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This publication provides the IBM systenm
hardware and software support personnel
with the information needed to analyze

problems that may occur on the IBM Virtual
Machine Facility/370 (VM/370).

HOW THIS MANUAL IS ORGANIZED

This manual ccmprises three volumes:

"Yolume 1. VM/370 Control Program (CP),"
"yolume 2. Conversatiopal Monitor System
(CMS),* and "volume 3. Remote Spooling
Communicaticons Subsystem (RSCS)"™ contain
the 1logic description for each of the
components. Each of these volumes 1is
divided intc four sections: Introduction,
Method of Operation, Directory, and
Diagnostic Aids.

The m@methc cf operation and progranm
organization sections contain the functions
and relationships of the ©program routines
in VM/370. They indicate the programn
operation and organization in a general way
to serve as a guide in understanding
¥YM/370. They are not meant to be a
detailed analysis of VM/370 programming and
cannot be used as such.

The directories contain descriptions of
all the assemble modules in CP, CMS, and
RSCS. They also contain extensive
cross-references between modules and labels
within a V4/370 component.

The diagncstic aids sections contain
additional information useful for
determining the cause of a problenm.

The Appendix -- which is in Volume 1 --
contains a description of VM/370 Extended
Control-Program Support (ECPS).

HOW TO USE THIS MANUAL

¢ Isolate the component of VM/370 in which
the preblem occurred.

list of restrictions 1in ¥YM/370
to be certain that the
was being performed was

e Use the
System Messages
operation that
valid.

Preface

e Use the directories and use the YM/370
Data Areas and Control Block Logic to
help you to isolate the problem.

e TUse the method of operation and program
organization sections, if necessary, to
understand the operation that was being
performed.

DEVICE TERMINOLOGY

The follewing terms in this publication
refer to the indicated support devices:

e 12305" refers to IBK 2305 Fixed Head

Storage, Models 1 and 2.

e n270x" refers to IBM 2701, 2702, and
2703 Transmission Control Units or the
Integrated Communications Adapter (ICA)
on the System/370 Model 135.

e ©3330" refers to the IBM 3330 Disk
Storage, Hodels 1, 2, or 11; the 1IRH
3333 pisk Storage and Control, Models 1
or 11; and the 3350 Direct Access
Storage operating in 3330/3333 Model 1
or 3330/3333 Hodel 11 compatibility
mode.

e 3340w refers to the IBM 3340 Disk

Storage, Models A2, B1, and B2, and the
3344 Direct Access Storage Model B2.

e #3350* refers to the IB
Access Storage Models A2
native mode.

o

refers to IEM
Communications

e MW37Q4n,  w37(Q5n_ or n370x"
3704 and 3705
Controllers.

e The term “3705" refers to the 3705 I and
the 3705 II unless otherwise noted.

e "2741% refers to the IBM 2741 and the

3767, unless otherwise specified.

e n3270" refers to a series of display
devices, namely the IBM 3275, 3276,
3277, 3278 Display Stations. A specific
device type is used only when a
distinction is required between device
types.

Information about display terminal usage
also applies to the IBM 3036, 3138, 3148,
and 3158 Display Consoles vwhen wused in
display mode, unless otherwise noted.

Preface iii



Any information pertaining to the IBM
3284 or 3286 also pertains to the IBM 3287,
3288 and the 3289 printers, unless
otherwise noted.

CHS COMPONENT

PREREQUISITF PUBLICATIONS

IBRM Virtual Machine Facility/370

Terminal User's Oorder No.

GC20-1810

Guide,

CMS Command

. ~a o~

Ao
No. GC20-1818

and Macro Reference, Order

COREQUISITE PUBLICATIONS

IEM Virtual Machine Facility/370

Operator's Guide, Order No. GC20-1806

CP Command Reference
order No. GC20-1820

for General Users.

System Programmer's order VNo.

GC20-1867

Guide,

System Messages, Order No. GC20-1808

OLTSEP and Error

No. GC20-1809

Recording Guide, Order

Operating Systems in
Oorder No. GC20-1821

a Virtual Machine,

Service Rgoutines Program
No. SY20-0882

Logic, oOrder

_____ and Centrol Block Logic,
r No. SY20-0884

Data
Orde

In addition, for EREP processing the
following O0S/VS Library publications are
required:

0S/V¥S Environmental
(ERER)

Reccrding Editing and

Order No.

GCz28-0772

0S/V¥S Environmental Recording Editing and
Printing (EREP) Program Logic, Order VNo.
SY28-0773

SUPPLEMENTARY PUBLICATIONS

IBM Systemy360 Principles of Operation,
Order No. GA22-6821

IBM System/370 Principlas o¢f Operation,
Order No. GA22-7000

IBM 0OS/VS, DOsS/VS, and VMK/370 Assembler
Lanquage, Order No. GC33-4010

IBY 0S/YS and VM/370 Assembler Programmer's
Guide, Order No. GC33-4021

RELATED PUBLICATION

IBY virtual Machine Facility/370 Remote
Spooling Communications Subsystem (RSCS)
User's Guide, Order No. GC20-1816
MISCELLANEOUS INFORMATION

CMS/DOS is part of the CMS system and is
not a separate system. The term CMS/DOS is
used in this publication as a concise way
of stating that the DOS simulation mode of
CHMS is currently active; that is, the CHMS
command

SET DOS ON
has been previously issued.

The phrase "CMS file system™ refers to
disk files that are in CHMS's 800-byte block
format; CMS's VSAM data sets are not
included.
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Summary of Amendments
for SY20-0887-1
V4/370 Release 6 PLC 1

AUTOMATIC REINITIALIZATION SUPPORT

New: Program and Documentation

This suprert allows a CHMS virtual
machine to specify that control be given
to a reinitialization program as an
alternative to entering a disabled wait
state after an abend. This information
is included 1in the "CMS Method of
Operation and Program Organization"
section of this publication under
"processes IPL Line Parameters™ and in
the M"CMS Diagnostic Aids" section of
this publication wunder "“Uanrecoverable
Termination."

Summary of Amendments ix



Summary of Amendments

for SY20-0887-0

as updated by TNL SN25-0479
VM/370 Release S5 PLC 12

INDEX CORRECTION

Changed: Documentation only

The index for ¥M/370 System Logic and
Problem Determipation Guide Volume 2
(CMS) was in error and has been

corrected.
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SYSTEM LOGIC AND PROBLEM DETERMINATION
GUIDE HAS BEEN REORGANIZED

Changed: Documentation only
VM/370 System  Logic and Problepm
Deterpination Guide has been split into
three volumes. Volume 1 contains the CP
component, Volume 2 the CMS component,
and Volume 3 the RSCS component.

The following material has been removed
from this publication:

e "Iptroduction to Debugging" and
"Debugging vith cus.n This
information can be found in ¥YM/370
System Programmer's Guide.

e "appendix A. /370 Coding
Conventions." This information can
be found in ¥M/370 System Programmers
Guide.

e m"appendix B. DASD Record Formats."
This information can be found in
VM/370 Service Routines Program Logic
in the FORMAT section.

e "ippendix <C. VM/370 Restrictions.”
This information can be found in
¥M/370 Planning apd System Generation

e "pAppendix D. Applying PTIFs." This
information can be found in ¥YM/370
Planning and System Generation Guide.

The following sections have been removed
from the "CMS Diagnostic Aids" section
of this publication:

e ZAP Service Program. 2 complete
description of ZAP can be found in
¥M/370 Operator's Guide.

e DDR. A complete description of DDR
can be found in VM/370 Operator's
Guide.

® CMS Return Codes. These can be found
in ¥M/370 System Messages.

e Commands for Debugging. A complete
description of DEBUG can be found in
¥¥/310 CHS User's Guide.

Susmary of Amendments
for SY20-0887
YM/370 Release 5 PLC 1

The following has been added +to Volume
2:

e "appendix A: CMS Macro Library”
¢ mappendix B: CMS/DCS Macro Library"

The fcllowing topics have been removed
from "CP Diagnostic Rids":

e CP Commands Used to Debug the Virtual
Machine. These are contained in
_____ Command Reference for
General Users.

e CP commands for System Programsers.
These are contained in vu/370
Operator's Guide.

V&/370 SUPPORTS 3031, 3032, AND 3033
PROCESSORS

New: Program Feature

V¥/370 provides support for the new
channel-attached consoles that are part
of the 3033 processors. VH/370 uses the
3033 processor aodel numbers in
selecting mnmodel-dependent routines and
setting pertinent time slices. The
channels of the nev processors are
supported by the channel <check error
recovery routine.

buring initialization of the nmachine
check handler/channel check handler,
error frames are read from the Service
Record File (SRF) and written to the
VM/370 error recording area as a new
record type.

Suamary of Amendments xi



VM/370 MONITOR COMMAND ENHANCED

xii

New: Prograa Feature

VM/370 monitor facilities now
in addition to data collecticn on tape,
spocling to disk. Operands have been
added to the MONITOR command that allow:

include,

e The autcmatic start and
collection by defined
values.

stop of data
time-fo-day

e The autcmatic start and
collection by defining a
value.

stop of data
high limit

e Specification of a
recipient of the
data.

userid as the
spccled monitor

MISCELLANEOUS

Changed: Programming and Documentation

Minor

technical and editorial changes
have been made in order to <clarify the
text.

