












































































































































































































































































































































































































































































































































































































































































































































18.4 DUMP FACILITY OVERVIEW 

If CP encounters a log i calor phys i cal error, it issues an 
SVC a to ABEND CP. The ABEND request is processed by 
DMKDMP, a res ident nucleus module. The contents of rna in 
memory and the registers are dumped and CP tries to restart 
itself. The standard ABENDs in CP have names composed of 
two parts. The first three characters of the name spec i fy 
the module issuing the ABEND and the last three characters 
are a three digit number. For example, a PRGOOl ABEND in CP 
indicates that DMKPRG, the program interrupt handler, has 
fielded an interrupt code of 001. Program interrupt code 
001 is an operation exception, which should not occur within 
CPo Therefore CP is terminated. The possible causes of 
each ABEND are documented in the System Messages and Codes 
manual. 

The normal destination of the dump created by an ABEND of 
CP is a spool file. As was mentioned earlier, an installa­
tion may explicitly reserve dump space. If dump space is 
reserved and not occupied by a previous dump, then the dump 
spool file is allocated in the dump space. If no dump space 
is reserved or the reserved space is full of previous dumps, 
the dump program attempts to allocate contiguous space in 
the spool. If th.e spool space is fragmented enough to pre­
vent allocation of contiguous space, the dump fails. With 
the SYSOPR macro in DMKSYS the installation can specify the 
userid to which the dump should be directed. 

If the dump program has been �f�a�~�l�i�n�g� because of reported 
I/O errors on the spool or dump space, the SET DUMP command 
can be used to redirect future dumps to a tape drive or to 
the real pr inter. Since DMKDMP is not very clever, if the 
installation is trying to wri te a dump on tape, the dump 
must fit on one reel and will be written at 1600 bpi. The 
dump tape is written 132 bytes per record unblocked. Any 
system with more than about 4 megabytes of storage can not 
be written on one reel of tape. Also the installation must 
have a real tape drive available and ready for use during 
the time the tape is the target for the dump. The ability 
to re-direct the dump to a tape is helpful when an installa­
tion is creating a dump for the IBM support center. 
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18.5 PROCESSING THE OUTPUT OF A CP DUMP 

If the dump has been to a spool· file, normally a system pro­
grammer logs on to the userid specified in DMKSYS as the re­
cipient of system dumps and issues the commands needed to 
process the dump. A full discussion of this process is out­
side of this presentation. If the installation has the In­
teractive Problem Control System (IPCS) product, the User's 
Guide has documentation. If the installation does not have 
IPCS, then the VMFDUMP command is available for reading the 
dump from the virtual reader, storing it on a CMS minidisk 
and optionally, printing it. 

If the dump has been written to a tape, it can be printed 
by attaching a tape drive to the system programmer's virtual 
machine, mounting the tape, and using the MOVEFILE command 
with the appropriate FILEDEFs for the tape drive and the 
virtual printer. The details of this process are documented 
in the Operator's Guide manual. 

18.6 SUMMARY 

This chapter. has dealt with two tools available to debug CPo 
The trace table and CP dumps are invaluable for tracking 
down problems and documenting them. Several other facili­
ties are also available. SMART, the real time monitoring 
system for VM, allows a system programmer to look at format­
ted trace table entries while the system is running. SMART 
also allows the setting of trace table flags to record only 
entries that are helpful in tracking a particular problem. 
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19.1 INTRODUCTION 

19.1.1 Overview 

Chapter 19 

SYSTEM DIRECTORY 

The CP directory is a page-formatted DASD space containing 
data items that define the configuration of each virtual ma­
chine. Each definition contains the userid, password, memo­
ry limits, I/O configuration, and options for the virtual 
machine. 

There are two different facilities for maintaining the 
directory. The directory can be built from scratch by issu­
ing the DIRECT command in CMS or by running a standalone 
program on real hardware. Both of these facilities use the 
module DMKDIR. The second way of updating the directory al­
lows selected fields for an ~xistinq virtua~ machine config­
uration to be modified without regeneration of the full di­
rectory. This second method is used by the' IBM product 
known as 'DIRMAINT', although it can also be used by a user­
written program. 

Before we look at these two methods of maintaining the 
directory, we will review the structure of the directory 
space. Remember that utility program DMKFMT writes an allo­
cation record 1024 bytes long. One of the kinds of space 
that can be declared for special use is directory space. A 
directory cylinder is marked in the allocation map with ei­
ther a X'04' or X'OC'. The X'OC' flag marks a cylinder that 
contains the current system directory. This current direc­
tory is also pointed to by a field in the DASD volume's VOLI 
record. An X' 04' flag marks a cylinder available for re­
ceiving a new directory. After the new directory is built, 
the allocation map entry will be changed to X' OC' and the 
old directory's cylinder will be changed to X'04'. The use 
of the build and swap technique is used in directory mainte­
nance for maximum reliability. All directory cylinders are 
page-formatted and most accesses to the directory use the 
paging subsystem for I/O. 
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19.1.2 References 

19.1.2.1 Publications 

1. IBM Virtual Machine/System Product: Planning and 
System Generation Guide (SC19-620l). 

19.1.2.2 CP modules 

1. DMKDIR - is the DIRECT command, both as a CMS command 
and as a stand-alone program. (It is not a part of 
the CP nucleus.) 

2. DMKUDR - contains the major subroutines that deal 
with directory I/O. 

3. DMKUDU - supports the update-in-place DIAGNOSE X'84'. 

19.2 DIRECTORY STRUCTURE 

The directory exists as page-sized records in the directory 
space. There are five different control blocks used to map 
different kinds of directory data. Table 32 lists the five 
different control blocks. 

Name 

UDIRBLOK 
UMACBLOK 
UDEVBLOK 
UIPLBLOK 
UIUCBLOK 

TABLE 32 

Directory control blocks 

Length 

X'18' 
X'50' 
X' 38' 
X'40' 
X'lO' 

Information 

Userid and password 
Options and IPL name 
Virtual device 
IPL parameters 
IUCV parameters 

Each page in the directory is devoted to one kind of control 
block. For example, all of the UDIRBLOKs exist in pages 
containing only UDIRBLOKs. 
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The directory space is page-formatted. Each page in the 
directory is addressed with a CCPD similar to DASD slot ad­
dresses in CP paging space. 

19.2.1 UDIRBLOK 

A UDIRBLOk is bui 1 t for each USER card in the di rectory 
source file. In addition to the userid and password, there 
are pointers to the machine description blocks (UMACBLOKs) 
associated with this user. These pointers consist of a CCPD 
and an offset into the page. 

The first UDIRBLOK on a page is not a description of a 
user. It is a control block containing pointers to the last 
UDIRBLOK on the page and the CCPD for the next page of UDIR­
BLOKs. Each page can contain 169 UDIRBLOKs plus the pointer 
control block. 

19.2.2 UMACBLOK 

The user machine description block (UMACBLOK) is pointed to 
by the UDIRBLOK. This control block maps the ACCOUNT card, 
the IPL card, the OPTIONS card, and all parame~ers given on 
the USER card except userid and password. The UMACBLOK can 
also contain information specified by a SCREEN card. Like 
the UDIRBLOK, there is only one UMACBLOK per userid. The 
UMACBLOKs for several virtual machines are located on one 
page. 

The UMACBLOK also contains the pointers to the first 
UDEVBLOK for the virtual machine. If the IPL card does not 
specify parameters, the named system to be IPL'ed is con­
tained in the UMACBLOK. If, however, the IPL card specifies 
parameters, then the UMACBLOK contains the CCPD and offset 
of the IPL extension block (UIPLBLOK). There can also be 
pointers to an UIUCBLOK if IUCV has been authorized for this 
virtual machine. 

19.2.3 UDEVBLOK 

The UDEVBLOK contains information about one virtual device 
described by an MDISK, SPECIAL, or SPOOL card. For virtual 
DASD devices, there are passwords for each of the access 
modes, the volume name of the real device that contains the 
virtual disk, and the size and relocation factor for the mi­
nidisk. 
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19.2.4 Masking 
. . 

Many fields in directory control blocks are masked for se­
curity by exclusive ORing onto the field a mask value of 
X'AAAAAAAAAAAAAAAA'. If someone is casually perusing a dump 
or examining CP storage, the userids, passwords, and other 
data will not exist in "clear text". Unfortunately, the 
mask is distinctive enough that someone having access to 
dumps or CP storage can spot the data areas and do the ex­
clusive OR operation manually. CP programs that deal with 
the directory will perform the exclusive operation on data 
coming into or going out of the directory. 

