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support:

® The 3704/3705 Communications Controllers

® The Remote Spooling Communications
Subsystem (RSCS).
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describes how
to nmodify,

This publication
VM/370 and how
implement Control
Conversational

to debug
extend or
Program (CP) and
Monitor Systen (CMS)
functions. This information is intended
for system programmers, system analysts,
and program personnel.

This publication consists
and two appendixes.

of five parts

“"part 1. Debugging with VM /370"
discusses the CP and CMS debugging tools
and procedures to follow when debugging.
This part 1is logically divided into three
topics. The first section "Introduction to

Debugging”" tells you how to identify a
problem and 1lists guidelines to follow to
find the cause. The second section
"Debugging with CP" describes the cCP

debugging commands and utilities, debugging
CP in a virtual machine, the internal trace

table and restrictions. A detailed
description of CP dump reading is also
included. The third section "Debugging
with CMS" describes the CMS debugging
commands and utilities, 1load maps, and
restrictions and tells you what fields to

examine when reading a CMS dump.

"part 2. Control Program (CP)" contains
an introductory and functional description
of CP as well as guidance in implementing
some CP features.

"part 3. Conversational Monitor System
(CMs) " contains an introductory and
functional description of CMS including how
CHMS handles interrupts and SVC calls,
structures its nucleus and its storage, and
manages free storage. Information on
saving the CMS system and implementing the
Batch Facility is also included.

"pPart 4. IBM 3704 and 3705
Communications Controllers" describes the
functions and uses of these programmable
units. Information is included on loading,
testing, and updating the control program.

"pPart 5. Remote
Subsystem (RSCS)"

Spooling Communications
describes the functions
and uses of the component of VM/370 that
handles the transmission of files between
VM/370 users and remote programmable and
nonprogrammable stations.

Preface

Information"
PSW and

“"Appendix A: System/370
describes the System/370 extended
extended control register usage.

MULTI-LEAVING" provides a
of MULTI-LEAVING!, a

"Appendix B:
detailed description

computer-to-computer communications
technique developed for use by the HASP
system and used by the RSCS component of
vVM/370.

In this publication, the following
terminology is used:
e 2305 refers to the IBM 2305 Fixed Head

Storage, Models 1 and 2.

e 3270 refers to both the IBM 3275 Display
Station, Model 2 and the IBM 3277
Display Station, Model 2.

e 3330 refers to the IBM 3330 Disk Storage
Models 1, 2, 11; the IBM 3333 Dbisk
Storage and Control Models 1 and T1; and
the 3350 Direct Access Storage operating
in 3330/3333 Model 1 or 3330/3333 Model
2 compatibility mode.

e 3340 refers to the 1IBM 3340 Disk
Storage, Models A2, B1 and B2; and, the
3344 pirect Access Storage, Model B2.

e 3350 refers to the IBM 3350 Direct
Access Storage, Models A2 and B2, in

native mode.

Any information pertaining to the IBM 2741
terminal also applies to the IBM 3767
terminal, Model 1, operating as a 2741,
unless otherwise specified.

the IBM 3344 Direct Access
Storage Device and the IBM 3350 Direct
Access Storage contained in this
publication is for planning purposes only
until the availability of the product.

Information on

An expanded glossary is available in the
IBM Vvirtual Machime Facility/370: Glossary

and Master Index, Order No. GC20-1813.
Knowledge of Assembler Language and
experience with programming concepts and

techniques are using this

publication.

prerequisite to

t Trademark of IBM



References to a standalone dump occur in

several places in this publication. One
such program is the BPS Storage Print
program, Program No. 360P-UT-056.
PREREQUISITE PUBLICATIONS

IBM System/360 Principles of Qperation,
GA22-6821.

IBM System/370 Principles of Operation,
GA22-7000.

Guide, GC33-4021.

IBM 0S/VS, DOS/VS, and VM/370 Assembler
language, GC33-4010.

IBM Virtual Machine Pacility/370: Operating

Systems in a Virtual Machine, Order No.
GC20-1821.

Knowledge of the commands and systen
functions of Cp, CMS, and RSCS is
corequisite.

COREQUISITE PUBLICATIONS
IBM Virtual Machine Facility/370:
Planning Generation Guide,

and Systenm
1801

Order No. GC20-
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Order No. GC20-1820
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CMS Command

No. GC20-1818

and Macro Reference, Order

GC20-1819.

Operator's Guide, Order No. GC20-1806
Terminal User's Guide, Order No.
GC20-1810

(RSCS) User's Guide, Order No. GC20-1816
Data Areas and Control Blocks Logic,
order No. SY20-0884
System Logic and Problem Determination
Guide, Order No. SY20-0885
Note: References in text to titles of
corequisite VM/370 publications will be
given in abbreviated fcrm.
0S/VS Data Mapnagement Macro Instructions,
Order No. GC26-3793.
0S/¥s  Supervisor Service and  Macro

Instructions, order No. GC27-6979.

IBM 2821 Control Unit Component Description
Order No. GA24-3312.

Printer, 3216 Interchangeable
Train Cartridge, and 3811 Printer Control
Unit Compoment Description and
Guide, Order No. GA24-3543.

IBM 3211

IBM 0S/VS Linkage Editor and Loader, Order
No. GC26-3813.

Introduction to the IBM 3704 and 3705
Communications Controllers, Order No.
GA27-3051.

IBM 3704  and 31705 Communications
controllers Operator's Guide, Order No.

GA27--3055.

IBM 3767 Ccmmunication Terminal
programmer as a

If the

used by the systenm
virtual machine console, the IBM 3767
Operator's Guide, Order No. GA18-2000 1is
also a coreguisite publication.

is




Summary of Amendments
for GC20-1807-4
VM/370 Release 3 PLC 1

CMS SUPPORTS VSAM FUNCTIONS CP SUPPORTS NEW DIAGNOSE INSTRUCTION CODES

New: Program Feature New: Program Feature

CP now supports DIAGNOSE instruction

CMS supports the Virtual Storage Access codes X'60' and X'64', DIAGNOSE code
Method (VSAM), providing indexed file X'60' allows you to edit the text of
capability to high-level lanquage error messages. DIAGNOSE code X'64!?
programs executing under CMS, providing provides subcodes that allow you to
data compatability with DoOs/vs and control the wuse of discontiguous saved
0s/vs, and providing enlarged file segments, The general functions of
capacity for CMS end-user applications. these subcodes are to 1load, release, or
find the address of a discontiguous
CMS VSAM support is provided via the saved segment.
DOS/VS VSAM component of the DOS/VsS
supervisor and I/0 functions. This support is described in the section
"DIAGNOSE Instruction in a Virtual
This support is described in the section Machine."

"CMS Support for 0s and DOS VSAM
Functions.®

cp EXTENDS ITS PROTECTION OF SHARED

SEGMENTS
CMS SUPPORTS DOS FUNCTIONS IN THE CMS/DOS
ENVIRONMENT
New: Program Feature
New: Program Feature CP protection of shared segments is
extended to allow the virtual machine

CMS allows the execution of many DOS assist hardware to be activated for
programs by simulating DOS/VS supervisor virtual machines running named shared
and I/0 functionmns. In the CMS/DOS systenms, thus allowing shared CMsS
environment CMS appears to DOS prograns systems to take advantage of the
as a single-partition non-multitasking performance improvements of +the virtual
DOS/VS systen. machine assist feature.
This support is described in the section This support is described in the section
"DOS/VS Support Under CMS." "sShared Segment Protection.®

CMS EXTENDS ITS USE OF SHARED SEGMENTS CP PROVIDES IMPROVED SPOOL FILE RECOVERY
New: Program Feature New: Program Feature
CMS extends its use of named saved CP recovery of spool files is extended
systems to include support for one or to allow recovery after system or
more discontiqguous saved segments which hardware failure.
can be shared among all virtual machines
and which will be outside the address This support is described in the section
space currently defined for each of the "Spool File Recovery."

sharing virtual machines.

This support is described in the section
"Generating Saved Systems.®



Summary of Amendments
for GC20-1807-3
VM/370 Release 2 PLC 13

VM/370 MEASUREMENT FACILITY ] Transmission Control Unit, or a
3704/3705 Communications Controller in
emulation mode. The remote 3270 user

New: Program Feature also has the capability of copying an
entire screen display on a 3284, 3286,

A new commmand (INDICATE) and an or 3288 printer at the remote location.

expansion of the MONITOR command provide

a way to dynamically measure systen The following changes to this manual

performance. The general user can have reflect this new support:

displayed, at his terminal, certain

certain system load conditions and his e A new operand, PFnn COPY is added to

virtual system's usage of system the CP SET command in "part 1:

resources. The system analyst can Debugging with VM/370.%

sample and rTecord a wide Tvariety of e The section on "CP Restrictions" is

system load data, I/0 activity, resource updated to include restrictions to

utilization, response data and this new support.

simulation data. e M"Figure 11. CP Control Block

Relationships" is updated.

A new section, "performance e "part 4: IBM 3704 and 3705
Observation and Analysis" has been added Communications Controllers" is
to "Part 2: Control Program (CP)." updated to include remote 3270

support.