IBM VM/370 System Logic and Problem Determination--Volume 2



Conversational Monitor System (CMS)

This section contains the following information:

Introduction to CMS
Interrupt Handling in CMS
Functional Information
0S Macros Under CMS

DOS/VS Support Under CMS

CMS Introduction
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Introduction To CMS

The Conversational Monitor System (CMS), the major subsystem of ¥M/370,
provides a comprehensive set of conversational facilities to the user.
Several copies of CMS may run under CP, thus providing several users
with their owvwn time sharing systea. CMS is designed specifically for
the ¥M/370 virtual machine environment. :

Each copy of CMS supports a single user. This means that the storage
area contains only the data pertaining to that user. Likewise, each CHS
user has his own machine configuration and his own files. Debugging is

impler because the files and storage area are protected from other
users.

Programs can be debugged from the terminal. The terminal is used as
a printer to examine limited amounts of data. After examining program
data, the terminal user can enter commands on the terminal that will
alter the prograa. This is the most common method used to debug
prograas that run in CMS.

CMS, operating with the VM/370 Control Program, is a time sharing
system suitable for problem solving, program development, and general
work. It includes several programming language processors, file
manipulation commands, utilities, and debugging aids. Additionally, CHS
provides facilities to simplify the operation of other operating systems
in a virtual machine environment when controlled from a remote teraminal.
For example, CMS capabilities are used to create and modify job streaas,
and to analyze virtual printer output.

Part of +the CMS environment is related to the virtual machine
environment created by CP. Each user is completely isolated from the
activities of all other users, and each machine in which CHMS executes
has virtual storage available to it and managed for it. The CP commands
are recognized by CMS. For example, the commands allovw messages to be
sent to the operator or to other users, and virtual devices to be
dynamically detached from the virtual machine configuration.

The CMS Command Language

The CMS command language offers terminal users a wide range of
functions. It supports a variety of programping languages, service
functions, file manipulation, program execution control, and general
system control. For detailed information on CMS commands, refer to the
¥M/370 CMS Command and Macro Reference.

Figure 4 describes CMS command processing.

CMS Introduction 2-3



The File System

The Conversational Monitor System interfaces with virtual disks, tapes,
and unit record equipment. The CMS residence device 1is kept as a
read-only, shared, system disk. Permanent user files may be accessed
from up to nine active disks. Logical access to those virtual disks is
controlled ty CMS, while CP facilities manage the device sharing and
virtual-to-real mapping.

User files in CMS are identified with three designators. The first
is filename. The second is a filetype designator that may imply
specific file characteristics to the CMS file wmanagement routipes. The
third is a filemode designator that describes the location and access
mode of the file.

The compilers available under CMS default to particular input
filetypes, such as ASSEMBLE, but the file manipulation and 1listing
comnmands do not. Files of a particular filetype form a logical data
library for a user; for example, the collecticn of all COBOL source
files, or of all object (TEXT) decks, or of all EXEC procedures. This
allows selective handling of specific groups of files with minimum input
by the user.

User files can be created directly from the terminal with the CHMS
EDIT facility. EDIT provides extensive context editing services. Pile
characteristics such as record 1length and format, tab locations, and
serialization options can be specified. The system includes standard
definitions for certain filetypes.

CMS automatically allocates compiler work files at the beginning of
coamand execution on whichever active disk has the greatest amount of
available space, and deallocates them at completion. Compiler object
decks and listing files are normally allocated on the same disk as the
input source file or on the primary read/write disk, and are identified
by combining the input filename with the filetypes TEXT and LISTING.
These disk locations may be overridden by the user.

A single user file is limited to a maximum of 65533 records and must
reside on cne virtual disk. The file management system limits the
number of files on any one virtual disk to 3400. All CHMS disk files are
written as 800-byte records, chained together by a specific file entry
that is stored in a table called the Master File Directory; a separate
Master File Directory is kept for, and on, each virtual disk. The data
records may be discontiguous, and are allocated and deallocated
automatically. A subset of the Master File Directory (called the User
File Directory) is made resident in virtual storage when the disk
directory is made available to CMS; it is updated on the virtual disk at
least once per command if the status of any file on that disk has been
changed.

Virtual disks may be shared by CMS users; the facility is provided by
VM/370 to all virtual machines, although a user interface is directly
available in CHMS commands. Specific files may be spooled between
virtual machines to accomplish file transfer between users. Commands
allow such file manipulations as writing from an entire disk or from a
specific disk file to a tape, printer, punch, or the terminal. Other
commands write from a tape or virtual card reader to disk, rename files,
copy files, and erase files.' Special macro 1libraries and text or
program libraries are provided by CMS, and special commands are provided
to update and use them. CMS files can be written onto and restored from
unlabeled tafpes via CMS comsmands.

Caution: Multiple write access under CMS can produce unpredictable
results.
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Problem programs which execute in CMS can create files on unlabeled
tape in any record and block size; the record format can be fixed,
variable, or undefined. Figure 1 describes the CMS file system.

Program Development

The Conversational Monitor System includes commands to create and
compile source programs, to modify and correct source programs, to build
test files, to execute test programs and to debug from the terminal.
The commands of CMS are especially useful for O0S and DOS/VS progranm
development, but also may be used in combipation with other operating
systems to provide a virtual machine program development tool.

CMS utilizes the 0S and DOS/VS compilers via interface modules; the
compiler themselves normally are not changed. In order to provide
suitable interfaces, CMS includes a certain degree of O0S and DOS/VS
simulation. The sequential, direct, and partitioned access methods are
logically simulated; the data records are physically kept in the chained
800-byte blocks that are standard to CMS, and are processed internally
to simulate O0S data set characteristics. CMS supports VSAM catalogs,
data spaces, and files on 0S and DOS disks using the DOS/VS Access
Method Services. O0S Supervisor Call functions such as GETHAIN/FREEMAIRN
and TIME are simulated. The simulation restrictions concerning what
types of 0S5 object programs can be executed under CMS are primarily
related to the OS5/PCP, MPFT, and MVT Indexed Sequential Access Method
(ISAM) and the telecommunications access methods, while functioans
related to multitasking in O0S and DOS/VS are ignored by CMS. For more
information, see "0S Macro Simulation under CMS" and "DOS/VS Support
under CMS."
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Interrupt Handling In CMS

CMS receives virtual SVC, input/output, prograE, machime, and extermnal
interruptions and passes control to the appropriate handling program.

SVC Interruptions

The Conversational Monitor System is SVC (supervisor call) driven. S¥C
interruptions are handled by the DMSITS resident routines. Two types of
SVCs are processed by DMSITS: internal linkage SVC 202 and 203, and any
other SVCs. The internal linkage SVC is issued by the command and
function programs of the system when they require the services of other
CMS programs. (Commands entered by the user from the terminal are
converted to the internal linkage SVC by DMSINT). The O0S SVCs are
issued by the processing programs (for example, the Assembler).

INTERNAL LINKAGE SVCS

When DMSITS receives control as a result of an internal linkage SVC (202
or 203), it saves the contents of the general registers, floating-point
registers, and the SVC old PSW, establishes the normal and error return
addresses, and passes control to the specified routine. (The routine is
specified by the first 8 bytes of the parameter list whose address is
passed in register 1 for SVC 202, or by a halfword code following SVC
203.)

For SVC 202, if +he called program is not found in the internal
function table of nucleus (resident) routines, then DMSITS attempts to
call in a module (a CMS file with filetype MODOULE) of this name via the
LOADMOD command.

If the program was not found in the functiom table, nor was a module
successfully loaded, DMSITS returns an error code to the caller.

To return from the called program, DMSITS restores the calling
program's registers, and makes the appropriate normal or error return as
defined by the calling program.

OTHER SVCs

The general approach taken by DMSITS to process other SVCs supported
under CMS is essentially the same as that taken for the internal linkage
SVCs. However, rather than passing control to a command or functiom
program, as 1is the case with the internal linkage SVC, DMSITS passes
control to the appropriate routine. The SVC number determines the
appropriate routine.

In handling non-CMS SYC calls, DMSITS refers first to a user-defined
SYC table (if one has been set up by the DMSHDS program). If the
user—defined SVC table is present, any SVC number (other than 202 or
203) 1is looked for in that table. If it is found, control is
transferred to the routine at the specified address.
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If the SVC number is not found in the user-defined SVC table (or if
the table is nonexistent), DMSITS either transfers control to the CMSDCS
shared segment (if SETDOS ON has been issued), or the standard systen
table (contained in DMSSVT) of 0S calls is searched for that SVC nuaber.
If the SVC number is found, control is transferred to the corresponding
address in the usual manner. If the SVC is not in either table, then
the supervisor call is treated as an abend call.

The DMSHDS initialization program sets up the user-defined SVC table.
It is possible for a user to provide his own SVC routines.