19.3 BUILDING THE DIRECTORY 

During CP initialization, the allocation records of CP-owned 
disks are read into main storage and searched for the X'OC' 
flag that marks the active directory. All of the UDIRBLOK 
pages are mapped into the CP' s own virtual memory. These 
pages are paged-out through normal paging mechanisms to pag­
ing space. The list of the virtual memory addresses of 
these pages is anchored at DMKSYSPL (page list). The CCPD 
fo the beginning of the active directory is stored at 
DMKSYSUD (user directory). Directory pages containing other 
directory control blocks are not touched. When one of. them 
is needed, that page will be paged-in, but will never be 
written to the paging space. Placing the UDIRBLOK pages in 
the page space is a performance feature of CPo 

19.3.1. DIRECT command 

DMKDIR is the module that runs standalone on real hardware 
or is invoked from CMS as the DIRECT command. It reads a 
source file and builds the appropriate control blocks in 
page-sized records. It also reads the VOLI record and allo­
cation record on cylinder 0 and updates them if the source 
directory is processed without error. If DMKDIR is execut­
ing on native hardware, then it is finished. If, however, 
it is running under CMS, DMKDIR executes a DIAGNOSE X'3C', 
which performs a dynamic directory swap to make the new di­
rectory active in the system without an IPL. The only pa­
rameter for this DIAGNOSE is the volume name of the volume 
containing the new directory. 
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19.3.2 DMKUDRDS = directory dynamic swap 

As part of the dynamic swap processing, DMKUDRDS also reads 
the VOLl and allocation records using an extended IOBLOK. 
The IOBLOK contains all of the buffer areas for the contents 
of the VOLl and allocation records. After validity checking 
the directory pointers, DMKUDRDS calls DMKUDRBV (Build Vir­
tual buffer). 

19.3.3 DMKUDRBV = directory activation 

DMKUDRBV is responsible for getting virtual addresses for 
the new di rectory's UDIRBLOK pages. I t then calls DMKLOCKQ 
to serialize access to the fields in DMKSYS to be updated. 
DMKUDRBV then stores the new directory's beginning CCPD at 
DMKSYSUD and the anchor to the list of virtual addresses for 
the new UDIRBLOK pages at DMKSYSPL. It rescinds the serial­
ization request by calling DMKLOCKD and returning to 
DMKUDRDS, which returns to its caller. 

19.4 OTHER ENTRY POINTS IN DMKUDR 

In order for LOGON, LINK, and other CP processes to access 
data in the directory in a standard way, there are several 
entry points in DMKUDR. Table 33 lists selected entry 
points and their functions. 

TABLE 33 

Selected DMKUDR entry points 

Entry point 

DMKUDRFU 
DMKUDRFD 
DMKUDRMD 
DMKUDRXI 
DMKUDRIA 

Description 

Find User (UDIRBLOK). 
Find Device (UDEVBLOK). 
Find Machine (UMACBLOK)~ 
Find IPL Extension (UIPLBLOK). 
Find IUCV (UIUCBLOK). 
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DMKUDRFU moves the contents of a UDIRBLOK into a buffer 
supplied by the caller. It also exclusive ORs the userid 
a'nd password wi th the X' AAAA' mask to make the data readable 
to the caller. The other entry points perform similar func­
tions. 

19.5 UPDATING THE DIRECTORY IN PLACE 

It should be noted that the DIRECT command rebuilds the en­
tire directory. Until recently, the DIRECT command, or its 
standalone equivalent, was the only way of making any change 
to the di rectory • Given a large di rectory wi th several 
thousand users, there was much unneeded processing required 
to make even a minor change in the directory. In addition, 
installations had asked IBM for a facility to allow general 
users to modify their own LOGON and minidisk passwords. 

To provide this funct ion, IBM invented a new DIAGNOSE 
code. DIAGNOSE X'84' will update selected existing fields 
in the active directory by simply paging in the appropriate 
record, making the change, and paging the record back out to 
directory space. The module responsible for this processing 
is DMKUDU. The module is well written and is recommended to 
anyone wishing to understand directory processing in gener­
al. There is a limit to what the 'update in-place' function 
can perform. It can not add control blocks. If a user 
wants an new minidisk, the standard directory process must 
be used. 

Remember that all of the UDIRBLOKs are mapped into the 
system virtual memory and therefore can exist both in page 
space and in directory space. For any request that changes 
the contents of a UDIRBLOK, DMKUDU must page-out the changed 
page to both the page space ,and the directory space (or the 
object space, as it is referred to in DMKUDU). 

19.6 SUMMARY 

The directory facility is unique to CPo The paging subsys­
tem is used by all accesses to the directory. DMKDIR builds 
a directory from a source file. DMKUDR allows CP programs 
to access directory contents in a standard way. DMKUDU up­
dates fields in the active directory based on user request. 
DMKDIR uses DIAGNOSE I/O when it is executing under CMS and 
SIOs when running on the real machine. The major outstand­
ing problem with the directory is its size. When CP/67 was 
designed, directories with thousands of users were not an­
tic ipated. The IBM product, DIRMAINT, does not alleviate 
the performance problem caused by directory searchs. How-
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ever, by using the 'update in-place' mechanism, it does 
solve most of the updating performance problem. It also al­
lows users to change passwords and other virtual machine 
characteristics in real time. 
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DASD DIRECTORY SPACE LAYOUT 

CCPD CCPD 
1---"1~ ____ -------~ UMA-CBLOKs UD I RBLOKs . 

CCPD 

UD I RBLOKs 

o 
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PART III 

GLOBAL TOPICS 

The following chapters discuss "global" topics, each of 
which involves several of the specific topics which we have 
already discussed. Each chapter should show you how various 
parts of CP interact to perform large-scale tasks. 



20.1 INTRODUCTION 

Chapter 20 

MICROCODE ASSISTS 

Since its introduction, VM/370 has been the target of criti­
cism about the "excessive" overhead of privileged instruc­
tion simulation. Some of that criticism has been shown to 
be unjustified, but there are certain cases in which in­
struction simulation does in fact consume a great deal of 
system resource; that is especially true when a virtual 
storage operating system is run in a virtual machine. The 
more complex virtual operating systems (such as MVS, VM, and 
TSS) suffer more from instruction simulation overhead than 
do the simpler systems (such as VS/l and DOS/VS). In an at­
tempt to improve the simulation, IBM has implemented various 
parts of the simulation in hardware or in microcode. 

20.1.1 Overview 

This chapter will discuss the two forms of assists, VMA and 
ECPS for VM. There exist assists for MVS and for VSl, but 
we will not discuss them. Each type of assist provides sup­
port for certain instructions and features, and each can be 
enabled and disabled in whole or in part. Some examples of 
instruction timings will also be given. 

20.1.2 References 

20.1.2.1 Publications 

There is little generally available documentation on VMA and 
ECPS, but the following should be of some help: 

1. IBM Virtual Machine/System Product: System Program­
mer's Guide (SCl9-620 3) . This has a br i ef descr ip­
tion of VMA. 

2. IBM Virtual Machine/System Product: Da ta Areas and 
Control BLock Logic (LY20-0891) 
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3. IBM Virtual Machine/Sgstem Product: Sgstem Logic and 
Problem Determination Guide Volume 1 CP 
(LY20-0S92). This has an excellent description of 
ECPS. 

4. Virtual-Machine Assist and Shadow-Table-Bgpass Assist 
(GA22-7074). This is a detailed description of VMA. 

5. The best description of VMA is given in the mainte­
nance instructions for RPQ S20573, VMA for the 
370/16S. These instructions are exceedingly de­
tailed, but they do not refer at all to ECPS. 