VM/VS HANDSHAKING FEATURE
NEW OPERANDS FOR SET COMMAND

New: Program Feature .
New: Program Feature
The VM/Vs Handshaking feature is a

communication path between VM/370 and Two new operands to the SET command
0S/Vs1 that makes each system control described in “Part 1: Debugging with
program aware of certain capabilities VM/370" allow the virtual machine user
and requirements of +the other. The to enable and disable the ECMODE and/or
following changes to this manual reflect ISAME options, dynamically.

this support:

e A new operand, PAGEX, is added to the
CP SET command in "Part 1: Debugging USER FORMATTED ACCOUNTING RECORDS
with VM/370.%

e A new section, "VM/VS Handshaking" is

added to M"Part 2: Control Progranm New: Program Feature
(CP) "

» A new Diagnose code 0 is added to the A virtual machine user may now initiate
"Diagnose Instruction in a Virtual the punching of an accounting card
Machine" section in "Part 2: Control containing up to 70 bytes of data, the
Program (CP) ." content and format of which he can

determine. The fcllowing changes to
this manual reflect this support:

IBM 3270 REMOTE SUPPORT e M"Accounting Records for Virtual
Machine Users™" in ®part 2: Control
Program (CP)" is updated to describe

New: Program Feature the implementation of this support.

e The section "Diagnose 1Instruction in
VM/370 now supports the IBM 3270 a Virtual Machine" in "part 2:
Information Display System as a remote Control Program (CP)" is wupdated to
virtual machine console attached via expand the function of Diagnose code
nonswitched point-to-point lines to a X'4C*' to include this new support.

2701 Data Adapter Unit, 2703



NEW DEVICE SUPPORT

New: Program Feature.

The 3340 Direct Access Storage Facility
is now supported by VM/370. This
support includes:

e 3348 Data Module, Models 35 and 70
e Rotational position Sensing
e Fixed Head Feature

This device support is reflected in the
following changes to this publication:

e M"Figure 12. CP Device Classes,
Types, Models and Features" is
updated.

e The INPUT AND OUTPUT control
statements for the DASD Dump Restore
Progranm, described in "Part 2:

Control Program (CP)," are changed.

New: Documentation Only

VM/370 support for the IBM 3767
Communications Terminal (at 300bps) as
an IBM 2741 Communications Terminal is
reflected in an update to "Figure 12. CP
Device Classes, Types, Models, and
Features".

NEW VM/370 COMPONENT

New: Program Feature

The Remote spooling Communications
Subsystem (RSCS) has been included as a
component of the VM/370 system. Together
with the Control Program (CP) of VM/370,
it manages telecommunication I/O devices
and lines used to autcmatically transfer
files between:

e VM/370 users and remote stations.

e Remote stations and other remote
stations.

e VM/370 users and remote HASP/ASP type
batch systems.

Summary of Amendments
for GC20-1807-3
VM/370 Release 2 PLC 11

e Remote stations and remote HASP/ASP
type batch systenms.

e Remote stations and a CMS Batch
virtual machine.

The addition of this new component is
reflected in the fcllowing changes and
additions to this publication:

e The Spooling Functions" section in
"part 2: Control Program (CP)" has
been updated to include the remote
spooling capabilities of RSCS and the
addition of the spcol file tag field
to all output spool files.

e The "Diagnose Instruction in a
Virtual Machine" section in "Part 2:
Control Program (CP)" has been

updated to include a new subfunction
code X'OFFF' to Diagnose code 14.
RSCS uses this new option to retrieve
spool file block and tag data for
files that it 1is to process for
transmission.

e The "CMS Batch Facility"®™ section in
"part 3: Conversational Monitor
System (CMS) has been updated to
include remote job entry via RSCS.

e Upart 5: Remote Spooling
Communications Subsystem (RSCS)" has
been added to provide the systenm
programmer with pertinent information
on the new component of VM/370.

CMS USERS CAN READ DOS FILES

New: Program Feature

CMS now supports the reading of DOS
files as well as O0S data sets. This
support is described in the "0S Data
Management Simulation" section of "Part
3: Conversational Monitor System (CMS) ™.
The "VM/370: Restrictions" section in
"part 1: Debugging with VM/370" is
updated to remove the restriction
against reading DOS files.



ENHANCEMENTS TO THE VIRTUAL MACHINE

New: Program Feature

Programs such as DOS/VS, VS1 and VS2
that use block multiplexer channel
operations can now be run under VM/370
in virtual block multiplexer mode. The
mode of operation for all channels,
except channel O and any channel to
which a channel-to-channel Adapter
(CTCA) is attached, is selectable via a
DIRECTORY option or the DEFINE Command.

This new feature is described under
"Functional Information® in "part 2:
Control Program (CP)".

PUBLICATION CONTENT CHANGED

Changed: Documentation Only

Information on planning considerations
and generation of the 3704/3705 control
program, formerly in "Part 4: IBM 3704
and 3705 Communications Controllers" has
been moved to the VM/370: Planning and

The information about generating and
testing the standalone program that
controls the 2780 formerly in "Part 5:
IBM 2780 Data Transmission Terminal" has
been moved to the VM/370: Planning and
System Generation Guide.

MISCELLANEOUS CHANGES

Maintenance: Program and Documentation
Two new ABEND codes, PGT008 and PRGO19,
have been added to "Figure 10. CP ABEND
Codes". Many other changes, too numerous
to detail, have also been included in
this publication.
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Part 1. Debugging with VM/370

This debugging section contains the following information:

Introductory Information

e How to start debugging

e How to use VM/370 facilities to debug ABENDs, unexpected
results, loops, and waits

e summary of VM/370 debugging tools

e Comparison of CP and CMS debugging tools

Control Program Information
Debugging CP on a virtual machine
Comnands useful in debugging

DASD Dump Restore program
Internal trace table

Restrictions

ABEND dumps

Reading CP ABEND dumps

Control block summary

Conversational Monitor System Information
Debugging commands

DASD Dump Restore Progran

Nucleus load map

Reading CMS ABEND dumps

Control block summary

® o0 o o
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Introduction to Debugging

The VM/370 Control Program manages the resources of a single computer
such that multiple computing systems appear to exist. Bach "virtual
computing system," or virtual machine, is the functional equivalent of
an IBM System/370. Therefore, the person trying to determine the cause
of a VM/370 software problem must consider three separate areas:

1. The Control Program (CP), which controls the resources of the real
machine,

2. The virtual machine operating system running under the control of
CP, such as CMS, RSCS, 0S, or DOS.

3. The problem program, which executes under the control of a virtual
machine operating systen.

Once the area causing the problem is identified, the appropriate
person should take all available information and determine the cause of
the problem. Most likely, system support personnel handle all problems
with CP, CMS, ahd RSCS; information that is helpful in debugging CP and
CMS 1is contained in this  publication. The application programmer
handles all problem program errors; techniques for application program
debugging are found in the VYM/370: CMS User's Guide. The IBM Field
Engineering Program System Representative or the installation system
programmer may also reference the ©publication ¥VM/370: Interactive
Problem Control System (IPCS) User's Guide for information on how to use
IPCS for debugging.

If the problem is caused by a virtual machine operating system (other
than CMS and RSCS), refer to the publications pertaining to that
operating system for specific information. However, use the CP debugging
facilities, such as the CP commands, to perform the recommended
debugging procedures discussed in that other publication. System
support personnel most 1likely handle problems with virtual machine
operating systeas.

If it becomes necessary to apply a PTF (Program Temporary Fix) to a
component of VM/370, refer to the VYM/370: Planning and System Generation

Before you can correct any problem, 7you must recognize that one exists.
Next, you must identify the problem, collect information and determine
the cause so that the problem can be fixed. When running VM/370, you
must also decide whether the problem is in CP, the virtual machine, or
the problem prograa.

A good approach to debugging is:
1. Recognize that a problem exists.
2. Identify the problem type and the area affected.

3. Analyze the data you have available, collect more data if you need
it, then isolate the data that pertains to your problen.

4. Pinally, determine the cause of the problem and correct it.

Part 1. Debugging with VM/370 13



DOES A PROBLEM EXIST?

There are four types of problems:

1. Loop

2. Wait state

3. ABEND (Abnormal End)
4. Incorrect results

The most obvious indication of a problem is the abnormal termination
of a program. Whenever a program abnormally terminates, a messaqge is
issued. Figure 1 1lists the possible ABEND messages and identifies the
type of ABEND for these messages.

Message | Type of ABEND

(Alarm rings) |ICP ABEND, system dumps to
DMKDMP908I SYSTEM FAILURE CODE XXXXXX disk. Restart is automatic.

Optional Messages:

DMKDMP905W SYSTEM DUMP FAILURE;
PROGRAM CHECK

DMKDMP906W SYSTEM FAILURE; MACHINE
CHECK, RUN SEREP

DMKDMP907W SYSTEM DUMP FAILURE; FATAL
I/0 ERROR

L]

|

{

(

|

|

|

|
If the dump program encoun— |
ters a program check, ma-— {
chine check, or fatal 1,0 |
error, a message is issued |
indicating the error. CP |
enters the wait state with |
code 003 in the PSW. |
|

|

|

|

DMKCKP900W SYSTEM RECOVERY FAILURE;
PROGRAM CHECK

DMKCKP901W SYSTEM RECOVERY FAILURE;
MACHINE CHECK, RUN SEREP

DMKCKP902W SYSTEM RECOVERY FAILURE;
FATAL I/0 ERROR — NUCL CYL

— HWARM CYL

DMKCKP922W SYSTEM RECOVERY FAILURE;
INVALID SPOOLING DATA

DMKCKP910W SYSTEM RECOVERY FAILURE;
INVALID WARM START CYLINDER

DMKCKP911W SYSTEM RECOVERY FAILURE;
WARM START AREA FULL

If the checkpoint program
encounters a program check,
a machine check, a fatal I/0|
error, or an error relating |
to a certain warm start |
cylinder or warm start data |
conditions, a message is |
issued indicating the error |
and CP enters the wait state|
with code 007 in the PSWH.