Input/Output Interruptions

All input/cutput interruptions are received by the I/0O interrupt
handler, DMSITI. DMSITI saves the I/0 old PSW and the CSW (channel
status word). It then dJdetermines the status and requirements of the
device causing the interrupticn and passes conliol tO  the touutine that
processes interruptions from that device. DHMSITI scans the entries in
the device table until it finds the one containing the device address
that is the same as that of the interrupting device. The device table
(CEVTAB) contains an entry for each device in the system. Each entry
for a particular device contains, among other things, the address of the
program that processes interruptions from that device.

When +the appropriate interrupt handling routine completes its
processing, it returns control to DMSITI. At this point, DMSITI tests
the wait bit in the saved I/0 old PSHW. If this bit is off, the
interruption was probably caused by a termipnal (asynchronous) 1I/0
operation. DMSITI then returns control to the interrupted program by
loading the I/0 old PSH.

If the wait bit is on, the interruption was probably caused by a
nonterminal (synchronous) I/0 operation. The program that initiated the
operation most likely called the DMSIOW function routine to wait for a
particular type of interruption (usually a device end). In this case,
DMSITI checks the pseudo-wait bit in the device table entry for the
interrupting device. If this bit is off, the system is waiting for some
event other than the interruption from the interrupting device; DMSITI
returns to the wait state by loading the saved I/0 old PSW. (This PSW
has the wait bit on.)

If the pseudo-wait bit is on, the system is waiting for an
interruption from that particular device. If this interruption is not
the one being waited for, DMSITI loads the saved I/0 o0ld PSW. This will
again place the machine in the wait state. Thus, the program that is
waiting for a particular interruption will be kept waiting until that
interruption occurs.

If the interruption is the one being waited for, DMSITI resets both
the pseudo-wait bit in the device table entry and the wait bit in the
I/0 o0ld PSW. It then loads that PSW. This causes control to bLe
returned to the DMSIOW function routine, which, in turn, returns control
tc the program that called it to wait for the interruptionm.
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Terminal Interruptions

Terminal input/output interruptions are handled by the DMSCIT module.
A1l interruptions other than those containing device end, channel end,
attention, or unit eXception status are ignored. If device end status
is present with attention and a write CCW was terminated, its buffer is
unstacked. An attention interrupt causes a read to be issued +to the
terminal, unless attention exits have been queued via the STAX macro.
The attention exit with the highest priority is given controel at each
attention until the queue is exhausted, then a read is issued. Device
end status indicates that the last I/0 operation has been completed. If
the last I/0 operation was a write, the line is deleted from the output
buffer and the next write, if any, is started. If the 1last I/0
operation was a normal read, the buffer is put on the finished read list
and the next operation is started. If the read was caused by an
attention interrupt, the line is first checked for the commands RT, HC,
BT, or BHX, and the appropriate flags are set if one is found. Unit
exception indicates a canceled read. The read is reissued, unless it
had been issued with ATTREST=NO, in which case unit exception is treated
as device end.

Reader/Punch/Printer interruptions

Interruptions from these devices are handled by the routines that
actually issue the corresponding I/0 operations. When an interruption
from any of these devices cccurs, control passes to DMSITI. Then DHSITI
passes control to DMSIOW, which returns contrcl to the routine that
issued the I/0 operation. This routine can then analyze the cause of
the interruption.

User-Controlled Device Interruptions

Interrupts from devices under user control are serviced the same as CHMS
devices except that DMSIOW and DMSITI manipulate a user-created device
table, and DMSITI passes control to any user-written interrupt
processing routine that 1is specified in the user device table.
Otherwise, the processing program regains control directly.

Program Interruptions

The program interruption handler, DMSITP, receives control when a
program interruption occurs. When DMSITP gets control, it stores the
program old PSW and the contents of the rtegisters 14, 15, 0, 1, and 2
into the program interruption element (PIE). (The routine that handles
the SPIE macro instruction has already placed the address of the program
interruption control area (PICA) into PIE.) DMSITP then determines
whether or not the event that caused the interruption was one of those
selected by a SPIE macro instruction. If it was not, DMSITP passes
control to the DMSABN abend recovery routine.

If the cause of the interruption was one of those selected in a SPIE
macro instruction, DMSITP picks up the exit routine address from the
PICA and passes control to the exit routine. Ufpon return from the exit
routine, DMSITP returns to the interrupted ¢program by loading the
original program check o0ld PSW. The address field of the PSW was
modified by a SPIE exit routine in the PIE.
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External Interruptions

An external interruption causes control to be passed to the external
interrupt handler DMSITE. If the user has issued the HNDEXT macro to
trap external interrupts, DMSITE passes contrcl to the user's exit
routine. If the interrupt was caused by the timer, DMSITE resets the
timer and types the BLIP character at the terminal. The standard BLIP
timer setting is two seconds, and the standard BLIP character is
uppercase, followed by the lowercase (it moves the typeball without
printing). Otherwise, control is passed to the DEBUG routine.

Machine Check Interruptions

Hard machine check interruptions on the real processor are not reflected
to a CMS virtual user by CP. A message prints cn the console indicating
the failure. The user is then disabled and must IPL CMS again in order
to continue.
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Functional Information

The most important thing +to —remember about CHMS, from a debugging
standpoint, is that it 1s a one-user system. The supervisor manages
only one user and keeps track of only one user's file and storage
chains. Thus, everything in a dump of a particular machine relates only
to that virtual machine's activity.

You should be familiar with register usage, save area structuring,
and control block relationships before attempting to debug or alter CMS.

n o+ 11
neégjgisiter usage

)

When a CMS routine is called, R1 must peoint to a valid parameter list
(PLIST) for that program. On return, RO may or may not contain
meaningful information (for example, on return from a call to FILEDEF
with no change, RO will contain a negative address if a new FCB has been
set up; otherwise, a positive address of the already existing FCB). R15
will contain the return code, if any. The use of Registers 0 and 2
through 11 varies.

On entry tc a command or routine called by SVC 202 the following are
in effect:

Register Contents

1 The address of the PLIST supplied by the caller.
12 The address entry roint of the called routine.
13 The address of a work area (12 doublewords) supplied by
SVCINT.
14 The return address to the SVCINT routine.
15 The entry point (same as register 12).

On return from a routine, Register 15 contains:

Retarn

Code Meaning
0] No error occurred
<0 Called routine not found
>0 Error occurred

If a CMS routine is called by an SVC 202, registers 0 through 14 are
saved and restored by CHMS.

Most CMS routines use register 12 as a base register.

Structure of DMSNUC

DMSNUC is the portion of storage in a CMS virtual machine that contains
system control blocks, flags, constants, and pointers.

The CSECTs in DMSNUC contain only symbolic references. This means
that an update or modification to CMS, which changes a CSECT in DMSKUC,
does not automatically force all CMS mcdules to be recompiled. Only
those modules that refer to the area that was redefined must be
recorpiled.
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USERSECT (USER AREA)

The USERSECT CSECT defines space that is not wused by CHMS. A
modification or update to CMS can use the 18 fullwords defined for
USERSECT. There 1is a pointer (AUSER) in the NUCON area to the user
space.

DEVTAB (DEVICE TABLE)

The DEVTAB CSECT is a table describing the devices available for the CHS
system. The table contains the following entries:

console
disks
reader
punch
printer

tapes

E a2 O

You can change some existing entries in DEVIAB. Each device table
entry contains the following information:

Virtual device address

Device flags

Device types

Symbol device name

Address of the interrupt processing routine (for the console)

The virtual address of the console is defined at IPL time. The
virtual address of the user disks can be altered dynamically with the
ACCESS command. The virtual address of the tapes can te altered in the
device table. Changing the virtual address of the reader, printer, or
punch will have no effect. Figure 2 describes the devices supported by
CMS.

Structure of CMS Storage

Figure 3 describes how CMS uses its virtual storage. The pointers
indicated (MAINSTRT, MAINHIGH, FREELOWE, and FREEUPPR) are all found in
NUCON (the nucleus constant area).

The sections of CMS storage have the following uses:
e DMSNUC (X'00000* to approximately X'03000°'). This area contains

pointers, flags, and other data updated by the various systea
routines.

e Low-Storage DMSFREE Free Storage Area (Apfrroximately X'03000' to
X'0E000'). This area is a free storage area, from which requests
from DMSFREE are allocated. The top part of this area contains the
file directory for the System Disk (SSTAT). If there is enough roonm
(as there will be in most cases), the FREETAB table also occupies
this area, just below the SSTAT.
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Virtual | virtual | Symbolic |

(o o ————— —— — — ——{——— — —) _—— i — — T —— " — - — - o= A ————

1The device addresses shown are those that are preassembled into the
CMS resident device table. These need only be modified and a new
device table made resident to change the addresses.

2The virtual device address (ccu) of a disk for user files can be
any valid System/370 device address, and can be specified by the
CMS user when he activates a disk. If the user does not activate

a disk immediately after loading CMS, CMS automatically activates
the primary disk at virtual address 191.