20.1. 2.2 CP modules 

1. DMKBLD - builds a VMBLOK. 

2. DMKCFS - processes the SET ASSIST command. 

3. DMKCFY - processes the SET SASSIST command. 

4. DMKCPI - performs system initialization. 

5. DMKDSP - is the system dispatcher. 

6. DMKFPS· - performs special OS/VS simulation. 

7. DMKIUE - processes an IUCV interrupt. 

S. DMKPMA - supports the preferred machine assist. 

In addi t ion to those modules, the following modules have 
logic that is associated with ECPS: 

1. DMKCCW - performs CCW translation. 

2. DMKDGD - performs DIAGNOSE X'IS' I/O. 

3. DMKDGF - handles DIAGNOSE X'IS' I/O interrupts. 

4. DMKFRE - manages CP control block storage. 

5. DMKHVC - handles virtual DIAGNOSE simulation. 

6. DMKMCH - handles machine check processing. 

7. DMKPGS - handles paging. 

S. DMKPRV - handles privileged instruction simulation. 

9. DMKPTR - handles paging. 
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10. DMKRPA - handles paging. 

II. DMKSCN - various scan subroutines. 

12. DMKSTR - handles paging. 

13. DMKSVC - handles CP CALL and EXIT macros. 

14. DMKTMR - handles timer support. 

15. DMKTRA - handles virtual paging. 

16. DMKUNT - performs CCW and CSW translation. 

17. DMKVAT - manages shadow page tables. 

18. DMKVAU - manages shadow page tables. 

19. DMKVMA - supports shared segment protection. 

20. DMKVSI - handles virtual SIO simulation. 

2I. DMKVSJ - handles virtual HIO simulation. 

20.2 STANDARD VMA 

The original Virtual Machine Assist feature was provided on 
the models 135,145,158,165-11,168,3031,3032,3033 and 
3081; in some cases VMA was an RPQ rather than a standard 
feature. We wi 11 discuss VMA processing, hardware control 
of VMA, and the associated CP commands. 

20.2.1 VMA processing 

VMA performs three types of work that would otherwise have 
to be performed by CP itself: 

1. Simulation of certain privileged instructions. 

2. Simulation of most virtual machine SVC interrupts. 

3. Automatic maintenance of shadow page tables for vir­
tual storage virtual machines. 
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20.2.1.1 VMA instruction simulation 

The major source of virtual machine overhead in many cases 
was found to be the simulation of a few privileged instruc­
t ions that were issued very often by VS/l and VS/2. Such 
instructions of course cause a privileged operation excep­
tion interrupt when they are issued from a virtual machine. 
CP must field the interrupt and eventually simulate the ef­
fect of the instruction. For many common cases the majority 
of CP processing was merely the overhead of dealing with de­
coding the instruction and dispatching the virtual machine 
after the s imulat ion was completed; the actual simulat ion 
itself was often very simple. For such cases, VMA was in­
troduced; hardware or microcode in VMA would perform the 
simulation without ever giving control to CP, thereby avoid­
ing most of the overhead of the total s imulat ion process. 
The following is a list of the instructions that are simu-
lated by VMA: . 

1. IPK ("insert PSW key") 

2. ISK ("insert storage key") 

3. LPSW ("load PSW") 

4.· LRA (" load real address") 

5. RRB ("reset reference bit") 

6. SPKA ("set PSW key from address") 

7. SSK ("set storage key") 

8. SSM ("set system mask") 

9~ STCTL ("store control registers") 

10. STNSM ("store then and system mask") 

11. STOSM ("store then or system mask") 

In some cases, VMA cannot fully simulate the instruction. 
For example, if a SSM instruct ion enables for interrupts 
that have been pending for the virtual machine, then addi­
tional processing must be performed in the dispatcher to 
simulate the PSW swapping that is part of the interruption 
processing. In such a case, VMA will quit and let the pri­
vop exception take place so that CP will perform the simula­
tion. In such cases, some additional processing time is re­
quired, but that is usually overshadowed by the improvements 
that VMA is able to achieve on the average. 
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Table 34 shows some comparative timings with and without 
VMA for some older System/370 models. 

TABLE 34 

VMA privop timings (microseconds) 

Ope ode 145 158-3 168-3 
std VMA std VMA std VMA 

------ --- --- --- --- --- ---
IPK 638 638 314 3 78 2 
ISK 708 24 333 7 85 8 
LPSW 743 15 352 6 92 2 
LRA 1131 40 518 12 133 12 
RRB 799 28 367 9 104 8 
SPKA 673 673 324 4 81 2 
SSK 739 28 344 9 96 14 
SSM 720 11 350 6 90 3 
STCTL 2015 39 871 13 271 9 
STNSM 733 8 355 5 91 3 
STOSM 733 9 355 6 91 3 
SVC 721 32 331 9 85 7 
(TIO 897 961 409 438 107 115) 

As you can see, most of the instructions are very much 
faster when VMA is available. Some however, like TIO, that 
are not handled by VMA take a little longer since VMA first 
looks at the potential privop exception to see if it is one 
that VMA can handle. In an extreme situation, VMA might end 
up causing more overhead than it is worth, but such a case 
is only theoret ical; in all known real test si tuat ions VMA 
has shown a significant overall improvement in system 
throughput and reduced overhead. Test MVS systems with VMA 
have shown relative batch throughput improvement factors of 
2 to 3 when compared to non-VMA systems. 

20.2.1.2 SVC interrupt simulation 

VMA handles SVC interrupts from problem state by simulating 
the PSW swapping in the virtual machine's page O. However, 
that simulation is not performed if the SVC number is 76; in 
that case, a normal SVC interrupt is caused, giving control 
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to CPo That strange behavior is designed to allow CP to 
intercept "error recording" calls, which in OS are performed 
by SVC 76. If CP finds that RO and Rl contain valid error 
recording information, it then performs the recording itself 
and treats the SVC as a NOP. If the registers are not valid 
for error recording, CP then reflects the SVC interrupt to 
the virtual machine for its own SVC interrupt handler to 
process. Table 34 above shows the improvement in CPU utili­
zation when VMA is able to handle the SVC interrupt. 

20.2.1.3 Shadow table handling 

For the case of a virtual storage operating system in a vir­
tual machine, CP must maintain "shadow page tables", which 
perform a two-level translation from virtual-virtual ad­
dresses to real addresses. The shadow table is used by the 
real hardware since its segment table address is in CRI. 

Wheh such a table is active and a page exception inter­
rupt occurs, and if the associated real page is in fact 
still available in real storage, then VMA examines the other 
page tables and attempts to update the shadow table entry 
for the correct virtual-virtual to real translation. This 
process can avoid a real page except ion interrupt and the 
associated CP handling. 

20.2.2 Hardware control of VMA 

VMA is controlled by control register 6. The following bits 
in CR6 pertain to VMA: 

1. Bit 0 enables VMA. If this bit is 0, then VMA is in­
active. 

2. Bit 1 indicates that the virtual machine is in virtu­
al problem state. 

3. Bi t 2 inhibi ts VMA I S processing of ISK and SSK in­
structions. 

4. Bit 3 disallows the virtual supervisor mode execution 
of the 370 DAT instructions; the virtual machine must 
behave as if it were executing on a virtual 360. 

5. Bit 4 inhibits VMA's processing of virtual machine 
SVC instructions. 

6. Bit 5 inhibits VMA's processing of virtual page table 
exceptions for shadow table validation. 
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7. Bits 8 through 28 contain the real memory address of 
the doubleword aligned MICBLOK, which contains other 
values used by VMA. 

The format of the MICBLOK is given in Figure 40. Note 
that some of the MICBLOK fields are used by ECPS and not by 
VMA itself; those fields will be described later. The 
MICBLOK must not cross a 2K memory boundary; when the virtu­
al machine's MICBLOK is obtained from free storage, DMKLOG 
must insure that this restriction is obeyed and so it will 
continue to call DMKFRE until a block is obtained that does 
not cross a 2K boundary. The MICBLOK is addressed by 
VMMICRO in the VMBLOK and of course by CR6 when the virtual 
machine is running. 

+----------+----------+----------+----------+ 
o I MICRSEG (address of real segment table) I 

+----------+----------+----------+----------+ 
4 I MICCREG (address of virtual cregs) 

+----------+----------+----------+----------+ 
8 I MICVIP I MICVPSW (address of v PSW) 

+----------+----------+----------+----------+ 
C I MICWORK (address of work area) I 

+----------+------~---+----------+----------+ 

10 I MICVTMR (address of v interval timer) I 
+----------+----------+----------+----------+ 

14 I MICEVMA I MICEVMA2 I MICEVMA3 I reserved I 
+----------+----------+----------+----------+ 

18 I MICPMPSA (PMA: address of Cp's PSA) I 
+----------+----------+----------+----------+ 

lC I MICPMMSK (PMA: CP's creg 2) I 
+----------+----------+----------+----------+ 

20 I MICCREGO (PMA: virtual creg 0) 
+----------+----------+----------+----------+ 

MICVIP (B'lOOOOOOO'): a virtual interrupt is pending. 