DMKCKS903W SYSTEM RECOVERY FAILURE;
VOLID xxxXxxxx ALLOCATION ERROR
CYLINDER xxx

DMKCKS912W SYSTEM RECOVERY FAILURE;
VOLID xxxxxXx NOT MOUNTED

DMKCKS915E PERMANENT I/0O ERROR ON
CHECKPOINT CYLINDER

DMKCKS916E ERROR ALLOCATING SPOOL FILE
BUFFERS

DMKCKS917E CHECKPOINT CYLINDER INVALID;
CLEAR STORAGE AND COLD START

I1f the checkpoint start
program encounters a severe
error, a message is issued
indicating the error and CP
enters the wait state with
code OOE in the PSW.

o o e S T — T S T ——— o S —— o — v Tt T —— -

b o e T e e e - e — T — — s —

Figure 1. ABEND Messages (Part 1 of 3)
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Message

DMKWRM921W SYSTEM RECOVERY FAILURE:
UNRECOVERABLE I/O ERROR

DMKWRMY03W SYSTEM RECOVERY FAILURE;
VOLID xxxxxx ALLOCATION ERROR
CYLINDER xxx

DMKWRMI04W SYSTEM RECOVERY FAILURE;
INVALID WARM START DATA

DMKWRMI912W SYSTEM RECOVERY FAILURE;
VOLID xxxxxx NOT MOUNTED

DMKWRM920W NO WARM START DATA; CKPT
START FOR RETRY

il
| Type of ABEND |
|
l

|If the warm start program

| encounters a severe error, al
{ message is issued indicating]
| the error and CP enters the
| wait state with code 009

| in the PSW.
{
|
l
|
|

DMKDMP908I SYSTEM FAILURE, CODE xxxxxx |CP ABEND, system dumps to
DMKCKP960I SYSTEM WARM START DATA SAVED| tape or printer. The systenm

DMKCKP961W SYSTEM SHUTDOWN COMPLETR

Optional Messages

DMKDMPI905W SYSTEM DUMP FAILURE;
PROGRAM CHECK
DMKDMP906W SYSTEM DUMP FAILURE;

DMEDMP907W SYSTEM DUMP FAILURE; FATAL
I/0 ERROR

| stops; the operator must IPL
| the system to start again.

If the dump program encoun-
ters a program check, a ma-
chine check, or fatal 1I/0
error, a message is issued
indicating the error. CP
enters the wait state with
code 003 in the PSW.

If the dump cannot find a
defined dump device and if
no printer is defined for
the dump, CP enters a dis-—
abled wait state with code
004 in the PSW.

DMKMCH610I MACHINE CHECK SUPERVISOR
DAMAGE

DMKMCH611I MACHINE CHECK SYSTEM

L
|
|
|
|
|
|
|
|
|
|
|
|
l
|
|
|
|
|
|
|
|
|
|
| MACHINE CHECK, RUN SEREP
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
| INTEGRITY LOST
|
|
l
L

|CP termination with automatic
| restart.

{The machine check handler en-

{ countered a nonrecoverable

| error with the VM/370 con-

| trol program.

|

|The machine check handler en-|

countered an error that can-—|

not be diagnosed; systenm |

integrity, at this point, |

is not reliable. |
J

Figure 1. ABEND Messages (Part 2 of 3)
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Message | Type of ABEND

L
i
|
|CP termination without auto— |

| matic restart. |

| |

DMKCCH603W CHANNEL ERROR, RUN SEREP, |There was a channel check |
RESTART SYSTEM condition from which the |
channel check handler could |
not recover. CP enters the |
wait state with code 002 in |
the PSW. |
|

The generated system requiresi
more real storage than is }
available. CP enters the |
disalkled wait state with !
code 00D in the PSW. |
|

!

|

|

DMKCPI955W INSUFFICIENT STORAGE FOR

|
|
|
|
|
|
|
VM/370 |
|
|
|

DMSABN148T SYSTEM ABEND xXxX CMS ABEND, system will accept

|
CALLED FROM xXXXXX | commands from the terminal.
| Enter the DEBUG command and
| then the DUMP subcommand to |
| have CMS dump storage on the|
|

printer.

When 0S or DOS abnormally
Refer to 0S and DOS publication terminates on a virtual
for the abnormal termination machine, the messages issued|

Others |
|
{
messages. | and the dumps taken are the |
|
|
(

same as they would be if 0S |
or DOS abnormally terminated]

on a real machine. |
[ ]

o SR s M S N T S o S — O i, S ey o, W . " s e W oy

Figure 1. ABEND Messages (Part 3 of 3)

Another obvious indication of a problem is unexpected output. If your
output is missing, incorrect, or in a different format than expected,
some problem exists.

Unproductive processing time is another symptom of a problem. This
problem is not as easily recognized, especially in a time sharing
environment.

IDENTIFYING THE PROBLEM

Two types of problems are easily identified: abnormal termination is
indicated by an error message, and unexpected results become apparent
once the output is examined. The looping and wait state conditions are
not as easily identified.

When using VM/370, you are normally sitting at a terminal and do not
have the 1lights of the CPU control panel to help you. You may have a
looping condition if your program takes longer to execute than you
anticipated. Also, check your output. If the number of output records or
print lines is greater than expected, the output may really be the same
information repeated many times. Repetitive output usually indicates a
program loop.

16 IBM VM/370: System Programmer's Guide



Another way to identify a loop is to periodically examine the current
PSW. If the PSW instruction address always has the same value, or if the
instruction address has a series of repeating values, the progranm
probably is looping.

The wait state is also difficult to recognize when at the terminal.
Again, the console lights are unavailable. If your program is taking
longer than expected to execute, the virtual machine may be in a wait
state. Display the current PSW on the terminal. Periodically, issue the

CP command

QUERY TIME

and compare the elapsed processing time. When the elapsed processing
time does not increase, the wait state probably exists.

Figure 2 helps you to identify problem types and the areas where they
may occur.

Part 1. Debugging with VvM/370 17



r
jProblem|
|ABEND Occurs|

| Type

Where

Distinguishing Characteristics

|
ABEND

CP ABEND

The alarm rings and the message

DMKDMPI08I

appears on the CPU console. In this instance,

the system dump device is a disk, so the system
dumps to disk and automatically restarts.
an error occurs in the dump,
warmstart program, CP enters the
after issuing one or more of the

messages:
DMKDMPI90OSWH
DMKDMP9Y06W

DMKDMPOO7W
DMKCKPI0OOW

DMKCKP90 1W
DMKCKPI02W
DMKCKP922W
DMKCKP910W
DMKCKP9 11W

DMKCKS903W

DMKCKS912W
DMKCKS915E
DMKCKS917E
DMKWRMI921W

DMKWRMI03W

DMKWRMOO 4W

DMKWERM9 12W

SYSTEM FAILURE, CODE xXXXXX

If
checkpoint, or
wvait state
following

PROGRAM CHECK
MACHINE CHECK,

SYSTEM DUMP PAILURE;
SYSTEM DUMP FAILURE;
RUN SEREP

SYSTEM DUMP FAILURE;
SYSTEM RECOVERY FAILURE;
CHECK
SYSTEM
CHECK,
SYSTEM
ERROR
SYSTEM RECOVERY FAILURE;

INVALID SPOOLING DATA

SYSTEM RECOVERY FAILURE;

INVALID WARM START CYLINDER
SYSTEM RECOVERY FAILURE;

WARM START AREA FULL

SYSTEM RECOVERY FAILURE; VOLID
XXXXXX ALLOCATION ERROR CYLINDER
XXX n

SYSTEM RECOVERY FAILURE; VOLID
XxXxxxx NOT MOUNTED

PERMANENT I/0 ERROR ON CHECKPOINT
CYLINDER

CHECKPOINT CYLINDER INVALID;
STORAGE AND COLD START
SYSTEM RECOVERY FAILURE; UNRECOVER-
ABLE I/0O ERROR

SYSTEM RECOVERY FAILURE;

VOLID xxxxxx ALLOCATION ERROR
CYLINDER xxXx

SYSTEM RECOVERY FAILURE; INVALID
WARM START DATA

SYSTEM RECOVERY FAILURE;
XXXXxXx NOT MQUNTED

FATAL I/0 ERROR
PROGRAM
RECOVERY FAILURE; MACHINE
RUN SEREP

RECOVERY FAILURE; FATAL I/0

CLEAR

VOLID

CP ABEND

|The following messages appear on the CPU console

DMKDMP908I
DMKDMP960I
DMKDMPI961W

The system dumps to tape or printer and stops.
The operator must IPL the system to restart.
an error occurs in the dump or checkpoint pro-
grams, CP enters the wait state after issuing
one Or more

DMKDMPY0O5W
DMKDMPI06W

DMKDMPI90O7W

e S S S G e, TS e Wy D s, WS e W S o S . B — S —— - — Ty W oy Ty, Ty B ST iy, WDy W — S — o D o T — oo — ]

SYSTEM FAILURE, CODE XXXXXX
SYSTEM WARM START DATA SAVED
SYSTEM SHUTDOWN COMPLETE

If

of the following messages:

SYSTEM DUMP FAILURE; PROGRAM CHECK
SYSTEM DUMP FAILURE; MACHINE CHECK,
RUN SEREP

SYSTEM DUMP FAILURE; FATAL I/O ERROR

J

Figure

18

2.