1

|

IBM Device | Addressi| Name | Device Type {

|

3210, 3215, 1052, ccu | CON1 | System console I
3066, 3270 1 | | I
2314, 3330, 3340 1| 190 ] DSKO | System disk (read-—only) |
3350 | | | |
2314, 3330, 3340 } 1912 | DSK1 | Primary disk (user files) |
3350 | | { |
2314, 2319, 3330, | ccu | DSK2 | Disk (user files) i
3340, 3350 | i i |
2314, 2319, 3330, ccu | DSK3 | Disk (user files) |
3340, 3350 { | | ’ {
2314, 2319, 3330, 192 | DSKY | Disk (user files) |
3340, 3350 i { i . H
2314, 2319, 3330, ccu | DSKS | Disk (user files) |
32w9, 3250 ! 1 ! t
2314, 2319, 3330,1 ccu | DSK6 | Disk (user files) |
3340, 3350 { { { [
2314, 2319, 3330, ccu i DSK?7 [ Disk (user files) {
3340, 3350 i i | i
2314, 2319, 3330, 198 | DSK8 | Disk (user files) |
3340, 3350 | | | |
2314, 2313, 3330, ccu i DSK9 i Disk (user files) i
3340, 3350 | | | |
1403, 3203, 3211 | 00E ] PRN1 | Line printer i
1443 | | | 1
2540, 2501, 3505 | 00C | RDR1 | Card reader |
2540, 3525 | 00D | PCH1 | Card punch |
2415, 2420, 3410, 181-4 | TAP1-TAPY4| Tape drives |
3420 l | | |
|

|

|

|

|

|

|

|

i

]

Figure 2. Devices Supported by a CMS Virtual Machine

Transient Program Area (X'0OE000' to X'10000'). Since it is not
essential to keep all nucleus functions resident in storage all the
time, some of them are made "transient."™ This means +that when they
are needed, they are loaded from the disk into the transient progranm
area. Such programs m®may not be longer than two pages, because that
is the size of the transient area. (A page is 4096 bytes of virtual
storage.) All transient routines must be serially reusable since
they are not read in each time they are needed.

CMS Nucleus (X'10000' to X'20000%). Segment 1 of storage contains
the reentrant code for the CMS ©Nucleus routines. In shared CHMS
systems, this is the "protected segment," which must consist only of
reentrant code, and may not be modified under any circumstances.
Thus, suchk functions as DEBUG breakpoints or CP address stops cannot
be placed in Segment 1 when it 1is a protected segment in a saved
systen.
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e User Program Area (X'20000' +to Loader Tables). User programs are
loaded into this area by the LOAD command. Storage allocated by
means of the GETMAIN macro instruction is taken from this area,
starting from the high address of the user prograa. In addition,
this storage area can be allocated from the top down by DMSFREE, if
there is not enough storage available in the low DMSFREE storage
area. Thus, the usable size of the user program area is reduced by
the amount of free storage that has been allocated from it by
DMSFREE.

e Loader Tables (Top pages of storage). The top of storage is occupied
by the 1loader tables, which are required by the CMS 1loader. These
tables indicate which modules are currently 2lcaded in the user
program area (and the transient program area after a LOAD command).
The size of the loader tables can be varied by the SET LDRTBLS
command. However, to successfully change the size of the 1loader
tables, the SET LDRTBLS command must be issued immediately after IPL.

Free Storage Management

Free storage can be allocated by issuing the GETMAIN or DMSFREE macros.
Storage allocated by the GETMAIN macro is taken from the wuser program
area, beginning after the high address of the user program.

Storage allocated by the DMSFREE macro can be taken from several
areas.

If possible, DMSFREE requests are allocated from the low address free
storage area. Otherwise, DMSFREE requests are satisfied from the
storage above the user program area.

There are two types of DMSFREE requests for free storage: requests
for USER storage and NUCLEUS storage. Because these two types of
storage are kept in separate 4K pages, it is possible for storage of one
type to be available in low stcrage, while no storage of the other type
is available.

GETMAIN FREE STORAGE MANAGEMENT

All GETMAIN storage is allocated in the user program area, starting
after the end of the user's actual program. Allocation begins at the
location pointed to by the NUCON pointer MAINSTRT. The location
MAINHIGH in NUCON is the "high extend" pointer for GETMAIN storage.

Before issuing any GETMAIN pacros, user programs must use the STRINIT
macro to set up user free storage pointers. The STRINIT macro is issued
only once, preceding the initial GETMAIN request. The format of the
STRINIT macro is:

{ |l r r 11
[label] | STRINIT | | TYPCALL=|SYC {1

| [ {BALR{ |
| | v L 12

r-—n--q
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where:

TYPCALL=]S
B

.
vC |
ALR|

4

o ————

indicates how control is passed to DMSSTG, the routine that
processes the STRINIT macro. Since DMSSTG is a
nucleus-resident routine, other nucleus-resident routines can
branch directly to it ( TYPCALL=BALR) while routines that are
not nucleus-resident must use linkage SVC (TYPCALL=SVC). If no
operands are specified, the default is TYPCALL=SVC.

¥hen the STRINIT macro is executed, both MAINSTRT and MAINHIGH are
initialized to the end of the user's program, in the user program area.
As storage 1is allocated from the user program area to satisfy GETMAIN
requests, the MAINHIGH pointer is adjusted upward. Such adjustments
are always in multiples of doublewords, so that this pointer is always
on a doubleword boundary. As the allocated storage is released, the
MAINHIGH pcinter is adjusted downward.

The pointer MAINHIGH can never be higher than FREELOWE, the "low
extend" pointer for DMSFREE storage allocated in the user program area.
If a GETMAIN request cannot be satisfied without extending MAINHIGH
above FREELOWE, then GETMAIN will take an error exit, indicating that
insufficient storage is available to satisfy the request.

The area between MAINSTRT and MAINHIGH may contain blocks of storage
that are not allocated and that are, therefore, available for allocation
Ly a GETMAIN instruction. These blocks are chained together, with the
first one pointed to by the NUCON 1location MAINSTRT. Refer to Figure 3
for a description of CMS virtual storage usage.

The format of an element on the GETMAIN free element chain 1is as
follovs:

| { |
Remainder of this free element

T Ll I R

FREPTR -- pointer to next free |

0 (0) element in the chain, or 0 {
if there is no next element |

i { | l

FRELEN -- length, in bytes, of |

4 (u) this element 1
i

|

|

P e

When issuing a variable-length GETMAIN, two and one-half pages are
reserved for CHMS usage; this is a design value. A user who needs
additional reserved pages (for example, for larger directories) should
free up some of the variable GETMAIN storage froam the high end.
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VIRTUAL
STORAGE

END OF STORAGE

System Loader Table (Size determined

by SET LDRTBLS command) Storage Key = X'F*

FREEUPPR

<4

T

MAINHIGH

MAINSTRT ———— - — — —

X"20000"

no more low storage available

FREELOWE—F— — — — e — — — — — —

DMSFREE requests when

Unused portion of User
Program Area '1

Siveage Key K'E

—_—

Storage
Key = X‘E_‘l

The User’'s Program
(program is loaded via the
LOAD command}

Storage Key = X'E’

\ 0rngrzm

A is a protected segment -
T (that is, all code must be ‘1

CMS Nucteus
in “'saved systems’’ this area

reentrant and cannot be
moditied)
Storage Key = X°F*

Transient Program Area
Storage Key = X'E’

Low Storage DMSFREE Free Storage Area
DMSFREE requests are filled from
this area. The upper part of this
area contains the System Disk MFD
followed by the FREETAB, if there is
enough room.
Storage Key = X'E’ or X'F"

DMSNUC
System Control Blocks, flags, constants,
and pointers.

Storage Key = X'F'*

Figure 3.

2-16

The half-page containing OPSECT and TSOBLOKS
has a storage key = X'E’

CMS Storage Map

CONTROL BLOCKS
IN FREE STORAGE

DECB LDRST

AFT

CMSSAVE CcMscB

FSTB

User

Area

DMSNUC
USERSECT

SUBSECT

TSOBLKS

OPSECT

DMSABW

DMSFRT

DMSERT

DBGSECT

CVTSECT

FVS

DIOSECT

SVCSECT

PGMSECT

I0SECT

EXTSECT

AFTSECT

ADTSECT

DEVTAB

Terminal Buffer and Saveareas

SYSREF

MACDIRC and TXTDIRC

NUCON
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DMSFREE FREE STORAGE MANAGEMENT

The DMSFREE macro allocates CMS free storage. The format of the DMSFREE
macro is:

T |
| | | r 1 |
| [label] | DMSFREE | DFORDS={ n } I,HIN={ | |
| | | {0) f 1 (M 41 i
l ‘ ' L 3 l
i | I r r 11 r r 11 l
| | | 1,TYPE=|USER 11 |,ERR=|1addr| [
| | i1 INGCLEUS| | | P * 11 |
i | | v L 11 v L 11 i
| { t r r a“ r r 1 |
[ | | |,AREA={LOW || |,TYPCALL=|SYC il |
| | (N fHIGH|I | IBALRI | |
i i |t L i1 v L 11 i
i ']
vhere:

label

is any valid assembler language label.