Figure 40: MICBLOK format 

The most important thing for a system programmer to re­
member about the MICBLOK is this: 

THE MICBLOK IS USED BY HARDWARE; YOU CANNOT CHANGE IT. 
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That is, you cannot re-format it in any way. You must be 
very careful when turning on bi ts in the MICBLOK for the 
same reason. Similarly, VMA assumes that various fields in 
the VMBLOK are at certain standard offsets. In effect, you 
cannot re-format the portion of the VMBLOK defined by IBM; 
if you need to add any fields to the VMBLOK, then add them 
at the end. 

20.2.3 VMA commands 

CP provides several commands that can be used to enable or 
disable VMA. These commands also affect ECPS, as described 
in a later section. 

1. SET SASSIST OFF/ON clears or sets bi t 0 of CR6 for 
the entire system. This command can be issued only 
by the system operator since it is limited to class A 
users. 

2. SET ASSIST OFF/ON clears or sets bit 0 of CR6 (if 
setting has been enabled for the entire system) when 
the current virtual machine is being dispatched. 
This command can be issued by any class G user. 

20.3 ECPS 

Extended Control Program Support places additional function 
into microcode. ECPS is available in several forms: 

1. Full ECPS is a standard feature of the models 135-3, 
138, 145-3, 181, 4341, and 4381. 

2. A subset of ECPS is available on the models 3031 and 
3031AP. 

3. A different subset is available on the 4331. 

ECPS replaces (and includes the functions of) VMA. There 
are three major components of ECPS: 

1. Control Program Assist is the implementation in mi­
crocode of several portions of CPo These are simple 
routines that are executed very often. 

2. Extended VMA includes the VMA functions and enhances 
them to assist more instructions in more cases. 

3. Virtual Interval Timer Assist causes a virtual inter­
val timer (at a virtual address X'50') to be updated 
along with the real interval timer. 
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20.3.1 CP assist 

CP Assist is implemented via a new instruction of the fol­
lowing format: 

EGxx abbb cddd 

The second byte "xx" contains an operation sub-code that de­
fines the assist routine to be invoked. The base-displace­
ment values "abbb" and "cddd" point to two parameter lists 
whose contents are different for each of the assist rou-. 
tines. Typically the first list contains pointers to data 
values and the second list contains exit addresses. Table 
35 gives a list of CP Assist instructions. 

EGOO 
EG01 
EG02 
EG03 
EG04 
EG05 
EGOG 
EG07 
EGOa 
EG09 
EGOA 
EGOB 
EGOC 
EGOD 
EGOE 
EGOF 
EGIO 
EGII 
EG12 
EG13 
EGl4 
EGl5 
OAOa 
OAOC 

TABLE 35 

CP assist instructions 

DMKFRE 
DMKFRET 
DMKPTRLK 
DMKPTRUL 
DMKCCWO 
DMKUNTFR 
DMKSCNVU 
DMKDSPI 
DMKCCW 
DMKCCW 
DMKVAT 
DMKVAU 
DMKCCWI 
DMKDSPO 
DMKSCNRU 
DMKCCW 
DMKUNTRN 
DMKDSP2 

DMKVMA 
DMKFRE 
DMKFRET 

Get free storage (old) 
Return free storage (old) 
Lock a page 
Unlock a page 
CCW decode 
Free real CCW chain 
Find VxxxBLOKs 
Full dispatch 
TRANS in a page 
TRANS and lock a page 
Invalidate segment table 
Invalidate page table 
Decode first ccw 
Main dispatcher 
Find RxxxBLOKs 
CCW decode 
Untranslate CCWs 
Fast dispatch 
Store ECPS version ID 
Locate changed shared page 
Get free storage (new) 
Return free storage (new) 
CALL macr.o 
'MJ?~ macro 
SXil 
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CP Assist can be disabled by replacing the E6xx 
instruct ions wi th NOP instruct ions (NOP plus NOPR for 6 
bytes total). CP itself performs that funct ion in DMKCPI 
when it finds that ECPS is not available on the processor. 
Note that some of the CP Assist instructions call each other 
internally, and so if you disable one of the routines then 
you may have to disable others as well. The CP Logic manual 
has a good description of the interrelationships. 

Each CP Assist instruct ion is followed by regular code 
that performs the same function, and that code is executed 
if the E6xx instruction is converted to NOPs. Each line of 
code is identified by a percent sign (%) in column 64, di­
rectly before the update id .field. 

IF YOU NEED TO CHANGE ANY LINE OF CODE CONTAINING A % IN 
COLUMN ~ THEN YOU MUST----oISABLE-rrHE ASSOCIATED E6xx 
INSTRUCTION. 

That caution strictly need not apply if your CPU does not 
support ECPS, but to violate the caution is to invite trou­
ble! 

20.3.2 Extended VMA 

The second major' component of ECPS is an extended VMA. Ta­
ble 36 gives a list of the additional instructions that are 
handled by EVMA. 

TABLE 36 

Expanded VMA instructions 

80 
82 
83 
9C 
9F 
AC 
AD 
B206 
B208 
B209 
B20D 

SSM 
LPSW 
DIAGNOSE 
SIO, SIOF 
TCH 
STNSM 
STOSM 
SCKC 
SPT 
STPT 
PTLB 
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(part ial) 
(partial) 
(complete) 
(partial) 
(partial) 
(partial) 
(partial) 
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Control of EVMA is in CR6, whose bit 6 enables or disa­
bles the entire EVMA support. Individual bits in the 
MICBLOK (fields MICEVMA and MICEVMA2) are used to enable and 
disable each of the individual instruction assists. CP nor­
mally runs wi th all of the EVMA funct ions enabled, except 
when the microcode and the software are incompatible: 

1. The support for PTLB cannot be used at all by VM/SP 
due to the software's support of multiple shadow page 
tables. 

2. The support for TCH cannot be used if the micro code 
is at version number 18 or 19. 

3. The support for SIO cannot be used if the microcode 
is at version number 21 and HPO is installed. 

4. The ECPS instruction E60E (DMKSCNRU) cannot be used 
if the RDEVBLOK shift value is 4, as indicated by bit 
RDIDX in CPSTAT5. This can occur if a very large 
number of RDEVBLOKs are generated in DMKRIO. 

20.3.3 virtual interval timer 

The third major component of ECPS is the virtual interval 
timer support. This support, when enabled by bit 7 of CR6, 
causes a virtual address X' 50' to be updated whenever the 
real X'50' is updated. The virtual timer is located via the 
field MICVTMR, which CP causes to point to the running vir­
tual machine's virtual X'50' when it is resident in real 
storage or to the field VMTIMER in the VMBLOK when the vir­
tual page 0 is not in real storage. Virtual interval timer 
support allows the virtual machine interval timer to be as 
accurate as the real interval timer, which is important for 
the correct execut ion of certain older ope rat ing systems 
such as OS/MVT. 

20.4 PREFERRED MACHINE ASSIST 

The preferred machine assist (PMA) is available on the 3033, 
308x, and 4381 processors and provides additional perform­
ance improvements for a V=R MVS virtual machine. This as­
sist reduces CP overhead by running the virtual machine in 
real supervisor state for almost all instructions, including 
some I/O operations. CP support for PMA is available only 
in HPO versions of VM/SP. 

PMA is controlled by bi t 0 in control register 6; when· 
the bit is 1, then PMA is active for the current virtual ma-
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chine. The MICBLOK is also extended to provide some 
additional data. Since the PMA virtual machine is given the 
absolute PSA as its page 0, CP assigns another page as a 
"pseudo-absolute" PSA and places its address into the prefix 
register. When the PMA microcode swi tches control back to 
CP to handle some instruction, then it also loads the prefix 
register with cp's value from the MICBLOK and clears bit 0 
in control register 6. This operation is referred to as a 
"context switch". Most of the special code for PMA is con­
tained in the new module DMKPMA. 

PMA supports dedicated I/O channels, and for those chan­
nels no CP intervention is required for I/O instructions or 
interrupts. The PMA microcode examines the CP control reg­
ister 0 contents, as stored in the MICBLOK, to determine 
which channels belong to CP; all other channels are assumed 
to belong to the PMA virtual machine. If an I/O instruction 
refers to a non-CP channel, then that instruction executes 
normally; if it refers to a CP channel, then a privileged 
operation program check interrupt is generated along with a 
context switch to CPo CP initialization builds the MICBLOK 
channel mask by examining the RCHBLOKs in DMKRIO; those 
channels that are not generated in DMKRIO are therefore ded­
icated to the PMA virtual machine. The CP channel mask is 
stored in DMKDMPC2 and the PMA channel mask is in DMKDMPG2. 

