this objective is still to be rea-
lized, this system hopefully represents an important first step in
~ this direction. For many error conditions, the diaénostic output provi-
ded will be suffiéient for the user to accurately determine the source
of his error. In those cases where it does not suffice, its use in
conjunction with the system dump (which is still available at the pro-
grammer's option) should speed the debugging process.

While not being all inclusive, the §vstem presently handles many
of the errors commonly made by beginning and intermediate asscmbler
tanguage programmers, and is especially well-suited for use in a stu-
dent environment. As the system is enlarged to handle more termination
conditions, and those that it does handle in more detail, it should find
application in numercus other environments. |

One looks forward to the day when systems such as this one will
replace the system dump as the standard manufacturer-supplied post-
mortem error diagnosis package. This will only come to pass when the
error diaanoses provided yield as much information as do the present

system dumps, but with far less extraneous data and in a much more
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intelligible format. A great deal more work will need to be done before
this aim becomes reality. One may even visualize operating systems and
other software packages beirig designed in the future with the debugging
~function specifically in mind. Much more research is needed in this

very practical area.

Directions for Future Work

The error diagnostics system as currently configured represents only
a starting point towards the development of a truly comprehensive post-
mortem debugging system for the IBM System/360 - 370 computer éeries.

The present system is capable of trapping and handling only the
program interruption types 0C1 - NCF, ‘An obvious extension to the system
would be to iﬁclude in it capabilities for handling ail the other abnor-
mal termination error conditions. However this would necessitate re-
vamping much of the system structure as the SPIE macro ajlows for hand-
ling only the fifteen program interruption types. Also, the system as
currently configured is not designed for handling input/output related
errors well since buffers are not saved. This would have to be changed
in a future version of the system.

Less far-reaching and more immediately realjzable extensions would
be to expand the system to cover more error conditions resulting in pro-
gram interruptions; this will in fact become necessarv as errar condi-
tions are discovered that the program is not designed to handle. In par-
ticular, there has been no attempt to include logic covering error con-
ditions related to the imorooer use of the macros of any access_method

other than QSAM, and even some of the less commonly used QSAM confiqu-
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rations have not been fully tested. Inclusion of such features would
be extremely desirable.

Significant improvements might also be made to the way in which the
imprecise interruption types are handled. Through a process of "instruc-
tion reversal” it might be possible to analvze each instruction preceding
the interrupt location to determine which instruction actually did ge-
nerate the invalid address causing the interruption, rather than simply
noting all the instructions that could have. However this scheme would
only work in some cases and an instruction reversing procedure would be
extremely difficult to design and impiement.

Many o}her improvements could also be made in the user-system inter-
face. At present this interface is extremely simple but allows the user
very few options. Possible enhancements include letting the user specify
his own exit routine for handling some interruptions while allowing him
to use the error diagnostics system for other error types. ~In the case
of maskable interruption types especially, it might be desirable to let
the user specify whether he desires his prodram to terminate or resume
execution after the diagnostic information is printed. Both of these
enhancements could be implemented through the use of optional parameters
in the SPIESET macro. A reentrant version of the SPIESET macro might
also be desirable, allowing the system to be used by a program actually

being executed simultaneously by multiple users.



APPENDIX

SAMPLE PROGRAMS

39



‘ 40
Sample Program # 1

The first sample program attempts to execute a PUT macro referring
to an unopened data set. This results in an invalid operation (0C1)
interruption. The SPIESET macro is set to trap all fifteen program
interruptions. Also inciuded in this example is a listing of all the
~ Job control language statements necessary to use the error diagnostics
system. Following the diagnostic output are the first three pages of

the standard system dump which is optionally produced.
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Sample Proaram # 2

The second sample proaram gererates an imprecise protection (0C4)
interruption by attempting a store into absolute location zero. The
eleven instructions preceding and including the interrupt location are
decoded and printed, with only the one instruction actuaily causing the
interruption being flagged. The first reconstructed instruction
SU 5,2574(9,0) does not correspond to an actual program instruction,
but is a valid reconstruction of data flags e;panded as part of the
SPIESET macro. There is no way to programmat{callv avoid this. The
succeeding ten instructions do correspond to actual program instructions.
Fol]owing the diagnostic output are the first three pages of the slightly
modified system dump produced at the programmer's option. In this
example, the SPIESET macro is set to trap only the non-maskable pro-

gram interruptions. A1l the maskable interruption types are disabled:




50

sede 1INB¥IUNI NOI11I320¥d ISNVYD wsee t0)0%9 4s P44
0 ¥4ON 1¢

sTadvmt9sg LR 0%

L

NOT14NYYILNT ($20) NOI12310¥4 ¥ 3ISNYD e 2y

' ly

1335)  Z23VANVS+9e

¥l ¥a *hy

€0l d0¥Q ey

138dS8*61%0 w3l -2y

AAS NANIT 3NSSY 9 JAS .1y

. ¥ILINYUVY 43 JA1dN¥IINTILETD D0 ’ +0Yy
v037 YILINVYYE SSIYAQY 820 (D)Y. 20 +6¢
YILINYHYD d3 30 YOOV (Ben)V 29 ~8¢C

YOY 1S1INVEVE"dNS OYIT OZ¢e'ST vy e

$*0 dON)D +9¢

€T1°135AS ONISN £247%

ST  40u0 9t

13SAS <l A D] 135354t
391 S0 135¢5+2¢€
391 so L3SASelE

138518 ] +0C
1384545140 wis .52
S1413S ONISH i
1933%) 13Sel2
IAS 31dS 3INSST 1 A .52
ASYN NOIL2SNUIAINY 10011010.% 30 57
sTTTITT110.¢ 20 oz
. SSIYO0VY INIANOY 1TX3 (13SIEY 3¢ ) +22
' SLIT NSUN WYUODU4 «000000004% 20 .12
*SWYHYd QNNJYY HINYBY 1Y - ¥lIvg «02
$SWOQY HINVEE GYOT 21eetl vy *61
5¢¢ JOND «31
(ETS(A*ITI*6*(L4T))*13S 1353148 Lt
o 91
SNDY14NYYIINT KYUI0Ud IITVNSYW~NDON 1Y dydl 0L O¥IVA 13531dS ISN * S1
o« ¥
V3IYY JAVS INTI®NND €40 $53800Y => €Y 233 e 7l €t
SYI¥v JAVS NIVHI wOve (r1v’¢€1 15 - P44
SY3IuV JAVS NIVHD ONVvMYDd {crie is 11
v3YV 3AVYS INJBuND 01 ¥3IIN]IOJ ¥Iuv3AvS*l v 01
A11716vSSIV00V HSIIBY1SI . Z1%e ONISH : [
¥3LAS193Y 3S¥9 Sv G3SN ZT wIALSI93w 0*21  u¥Ive ]
SY31STD38 3AVS (E1)XZT°21°H1 W1S oL
BITJIINICL «23dWYSHLID J0 -9
(Lilly 20 S
Q1 ONNDYY HONVYYE (S1+0321 8 -y
ONINNIO38 13350 QuvONVLS ***{27°51) 3AVS €

12380 T3IWwYS T
¥l AV Gf INIWILV.S 3JNOS - LWL

00000
ovooo

21100

QL1100

00000

85100
81100

aZ000

40000
Q0000
85000

30000

30000

0000 090S

0010

2909 9¢86

3420

900 408

f0v0
€320%380$2€3506D
) 00000000
891000600

0vo0 0354

9003 00Ty

0604 0419
0603 3006

I0V0
(.39
42

8230000

00
17150

J10) OY1%:

ooL0

1gel
4000 100§
8000 010¢
99023 0114

020

20¢Q 2306
T4EIL0LCHY0TI23
10

0CH O4LY

000000 -

Zvoov T¥OOY 3009 123r80

4 30v4 1d4NYYIINT 420 $3TNVI NIWL ONY 1353143 $3INSS] - T § HYND0ND. 3dHVS

SE0000

“4€0000
¢€0000

600000

L1000

211000

021020
$91C00

491000

05120
51600
26 10C0

0C0090

257000

211000
JLLLO0

G0
oo
80000
330000

3200C0.
226030

22C0C0
6230900
£2¢020

9INUD0 -
220030
02C000°

310000

v10000 -

91000
210000

210000
010000 -

20€000
$0C000
400000
000009

203

iC

Aruitext provided by enic [l

[€)

| BESTCOPY AVAILABLE

-k



51

sZadm

sLadym

sladbw
23dwVS anN3

82
19
99
<9

481 SO V3UVIAVYS 99

, N¥N13Y Y1 L]
300D N¥N13¥ G0 (0 0)0*S1T v
$¥ILS1939 3HL 340153V (€TIZT 2191 WY

O=DY* (21 %»1) Nuni3d

Y34y JAYS SNOIA3Yd 40 S$S3¥0CY -> €1 93 (e1) el h
1€edo=t9ig Wl
103049 b
«ledmtg s
94¢ YN
0. ¥J4ON
¥l AYH OF IN3W31Y1S 3J¥NOS
€ 39vd