DWORDS=( n }
1(0)
is the number of doublewords of free storage Trequested.
DRORDS=n specifies the number of doublevwords directly and
DRORDS= (0) indicates that register 0 contains the number of
dcublewords requested.

gty

indicates a variable request for free storage. If the exact
nunber of doublewords indicated by the DWORDS operand is not
available, then the largest block of storage that is greater
than or equal to the minimum is returned. MIN=n specifies the
minimum number of doublewords of free storage directly while
MIN=(1) indicates that the minimum is in register 1. The
actual amount of free storage allocated is returned to the
requestor via general register C.

r 1
TYPE=| USER |
| NUCLEUS |
L J
indicates the type of CMS storage with which this request for
free storage is filled: USER or KUCLEUS.

r q
ERR=|laddr!
1 * |
L P
is the return address if any error occurs. "laddr" is any
address that can be referred to in an LA (load address)
instruction. The error return is taken if there is a macro
ccding error or if there is not enough free storage available
to £ill the request. If the asterisk (*) is specified for the
return address, the error return is the same as a normal
return. There is no default for this operand. If it 1is
omitted and an error occurs, the system will abend.
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r A

AREA=|LOW |

| HIGH|

L 4
indicates the area of CMS free storage from which this request
for free storage is filled. LOW indicates the 1low storage
area Letween DMSNUC and the transient program area. HIGH
indicates the area of storage between the user program area
and the CMS loader tables. If AREA is not specified, storage
is allocated wherever it is available.

[ q
TYPCALL=]SVC |
| BALR]
L J
indicates how control is passed +to DMSFREE. Since DMSFREE is
a nucleus-resident routine, other nucleus-resident routines
can branch directly to it (TYPCALL=BALR) while routines that
are not nucleus-resident must use linkage SVC (TYPCALL=SVC).

The pointers FREEUPPR and FREELOWE in NUCON indicate the amount of
storage that DMSFREE has allocated from the high portion of the user
program area. These pointers are initialized to the teginning of the
loader tables.

The pointer FREELOWE 1is the "low extend" pointer of DMSFREE storage
in the user program area. As storage is allocated from the user program
area to satisfy DMSFREE requests, this pointer will be adjusted
downward. Such adjustments are always in multiples of UK bytes, so that
this pointer is always on a 4K boundary. As the allocated storage is
released, this pointer is adjusted upward.

The pointer FREELOWE can never be lower than MAINHIGH, the "high
extend"™ pointer for GETMAIN storage. If a DMSFREE request cannot be
satisfied without extending FREELOWE below MAINHIGH, then DMSFREE will
take an error exit, indicating that storage is insufficient to satisfy
the request. Figure 3 shows the relationship of these storage areas.

The FREETAB free storage table is kept in free storage, usually in
low storage, Jjust below the Master File Directory for the System Disk
(S—disk). However, the FREETAB may be located at the top of the user
program area. This table contains one byte for each page of virtual
storage. Each such byte contains a code indicating the use of that page
of virtual storage. The codes in this table are as follows:

Code Meaning

USERCODE (X'01') The page is assigned to user storage.

NUCCODE (X'02') The page is assigned to nucleus storage.

TRNCODE (Xx'03') The page is part of the transient program area.

USARCODE (X'04') The page is part of the user program area.

SYSCODE (X'05"') The page is none of the above. The page is assigned
to system storage, system code, or the 1loader
tables.

Other DMSFREE storage pocinters are maintained in the DMSFRT CSECT, in
NUCON. The four chain header blocks are the most important fields in
DMSFRT. The four chains of unallocated elements are:
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For each

The low storage nucleus chain
The low stcrage user chain

The high storage nucleus chain
The high storage user chain

of these chains of unallocated elements, there is a control

block consisting of four words, with the following format:

POINTER

RUM

MAX

FLAGS

r L g Ll R

| POINTER -- pointer to the first
0(0) | free element on the chain, or

{ zero, if the chain is enpty.

l | { |

N . e S . e s

| RUM -- the number of elements on
4.4y | the chain.

|

! I I 1 I

| MAX —— a value equal to or greater|
8 (8) | than the size of the largest !

| element. {

| | { |

| PLAGS- | SKEY - | TCODE -| Unused |

12(C) |Flag |Storage |FREETAB | |
i byte i key i code | {
L A i L |

points to the first element on this chain of free elements.
If there are no elements on this free chain, then the POINTER
field contains all zeros.

contains the number of elements on this chain of free
elements. If there are no elements on this free chain, then
this field contains all zeros.

is used to avoid searches that will fail. It contains a
number not exceeding the size, in bytes, of the 1largest
element on the free chain. Thus, a search for an element of a
given size will not be made if that size exceeds the MAX
field. However, this nnmber may actually be 1larger than the

size of the largest free element on the chain.
The following flags are used:

FLCLF (X'80') -- Clean—up flag. This flag is set if the chain
must be updated. This will be necessary in the following
circumstances:

e If one of the two high storage chains contains a 4K page to
which FREELOWE points, then that page can be removed from
the chain, and FREELOWE can be increased.

e 1All completely unallocated 4K pages are kept on the user
chain, by convention. Thus, if one of +the nucleus chains
(low storage or high storage) contains a full page, then
this page nmust be transferred to the corresponding user

chain.
FLCLB (X'40') —-- Destroyed flag. Set if the chain has been
destroyed.
FLHC (X'20') —— High storage chain. Set for both the nucleus

and user high-storage chains.
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FLNU (X'10') -- VNucleus chain. Set for both the low storage
and high storage nucleus chains.

FLPA (X'08') -- Page available. This flag is set if there is
a full 4K page available on the chain. This flag may be set
even if there is no such page available.

SKEY contains the one-byte storage key assigned to storage on this
chain.

TCODE contains the one-byte FREETAB table ccde for storage on this
chain.

Allocating User Free Storage

When DMSFREE with TYPE=USER (the default) is called, one or more of the
following steps are taken in an attempt to satisfy the request. As soon

.
£ —~
as one of +the following steps succeeds, then user free s

allocation rrocessing terminates.

Ao
Ve Qyo

1. Search the low storage user chain for a block of the required size.

2. Search the high storage user chain for a block of the required
size.

3. Extend high storage user storage downward into the user prograa
area, modifying FREELOWE in the process.

4. For a variable request, put all available storage in the user
program area onto the high storage user chain, and then allocate
the largest block available on either the high storage user chain
or the 1low storage user chain. The allocated block will not be
satisfactory unless it is larger than the minimum requested size.

Allocating Nucleus Free Storage

When DMSFREE with TYPE=NUCLEUS is called, the fcllowing steps are taken
in an attempt to satisfy the request, until one succeeds:

1. Search the 1low storage nucleus chain for a block of the required
size.

2. Get free pages from the 1low storage user chain, if any are
availatle, and put them on the low storage nucleus chain.

3. Search the high storage nucleus chain for a block of the required
size.

4. Get free pages from the high storage user <chain, if they are
available, and put them on the high storage nucleus chain.

5. Extend high storage nucleus storage downward into the User Progranm
Area, modifying PREELOWE in the process.

6. For variable requests, put all available pages from the user chains
and the user program area onto the nucleus chains, and allocate the
largest block available on either the low storage nucleus chains,
or the high storage nucleus chains.

2-20 1IBM VM/370 System Logic and Program Determination-—-Volume 2



Releasing Storage

The DMSFRET macro releases free storage previously allocated with the
LMSFREE macro. The format of the DMSFRET macro is:

L 3 R
{ [label] | DMSFRET | DWORDS= ,LOC={1laddr) !
! | | {(0) ‘,l (M } |
| | L r r r 11 1
| | | |,ERR=| addrl! l,TYPCALL=I§!§ 11 i
| | [ o* 1t | BALRY 1
| ' | L L 31 0 L 413 |
where:

label is any valid Assembler language label.

DWORDS={ n is the number of doublewords of storage to be released.
{(0)} DWORDS=n specifies the number of doublewords directly and
DWORDS=(0) indicates that register O contains the number

of doublewords being released.

LoC= laddr} is the address of the block of storage being released.
{ ) "laddr" is any address that can be referred to in an LA
{lcad address) instruction. LOC=laddr specifies the
address directly while LOC=(1) indicates the address is

in register 1.

r 1

ERR=(1addr| is the return address if an error occurs. "laddr" is any
| * | address that can be referred to ty an LA (load address)
L 4 instruction. The error return is taken if there is a

macro coding error or if there is a problem returning the
storage. If an asterisk (*) is specified, the error
return address is the same as the normal return address.
There is no default for this operand. If it is omitted
and an error occurs, the system will abend.

g ]
TYPCALL=|SVC | indicates how control is passed to DMSFRET. Since DMSFRET
|BALR{ is a nucleus-resident routine, other nucleus-resident
L 4 routines can branch directly to it (TYPCALL=BALR) while
routines that are not nucleus-resident must use SVC
linkage (TYPCALL=SVC).

When DHSFRET 1is called, the block being released is placed on the
appropriate chain. At that point, the final update operation is
performed, if necessary, to advance FREELOWE, or to move pages from the
nucleus chain to the corresponding user chain.

Similar update operations will be performed, when necessary, after
calls to DMSFREE, as well.

RELEASING ALLOCATED STORAGE

Storage allocated by the GETMAIN macro instruction may be released in
any of the following ways:

1. A specific block of such storage may be released by means of the
FREEMAIN macro instruction.
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2. The STRINIT macro instruction releases all storage allocated by
any previous GETMAIN requests.