The following program check interrupts may occur to 
switch control from the PMA virtual machine to CP: 

1. An operation exception (X'Ol') occurs when a TB (Test 
Block) instruction is executed. 

2. A privileged operation exception (X'02') occurs for a 
SIGP, a LCTL that loads CR2 or CR6, or a SIO to a 
virtual (non-dedicated) channel. 

3. A specification exception (X'06') occurs when an LPSW 
instruction loads a wait state PSW. 

4. A context switch exception (~'27') occurs when an in­
terval timer or CP I/O channel interrupt is pending. 

These interrupts are handled by the routine DMKPMAIN. 

Other interrupts that occur while a PMA virtual is run­
ning belong to the virtual machine and will be handled di­
rectly by it with no CP intervention. This includes inter­
rupts for the clock comparator, the CPU timer, dedicated I/O 
channels, SVC instruct ions, and program checks. Note that 
since the PMA virtual machine runs in real supervisor state, 
it will actually execute the DIAGNOSE instruction. You can­
not use DIAGNOSE to pass control to CP for any purpose. The 
interval timer is not used by MVS and so it is used by CP to 
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interrupt the PMA virtual machine from time to time, even 
when no other interrupt conditions occur. 

Dispatching the PMA virtual machine is particularly dif­
ficult because the prefix register must be set to 0 for MVS, 
leaving CP no place from which to load the PSW and the reg­
isters. PMA therefore includes a new instruct ion, "Load 
Guest PSW", E6l6xxxxxxxx. That instruction uses the MICBLOK 
address in control register 6 as an indirect pointer to the 
VMBLOK and from there to the virtual PSW. The approximate 
sequences of instructions in the dispatch routine DMKPMASW 
is shown in Figure 41 below. 

20.5 

SPX 
MVC 
LCTL 
LCTL 
SPT 
LM 
DC 

ZERO Give MVS the absolute PSA. 
TIMER, ..• T Time-slice to interval timer. 
CO,C15,EXCRO Get MVS's control regs, 
C6,C6,VMMICRO but keep the MICBLOK. 
EXTCPTMR Get MVS's CPU timer value, 
RO,R15,VMGPRS and all its registers. 
X'E6l600000000' Load guest PSW and go. 

Figure 41: PMA dispatcher 

SUMMARY 

Rarely do system programmers have to be concerned with VMA 
and ECPS, except to be sure they are in use if available on 
the CPU. I f for some reason you need to modi fy those por­
tions of CP that are present in VMA or ECPS, then you must 
be sure to disable the microcode versions so that your soft­
ware modifications will be used. That of course implies a 
penalty in CPU consumption for that function. It is some­
times possible to redesign a modification in such a way that 
the microcode can be allowed to run normally. Even IBM is 
not immune from this problem, since VM/SP has to disable 
parts of ECPS with which it is no longer compatible. 
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Chapter. 21 

GUEST OPERATING SYSTEM SUPPORT 

21.1 INTRODUCTION 

21.1.1 Overview and historical perspective 

The past decade has seen many changes in the status of VM in 
terms of how IBM chose to market various features. Initial­
ly, VM was viewed as a vehicle for converting from one oper­
ating system to another (MVT to MVS) or for testing new re­
leases of an operating system. In neither of these 
environments was it particularly important how well virtual 
operating systems performed under VM, so only a token effort 
was devoted to improving their performance, except by user 
installations running VM. By the time that VM became a 
strategic product, VS/l and DOS/VS installations were clam­
oring for a timesharing system on processors that could not 
possibly support TSO. Also, a manufacturer of plug-compati­
ble processors was marketing an enhancement to VM allowing 
MVS and SVS to run alongside CP (in real supervisor mode) 
wi th nearly the same performance as nat i ve operat ion. The 
late '70s saw a number of IBM enhancements to improve the 
efficiency of guest operating systems. 

This chapter discusses several of the facilities and op­
tions available in VM to improve the operation of IBM's op­
erating systems. The emphasis is on those facilities de­
signed for MVS, if for no other reason than that appears to 
be IBM's major direction and likely to be of most interest 
to you. 

21.1.2 References 

21.1.2.1 Publications 

1. IBM Virtual Machine/System Product: Operating Sys-
tems in a Virtual Machine (GCI9-6216). 

2. IBM Virtual Machine/System Product: Planning and 
System Generation Guide (SCI9-6201). 
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3. IBM Virtual Machine/System Product: Operator's.Guide 
(SC19-6202). 

4. IBM Virtual Machine/System Product: System Program­
mer's Guide (SC19-6203). 

5. IBM Virtual Machine/System Product: Data Areas and 
Control BLock Logic (LY20-0891). 

6. IBM Virtual Machine/System Product: System Logic and 
Problem Determination Guide Volume 1 CP 
(LY20-0892). 

21.1.2.2 CP modules 

1. DMKFPS - provides the fast path simulation of privi­
leged instructions heavily used in guest operating 
systems. 

2. DMKPRV - handles the Set Prefix Register (SPX) and 
Store Prefix Register (STPX) instructions as well as 
the Signal Processor (SIGP) instruction when running 
with SPM,ODE on. 

3. DMKSPM - processes the SPMODE ON/OFF command. Allo­
cates 10 "back pocket" IOBLOKs used by DMKIOS and 
DMKIOT to reflect control unit busy status back to a 
virtual machine running -in SPMODE. 

4. DMKVAT and DMKVAU - handle virtual address transla­
tion and maintenance of the STO blocks used to speed 
up shadow page table maintenance. 

5. DMKVSC - checks channel programs to verify that they 
are valid for bypassing CCW translation. 

21.2 GENERAL FACILITIES FOR GUEST OPERATING SYSTEMS 

21.2.1 Error recording 

In order to centralize the collection and recording of EREP 
data, CP intercepts all virtual machine execution of SVC 76 
and moves the EREP records to -its own data area. The hard­
ware microcode assists recognize the special handling re­
quired for SVC 76 and do not reflect the interrupt to the 
virtual machine. 

In some circumstances, EREP data 1S recorded in multiple 
areas. First, SVC 76 issued by MVS on the native-mode pro-
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cessor is not intercepted and the data is therefore recorded 
in SYSI.LOGREC. Second, if the QVM function is used to make 
a transition from running art·SCP under VM to running the SCP 
native, while the SCP is running in native mode all EREP 
data is recorded in the SCP' s recording area rather than 
Cp's recording area. Installations using these facilities 
must recognize that EREP data from several sources must be 
merged to have a complete record of the hardware informa­
tion. 

21. 2.2 Quiesce VM 

The QVM command allows the VM/SP system operator to make a 
transition from running an SCP under VM to running the SCP 
native. Many restrictions must be observed before this com­
mand may be used; it would be advisable to carefully study 
the documentat ion in IBM Virtual· Machine/System Product: 
Operating Systems in a Virtual Machine (GCI9-6216) and the 
code in DMKQVM. 

21.2.3 Performance options 

There are several performance options available for improv­
ing the schedulin~ for a virtual machine running a guest op­
erating system or for reducing the overhead of simulating a 
real machine for "well behaved" guests. 

21.2.3.1 SET FAVOR 

The SET FAVOR command is a performance option affecting the 
scheduling of virtual machines. For more· information, refer 
to the chapter on the scheduler. 

21.2.3.2 SET RESERVE 

The SET RESERVE command allows an installation to reduce the 
paging of a particular virtual machine without the necessity 
of allocating enough real memory to contain the whole virtu­
al machine. 

DMKPTRRL in module DMKPTR contains the limit (set by the 
class A SET RESERVED userid nn command) of the number of re­
served pages allowed for a virtual machine. DMKPTRRC in 
module DMKPTR contains. the number of pages currently re­
served. The CORRSV flag in the CORFLAG byte of the cortable 
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indicates that a particular page has been reserved. When 
the SELECT routine in DMKPTR scans the cortable looking for 
an available page frame, it does not select (or reset the 
change and reference bits) for reserved pages until: 

1. the second pass unless the page steal is happening 
for the reserved page virtual machine, and 

2. DMKPTRRC is already equal to or greater than 
DMKPTRRL. 

When a page is read into memory for the reserved page virtu­
al machine, CORRSV is set and DMKPTRRC is incremented so 
long as DMKPTRRC is less than DMKPTRRL. The number of pages 
available to the system for paging (DMKDSPNP) is adjusted 
each time DMKPTRRC is changed because the reserved pages are 
included in the working set size of the reserved page virtu­
al machine (VMWSPROJ) but are NOT included in the available 
page count. 