*€9
*2Z9
+19
09
6%
:14
Ls
9s
(19
<

Bk 39

00000

30000
40000
08000

00000
02000

20000000 020000
€0000000£0000000 060020
10000000Y0000000. CVO020:
: 000000
#50000

I4L0. 959000
0000 0414 250000
20008 2386340000 "

000 0085 V40000

3609 9€86 9%0C00

0000 0985290000

IV0D 0€8S 3C0C00
9E4T 3£0C00
00LO VE0200

4

1WAS  Z¥0av Y¥OOY 3092 193160 207

14N¥¥IINT ¥90 SISNYD NINL ONY 13S314S SINSSI = 2 # NYNOOUd 31dNYS

Q

=

mw;
>
=
=
e vy
e

l(ji{;€,¥ . f~f 

A FuiToxt Provided by Exc [

—




52

NY3¥LS TWOF IHL NI O030NTONI S)

14N¥HIINT 40 IWIL 1Y ISOML INILVWIXOWAV AVISO1ID SNOJLIONGD SNOMS KOG STHI
Q¥ 00 dWNONSAS/Z ¥ 43 MO0 1M dWNG KILSAS L1AW/SO OUYONVIS V.

BP0 460BE VEBOVRGIS S0 00ES S EE PSS 040600 59000 S G000 .

CE€TIZT  *Z1°%1 Wy
40 -4CT )Y ‘e1 h ]
{2118GY 49 ‘¢ w1l
{0 *0 )¢ ‘9 1
w.~a.o 1LY ‘€ s
9 ‘¢ N
.0 %0 ¥l8
’ sete {0 *0 0 ‘o 18
0 *0 ¥l9
(2112%]1 %9 *¢ .
(0 %6 )Yrls2ts ns
ov1d NOI1I0WLISNY
NO1220MASN] 0312N¥1SNDD I

SIINIT OQ3INDISSY S.NVYDDY¥E 3IML 30:S1N0 X3ON1 01 LdWILLY NV YO X3ION1 QIZTIVILININO NV 3yv NOL1LIONDD SIHL 30 .S350V) wuowmwoa‘

2000 2386
%000 008
3602 9€86
0000 098¢
3v0?d 0tYs

o1

0020
0000 0996

0040
3807 9186
30V0 6542

3007
133r9)

*e

3%0000
V40000
.7 9%0000
290000
3€0000.
L0000
VL0000
910000
*%00€0
0€0000
1920000

NDO11VD0)
3ATLYIIY

355001

‘960021

9550IT

260391
390001
290621
v4$OOT
996091
»%0a91
%0021

9€600Y

NOT1vI31

AUNTOSKY

CAHDLIY IHL LV QIVIVIS IWY NOILANBUIANL SIHL Q3ASNHVI ATG1SS0d JAVH 0IN0D AVHL m?O—»u:&»ﬂZa,uwo:~v 
T SNOTAINWASNI WYYOOud ONIMOTIT04 WL 38V NIILVIOT 24NUYYIINT IHL WOUS NIVE SI1AG %€ ONIIWVIS

Q2A0¥1530 N3IJG ONIAVH ¥31S193% 3ISVO 3IML 40 SINIINOD JHL WO¥4 1INSIY Mtﬂ&t‘nu!h

39vd01S NIVK 40 ¥Y3yy 031031084 7 JO SINIAINOD 3IHL IONVHD LU 3314%I2LV SYH WY300¥d HILN Int

8L~-312€2990962..¢8€0°Y
LL=3LB6YBSETHZIOTOO T
6L=-39026959C1S - BBZL 6~
69439TLG6%€ELIC BOCY C~

TYWIO30

SO E00SISE 44 S0 E 04908

09903106 ©3LI3100 9
OEZGTO0ET 03S02110 L
2049Q020% 0090J108 4
10000000 80000044 0

X3IH ¥315193¥

141Y3IANT 40 INIL LV SHILSIO3IW INIOd ONILVOTS

®e  Z3VENYS es  INLINDY OINI S32AG  ee {X3IH) 390000 se ST HIIMN ee 3ISO0DT we  NOILVIOT 1¥ OI¥YNII0 14NUHIINT

14NY¥YILINT NOI1332CN¥d

¥30

SISON9VIQ ¥0¥¥3

98559981
%0048
09€808Y
»T10€96201
9626901
9225102
069102
o
(144
£
<
€
€

2158995912~

[}

*»9Z€99001~

IVKRIO30

14N¥¥IINY 40 3NW1L AV SUIISTHIW 4 9

¢ o009

01003110
92841000
89002100
2200510%
000CIT00
3303100
88303100
00C0DCO0
43000000 -
£0000000
£00C0G00
€0C02090
€000¢ 000
$9403IT08
00000000
020000V