3. Almost all CMS cosmands issue a STRINIT macro instruction. Thus,
executing almost any CMS command will cause all GETMAIN storage to
be released.

Storage allocated by the DMSFREE macro instruction may be released in
any of the following ways:

1. A specific block of such storage may be released by means of the
DMSFRET macro instruction.

2. Whenever any user routine or CMS command abnormally terminates (so
that the routine DMSABN 1is entered), and the abend recovery
facility of the system 1is invoked, all DMSFREE storage Wwith
TYPE=USER is released automatically.

Excepl 1in the case of abend recovery, storage allocated by the
DMSFREE macro is never released automatically by the system. - Thus,
storage allocated by means of this macro instruction should always be
released explicitly by means of the DMSFRET macro instruction.

DMSFREE SERVICE ROUTINES

The DMSFRES macro instruction is used by the system to request certain
free storage management services.

The format of the DMSFRES macro is:

[label] | DMSFRES
|

INIT1
INIT2
CHECK
CEKON

CKOFF
UREC

CALOC

r B}
,TYPCALL=|SYC ||
IBALRY |
t a2

......._._._“_q
o ——
b - oo — 0]

where:
label is any valid Assembler language label.

INIT1 invokes the first free storage initialization routine, so
that free storage requests can be made to access the
systea disk. Before INIT1 is invoked, no free storage
requests may be made. After INIT1 has been invoked, free
storage requests may be made, but these are subject to
the following restraints until the second free storage
management initialization routine has been invoked:

e All requests for USER type storage are changed to
requests for NUCLEUS type storage.

e Error checking is 1limited before initialization is

coaplete. In particular, it is sometimes possible to
release a block that was never allocated.
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INIT2

CHECK

CKON

CROFF

UREC

CALOC

e 1All requests that are satisfied in high storage must
be of a temporary nature, since all storage allocated
in high storage is released vhen the second free
storage initialization routine is invoked.

When CP's saved system facility is used, the CHS systenm
is saved at the point just after the A-Disk has been made
accessible. It is necessary for DMSFRE to be used before
the size of virtual storage is known, since the saved
system can be used on any size virtual machine. Thus,
the first initialization routine 3initializes DMSFRE so
that limited functions can be requested, while the second
initialization routine perforas the initialization
necessary to allow the full functions of DMSFRE to be
exercised.

invokes the second initialization routine. This routine
is invoked after the size of virtual storage is known,
and it performs initialization necessary to allow all the
functions of DMSFRE to be used. The second
initialization routine performs the following steps:

e Releases all storage'that has been allocated in the
high storage area.

e Allocates the FREETAB free stcrage table. This table
contains one byte for each 4K page of virtual storage,
and so cannot be allocated until the size of virtual
storage is known.

e The FREETAB table 1is initialized, and all storage
protection keys are initialized.

e 111 completely unallocated 4K pages om the low storage
nucleus free storage chain are removed to the user
chain. RAny other necessary operations are performed.

invokes a routine that checks all free storage chains for
consistency and correctness. Thus, it checks to see
whether or not any free storage pointers have been
destroyed. This option can be used at any time for
system debugging.

turns on a flag that causes the CHECK routine to be
invoked each time a call is made to DMSFREE or DMSFRET.
This can be useful for debugging purposes (for example,
when you wish to identify the routine that destroyed free
storage management pointers). Care should be taken when
using this option, since the CHECK routire is coded to be
thorough rather than efficient. Thus, after the CKCN
option has been invoked, each «call to DMSFREE or DMSFRET
will take much longer to be completed than before.

turns off the flag that was turned on by the CKON option.

is used by DMSABN during the abend recovery process to
release all user storage.

is used by DMSABN after the abend recovery process has
been completed. It invockes a routine which returns, in
register 0, the pumber of doublewords of free storage
that have been allocated. This number is used by DMSAEN
to determine whether or not the abend recovery has been
successful.
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r |
TYPCALL=|SVC | indicates how control is passed to DMSFES. Since DMSFRES
|BALR| is a nucleus-resident routine, other nucleus-resident
L 4 routines can branch directly to it, (TYPCALL=BALR) while
routines that are not nucleus-resident must use SVC
linkage (TYPCALL=SVC).

ERROR CODES FROM DMSFRES, DMSFREE, AND DMSFRET

A nonzero return code wupon return from DMSFRES, DMSFREE, or DMSFRET
indicates that the request could not be satisfied. Register 15 contains
this return code, indicating which error has occurred. The following
codes apply to the DMSFRES, DMSFREE, and DMSFRET macros.

Code Error
(DMSFREE) Insufficient storage space is available to satisfy
the request for free storage. In the case of a variable

request, even the minimum request could not be satisfied.

2 (DMSFREE or DMSFRET) User storage pointers destroyed.

3 (DMSFREE, DMSFRET, or DMSFRES) Nucleus storage pointers
destroyed.

4 (DMSFREE) An invalid size was requested. This error exit is

taken if the reguested size is not greater than zero. 1In the
case of variable requests, this error exit is taken if the
minimum regquest is greater than the maximum Trequest.
(Hovwever, the latter error is not detected if DMSFREE is able
tc satisfy the maximum reguest.)

5 (DMSFRET) An 1invalid size was passed to the DMSFRET macro.
This error exit 1is taken if the specified 1length is not
positive.

6 (DMSFRET) The block of storage that is being released was

never allocated by DMSFREE. Such an error is detected if one
of the following errors is found:

e The blcck does not 1lie entirely inside either the 1low
storage free storage area or the user program area between
FREELOWE and FREEUPPR.

e The block crosses a page boundary that separates a page
allocated for USER storage from a page allocated for
NUCLEUS type storage.

e The block overlaps another block already on the free
storage chain.

7 (CMSFRET) The address given for the tlock being released is
nct doubleword aligned.

8 (DMSFRES) An invalid request code was passed to the DMSFRES
routine. Since all request codes are generated by the DMSFRES
macro, this error code should never appear.

9 (DMSFREE, DMSFRET, or DMSFRES) Unexpected and unexplained
error in the free storage management rcutine.
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CMS HANDLING OF PSW KEYS

The purpose of the CMS Nucleus protection scheme is to protect the CMS
nucleus from inadvertent destruction by a user program. Without it, it
wonld be possible, for example, for a FORTRAN user who accidentally
assigns an incorrectly subscripted array element to destroy nucleus
code, wipe out a crucial table or constant area, or even destroy an
entire disk by destroying the contents of the master file directory.

In general, user programs and disk-resident CMS commands are executed
with a PSW key of X'E*, while nucleus code is executed with a PSW key of
X10'.

There are, however, some eXxceptions to this rule. Certain
disk-resident CHS commands run with a PSW key of X'0', since they have a
constant need to wmodify nucleus pointers and storage. The nucleus
routines called by the GET, PUT, READ, and WRITE macros run with a user
PSW key of X'E', to increase efficiency.

TWOo macros are available to any routine that wishes to change its PSW
key for some special purpose. These are the DMSKEY macro and the DMSEXS
Bacro.

The DMSKEY macro may be used to change the PSW key to the user value
or the nucleus value. The DMSKEY NUCLEUS option causes the current PSW
key to be placed in a stack, and a value of 0 to be placed in the PSW
key. The DMSKEY USER option causes the current PSW key to be placed in
a stack, and a value cof X'E' to be placed in the PSW key. The DHSKEY
RESET option causes the top value in the DMSKEY stack to be removed and
re-inserted into the PSHW.

It is a requirement of the CMS system that when a routine terminates,
the DMSKEY stack must be empty. This means that a routine should
execute a DMSKEY RESET option for each DMSKEY NUCLEUS option and each
DMSKEY USER option executed by the routine.

The DMSKEY key stack has a current maximum depth of seven for each
routine. In this context, a "routine"™ is anything invoked by an SVC
call.

The DMSKEY LASTUSER option causes the current PSW key to be placed in
the stack, and a newvw key inserted intc the PSW, determined as follows:
the SVC system save area stack is searched in reverse order (top to
bottom) for +the first save area corresponding to a user routine. The
PSW key that was in effect in that routine is then taken for the new PSW
key. (If no user routine is found in the search, +then LASTUSER has the
same effect as USER.) This ortion is used Lty OS macro simulation
routines when they wish to enter a user-supplied exit routine; the exit
routine is entered with the PSW key of the last user routine on the SVC
system save area stack.

The NOSTACK option of DMSKEY may be used with NUCLEUS, USER, or
LASTUSER (as in, for example, DMSKEY NUCLEUS,NOSTACK) if the current key
is pot to be placed on the DMSKEY stack. If this option is used, then
no corresponding DMSKEY RESET should be issued.

The DMSEXS ("execute in system mode") macro instruction is useful in
situations where a routine is being executed with a user protect key,
but wishes to execute a single instruction that, for example, sets a bit
in the NUCON area. The single instruction may be specified as the
argument to the DMSEXS macro, and that instruction will be executed with
a system PSW key.
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Whenever possible, CMS commands are executed with a user protect key.
This protects the CMS Nucleus in cases where there is an error in the
system command that would otherwise destroy the nucleus. If the command
must execute a single instruction or small group of instructions that
modify nucleus storage, then the DMSKEY or DMSEXS macros are used, so
that the system PSW key will be used for as short a period of time as is
possible.