The RESERVEd page option must be used with care since it 
performs what has been referred to as a "random lock" of 
pages in the virtual machine's memory. Pages the virtual 
machine references often enough to keep in real memory never 
get reserved since CORRSV is only set when the particular 
page is read. 

21. 2.3.3 V=R 

Defining a V=R region is the first requirement for being 
able to use a number of performance options discussed below. 
These options are especially important to reduce the over­
head associated with OS guest virtual machines. 

Since the virtual and real addresses are the same for all 
memory except page 0, and since all pages are resident, us­
ing V=R eliminates paging for a virtual machine and it also 
eliminates the possibility of the CP scheduler placing the 
virtual machine in an eligible list. Specifying SET NOTRANS 
ON for a virtual machine running in the V=R area allows CP 
to bypass CCW translation for dedicated devices or full-vol­
ume minidisks in most cases. Refer to DMKVSC for the code 
that determines if CCW translation can be bypassed. The 
most likely traps for the unaware are that devices having an 
alternate path defined or that devices using virtual re­
serve/release or defined to be read/only are not eligible 
for CCW translation bypass. Note also that the guest oper­
ating system is expected to use SIOF for its normal I/O op­
erations and SIO for unusual cases (like performing a SENSE 
operation). 
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21.2.3.4 STBYPASS and STFIRST 

The CP Di rectory opt ions of STFIRST or VIRT=REAL must be 
specified before the SET STBYPASS command may be issued by a 
virtual machine. For a V=R virtual machine, SET STBYPASS VR 
causes CP to bypass most shadow table maintenance and in­
stead use the page and segment tables of the guest system. 
For a V=V virtual machine or a V=R virtual machine running 
wi th Single Processor Mode (see discussion later in this 
chapter), SET STBYPASS nnnnK defines size of the guest oper­
at ing system nucleus that is common to all address spaces 
within the guest. 

21.2.3.5 STMULTI 

The SET STMULTI command allows the specification of the size 
of the stack of shadow page tables maintained for a virtual 
machine. Without STMULTI, CP purges and rebuilds the shadow 
page tables each time the virtual machine reloads its Con­
trol Register 1 (the Segment Table Origin or STO register). 
With the STMULTI option turned on, CP maintains several sets 
of shadow page tables, each associated with a different val­
ue of the STO register. Therefore, when the guest operating 
system loads a new STO value, CP may often be able to avoid 
rebuilding the shadow page tables by using the tables it had 
previously constructed for that particular value of the STO 
register. One additional operand of the SET STMULTI command 
allows the operator of a virtual machine running MVS to 
specify the number of segments at the high end of the virtu­
al address space that are common to all address spaces, al­
lowing CP to bypass much of its shadow table maintenance for 
those segments. The number of saved shadow page tables can 
be var ied wi th the SET STMULTI command but· it has a max imum 
value of six. 

21.3 PSEUDO PAGE FAULTS FOR VS/l 

Most of what is commonly called 'VM/VS handshaking' is real­
ly code in VS/l. VS/l ini tialization issues a STIDP in­
struction and examines the version code field; the value 
X' FF' indicates that VS/l is running in a virtual machine. 
VS/l then performs several operations such as using DIAGNOSE 
X'08' to issue the CP CLOSE command for virtual printers. 

The only significant portion of VM/VS handshaking that is 
in CP is "pseudo page fault" processing, by which VS/l can 
continue to execute even though it has suffered a real page 
fault. CP tells VS/l that the page fault occurred and VS/l 
in turn suspends its currently active TCB. Meanwhile CP 
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causes the page to be brought into memory. CP then tells 
VS/l that the page is available, and VS/l makes the suspend­
ed TCB runnable once again. The CP logic flow is as fol­
lows: 

1. The real page fault causes DMKPRG to receive control. 
If the virtual machine is in 370 mode (SET ECMODE 
ON), if the virtual PSW translate bit is off and the 
I/O interrupt bit is on, and if SET PAGEX ON was pre­
viously given, then DMKPRG goes to DMKVATPF to handle 
the pseudo page fault. 

2. DMKVATPF calls DMKPTRAN to bring in the page, if nec­
essary. I f that call requi red a page- in operat ion, 
then control returns immediately to DMKVAT, which in 
turn simulates a program check interrupt ion wi th a 
code of X'14'. DMKVAT exits to the dispatcher, which 
finishes the interrupt simulation. 

3. When the page-in operation completes, a CPEXBLOK pre­
viously constructed by DMKPTR gains control. The 
CPEXBLOK logic constructs a PGBLOK and attaches it to 
the VMBLOK; the PGBLOK contains an interrupt code of 
X'14' and the virtual address of the new page with 
bit 0 set to 1 as a "page-in" flag. The CPEXBLOK 

. logic sets the flag VMPGPND in VMPEND and then exits 
to the dispatcher, which finishes simulating the sec­
ond pseudo page fault interrupt for the virtual ma­
chine. 

Note that this logic can be used wi th any virtual machine 
operat ing system that can process the X' 14' program check 
interrupt. Currently, IBM includes that logic only in VS/l, 
but some users have added the logic to OS/MVT with satisfac­
tory results. 

21.4 SUPPORT FOR MVS 

IBM has placed a great deal of emphasis in recent years on 
running MVS under VM in a production environment. While 
nothing on the order of the support for VS/l handshaking has 
been forthcoming from MVS development, there have been sig­
nificant additions to CP in order to decrease the overhead 
of running a guest MVS operating system. Hardware support 
for MVS under VM has been provided for some new processors 
in the form of the preferred machine assist (PMA). 
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21. 4.1 DIAGNOSE X'6C' and low address protection 

The newer 370 processors include a facility known as Low Ad­
dress Protection (LAP). The purpose of LAP is to detect and 
prevent programming errors that store into the first 512 
bytes of memory. When activated by turning on bit 3 of Con­
trol Register 0, LAP forces a protection exception for any 
instruction that attempts to store in addresses 0-512; the 
check on the address range is performed BEFORE translation 
(if any) and prefixing are done. 

MVS SP Release 3 makes use of LAP to protect its low mem­
ory from inadvertent modification. To allow legitimate mod­
ification of the first 512 bytes of memory, MVS maps another 
page of its address space to real page zero; since LAP 
checking takes place before translation, store operations 
through this alternate page address proceed normally but are 
much less likely to happen by mistake. CP needs to know all 
virtual pages that might map to page 0 since CP relocates 
page 0 of a virtual machine running in the V=R area and di­
rectly changes the page tables of the guest system to re­
flect this fact. MVS issues DIAGNOSE X'6C' to inform CP of 
the location of the page being used to bypass LAP and gain 
store access to the first 512 bytes of memory. CP insures 
that changes made to the shadow page tables or the page ta­
bles .of the guest for page 0 of the guest's vir~ual memory 
are also reflected in the page table entry for this addi­
t ional page. 

21. 4.2 Single processor mode 

VM/SP has no support for virtual machines to run in MP or AP 
mode. Therefore, when MVS runs under VM there is no way to 
have the MVS virtual machine dispatched on more than one 
processor at a time. Faced with the problem of needing the 
ability to use more of the resources of an MP system for a 
virtual MVS (and needing some response to a software product 
developed and marketed by Amdahl that allowed a guest MVS 
system to run in real supervisor state), IBM developed the 
Single Processor Mode (SPMODE) of operation. SPMODE may be 
used on an AP or MP processor complex. I t operates by al­
lowing MVS to run in real supervisor state with full control 
of one processor while sharing the other processor with VM 
and other virtual machines. 

21.4.2.1 Restrictions 

As one might imagine, use of SPMODE involves observing many 
restrictions; the IBM publication Operating Systems in a 

- 361 -



Virtual Machine should be read with great care. Some of the 
restrictions are as follows: 

1. If the VM system is generated for AP or MP operation, 
it must be running in UP mode before SPMODE may be 
used. Use the VARY PROCESSOR command to remove one 
of the processors from the configuration and return 
VM to a UP mode of operat ion. On 3081 processors, 
take care to use the YLOG operand of the VARY 
PROCESSOR command so that the second processor is not 
physically varied offline and is still useable by the 
MVS system. 