X3H

3003 NO113VdWOD M3iSAS

¥OBYI NOIINI3IXI

et

NN
a d b A

-

OMNATADONDEGC

- ¥315193%

 BEST COPY AVAILAGLE

FullToxt Provided by ERIC.



53

§8920008  0C7i¥%00 8174315 OY10%0%1 - g :
. « 01020008 00Z14%00 - - 1NOISAS 00T0%0%1 00 :
: - 80QZN00P 00304400 N1ISAS 0070051 00
14315 DD¥d 09 4315 . €€£90 - ¢0f 2011
95083100 8V.IGO009 10000000 ON- 01000000 2§ - 034320
00003100 88100008 10000000 ON 01000000 2§ 093620
¥ov NI wov %) wov N1 R
024320 FR/IX 82 2¥lYy 960831 v43 20 3SN  VSOY0IOl WN 00000000 8¥=D0¥  @£v€ZO IGIN  OF Tuiv 93€£320
087620 W/IX OV Z¥ly 010071 v43 10 33A D9ee NN 00632000 8¥=I0Y . 000000 309N . 60 TuiY 263620
: ; : 309
$3€32020 302-dS¥  0OUO0000 3N ‘
. 1517 ov0Y'

00000001 00000000 0£351080 44002304
8493000¢ G%001414 0000908Y 362197200 $2€404¢€3 04¢€I2L362 14041292 63239323 v4ix3
00000000 *v86000% 2€212000 40831000 #1393143 . 82641000 2526000% 82641000 - $T-11-D¥ -

88112000 82641050 84112000 82901000 89€v0000 v0£60300 81212000 10000000 -0 9%
BOTTZ000 *¥NI=AN $24%0000 " ¥.1/0

9vL8310% J000%044 MSd 0000C000 ND1L 20002100 GY1S=-25S~-IM 13540414 »SdyY 0306202 NY--GV1 899410 TUYAS.

0%3063%) €0$2221) 82136262 1404122
62238323 J€212000 4€£212000 0000044 00000000 00002000 81393148 381200C0 ve1x3 Kias :
01002110 »28491000 89002100 2200210 00002109 84493700 20343100 000C00C0.. ST~ 0¥ - e
43000000 £0000000 €00C0000 €0000000 €0000020 $9493108 020042308 020000V =0 D9 } . S5
00632000 XN1I~AM 82950000 - ¥.i1/0 . y
Z3€60008 €C00»000 RMSd 00000000 ND1 20002100 9I¥1S-IS-IM €2140464 rSav 0ZZOE100 NI-8V1 " 8QYIZO YWAS:

83801000 XNI-1M 0000C000: W13/
0900210y Q0005v 33 MSd 86262000 302-14 20004000 QV1S-2S-OM 00000000 nsay 00000000 HNS3Y . 006320 . Sid.
, * . S9Y 3AILOV

03v32028 9I5F 00000000 AS3Y¥ 00000000 ¥VQ 00000000 ¥3SN 08312008 11 00000000 3IY1ISN

00201000 SDS 08242000 304-0 .00000002 V1S ¥¢483100 623 00000000 301 00000000 247

82641000 I10 00000000 J1N 826341000 1SF 00000000 3wWi 88431000 01 02343110 vs3 : R R
00000000 D4 812¢2000 e Q1332000 S 8141C000 279 0000$80¥ 9V4-Nd 84042200 SSHW AL
00000000 NUL 00043009 dWd 89831000 0OIL 00€00000 - 930 00000000 314 29941300 483 . 8J8010. €31 Sl

09009104 0000Sv43 ONIGY DL AWINI 1V WS-
930 = W31SAS 3003 NOI13V4NO0D:

1000 39vd 0SIsL 32V0  €40T60 3IWIL 09 4318 : nma#o;con 




54

99902100 9%

91802100 <¥

99602100 ¥

29202100 ¥

84803131 2¥

I80201¢4- Ty

090031 ¥s

3€070ZLy O¥  SSZI¥00Z vd3  0Z1+0905 13y ~ 1€0SZ02G ¥S? 01383100 ¥YSH - €L21000€ 10K

5Z1¥320% ZT¥ 00007100 1T¥  ©4483100 OT¥ 88365100 6¥ 00000000 0¥ 44000000 Ly

89493100 9V d4444433 Sv 34493108 ¥ 299090100 €¥ %948310¢ 2% 09483100 1w s

90000043 OV 01002110 vd3 $Z285%1000 213% 99002100 ¥$1 00000000  ¥YSK 00000000 1M OL39IT. h 43
Z314WYS 43 IV ¥NIT VIA 039313 SYA . DOse

IDVNL VINY FAVS

89941000 OUAS 8801000 €018 800%2000 1304 - 00000000 I3ION

900420 NiW

¥31 OV WN 00070000 NIWN 802VZ000. Niwd 85232000 N304
. TOY3ISAS kN 80092000 Zu!l, OWOBNOOO ryWe ONOENOOO;QCZZ WOU(NO 5<fw ,,fr
. . 0£331000 G¥AS 0C492000 @1 08332008 1304 00000000 1N =
IMOSUIN®OBCYH4 34 NN OVO4Z000 NIWN 0132000 NING 00432000 3303 ocwu~o,z_x .mmw 
0L331000 9¥AS 00492000 @91 OT03Z008 1304 00000000 IION il =
WOSUINTOBEVHS 44 WN _08IIZO00 NIWN 9242000 NIW 06042000 1304 010320 NIN. ,,mmm
02331000 G¥AS 00492000 71 09922008 1304 = 00000900 130N : ;.mmm
. 9113YW-1S., 44 NN 97852000 NIWN  O1652000 NIWd  03§42000 1303  O0JB4Z0 NIM &
. NSGSAS WN . 05302300 NIH4 96191000 fvWd O€0EZ000 FYWN 993020 C¥W
: ) 35ves 990
008Y1000 7S = 0083100 €44 05632000 §48  00DOOY 3093

00800000 IS 00800100 PaN

0§632000 844, 009391 3093:
00492000 831 e
00832100934 08320354 -
05912000 15814 0932000 30d=0

0000 973
00000000 Ddd

00002700 OvY 00841000 1S¥
00000000 DdN - 00800100 947
0$832000 1S¥Y

000000 810 o0v5420. 02 915420
L5320 920 ‘000002 0 DL5420
0€£100000 00000000 00000000 00900000 8€102100 00003100 :
00500000 60000000 034532000 00800000 00983100 00883100 939420 000 ‘000000 09 LEOVZO
|eCIv20 000 oLsaz0o (3 840420
N 304N 300N N1 303 »19 350 o14s 304SN S99 :
ooooomo. 303 seeesee 00000908 00d00e 3D eeseecesevesses seesetsesss 3045 esesecesiese S S
00020008 00814900 dHNONSAS 0y T0%0%1 Q0
0602000% 00914%00 ﬁzuxam>w :

00TIOY0YY: 00
2000 39vd . i

Ic

YA Fuiitext provided by ric [

; EHE




55

[ J
L)

®°00°°0°"2

sseape

OIOCUOIﬂOIOoll°llﬂ0|.n000ﬁ

csessssscsscsnsappusssfos s oo

e 3£2900S% ZOOOOVER I90COVHS vI0I0VES ©3290€1% 02100225 9€290854 12100214 . 0¢1631
seccesssacecece sog 3104210 0996IU0C 0SBSGIN9 OLLYTTIZT v900018% ITI90LL% 1T121V900 OCO0899 02183T
ceecccerecsssssay, 00050081 J90001VH $9000185 3700010% 014126809 0BLY1061 06290045 01813900 001631
l......ﬁ'..llﬁll..ﬁl .ﬂ.