CMS SVC HANDLING

DMSITS (INTSVC) is the CMS system SVC handling routine. The general
operation of DMSITS is as follows:

1. The SVC new PSW (low storage location X'60') contains, in the
address field, the address of DMSITS1. The DMSITS module will be
entered whenever a supervisor call is executed.

2. DMSITS allocates a system and user save area. The user save area
1s used as a register save area (or work area) by the called
routine.

3. The called routine is called (via a LPSW or EALR).
4. Upon return from the called routine, the save areas are released.

5. Control is returned to the caller (the routine that originally made
the SVC call).

SVC TYPES AND LINKAGE CONVENTIONS

SVC conventions are important to any discussion of CHKS because the
system is driven by SVCs (supervisor calls). SVCs 202 and 203 are the
most common CMS SVCs.

SVC 202 is used both for calling nucleus-resident routines, and for
calling routines written as commands (for example, disk resident
mnodules). i

A typical coding sequence for an SVC 202 call is the following:

LA R1,PLIST
SVC 202
DC  AL4 (ERRADD)

Whenever SVC 202 is called, register 1 must point to a parameter list
(PLIST). The format of this parameter 1list depends upon the actual
routine or command being called, but the SVC handler will examine the
first eight bytes of this parameter list to find the name of the routine
or command being called.

The "DC ALU4 (address)" instruction following the SVC 202 is optional,
and may be omitted if the programmer does not expect any errors to occur
in the routine or command being called. If included, an error return is
made to the address specified in the DC. DMSITS determines whether this
DC was inserted by examining the byte following the SVC call inline. 1
nonzero byte indicates an instruction, a zero value indicates that "DC
ALY4 (address)" follows.
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S¥C 203

SVC 203 is called by CMS macros to perform various internal systenm
functions. It is used to define SVC calls for which no parameter list
is provided. For example, DMSFREE parameters are passed in registers 0
and 1.

A typical calling sequence for an SVC 203 call is as follovs:

SvC 203
DC H'code!

The halfword decimal code following the SVC 203 indicates the
specific routine being called. DMSITS examines this halfword code,
taking the absolute value of the code by an LPR instruction. The first
tyte of the result is ignored, and the second byte of the resulting
halfword is used as an index to a branch table. The address of the
correct routine is loaded, and ccntrol is transferred to it.

It is possible for the address in the SVC 203 index table to be-zero.
In this case, the index entry will contain an 8-byte routine or coamand
name, Wwhich will be handled in the same Wway as the 8-byte name passed in
the parameter list to an SVC 202.

The programmer indicates an error return by the sign of the halfword
code. If an error return is desired, then the ccde is negative. If the
code 1is positive, then no error return is made. The sign of the
halfword code has no effect on determining the routine that is to be
called, since DHSITS +takes the absolute value of the <ccde to determine
the routine called.

Since only the second byte of the absolute value of the code is
examined by DMSITS, seven bits (bits 1-7) are available as flags or for
other uses. Thus, for example, DMSFREE uses these seven bits to
indicate such things as conditional requests and variable requests.

When an SVC 203 is invoked, DMSITS stores the halfword code into the
NUCON location CODE203, so that the called routine can examine the seven
bits made available to it.

All calls made by means of SVC 203 should be made by macros, with the
macro expansicn computing and specifying the correct halfword code.

User—Handled SVCs

The programmer may use the HNDSVC macro to specify the address of a
routine that will handle any SVC call other than for SVC 202 and SVC
203.

In this case, the 1linkage conventions are as required by the
user-specified SVC-handling routine.

0S and DOS/VS Macro Simulation SVC Calls

CHMS supports selected SVC calls generated by O0S and DCS/VS macros, by
simulating the effect of these macro calls. DMSITS is the initial SVC
interrupt handler. If the SET DOS command has been issued, a flag in
NUCON will indicate that DOS/VS macro simulation is to be used. Control
is then passed tc DMSDOS. Otherwise, 0S macro simulation is assumed and
DMSITS passes control tc the appropriate 0S simulation routine.
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There are several types of invalid SVC calls recognized by DMSITS.

1. Invalid SVC pumber. If the SVC number does not fit into any of the
four classes described above, then it is not handled by DMSITS. A2an
appropriate error message is displayed at the terminal, and control
is returned directly to the caller.

2. Invalid routine name in SVC 202 parameter 1list. If the routine
named in the SVC 202 parameter list 1is invalid or cannot be found,
DMSITS handles the situation in the same way as it handles an error
return from a legitimate SVC routine. The error code is -3.

3. 1Invalid SVC 203 code. If an invalid code follows SVC 203 inline,
then an error message is displayed, and the abend routine is called
to terminate execution.

SEARCH HIERARCHY FC

I pag-pae

oo 2N
o deV &

a

When a program issues SVC 202, passing a routine or command name in the
parameter list, then DMSITS must be searched for the specified routine
or command. (In the case of SVC 203 with a zerc in the taltle entry for
the specified index, the same logic must be applied.)

The search algorithm is as follows:

1. A check is made to see if there is a routine with the specified
name currently cccupying the system transient area. If this is the
case, then control is transferred there.

2. The systeam function name table is searched, to see if a command by
this npame 1is a nucleus-resident command. If the search is
successful, control goes to the specified nucleus routine.

3. 1A search is then made for a disk file with the specified name as
the filename, and MODULE as the filetype. The search is made in
the standard disk search crder. If this search is successful, then
the specified module is 1loaded (via the LOADMOD command), and
control passes to the storage location now occupied by the coammand.

4. 1If all searches so far have failed, then DMSINA (ABBREV) is called,
to see if the specified routine name is a valid system abbreviation
for a system command or function. User-defined abbreviations and
synonyas are also checked. If this search is successful, then
steps 2 through 4 are repeated with the full function name.

5. 1If all searches fail, then an error code of -3 is issued.

Copmands Entered from the Terminal

When a command is entered from the terminal, DMSINT processes the
command line, and calls the scan routine to convert it into a parameter
list <consisting of eight-byte entries. The following search is
performed:

1. DMSINT searches for a disk file whose filename is the command naae,

and whose filetype is EXEC. If +this search is successful, EXEC is
invoked tc process the EXEC file.
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If not found, the command name 1is considered to be an abbreviation
and the appropriate tables are examined. If found, the abbreviation
is replaced by its full equivalent and the search for an EXEC file
is repeated.

2. If there is no EXEC file, DMSINT executes SVC 202, passing the
scanned parameter 1list, with the command name in the first eight
bytes. DMSITS will perform the search described for SVC 202 in an
effort to execute the command.

3. If DMSITS returns to DMSINT with a return code of -3, indicating
that the search was unsuccessful, then DMSINT uses the CP DIAGNOSE
facility to attempt to execute the command as a CP command.

4. If all of these searches fail, then DMSINT displays the error
message UNKNOWN CP/CMS COMMAND.

See Figure 4 for a description of this search for a command name.

USER AND TRANSIENT PROGRAM AREAS

Two areas can hold programs that are loaded from disk. These are called
the user program area and the transient program area. (See Figure 3 for
a description of CMS storage usage.) 1A summary of CP, CMS. IPCS, and
RSCS modules and their attributes, including whether they reside in the
user program area or the transient area 1is contained in the IBM/370:
Release 5 Guide.

The user program area starts at location ¥X'2C000' and extends upward
to the loader tables. Generally, all user programs and certain system
commands (such as EDIT, and COPYFILE) are executed in the user program
area. Since only one program can be executing in the user program area
at any one time, it is impossible (without unpredictable results) for
one program being executed.in the user program area to invoke, by means
of SVC 202, a module that is also intended to ke executed in the user
program area.

The transient program area is two pages long, extending from location
X'E000' to lccation X'FFFF'. It provides an area for system commands
that may also be 1invoked from the user program area by means of an S¥C
202 call. When a transient module is calied by an SVC, it is normally
executed with the PSW system mask disabled for I/0 and external
interrupts.

The transient program area is also used to handle certain O0S macro
simulation SVC calls. 0S SVC calls are handled by the JS simulaticn
routines located either in the CMSSEG discontiguous shared segment or in
the user program area, as close to the loader tables as possible. 1If
DMSITS cannot find the address of a supported 0S SVC handling routine,
then it loads the file DMSSVT MODULE into the transient area, and lets
that routine handle the SVC.

A program being executed in the transient program area may not invoke
another program intended for execution in the transient program area,
including 0S macro simulation SVC calls that are handled by DMSSVT. For
example, a program being executed in the transient program area may not
invoke the RENAME command. 1In addition, it may not invoke the OS macro
WTO0, which generates an SVC 35, which is handled by DMSSVT.

DMSITS starts the programs to be executed in the user program area
enabled for all interrupts but starts the programs to be executed in the
transient program area disabled for all interrupts. The individual
program may have to use the SSM (Set System Mask) instruction to change
the current status of its system mask.
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CMS Command (and Request) Processing
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Notes:

. 1f the terminal line was actuaily from an EXEC file, or if the
command SET IMPEX OFF has been executed, implied EXEC
is not in effect.