2. The MVS system must be set up to run in a V=R area 
and generated to match exactly the I/O configuration 
accessible from the processor on which it is running 
in native mode. 

3. The STBYPASS V=R option may not be used. Instead, 
use STBYPASS nnnnK and the STMULTI options to improve 
the performance of shadow table maintenance for the 
part of MVS running under VM. 

4. The MVS virtual machine must be IPLed or re-IPLed af­
ter the system operator (or class A user) issues the 
SPMODE ON command. 

5. Before leaving SPMODE, the MVS system should finish 
all processing and the MVS virtual machine should be 
reset (by the IPL, SYSTEM RESET, or LOGOFF commands 
for example). The system operator can then enter the 
SPMODE OFF command. 

6. When in SPMODE of operation, the MVS system operator 
should not vary the main processor offline. 

7. The LOGREC data is recorded both by VM, for errors 
occurring while the MVS under VM side is running, and 
by MVS, for errors occurring while the native MVS is 
running. The data from SYSl. LOGREC and CP' s error 
recording cylinders must be merged to get a complete 
record of the errors that have been logged. IBM re­
commends that you look at the timestamp of the re­
cords to track the proper order of events (and you 
thought that was what they made computers for!). 

8. Virtual and real channel reconfiguration are not sup­
ported. The MVS CTRLPROG sysgen macro should not 
specify OPTIONS=(CRH) if SPMODE is going to be used. 
Note that this option IS specified in the MVS/SP IPO 
system distributed by IBM. 
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9. TCAM should not be generated with the VM/370 option. 
Instead, use SET NOTRANS ON to allow TCAM's dynami­
cally modified channel programs to operate properly. 

10. RESTART does not produce a dump of VM when SPMODE is 
being used. Refer to the procedure described in Op­
erating Systems in a Virtual Machine for the gory de­
tails on how to get VM to produce a dump. 

21.4.2.2 Operation 

When SPMODE is turned on, a flag in the PSA is set to indi­
cate the mode of operation, a page frame is allocated to 
contain the prefix area for use by CP, Cp's page 0 is copied 
to the page frame, and the pref ix reg ister is loaded wi th 
the address of the page. Note that CP is using the prefix 
register even though it is running in uniprocessor mode be­
cause the MVS system running in real supervisor mode on the 
other processor will think that is has full control and ac­
cess to absolute page 0; therefore, CP must get its page 0 
out of harm's way. 

Once SPMODE is on, CP simulates SIGP instructions and re­
flects MP-type external interrupts for the virtual machine 
running in the V=R area. When MVS is IPLed in the V=R area, 
its tests now irtdicate that multiple processors are avail­
able and so it initializes forMP operation. Of course, 
part of the initialization involves firing up the other pro­
cessor (under MVS's control) and then the system is off and 
running wi th two processors able to dispatch work in MVS. 
Since the other processor is operating in native mode using 
the page tables of the operating system, CP cannot directly 
change the page tables of the MVS guest; rather, it must 
maintain a set of shadow page tables to remap some of the 
pages for the virtual MVS system (this is the reason for 
STBYPASS VR not being allowed in SPMODE). 

One additional bit of nasty work to be taken care of is 
the tracking of the virtual prefix register for the virtual 
side of the MVS system and making sure that the shadow page 
tables remain consistent with virtual prefixing. CP allo­
cates sufficient storage for up to three additional private 
page tables that it must maintain. The first page table is 
a copy of the first page table from the MVS system except 
that page 0 is mapped to the page specified by the most re­
cent Set Prefix (SPX) instruction. The second page table is 
a copy of the MVS page table containing the virtual prefix 
page. The page table entry for the prefix page must be al­
tered to point to the page containing Cp's prefix so that 
address translation followed by prefixing results in access 
to absolute page O. The third page table is used if 
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DIAGNOSE X'6C' has been issued and the page used for 
accessing page a while bypassing LAP is not in the same seg­
ment as the prefix page. The page table entry for the page 
ref erenced by DIAGNOSE X' 6C' is altered so that references 
to it map to the page specified by the most recent SPX in­
struction. 

21.4.2.3 Summary 

Use of SPMODE is a way to bring more of the hardware re­
sources to bear on the MVS system. Depending on the config­
uration, performance of other virtual machines could be se­
riously degraded since there is less resource to give them 
and VM has less control over the allocation of that re­
source. 

21.4.3 Fast privileged instruction simulation 

Reordering the special case tests in the privileged instruc­
tion simulation leads to .improved performance for the cases 
frequently executed by V=R virtual machines running 'SVS or 
MVS. The module DMKFPS performs fast path simulation of 
frequently executed instructions and is particularly effi­
cient for virtual machines with STBYPASS VR. The module 
quickly exits back to DMKPRV or DMKPRW if there is anything 
unusual about the instruction or its operands (not resident, 
crossing a page boundary, etc.). 

21.5 PREFERRED MACHINE ASSIST 

(For a discussiong of PMA, please refer to the chapter on 
microcode assists.) 

21. 6 SUMMARY 

Many options and features are available within VM to improve 
the performance and useabi 1 i ty of guest operat ing systems 
under VM. This chapter has presented a discussion of some 
of the facilities available but, depending on your hardware 
and software requiremenis, there may be other options useful 
to your installation. The IBM publication, IBM Virtual Ma­
chine/Sgstem Product: Operating Sgstems in a Virtual Ma­
chine (GCl9-62l6), is an invaluable reference for providing 
suggestions as to other options that may be appropriate. 
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The performance of guest operating systems has improved 
enormously during recent years. Most of the _improvements 
for running MVS under VM have been made on the VM side; con­
sider the performance improvements that could be made if the 
MVS developers undertook to improve performance by taking 
cognizance of the CP services and doing things like avoiding 
privileged operations whenever possible. 
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Chapter 22 

VIRTUAL MEMORY INITIALIZATION 

22.1 INTRODUCTION 

22.1.1 Overview 

Virtual machine memory can be initialized in two different 
but related ways. The IPL command can load programs and 
data into memory as well as start virtual machine execution; 
this is a virtualization of the real LOAD function. In ad­
dition, pre-loaded segments of memory can be attached to the 
virtual machine, and for this there is no real counterpart. 

22.1.2 References 

22.1.2.1 Publications 

1. IBM Virtual Machine/System Product: System Program­
mer's Guide (SC19-6203). 

2. IBM Virtual Machine/System Product: System Logic and 
Problem Determination Guide Volume 1 CP 
(LY20-0892). 

22.1.2.2 CP modules 

1. DMKCFF - contains subroutines for DMKCFG. 

2. DMKCFG - supports the IPL command and DIAGNOSE X'64' 
processing. 

3. DMKCFH - supports the SAVESYS command. 

4. DMKCFP - performs a virtual machine reset. 

5. DMKHVC - processes all DIAGNOSE instructions. 

6. DMKHVD - supports the special DIAGNOSE X'40'. 

7. DMKPGS performs virtual memory resets. 
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8. DMKVMA - supports shared memory segments. 

9. DMKVMI - is the IPL simulator routine. 

22.2 IPL LOGIC FLOW 

The chapter on command processing describes the basic logic 
flow for the first portion all CP commands, where DMKCFM ex­
amines the table of valid command names in DMKCFC and then 
calls the appropriate processing routine. For IPL the se­
lected routine is DMKCFGIP. An alternative entry point, 
DMKCFGII, is called during LOGON processing if an IPL state­
ment is present in the user's directory entry. 

The overall logic flow for IPL simulation is comprised of 
the following steps: 

1. Scan the command line and examine the parameters. 

2. For IPL from a virtual device, load the IPL simulator 
routine and set up the registers and virtual PSW such 
that the simulator will get control when the virtual 
machine is dispatched. Exit to our caller. 

3. For IPL from a named system, find the entry in the 
system name table, set up the virtual machine con­
tents, and exit to our caller. 

22.2.1 Scan the IPL command line 

The process of scanning the command line is the standard one 
of calling DMKSCNFD to locate the next token and then set­
ting flags to correspond to the value of the token. The to­
ken 'PARM' is handled differently in that the remainder of 
the command line is simply stored into the virtual machine's 
registers. 

If the first token is a hexadecimal number in the range 
X'OOO' to X'FFF', then IPL from a virtual device is attempt­
ed. Otherwise, IPL from a saved system is assumed. 