VM/370 Problem Types (Part 1 of 5)
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|Proklenm | Where |
| Type | ABEND Occurs | Distinguishing Characteristics

DMKCKP90OW SYSTEM RECOVERY FAILURE;
PROGRAM CHECK

DMKCKP901W SYSTEM RECOVERY FAILURE;
PROGRAM CHECK| RUN SEREP

ABEND | CP ABEND |

|

|

|

| DMKCKP902W SYSTEM RECOVERY FAILURE; FATAL
|

|

|

|

|

(cont.) (cont.)

I/0 ERROR
DMKCKP910W SYSTEM RECOVERY FAILURE;
INVALID WARM START CYLINDER
DMKCKP911W SYSTEM RECOVERY FAILURE;
WARM START AREA FULL

CP termination|{An unrecoverable machine check error has
with auto- | occurred. One of the following messages:
matic start | DMKMCH610I MACHINE CHECK SUPERVISOR DAMAGE

| DMKMCH611I MACHINE CHECK INTEGRITY LOST

| appears on the CPU console. The system is

| automatically restarted.

CP termination|An unrecoverable channel check error has
without auto—| occurred. The message:
matic restart| DMKCCH603W CHANNEL ERROR, RUN SEREP,
| RESTART SYSTEM
| appears on the CPU console, and CP enters
| wait state.

Virtual
Machine
ABEND (CMS)

| The CMS message

| DMSABM148T SYSTEM ABEND xxx CALLED FROM

[ XXXXXX

| appears on the terminal. The system stops

| and waits for a command to be entered on

| the terminal. In order to have a dump

| taken, issue the CMS DEBUG command and then
| the DUMP subcommand.

| Virtual |When 0S or DOS abnormally terminates on a
{ Machine ABEND{ virtual machine, the messages issued and
|} (other than | the dumps taken are the same as they would
| CMs) | be if 0S or DOS abnormally terminated on a

real machine.

VM/370 may terminate or reset a virtual
machine if a nonrecoverable channel check
or machine check occurs in that virtual
machine. One of the following messages:

DMKMCH616I MACHINE CHECK; USER userid
TERMINATED
DMKCCH604TI CHANNEL ERROR; DEV xxx; USER
userid; MACHINE RESET
to the system operator at the CPU console.
Also, the virtual user is notified that his
machine was terminated or reset by one of
the following messages:
DMKMCH619I MACHINE CHECK; OPERATOR
- TERMINATED
DMKCCH606I CHANNEL ERROR; OPERATOR
TERMINATED

[ e T — —— " —— — T — T — —— — — — . — T — S — N — T ———————— T —————— T —— ———— T — - — —
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Figure 2. VM/370 Problem Types (Part 2 of 5)
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|Problen | Where |

| Type | ABEND Occurs | Distinguishing Characteristics
|
[Unexpected |CP |If an operating system, other than CMS,

| Results | | executes properly on a real machine, but
| not properly with CP, a problem exists.
| Inaccurate data on disk or system files
{ (such as spool files) is an error.

Virtual
Machine

|If a program executes properly under the
| control of a particular operating system
| on a real machine, but does not execute
| correctly under the same operating systen
|

with VM/370, a problem exists.

Wait |Disabled CpP
wait

1
i
l
|
|
|
|
(
l
|
|
|
|
|
.'
The CPU wait light is on. Also, pressing |
the REQUEST key on the operator's console, |
or the equivalent action, leaves the |
REQUEST PENDING light on. If the message |
DMKMCH612W MACHINE CHECK TIMING FACILITIES|
DAMAGE, RUN SEREP |

appears on the CPU console, a machine check]
(probable hardware error) caused the CP |
disabled wait state. If the message |
DMKCCH603W CHANNEL ERROR, RUN SEREP, |
RESTART SYSTEM |

appears on the CPU console, a channel check|
(probable hardware error) caused the CP |
disabled wait state. If the message i
DMKCPI955W INSUFFICIENT STORAGE FOR VM/370|
appears on the CPU console, the control |
program has entered a disabled wait state |
with code 00D in the PSW. Either the |
generated system is larger than the real |
machine size, or a hardware machine mal- l
function prevents VM/370 from using the |
necessary amount of storage. If the message]
DMKPAGU15E CONTINUOUS PAGING ERRORS FROM |
DASD xxX i

appears on the CPU console, the control |
program (CP) has entered a disabled wait |
state with code OOF in the PSW. Consecutive|
hardware errors are occurring on one or |
more VM/370 paging devices. |
If the system is being controlled at an |
alternate console, messages DMKCKP910I, |
DMKCKP911W, and DMKCKP960I are not I
generated before the system goes into a |
wait state. |
|

i

|

|

|

|

|

l

|

|

|

Enabled CP |The CPU console light is on, but the system
wait | accepts interrupts from I/0 devices.

Disabled | The VM/370 Control Program does not allow a
virtual | virtual machine to enter a disabled wait
machine wait | state or certain program loops. Instead, CP

| issues one of the following messages:
| DMKDSP450W CP ENTERED; DISABLED WAIT PSW
| DMKDSP451W CP ENTERED; INVALID PSW

[ T o T e vt T i G —— T — ——— - o— T — T g— o o— I — T O — . m— U g T — T TS gy W o G e W W g WS e S —
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Figure 2. VM/370 Problem Types (Part 3 of 5)
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| Problem | Where |
| Type | ABEND Occurs | Distinguishing Characteristics
Wait |Disabled | DMKDSP452W CP ENTERED; EXTERNAL INTERRUPT
(cont.) | virtual | LOOP
| machine wait | DMKDSP453W CP ENTERED; PROGRAM INTERRUPT
| (cont.) | LOOP
|
| Enabled A PSW enabled for I/O interrupts is loaded.
| virtual Nothing happens if an I/0 device fails to

:

| machine wait | issue an I/0 interrupt. If a program is
| taking longer to execute than expected,
| periodically issue the CP command, QUERY

| TIME. If the processing time remains un-

| changed, there is probably a virtual

| machine enabled wait.

|CMS types a blip character for every 2

| seconds of elapsed processing time. If the

{ program does not end and blip characters

| stop typing, an enabled wait state probably

| exists.

Disabled RSCS |The RSCS operator is notified of the wait
wait | state by CP issuing the message

DMKDSP4S0W CP ENTERED; DISABLED WAIT PSW
If, in addition, the message
DMTINI4O02T IPL DEVICE READ I/O ERROR

|
|
|
(
|
|
| appears on the RSCS console, an unrecover-—
| able error has occurred while reading the
| RSCS nucleus from DASD storage. RSCS

| enters a disabled wait state with a code

| of 011 in the PSW.

|

|

(

|

If a program check occurs before the
program check handler is activated, RSCS
enters a disabled wait state with a code of

| 007 in the PSW.

|

(If a program check occurs after the progranm

| check handler is activated, RSCS enters a

| disabled wait state with a code of 001 in

| the PSH. One of the following messages may
also appear on the RSCS console:

|

|

| DMTREX090T PROGRAM CHECK IN SUPERVISOR —
| .RSCS SHUTDOWN

{ DMTREX091T INITIALIZATION FAILURE — RSCS
| SHUTDOWN

Enabled RSCS |RSCS has no task ready for execution. A
wait | PSW, enabled for external and I/O

| interrupts, is loaded with a wait code of
| all zeroes.

- — T S — T — T  — T — G— S — T T . " o T " o T Ty W g T g T . T g = g .
b o e e s s T s P s T s - — T —— . —— — — . — S — . T . TS s W - T e S g T T o T — Y — T — — — - S pna— — ——— s "= ]
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Figure 2. VM/370 Problem Types (Part 4 of 5)
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|Problen | Where i
Type | ABEND Occurs | Distinguishing Characteristics

[
[}
Q
o

ICP disabled [The CPU console wait light is off. The

| loop | problem state bit of the real PSW is off.
| | No I/0 interrupts are accepted.

|

|CP enabled |There is no such condition.

| loop 1

|

|Virtual |The program is taking longer to execute than|
machine | anticipated. Signalling attention from the |

disabled loop| terminal does not cause an interrupt in the|
| virtual machine. The virtual machine opera-|
{ tor cannot communicate with the virtual
| machine's operating system by signalling
|

attention.
Virtual Bxcessive processing time is often an indi-
machine cation of a loop. Use the CP QUERY TIME

|

!

| command to check the elapsed processing

| time. In CMS, the continued typing of the
| blip characters indicates that processing
| time is elapsing. If time has elapsed,

| periodically display the virtual PSW and
| check the instruction address. If the sanme
| instruction, or series of instructions,

| continues to appear in the PSW, a loop

|

|
|
|
|
|
|
|
|
|
| enabled loop
|
|
|
1
|
|
|
| probably exists.