2. A -3 return code indicates SVC 202 processing did not find
the command.
3. Hf the terminal line was actually from an EXEC fife, or if the

command SET IMPEX OFF has been executed, implied CP
is not in effect,
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CALLED ROUTINE START-UP TABLE

Figures 5 and 6 show how the PSW and registers are set up when the
called routine is entered.

"Called"™ Type System Mask Storage Key Problem Bit

Transient
area module

r Ll
i | 1 1 R
i | | i |
[SVYC 202 or 203 | Disabled i Systenm ] off 1
| - Nucleus | | i |
| resident | | ] |
i | 1 { {
|SYC 202 or 203 | Disabled | User I off |
{ - Transient | ] | |
| area MODULE | | | 1
{ - | | 1 |
|SVC 202 or 203 | Enabled | User | off i
| - User area | 1 i |
| | | | f
|User—handled ! Enabled | User | off |
| { { | {
10S - DOS/VS | Disabled | Systen | off |
| Nucleus i i y i
| resident | { ] i
| | i | 1
|0S - DOS/VS { Dizabled | Systen | off {
| i l | |
! | | { |

Figure 5. PSW Fields When Called Routine Starts

1
|Registers|Registers|Register{Register|Register{Registerj

r

|

! Type | 0 -1 | 2 - 11 | 12 | 13 i 14 | 15 i
| | | { | | { i
|SVC 202{Same as |Unpre- {Address |User |Return |Address |
| or 203} caller | dictable| of | save | address| of |
| | i { called | area | to | called |
i H ! I routinel | DMSITS | routinef
| | t 1 l | | i
|oOther |[Same as |Same as |Address |User |Return |[Same as |
| | caller | caller | of | save | address! caller |
| | | | caller | area | to i 1
! | | | 1 | DMSITS | {

Figure 6. Register Contents When Called Routine Starts

RETURNING TO THE CALLING ROUTINE

When the called routine finishes processing, control is returned to
DMSITS, which in turn returns control to the calling routine.

Return Location

The return is accomplished by lcading the original SVC old PsSW (which
was saved at the time DMSITS was first entered), after possibly
modifying the address field. The address field modification depends
uron the type of SVC call, and upon whether or not the called routine
indicated an error return.
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For SVC 202 and 203, the called routipne indicates a normal return by
Flacing a zerc in register 15 and an error return by placing a nonzero
code in register 15. 1If the called routine indicates a normal return,
then DMSITS makes a normal return to the calling routine. If the called
routine indicates an error return, DMSITS passes the error return to the
calling routine, if one was specified, and abnormally terminates if none
was specified.

For amn SVC 202 not fcllowed by "DC AL4(address)™, a normal return is
made to the instruction following the SVC instruction, and an error
return causes an abend. For an SVC 202 followed by "DC ALY (address) ™, a
normal return is made to the instruction following the DC, and an error
return is made to the address specified in the DC. In either case,
register 15 contains the return code passed back by the called routine.

For an SYC 203 with a positive halfword code, a normal return is made
to the instruction following the halfword code, and an error return
causes an abend. For an SVC 203 with a negative halfword code, both
normal and error returns are made to the instruction following tke
halfword code. In any case, register 15 contains the return code passed
tack by the called rcutine.

For macro simulation SVC calls, and for user-handled SVC calls, no
error return is recognized by DMSITS. As a result, DMSITS always
returns to the calling routine by loading the SVC o0ld PSW, which was
saved when DMSITS was first entered.

Register Restoration

Upon entry to DMSITS, all registers are saved as they were when the SVC
instruction was first executed. Upon exiting from DMSITS, all registers
are restored from the area in which they were saved at entry.

The exception to this is register 15 in the case of SVC 202 and 203.
Upon return to the calling routine, register 15 always contains the
value that was in register 15 when the called routine returned to DMSIIS
after it had completed processing.

Called Routine Modifications to System Area

If the called routine has system status, so that it runs with a PSW
storage protect key of 0, then it may store new values into the System
Save Area.

If the called routine wishes to modify the location to which control
is to be returned, it must modify the following fields:

e For SYC 202 and 203, it must modify the NUMRET and ERRET (normal and
error return address) fields.

e PFor other SVCs, it must modify the address field of OLDPSW.
To modify the registers that are to bbe returned to the calling routine,
the fields EGPR1, EGPR2, ..., EGPR15 must be modified.

If this action is taken by the called routine, then the SVCTRACE
facility may print misleading information, since SVCTRACE assumes that
these fields are exactly as they were when DMSITS was first entered.
Whenever an SVC call is made, DMSITS allocates two save areas for that
particular SVC call. Save areas are allocated as needed. For each SVC
call, a system and user save area are needed.
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When the SVC-called routine returns, the save areas are not released,
but are kept for the next SVC. At the completion of each command, all
SVC save areas allocated by that command are released.

The System Save Area 1is used by DMSITS to save the value of the SVC
cld PS¥ at the time of the SVC call, the calling routine's registers at
the time of +the call, and any other necessary control information.
Since SVC calls can be nested, there can be several of these save areas
at one time. The system save area is allocated in protected free
storage.

The user save area contains 12 doublewords (24 words), allocated in
unprotected free storage. DMSITS does not use this area at all, but
simply passes a pointer to this area (via register 13.) The called
routine can use this area as a temporary work area, Or as a register
save area. There is one user save area for each system save area. The
USAVEPTR field in the system save area points to the user save area.

The exact format of the system save area can be found in the ¥M/370
Data Areas and Control Block Logic. The most important fields, and
their uses, are as follows:

Field Usage

CALLER {(Fullword) The address of the SVC instruction that resulted in
this call.

CALLEE (Doubleword) Eight-byte symbolic name of the called routine.

For O0S and user-handled SVC calls, this field contains a
character string of the form SVC nnn, where nnn is the SVC
number in decimal.

CODE (Halfword) For SVC 203, this field ccntains the halfword code
following the SVC instruction line.

OLDPSH (Doubleword) The SVC o014 PSW at the time that DMSITS was
entered.

NRMRET (Fullword) The address of the calling routine to which control
is to be passed in the case of a normal return from the called
routine.

ERRET {(Fullword) The address of the calling routine to which control
is to ke passed in the case of an error return from the called
routine.

EGPRS (16 Fullwords, separately labeled EGPRO, EGPR1, EGPR2, EGPR3,

«ses EGPR15) The entry registers. The contents of the
general registers at entry to DMSITS are stored in these
fields.

EFPRS (4 Doublewords, separately labeled EFPRO, EFPR2, EFPR4, EFPR6)
The entry floating-pocint registers. The contents of the
floating-point registers at entry to DMSITS are stored in
these fields.

SSAVENYT (Fullword) The address of the next system save area 1in the
chain. This points to the system save area that is being
used, or will be used, for any SVC call nested in relatiom to
the current one.

SSAVEPRV (Fullword) The address of the previous system save area in
the chain. This points to the system save area for the SVC
call in relation to which the current call is nested.

USAVEPTR (Fullword) Pointer to the user save area for this SVC call.
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CMS Interface for Display Terminals

CMS has an interface that allows it to display large amounts of data in
a very rapid fashion. This interface for 3270 display terminals (also
3138, 3148, and 3158) is much faster and has less overhead than the
normal write because it displays up to 1760 characters in one operation,
instead of issuing 22 individual writes of 80 characters each (that is
one write per 1line on a display terminal). Data that is displayed in
the screen output area with this interface is nct placed in the comnsole
spool file.

The DISPW macro allows you to use this display terminal interface.
It generates a calling sequence for the CMS display terminal interface
module, DMSGIO. DMSGIO creates a channel program and issues a DIAGNOSE
instruction (Code X'58') to display the data. DHSGIC is a TEXT file
which must be loaded in order to use DISPW. The format of the CMS DISPW
macro is:

r L 1
bufad |,LINE=n| |,BYTES=bbbb]

[ i

i | | |

| {label] | DISPW i |

I | | {LINE=0} | ¢BYTES=17601 |

| | | L 4t 4 |

| | | [ ERASE=YES] [ CANCEL=YES] |

L ]

where:

label is an optional macro statement label.

Eufad is the address of a buffer containing the data to be
written to the display terminal.

g b . .

|LINE=n]| is the number of the line, © to 23, on the

|LINE=0| display terminal that is to be written. Line

L 3 number 0 is the default.

r |
| BYTES=btbb]| is the number of bytes (0 to 1760) to be written
BYTES=1760 on the display terminal. 1760 bytes 1is the default.

IBYTES=1760 [

L 4

[ ERASE=YES] specifies that the display screen is to be erased before
the current data 1is written. The screen 1is erased
regardless of the 1line or number of bytes to be
displayed. Specifying ERASE=YES causes the screen to go
into "MORE"™ status.

[ CANCEL=YES ] causes the CANCFL operation to be performed: the ocutput
area is erased.

Note: It is advisable for the user to save registers before issuing the

CISPW macro and to restore them after the macro, because neither the
macro nor its called modules save the user's registers.
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OS Macro Simulation Under CMS

¥hen a language Processocr or a user—-written program is executing in the
CMS environment and using O0S-type functions, 1t is not executing CS
code. Instead, CMS provides routines that simulate the 0S functions
required to support OS language proces<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>