0109030 % COOLILTIY 8499041% J10904%% 10044419 93296900:20234900 6500463 - OviEL3l
9L09C4%Y T0CRIBIS 3T1YI0L09 03%%0CVI 21000198 $00CUEIR 1000448 90000381 0r0¥3T
1000€0€EY 0000E3cYy T1QI008T 440913301 9909082 % 000£ 4366 TICHLCTY TFVIOCCO CHyCudl
E1CY1T81 660U0BTY 0%0031

v50v0991 3I0C0~ Ov3Y

34108560 30969CV0 .~ CEIUIT
€310%360 SI€ISA6D 000GO0NO 82107100  OVOO004Sy B00J0GTY 8IGAITO0 IALAHVOCO . Ov1CIT

cecscesencangoss sone

€000C 000 €2000600D0 €£0000000 #93u3108 06363100 030v06S3 226QIT10% 00C0GITCO 021¢IY
84203100 043911C0 00000000 H434D00000 £0000000 €0000000 €0CC0000 €0000050 00101
99463108 05383100 0310Vv046$4 0880210 42351000 B£I03IT00 Z2IGDIDISY B4IICTTY
06040329 05044026 Z402026¢% Z00CO000 €0000000 €£0000000 . €0C00000 €CVCCOLO 0703521

Gemesescoe

-
-
L
-
*
-
-

aecesesccccanancaymaoyoe n

o

bt Rt i A has 3€0702LY $$214500Z 02140906 1€062020 02343100 €€2T00G0L. 3420GC00 041492000 090051
A A S QOvVOo%G00 QCAS3602 9€8600060.0°853v0D 0£95$9€%1 00L0D000 090S00L0 3227986 C¥ 0001

sccsonccs=en

09es 3IN00w. OVIY

01042110 *28%1000 89002100 22002104 00002100 943493100 868383100 00000000 §1-9 938,
34000000 €£0000000 £0000000 £0000000 £0000000 99483108 00042008 020000Vvd . 4=0.593¥
049G21068ILI73T00 053610€103$03110 ~O¢ao~or00000~om 100000008025000494 : 90 %S

ON38v 01 AMINI 1V -$93¥

J21v3I204 T1W 00032100 T1¥ 84483100 O1¥ cmumw~oo. oY 00000000 8¥ 44000000 . i¥
89363100 9¥ 49444434 ¥ 33483108 ov 010021700 €3 4949310€@ 2 09443100 1%
800000344 OX 0T00D110 vd3 $28%1000 13%¥ 89002100 vS1 00000000 ¥YSH 00000000 - TOM 023931 ¥§

ZIVINYS 43 1Y ¥NIY VIA QIVIAND SYN: . Dee

20504 1v0 1Y 85602106 11In 83802101 Oly 81802101 64  Q9€VOI10€ Q¥ BvY0d10€- LY
284802100 . <y 81902100 $¥ . 82680100 oY 89202100 €Y 840021017 2o 2800015 ¥

3€0202L% 0¥ $SZTTY00Z ve3 02790905 134 1€0$2020 ¥S1 0L383T00 ¥SH £€21000€ T0M: 990001 ‘n,

. , €1 934 YIA YIV@ ONI03390Md

090027 LV 1dN¥W3LINT

.

i

Z0SC%T1v0 21v 95602106 11y 93907707 0Ty 8.80D210T 6% - SEVOIIOL O¥ BVYVQO10€ LM
€000 32vd ,

asmbessacanaerscte 0T10020% 3€Z909<Y 0ZTQ0ZBS TEVII00D 0188900 01959CZ9 08SHTL0Q 02140400 , ov1g3Y
010462920 01840210 O18SIVET 3009041y 21104996 ¥Y0Z9055% 21100996 HCI90Y9Y 09183~

2900€010 L90024956 99000106 €£000111s 02100085 0TVI0210 006G$£210 I3%£0210 030837
00059800 056056900 0006G302Q 00026900 00202D0E 02060020 23C204L% 1LCOLELY 020631

#9002100 22043510% 00002100 £4483100 89363100 00000000 430¢:00C0O €OOCLOCO - OsSICIT:

0I0UIX .
10006002 10000200 10000000 10000000 205G%1V0 BSEUDT106 83602101 8L30ITIJT - OVLCIT
SeHYeeecTgettotcte 8¢ vaI10¢ 8VvvUIT0L 0880DIG0 8180D100 083602100 89302100 94LAI10T IHOICTSY GPOQIT.:

b S Bl Wit 1 30v06%4L 800GIT100 TIS0IT0D O11%00L0 10614000 10CSE000 GLCS9%0D 01140350 - 0J0CI%
=e=*23dWvS* 0O " =" 09°°» 20000306 24$DE0L0 $01DZ340 D00404LY 00000000 00000000 O%CH0%0% 9Q2I0526 Gcoad1:




56

Sample Program # 3

The third sample'progr§m generates a fixed-point overflow (0c8)
interruption during an Add Register operation. The SPIESET macro is

set to trap only 0C8 error types, thus enabling the interruption,
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