[P o e S S — g S g D B e S o S D S e S — S ——— —
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Figure 2. VM/370 Problem Types (Part 5 of 5)

ANALYZING THE PROBLEM

Once the type of problem is identified, its cause must be determined.
There are recommended procedures to follow. These procedures are
helpful, but do not identify the cause of the problem in every case. Be
resourceful. Use whatever data you have available. If the cause of the
problem is not found after the recommended debugging procedures are
followed, it may be necessary to undertake the tedious job of
desk-checking.

The section, "How To Use VM/370 Pacilities To Debug," describes
procedures to follow in determining the cause of various problems that
can occur 1in the Control Program or in the virtual machine. See the
VM/370: CMS User's Guide for information on using VM/370 facilities to

debug a problem program.

If it becomes necessary to apply a Program Temporary Fix (PTF) to a
VM/370 component, refer to the VM/370: Planning and System Generation
Guide for detailed information on applying PTPs. Figure 3, Figure 4,

and PFigure 5 summarize the debugging process from identifying the
problem to finding the cause.
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START
DEBUGGING

YES ANY

|5 there an ABEND condition ? =

If the message
DMKDMP9081 SYSTEM FAILURE, CODE XXX XXX
appears on the console and
the alarm rings,
this is a CP ABEND.
The system dumps to disk or to the
printer if the set dump E command

has been issued, and automatically
performs IPL.. _—@
If the messages
. DOMKDMP9081 SYSTEM FAILURE, CODE XXXXXX
DMKCKP9601 SYSTEM WARMSTART DATA SAVED
DMKCKP961W SYSTEM SHUTDOWN COMPLETE
appear on the consofe,

this is a CP ABEND.
The system dumps to tape

or printer and StOPS. m—e—ge— @

If the message

DMSABNI48T SYSTEM ABEND XXX,
CALLED FROM YYYYYY

appears on the terminal,

this is a CMS ABEND.—>

If an ABEND message
from the virtual machine appears
on the terminal,

this is an ABEND in the
operating system controlling

this virtual machine.—.@

Otherwise, an ABEND
condition does not exist,

Gy
©

Unexpected Results?

1f an operating system which
. executes properly on a real machine
fails to execute properly under VM/370,
there are unexpected results

nCP, —— - @
1f a program which executes under

the control of an operating system on
a real machine fails to execute correctly
with the same operating system under
VM/370,

there are unexpected results

in the virtual machine, ~————#= w

If the program’s output is
. inaccurate or missing,
there are unexpected results
in the problem program. .

If the output is redundant
check for a loop. ——m=

n Otherwise, check for a wait or

MESSAGES

YES ANY
UNEXPECTED
RESULTS

HAS
AN EXCESSIVE YES

Does a problem exist? e

AMOUNT OF
TIME ELAPSED

No problem exists

Y

loop. x

®

Figure 3. Does a Problem

Exist?

Part 1.

p— {$ there a wait or Loop?

If pressing the REQUEST key on the operator’s
console leaves the REQUEST PENDING light on,
a CP disabled wait state exists.

The CPU console light will be on. e

If the CPU console wait light is on,
the system is in a CP enabled wait state. —= w

1f any of the following messages

DMKDSP450W CP ENTERED; DISABLED WAIT PSW

DMKDSP451W CP ENTERED; INVALID PSW

DMKDSP452W CP ENTERED; EXTERNAL INTERRUPT
LOOP

DMKDSP453W CP ENTERED; PROGRAM INTERRUPT
LooP

appears on the terminal,

there is a disabled wait or an interrupt loop in the

virtual machine. ————\
If pressing the ATTN key once does not cause

3 If the real PSW problem bit is OFF,
there is a CP loop, —————— o= v

an interrupt, 'E
there is a disabled loop in the virtual machine. \

If processing has ceased in the virtual

machine without reaching end-of-job,
the virtual machine is in an
enabled wait state and no 1/O interrupt
has occurred.

7 | processing time exceeds normal expectations,
the virtual machine may have an enabled loop. x

n Otherwise,’

\
®
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Debug Procedures for a Wait

CP Disabled Wait

moa.

Use ALTER/DISPLAY console mode {if available), to display real PSW and CSW. Also,
display general and extended control registers and storage locations X'00"—X"100",

Press SYSTEM RESTART button to cause a CP ABEND
dump to be taken.

IPL.

CP Enabled Wait

Press SYSTEM RESTART button to cause a
CP ABEND dump to be taken.

Use the dump to check the status of each VMBLOK. Also,
check RCHBLOK, RCUBLOK, and RDEVBLOK for each device.

Virtual Machine Disabled Wait

Use CP commands (CMS users may use the CMS DEBUG command) to display
the PSW, CSW, gen.eral registers, and control registers,

Use the CP DUMP command {or CMS DUMP subcommand) to
take a dump.

T

Virtual Machine Enabled Wait

[

B

Take a dump.

Debug Procedures for a Loop

CP Loop

Use ALTER/DISPLAY console mode (if available) to
display real PSW, general registers, control
registers, and storage locations X"00'—X"100".

Press SYSTEM RESTART bution to cause a CP
ABEND dump to be taken.

3 Examine the CP internal trace table to see where the loop is.

IH&

Virtual Machine Disabled Loop

C [

TIL

Use the CP TRACE command to trace the loop.

Display the general registers and control registers
via the CP DISPLAY command.

Take a dump using the CP DUMP command.

Examine the source code.

Virtual Machine Enabled Loop

Trace the loop. Display the PSW, general registers,
and extended control registers.

Take a dump.

3 Examine source code.

4. Debug Procedures for Waits and Loops
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Debug Procedures for Unexpected Results

L

Unexpected Results in CP

Check that the program is not violating any
CP restrictions.

Check that the program and operating system running
on the virtual machine are exactly the same as those
that ran on the real machine.

Use the CP TRACE command to trace CCWs, 810s, and interrupts.
Look for an error in CCW translation or interrupt reflection.

If disk 1/0 error, use the CP DDR (DASD Dump Restore)
program to print the contents of any disk.

5

L

s

Figure

5.

d results in a virtual

Check that the program executing on the virtual machine is
exactly the same as the one that ran on the real machine.

Make sure that operating system restrictions
are not violated.

Use CP TRACE to trace all 1/0 operations.

Debug Procedures for an ABEND

—il

—il

—il

[~ CP ABEND

CMS ABEND

r——' Virtual Machine ABEND (other than CMS)

Find out why CP abnormally terminated. Examine the
PROPSW, INTPR, SVCOPSW, and CPABEND fields in the PSA
from the dump. .

Identify the module that caused the ABEND.
Examine the SAVEAREA, BALRSAVE, and FREESAVE areas of the dump.

If /O operation, examine the real and virtual 1/0
control blocks.

Determine reason for ABEND from code in ABEND
message DMSABN148T.

Enter debug environment or CP console function mode
to use the commands, to display the PSW, and to examine
low storage areas:

LASTLMOD and LASTTMOD

LASTCMND and PREVCMND

LASTEXEC and PREVEXEC and DEVICE
Look at the last instruction executed.
Take dump if need be.

Examine dump, if there is one.

Use CP commands to examine registers and
control words.

Use CP TRACE to trace the processing up to
the point where the error occurred.

Debug Procedures for Unexpected
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HOW TO USE VM/370 FACILITIES TO DEBUG

Once the problem and the area where it occurs are identified, you can
gather the information needed to determine the cause of the problem. The
type of information you want to look at varies with the type of problen.
The tools used to gather the information vary depending upon the area in
which the problem occurs. For example, if the problem is looping, you
will want to examine the PSW. For a CP loop, you have to use the
operator's console to display the PSW, but for a virtual machine loop
you can display the PSW via the CP DISPLAY command.

The following sections describe specific debugging procedures for the
various error conditions. The procedures will tell you what to do and
what debug tool to use. For example, the procedure may say dump storage
using the CP DUMP command. The procedure will not tell you how to use
the debug tool. Refer to the "CP Commands to Debug the Vvirtual Machine"®
and "CMS Debugging Commands" sections for a detailed description of each
debug tool, including how to invoke it.

ABEND

When a system does not know how to continue, it abnormally terminates.

CP ABEND

When the VM/370 Control Program abnormally terminates, a dump is taken.
This dump can be directed to tape or printer, or dynamically allocated
to a direct access storage device. The output device for a CP ABEND dump
is specified by the CP SET command. See the "ABEND Dumps" section for a
description of the SET and VMFDUMP commands.

Use the dump to find what caused the Control Program to terminate.
First, find why the system abnormally terminated and then see how the
condition can be corrected. See the "Reading CP ABEND Dumps" discussion.
for detailed information on reading a CP ABEND dump.

REASON FOR THE ABEND: CP will terminate and take an abnormal

termination dump under three conditions:
1. Program Check in CP

Examine the PROPSW and INTPR fields in the Prefix Storage Area to
determine the failing module.

2. Module Issuing an SVC 0
Examine the SVC o0l1ld PSW (SVCOPSW) and ABEND code (CPABEND) fields
in the Prefix Storage Area to determine the module that issued the
SVC 0 and the reason it was issued.
CPABEND contains an abnormal termination code. The first three
characters identify the failing module (for example, ABEND code
TRC001 indicates DMKTRC is the failing module).

3. Operator Pressing SYSTEM RESTART Button on CPU Console
Examine the old PSW at location X'08' to find the location of the
instruction that was executing when the operator pressed SYSTEM
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RESTART. The operator presses SYSTEM RESTART when CP is in a
disabled wait state or loop.

EXAMINE LOW STORAGE AREAS: The information in low storage tells you the
status of the system at the time CP terminated. Status information is
stored in the Prefix Storage Area (PSA). You should be able to tell the
module that was executing by looking at the PSA. Refer to the
appropriate save area (SAVEAREA, BALRSAVE, or FREESAVE) to see how that
mnodule started to execute. The Prefix Storage Area is described in the
VM/370: Data Areas and Control Blocks Logic publication.

Examine the real and virtual control blocks to find the status of I/0
operations. Figure 11 shows the relationship of CP Control Blocks.

Examine the CP internal trace table. This table can be extremely
helpful in determining the events that preceded the ABEND. The "CP
Internal Trace Table® description tells you how to use the trace table.

The values in the general registers can help you to locate the
current TOBLOK and VMBLOK and the save area. Refer to "Reading CP ABEND
Dumps" for detailed information on the contents of the general
registers.

If the program check old PSW (PROPSW) or the SVC old PSW (SVCOPSW)
points to an address beyond the end of the resident nucleus, the module
that caused the ABEND is a pageable module. Refer to “Reading CP ABEND
Dumps" to find out how to identify that pageable module. Use the CP load
map that was created when the ¥M/370 system was generated to £ind the
address of the end of the resident nucleus.

CP Termination without a Dump

Two types of severe machine checks can cause the VM/370 control progranm
to terminate:

e An unrecoverable machine check in the control program
e A machine check that cannot be diagnosed

A machine check error cannot be diagnosed if either the machine check
0ld PSW or the machine check interrupt code is invalid. These severe
machine checks cause the control program to terminate, but no dump is
taken since the error is recorded on the error recording cylinders. The
system is automatically restarted and a message is issued identifying
the machine check error.

If an unrecoverable machine check occurs in the control program, the
ressage

DMKMCH610I MACHINE CHECK SUPERVISOR DAMAGE

appears on the CPU console. The control program is terminated and
automatically restarted.

If the machine check handler cannot diagnose a certain machine check,
the integrity of the system is questionable. The message

DMKMCH611I MACHINE CHECK SYSTEM INTEGRITY LOST

appears on the CPU console, the control program is terminated and
automatically restarted.
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Hardware errors are probably the cause of these severe machine
checks. The system operator should run the CPEREP program and save the
output for the installation hardware maintenance personnel.

CMS ABEND

When CMS abnormally terminates, the following error message appears on
the terminal:

DMSABN148T SYSTEM ABEND xxx CALLED FROM yyyyyy

where xxx is the ABEND code and yyyyyy is the address of the instruction
causing the ABEND. The DMSABN module issues this message. Then, CMS
waits for a command to be entered from the terminal.

Because CMS is an interactive system, you will probably want to use
its debug facilities to examine status. You may be able to determine the
cause of the ABEND without taking a dump.

The debug program is located in the resident nucleus of CMS and has
its own save and work areas. Because the debug program itself does not
alter the status of the system, you can wuse its options knowing that
routines and data cannot be overlaid unless you specifically request
it. Likewise, you can use the CP commands in debugging knowing that you
cannot inadvertently overlay storage because the CP and CMS storage
areas are completely separate.

REASON FOR THE ABEND: First determine the reason CMS abnormally

terminated. There are four types of CMS abnormal terminations:
1. Program Exception

Control is given to the DMSITP routine whenever a hardware progranm
exception occurs. If a routine other than a SPIE exit routine is in
control, DMSITP issues the message

DMSITP141T xxxXXXXX EXCEPTION OCCURRED AT xxxXXX IN ROUTINE
XXXXXXXX

and invokes DMSABN (the ABEND routine). The ABEND code is 0Cx,
where x is the program exception number (0-F). The possible
programming exceptions are:

Code Meaning

Imprecise

Operation

Privileged operation
Execute

Protection
Addressing
Specification
Decimal data
Fixed-point overflow
Pixed-point divide
Decimal overflow
Decimal divide
Exponent overflow
Exponent underflow
Significance
Floating-point divide

MEODOQOBPFOONONMEWNL0
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ABEND Macro

Control is given to the DMSSAB routine whenever a user routine
executes the ABEND macro. The ABEND code specified in the ABEND
macro appears in the abnormal termination message DMSABN148T.

Halt Execution (HX)

Whenever the virtual machine operator signals attention and types
HX, CMS terminates and types "CMS".

System ABEND

A CMS system routine can abnormally terminate by issuing the DMSABN
macro. The first three hexadecimal digits of the system ABEND code
type 1in the CMS ABEND message, DMSABN148T. The format of the
DMSABN macro is:

r -

| | l r r 11 |

| [label] | DMSABN | code |,TYPCALL=|SY¥C || |

| | | (reg) | IBALR || i

| l | L L 44 '

L J

where:

label is any valid Assembler language label.

code is the abnormal termination code (0-FFF) that
appears in the DMSABN149T systen termination
message.

(reg) is the register containing the abnormal termination
code.

TYPCALL=SVC specifies how control is passed to the abnormal

TYPCALL=BALR termination routine, DMSABN. Routines that do not
reside in the nucleus should use TYPCALL=SVC to
generate CMS SVC 203 1linkage. Nucleus-resident
routines should specify TYPCALL=BALR so that a
direct branch to DMSABN is generated.

If a CMS SVC handler abnormally terminates, that routine can set an
ABEND flag and store an ABEND code in NUCON (the CMS nucleus
constant area). After the SVC handler has finished processing, the
ABEND condition is recognized. The DMSABN ABEND routine types the
ABEND message, DMSABN148T, with the ABEND code stored in NUCON.

WHAT TO DO WHEN CMS ABNORMALLY TERMINATES: After an ABEND, two courses

—tm R eecmEmanan ——

of action are available in CMS. In addition, by signalling attention,
you can enter the CP command mode and use CP's debugging facilities.

1.

Two courses of action available in CMS are:

Issue the DEBUG command and enter the debug environment. After
using all the DEBUG subcommands that you wish, exit from the debug
environment. Then, either issue the RETURN command to return to
DMSABN so that ABEND recovery will occur, or issue the GO command
to resume processing at the point the ABEND occurred.

Issue a CMS command other than DEBUG and the ABEND routine, DMSABN,

performs its ABEND recovery and then passes control to the DMSINT
routine to process the command just entered.
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The ABEND recovery function performs the following:

1. The SVC handler, DMSITS, is reinitialized, and all stacked save
areas are released.

2. MWFINIS * * %% is invoked by means of SVC 202, to close all files,
and to update the master file directory.

3. If the EXECTOR module is in real storage, it is released.
4. all link blocks allocated by DMSSLN are freed.

5. All FCB pointers are set to zero.

6. All user storage is released.

7. The amount of system free storage which should be allocated is

computed. This figure is compared to the amount of free storage
that is actually allocated.

8. The console input stack is purged.

When the amount of storage actually allocated is less than the amount
that should be allocated, the message

DMSABN149T xxxx DOUBLEWORDS OF SYSTEM STORAGE HAVE BEEN DESTROYED

appears on the terminal. If the amount of storage actually allocated is
greater than the amount that should be allocated, the message

DMSABN 1508 nnn (HEX xxX) DOUBLEWORDS OF SYSTEM STORAGE WERE NOT
RECOVERED

appears on the terminal,

A DEBUGGING PROCEDURE: When a CMS ABEND occurs, you will probably want
to use the DEBUG subcommands or CP commands to examine the PSW and
certain areas of low storage. Refer to "CMS Debugging Commands" for
detailed description of how to use the CMS DEBUG subcommands. See "CP
Commands Used to Debug the Virtual Machine" and "CP Commands Used to
Debug CP" for a detailed description of how to use the CP commands.
Also refer to Figure 7 for a comparison of the CP and CMS debugging
facilities.

The following procedure may be useful in determining the cause of a
CMS ABEND:

1. Display the PSW. (Use the CP DISPLAY command or CMS debug PSW
subcommand.) Compare the PSW instruction address to the current
CMS load map trying to determine the module that caused the ABEND.
The CMS storage-resident nucleus routines reside in fixed storage
locations.

Also check the interruption code in the PSW.

2. BEBxamine areas of low storage. The information in low storage can
tell you more about the cause of the ABEND.

Field Contents

LASTLMOD Contains the name of the last module loaded 1into
storage via the LOADMOD command.

LASTTMOD Contains the name of the last module loaded into the
transient area.
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Field Contents

LASTCMND Contains the name of the last command issued.
PREVCMND Contains the name of the next-to-last command issued.
LASTEXEC Contains the name of the last EXEC procedure.
PREVEXEC Contains the name of the next-to-last EXEC procedure.

DEVICE Identifies the device that caused the 1last I/0
interrupt.

The low storage areas examined depend on the type of ABEND.

3. Once you have identified the module that caused the ABEND, examine
the specific instruction. Refer to the listing.

4., If you have not identified the problem at this time, take a dump by
issuing the debug DUMP subcommand. Refer to "Reading CMS ABEND
Dumps" for information on reading a CMS dump. If you can reproduce
the problem, try the CP or CMS tracing facilities.

Virtual Machine ABEND (Qther than CMS)

The abnormal termination of an operating system (such as 0S or DOS)
running under VM/370 appears the same as a like termination on a real
machine. Refer to publications for that operating system for debugging
information. However, all of the CP debugging facilities may be used to
help you gather the information you need. Because certain operating
systems (0S/Vs1, 0S/VvsS2, and DOS/VS) manage their virtual storage
themselves, CP commands that examine or alter virtual storage locations
should be used only in virtual=real storage space with 0S/Vs1, 0S/Vs2,
and DOS/VS.

If a dump was taken, it was sent to the virtual printer. Issue a
CLOSE command to the virtual printer to have the dump print on the real
printer. ’

If you choose to run a standalone dump program to dump the storage in
your virtual machine, be sure to specify the NOCLEAR option when you
issue the CP IPL command. At any rate, a portion of your virtual
storage is overlaid by CP's virtual IPL simulation.

If the problem can be reproduced, it can be helpful to trace the
processing using the CP TRACE command. Also, you can set address stops,
and display and alter registers, control words (such as the PSW), and
data areas. The CP commands can be very helpful in debugging because you
can gather information at various stages in processing. A dump is static
and represents the system at only one particular time. Debugging on a
virtual machine can often be more flexible than debugging on a real
machine.

VM/370 may terminate or reset a virtual machine if a nonrecoverable
channel check or machine check occurs in that virtual machine. Hardware
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errors usually cause this type of virtual machine termination. One of
the following messages:

DMKMCH616I MACHINE CHECK; USER userid TERMINATED
DMKCCH604I CHANNEL ERROR; DEV xxx; USER userid; MACHINE RESET

appears on the CPU console.

UNEXPECTED RESULTS

The type of errors classified as unexpected results vary from operating
systems improperly functioning under VM/370 to printed output in the
wrong format.

Unexpected Results in CP

If an operating system executes properly on a real machine but does not
execute properly with VM/370, a problem exists. Also, if a program
executes properly under control of a particular operating system on a
real machine but does not execute correctly under the same operating
system with VM/370, a problem exists.

First, there are conditions (such as time-dependent programs) that CP
does not support. Be sure that one of these conditions is not causing
the unexpected results in CP. Refer to the "CP Restrictions" section for
a list of the restrictions.

Next, be sure that the program and operating system running on the
virtual machine are exactly the same as the one +that ran on the real
machine. Check for

e The same job streanm
e The same copy of the operating system (and progranm)
e The same libraries

If the problem still is not found, look for an I/O problem. Try to
reproduce the problem, this time tracing all CCWs, SIOs, and interrupts
via the CP TRACE command. Compare the real and virtual CCWs from the
trace. A discrepancy in the CCWs may indicate that one of the CP
restrictions was inadvertently violated, or that an error occurred in
the Control Progran.

Unexpected Results in a Virtual Machine

When a program executes correctly under control of a particular
operating system on a real machine but has unexpected results executing
under control of the same operating system with VM/370, a problenm
exists. Usually you will find that something was changed. Check that the
job stream, the operating system, and - the system 1libraries are the
same.

If unexpected results occur (such as TEXT records interspersed in
printed output), you may wish to examine the contents of the system or
user disk files. Non-CMS users may execute any of the utilities
included in the operating system they are using to examine and rearrange
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files. Refer to the utilities publication for the operating system
running in the virtual machine for information on how to use the
utilities.

CMS users should use the DASD Dump Restore (DDR) service program to
print or move the data stored on direct access devices. The VM/370 DASD
Dump Restore (DDR) program can be invoked by the CMS DDR command in a
virtual machine controlled by CMS. The DDR program has five functions:

1. DUMP ~-- dumps part, or all of the data from a DASD device to
magnetic tape.

2. RESTORE -- transfers data from tapes created by DDR DUMP to a
direct access device. The direct access device that the data is
being restored to must be the same type of device as the direct

access device originally containing that data.

3. COPY -- copies data from one device to another device of the sanme
type. Data may be reordered, by cylinder, when copied from disk to
disk. 1In order to copy one tape to another, the original tape must
have been created by the DDR DUMP function.

4. PRINT -- selectively prints the hexadecimal and EBCDIC

representation of DASD and tape records on the virtual printer.

5. TYPE -- selectively displays the hexadecimal and EBCDIC
representation of DASD and tape records on the terminal.

CMS users should refer to the "Debugging with CMS" section for
instructions on using the DDR command. The "Debugging with CP" section
contains information about executing the DDR program in a real or
virtual machine and a description of the DDR control statements.

LOOP

The real cause of a loop usually is an instruction that sets or branches
on the condition code incorrectly. The existence of a loop can usually
be recognized by the ceasing of productive processing and a continual
returning of +the PSW instruction address to the same address. If I/0
operations are involved, and the 1loop is a very 1large one, it may be
extremely difficult to define, and may even comprise nested 1loops.
Probably the most difficult case of looping to determine is entry to the
loop from a wild branch. The problem in loop analysis is finding either
the instruction that should open the loop or the instruction that passed
control to the set of looping instructions.

CP Disabled Loop
The CPU operator should perform the following sequence when gathering
information to find the cause of a disabled loop.

1. Use the alter/display console mode to display the real PSW, general
registers, control registers and storage locations X'00' - X'100°'.

2. Press the SYSTEM RESTART  button to cause an ABEND dump to be
taken.

3. Save the information collected for the system programmer or systenm
support personnel.
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After the CPU operator has collected the information, the system
programmer or system support personnel examine it. If the cause of the
loop is not apparent,

1. Examine the CP internal trace table to determine the modules that
may be involved in the loop.

2. If the cause is not yet determined, assume that a wild branch

caused the 1loop entry and search the source code for this wild
branch.

Virtual Machine Disabled Loop

When a disabled loop,in a virtual machine exists, the virtual machine
operator cannot communicate with the virtual machine's operating systenm.
That means that signalling attention does not cause an interrupt.

Enter the CP console function mode.

1. Use the CP TRACE command to trace the entire loop. Display general
and extended control registers via the CP DISPLAY command.

2. Take a dump via the CP DUMP command.
3. Examine the source code.

Use the information just gathered, along with 1listings, to try to
find the entry into the loop.

Bote: You «can IPL a standalone dump program such as the BPS Storage
Print to dump the storage of your virtual machine. If you choose to use
a standalone dump program, be sure to specify NOCLEAR on the IPL
command. Also, be aware that the CP IPL simulation destroys a page of
storage in your virtual machine and the standalone dump alters your
virtual storage while the CP DUMP command does not.

However, if the operating system in the virtual machine itself
manages virtual storage, it 1is usually better to use that operating
system's dump program. CP does not retrieve pages which exist only on
the virtual machine's paging device.

Virtual Machine Enabled Loop

The virtual machine operator should perform the following sequence when
attempting to find the cause of an enabled loop:

1. Use the CP TRACE command to trace the entire loop. Display the PSW
and the general registers.

2. If your virtual machine has the Extended Control (EC) mode and the
EC option, also display the control registers.

3. Use the CP DUMP command to dump your virtual storage. CMS users
can use the debug DUMP subcommand. A standalone dump may be used,
but be aware that such a dump destroys the contents of some areas
of storage.
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4. Consult the source code to search for the faulty instructions,
examining previously executed modules if necessary. Begin by
scanning for instructions that set the condition code or branch on
it.

5. If the manner of loop entry is still undetermined, assume that a
wild branch has occurred and begin a search for its origin.

WAIT

No processing occurs in the virtual machine when it is in a wait state.
When the wait state 1is an enabled one, an I/0 interrupt causes
processing to resunme, Likewise, when the Control Program is in a wait
state, its processing ceases.

CP Disabled Wait

A disabled wait state wusually results from a hardware malfunction.
During the IPL process, normally correctable hardware errors may cause a
vait state because the operating system error recovery procedures are
not accessible at this point. These conditions are recorded in the
current PSW.

CP may be in an enabled wait state with channel 0 disabled when it is
attempting to acquire more free storage. Examine EC register 2 to see
whether or not the mnmultiplexer channel is disabled. A severe machine
check could also cause a CP disabled wait state.

If a severe machine check or channel check caused a CP disabled wait,
one of the following messages will appear:
DMKMCH612W MACHINE CHECK TIMING FACILITIES DAMAGE; RUN SEREP
DMKCCH603W CHANNEL ERROR, RUN SEREP, RESTART SYSTEM
If the generated system cannot run on the real machine because of
insufficient storage, CP enters the disabled wait state with code 00D in
the PSW. The insufficient storage condition occurs if:

1. The generated system is larger than the real machine size OR

2. A hardware malfunction occurs which reduced the available amount of
real storage to less than that required by the generated systemn.

The message
DMKCPI955W INSUFFICIENT STORAGE FOR VM/370
appears on the CPU console.

If CP cannot continue because consecutive hardware errors are
occurring on one or more VM/370 paging devices, the message

DMKPAGU415E CONTINUOUS PAGING ERRORS FROM DASD xxx
appears on the CPU console and CP enters the disabled wait state with

code OOF in the PSW.
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If more than one paging device is available, disable the device on
which the hardware errors are occurring and IPL the system again. If
the VM/370 system is encountering hardware errors on its only paging
device, move the paging volume to another physical device and IPL
again.

Note: This error condition may occur if the VM/370 paging volume was not
properly formatted.

The following procedure should be followed by the CPU operator to
record the needed information.

1. Using the alter/display mode of the CPU console, display the real
PSW and CSW. Also, display the general registers and the control
registers.

2. Press the SYSTEM RESTART button in order to get a system ABEND
dump.

3. IPL the systen.

Examine this information and attempt to find what caused the wait.
If you cannot find the cause, attempt to reconstruct the situation that
existed just before the wait state was entered.

CP Enabled Wait

If you determine that CP is in an enabled wait state, but that no I/0
interrupts are occurring, there may be an error in CP routine or CP may
be failing to get an interrupt from a hardware device. Press the SYSTEM
RESTART button on the operator'!s console to cause an ABEND dump to be
taken. Use the ABEND dump to determine the cause of the enabled (and
noninterrupted) wait state. After the dump is taken, IPL the system.

Using the dump, examine the VMBLOK for each user and the real device,
channel, and control unit blocks. If each user is waiting because of a
request for storage and no more storage is available, there is an error
in CP. There may be looping in a routine that requests storage. Refer to
"Reading CP ABEND Dumps" for specific information on how to analyze a CP
dump.

Virtuval Machine Disabled Wait

The VM/370 Control Program does not allow the virtual machine to enter a
disabled wait state or certain interrupt loops. 1Instead, CP notifies
the virtual machine operator of the condition with one of the following
messages:

DMKDSPU450W CP ENTERED; DISABLED WAIT PSW

DMKDSPUS1W CP ENTERED; INVALID PSW

DMKDSP452W CP ENTERED; EXTERNAL INTERRUPT LOOP

DMKDSP453W CP ENTERED; PROGRAM INTERRUPT LOOP
and enters the console function mode. Use the CP commands to display the
following information on the terminal.
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e PSW
e CSW
e General registers
Control registers

Then use the CP DUMP command to take a dump.

If you cannot find the cause of the wait or loop from the information
just gathered, try to reproduce the problem, this time tracing the
processing via the CP TRACE command.

If CMS is running in the virtual machine, the CMS debugging
facilities may also be used to display information, take a dump, or
trace the processing. The CMS SVCTRACE and the CP TRACE commands record
different information. PFigure 7 compares the two.

Virtual Machine Enabled Wait

If the virtual machine is in an enabled wait state, try to find out why
no I/0 interrupt has occurred to allow processing to resume.

The Control Program treats one case of an enabled wait in a virtual
machine the same as a disabled wait., If the virtual machine does not
have the "real timer" option and loads a PSW enabled only for external
interrupts, CP issues the message

DMKDSP450W CP ENTERED; DISABLED WAIT STATE
Since the virtual timer is not decremented while the virtual machine
is in a wait state, it cannot cause the external interrupt. A "real

timer" runs in both the problem state and wait state and can cause an
external interrupt which will allow processing to resune.

Three disabled wait conditions can occur during the operation of the
RSCS component of VM/370. They can result from either hardware
malfunctions or system generation errors. CP notifies the RSCS operator
of the wait condition by issuing the message

DMKDSP4S50W CP ENTERED; DISABLED WAIT PSW

to the RSCS operator's console. Using CP commands, the operator can
display the virtual machine's PSW. The rightmost three hexadecimal
characters indicate the error condition.

WAIT STATE CODE X'001': If no RSCS message was issued, a program check

interrupt occurred during the execution of the program check handler. A
programming error is the probable cause.

If the RSCS message
DMTREXO91T INITIALIZATION FAILURE -- RSCS SHUTDOWN
was issued, RSCS operation has been terminated due to an error in the
loading of DMTAXS or DMTLAX. A dump of virtual storage is automatically

taken. Verify that the CMS files ‘'DMTAXS TEXT' and *'DMTLAX TEXT' are
correctly written and resident on the RSCS system-residence device.
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If the RSCS message
DMTREX090T PROGRAM CHECK IN SUPERVISOR -- RSCS SHUTDOWN

was issued, the program check handler has terminated RSCS due to a
program check interrupt in other than a dispatched line driver. A dump
of virtual storage is automatically taken. A programming error is the
probable cause.

The wait state code is loaded by DMTREX at RSCS termination or
automatically during program check handling.

If neither of the last two messages was 1issued, use the CP DUMP
command to dump the contents of virtual storage. Do an IPL to restart
the systen. If the problem persists, notify the system support
personnel.

WAIT STATE CODE X'007': A program check interrupt has occurred during
initial processing, before the progranm check handler could be
activated. This may be caused by a programming error or by an attempt
to load RSCS into an incompatible virtual machine. The latter case can
occur if the virtual machine has (1) an incomplete instruction set, (2)
less than 512K of virtual storage, or (3) does not have the required
VM/370 DIAGNOSE interface support. The wait state code is 1loaded
automatically during the initial 1loading and execution of the RSCS

supervisor, DMTINI, DMTREX, DMTAXS, or DMTLAX.

Verify that the RSCS virtual machine configuration has been correctly
specified and that the "retrieve subsequent file descriptor” function of
Diagnose code X'14' is supported. Dump the contents of virtual storage
via the CP DUMP command. If the problem persists, notify the
installation support personnel.

WAIT STATE CODE X'011': An unrecoverable error occurred when reading the
RSCS nucleus from DASD storage. This may be caused by a hardware
malfunction of the DASD device. It may also be the result of an
incorrect virtual DASD device definition, an attempt to use a systenm
residence device unsupported by RSCS, incorrect RSCS system generation
procedures, or the subsequent overwriting of the RSCS nucleus on the
system residence device. The wait state code is loaded by DMTINI after
an attempt, successful or not, to issue the message:

DMTINI402T IPL DEVICE READ I/O ERROR

Verify that +the RSCS system residence device has been properly
defined as a virtual DASD device and that the real DASD device is
mounted and operable. If the problem persists, dump virtual storage via
the CP DUMP command and notify the installation support personnel. The
RSCS system residence device may have to be restored or the RSCS systenm
may have to be regenerated.

RSCS Virtual Machine Enabled Wait

Whenever RSCS has no task ready for execution, DMTDSP loads a masked-on
wait state PSW with a code of hexadecimal zeroes. This occurs during
normal RSCS operation and does not indicate an error condition. An
external interrupt due to command entry or an I/0 interrupt due to the
arrival of files automatically resumes processing.
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SUMMARY OF VM/370 DEBUGGING TOOLS

Figure 6 summarizes the VM/370 commands that are useful in debugging. The CP and CMS
commands are classified by the function they perfornm.

Function | Comments | CP Command | CMS Command
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Figure 6. Summary of VM/370 Debugging Tools (Part 1 of 5)

Part 1. Debugging with VM/370 39



e S S S e A S o —— ——— — — — — o —— — o — o — o — o — ——— W o — - o — — — — — — — —— — — —— e o e e

L]
| Function | Comments | CP Command | CMS Command
|
IDisplay |Display | r r 1 - |DEBUG 1
| data. | contents of|DISPLAY hexloc1 | —}Ihexloch 1§ symbol| n |
| | storage lo-—| l{= | END [ Ilength|
| | cations (in| ] L 411 L 4
| | hexadeci- | | r all r 1
| | mal) | 1{.}Ibytecount|{| | n |
| | | | |END (R hexloc| 4 |
l | | L L 412 l | B |
| I
| |Display r r T+
| | contents of|DISPLAY Thexloc1|{—}|hexloc2| 11
| | storage | It : JIERD [N
| | locations | | L 4 11
| | (in hexa- | { r Al
| | decimal andj| 1{-}Ibytecount| ||
| | EBCDIC) | | | END i
| l l [ 8 L 44 |
| |
| IDisplay | r r 1 1l
| | storage key|DISPLAY Khexloc1|(-)lhexloc2| ||
| | of specific| I{:}IE!D o
| | storage | | L 4 |1
| | locations | | r all
| | in hexa- | 1{.} bytecount| ||
| | decimal | | {END 1
| | l L L 143 |
| |
| lDisplay | r r L] 1 | DEBUG
i | general | DISPLAY Greglj —}|reg2| | | GPR regl [reg2]
| | registers | I{= |END | 1 {
| | | | r Al |
| i l i{.}lregcount|| |
| | | | |END Ll |
l l l [ B L 443 |
| |
| IDisplay | r r Q ] |
| | floating— |DISPLAY !reg1|{—}|re92| i
1 | point ( Itz JIERD | | |
| | registers | | L 4 | |
| | | | r 1l |
| i | I{-}lregcount|| |
| | | | | END Nl |
| | l L L JJ |
| |
| |Display | r r Q1 R |
| | control IDISPLAY Xreg1 —}Ireng | |
| | registers | I{: | END | | |
{ | | | L 4 | |
I | | | r 1l |
l | 1 i{.}lregcount|| |
| | | | |END i |
| | | L L 43 |
| |
i |Display |DISPLAY PSW { DEBUG
| | contents of| | PSW
i | current | |
| | virtual PSW| |
| | in hexa- | |
| | decimal | |
{ | format { |
L
Figure 6. Summary of VM/370 Debugging Tools (Part 2 of 5)
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Function

| Comments

| CP Command

| CMS Command
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Function | Comments | CP command | CMS Command

Store data |Store ISTORE Xreg hexword 1 [hexword2...]
(cont.) | specified |
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