- 370 -



22.2.2 Load from a virtual device 

Do the following: 

1. DMKSCNFD is called until there are no tokens left on 
the command line. For each token, set a flag corre­
sponding to the token. For the CYLNO and BLKNO to­
kens convert the following token to a decimal number 
and save it. For the PARM token store the remainder 
of the command line into VMREGS. 

2. Call DMKCPFRR to reset the virtual machine and call 
DMKPGSPO to possibly clear virtual storage. 

3. Select the address at which the IPL simulator routine 
will be run. Use the address X'20000' or the middle 
of memory, whichever is smaller. 

4. Call DMKRPAPT to force a page-out of the virtual mem­
ory page just selected. 

5. Call DMKRPAGT to force a page-in of the IPL simula­
tor, DMKVMI, into the selected virtual address. 

6. Copy the command parameters into virtual page 0 so 
that DMKVMI can f.ind them. 

7. Call DMKSCNVU to find the VxxxBLOKs for the "IPL de~ 
vic'e. If the device cannot be found, then give the 
DMK040 error message and exit to DMKCFM, leaving the 
virtual machine in a reset condition. 

8. Take the virtual machine out of virtual wait and out 
of VMIOWAIT so that it wi 11 start execut ion at the 
entry point of DMKVMI within the virtual memory. 
Exit to DMKCFM. 

22.2.3 DMKVMI logic 

When the dispatcher gets around to running the virtual ma­
chine, then DMKVMI will start execution in virtual supervi­
sor state within the virtual memory. Except for a few minor 
parts of DMKCPI, this is the only CP routine that runs in 
real problem state. 

1. Save into DMKVMI the registers, which contain the 
PARM data, and the flags, which have been placed into 
the first 2 doublewords of virtual memory. 

2. Use a DIAGNOSE code X'24' to determine the IPL device 
type and use that to select an internal routine. 
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There is one routine for DASD, another for TAPE, and 
another for READER and CTC. 

3. Each of the routines first reads the 24 byte IPL re­
cord and then begins a process of performing I/O us­
ing the IPL channel program. Each CCW is checked to 
be sure that DMKVMI itself does not get overwritten. 

4. At the end of the IPL channel program, use DIAGNOSE 
X' 8 ' to set an ADSTOP if that was requested. Use 
DIAGNOSE X'8' to cause an ATTN if that was requested. 
Store the IPL device address into the I/O interrupt 
code area in page o. Po int to the saved reg isters 
and issue the special DIAGNOSE X'40' to restore the 
orig inal virtual machine page, load the reg isters, 
and load the virtual PSW from location O. This com­
pletes the virtual IPL and the virtual machine is now 
running the loaded program. 

22.2.4 Load from ~ saved system 

Loading from a saved system is quite different in detail al­
though the final effect is much the same as what we have 
just described. The parameter scan is· abbreviated since 
only the PARM parameter is allowed for IPL by name. The 
logic flow continues as follows: 

1. Perform a TRANS operation to get the real address of 
DMKSNTBL, the system name table built at SYSGEN time. 

2. Find the given IPL name in DMKSNTBL and call DMKPGSPO 
to reset the virtual memory. 

3. Get the CCPD or PPPD address of the saved system on 
DASD and call DMKCFFSB to set the saved virtual PSW 
and registers into the VMBLOK and build the SWPTABLE 
entries for the saved virtual memory pages. 

4. If the new virtual PSW will cause the virtual machine 
to run in ECMODE, then call DMKVATMD to prepare a new 
set of shadow page tables. 

5. Take the virtual machine out of wai t and out of 
VMIOWAIT so that it wi 11 run as soon as poss ible. 
The virtual machine will then continue execution from 
the point at which the SAVESYS command had been giv­
en. 
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22.3 SAVING A SAVED SYSTEM 

A system image can be saved with the SAVESYS command. The 
user must first load the appropriate system into memory and 
bring it to the point at which a saved image is required. 
For.CMS, that point is the first console read. The SAVESYS 
command is processed by DMKCFH: 

1. TRANS in DMKSNTBL and search for the name of the sys­
tem. 

2. Get a free storage buffer for saving the protect keys 
of the pages in the saved system area. 

3. TRANS in each page of the saved system and call 
DMKRPAPT to write each page out to its assigned DASD 
location, as shown in the DMKSNTBL entry. Save each 
page's protect keys into the gotten buffer. 

4. Temporarily using the first saved virtual page, build 
a control area containing the virtual PSW, registers, 
protect keys, and current date and time. Call 
DMKRPAPT to wr i te that page out to the first DASD 
slot assigned to the saved system. 

22.4 DISeONTIGUOUS SAVED SEGMENTS 

A discontiguous saved segment, or DCSS, is a group of seg­
ments at a specific memory address; the segments' contents 
are written to DASD by the SAVESYS command as described 
above. The DIAGNOSE code X'64' can be used to attach such a 
segment to a virtual machine at the defined memory address. 
As initially implemented, a DCSS was intended to be discon­
tiguous; that is, it usually occupied an address range above 
that of the virtual machine proper. In fact CP supports the 
overlapping of a DCSS with the original virtual memory, but 
application programs must be very carefully designed if they 
are to support the use of an overlapped DCSS. IBM-provided 
funct ions such as CMS free storage management would most 
likely have problems if an overlapped DCSS were being used. 

22.4.1 Dess support logic 

DIAGNOSE X'64' supports three functions, LOADSYS to attach a 
DCSS to a virtual machine, PURGESYS to detach a DCSS, and 
FINDSYS to return the memory address of a DCSS. One of the 
parameters to DIAGNOSE X'64' is the name of the DCSS and the 
other is a code for the desired function. DMKHVC and DMKHVD 
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decode the DIAGNOSE and call DMKCFGCL for the X'64' 
processing: 

1. Check the function code for legality. Give an error 
if the user is running V=R. 

2. If this is the LOADSYS function, then enter at point 
1 above in "load from a saved system". Of course, 
the PSW and registers will not be set as in the case 
of IPL, but the rest of the logic is almost identical 
to IPLing a saved system. 

3. TRANS in DMKSNTBL and search for the named DCSS. If 
not found, give an error return. 

4. For the FINDSYS function, set up to return the begin­
ning and ending addresses of the DCSS. Set the con­
dition code to show whether or not the segment is al­
ready loaded. Exit to the caller. 

5. For the PURGSYS function, call DMKPGSPS to purge the 
segment if already loaded. Exit to the caller. 

22.4.2 Implications for memory protection 

Since a DCSS may be shared among several virtual machines 
and since segment protection is not available on many Sys­
tem/370 processors, CP must provide for the possibility that 
the currently running virtual machine might change the con­
tents of the DCSS. This is of course always a poss ibl i ty 
since the virtual machine can run in protect key 0 and the 
DCSS is naturally in the virtual machine's address space. 

The solution to this problem is simple: DMKDSP must check 
the DCSS for modi f icat ion whenever RUNUSER in the PSA is 
changed. That check is performed in DMKVMASH, which exam­
ines all the change bits in the DCSS's protect keys. If any 
change bit is set, then the virtual machine is given an er­
ror message and is placed into console funct ion mode (CP 
READ). The changed page is marked invalid so that it will 
be refreshed when next accessed. 

For a multiprocessor, this problem becomes worse since a 
virtual machine might be running on one processor while 
DMKVMASH is running on the other. The solut ion is to have 
two sets of shared pages, one for each processor. When a 
virtual machine is dispatched its segment tables must be up­
dated to use that real processor's vers ion of any loaded 
DCSSs. 
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Both of these functions contribute to CP overhead. They 
can be eliminated on those processors that include a read­
only protection bit in the segment table entry. Such hard­
ware is included with the 308X family of processors and is 
supported in HPO. 

22.5 SUMMARY 

Virtual memory initialization includes the critical function 
of virtual IPL simulation. Named systems and DCSSs can im­
prove performance but they are not virtualizations of real 
machine functions. DCSSs provide a simple form of shared 
virtual memory. 
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Chapter 23 

CP INITIALIZATION 

23.1 INTRODUCTION 

23.1.1 Overview 

The purpose of this chapter is two-fold. The first purpose 
is to give an overview of the order in which various CP com­
ponents are initialized after a hardware IPL. The second 
purpose is to provide an opportunity to tie together the 
chapters that we have already discussed. This chapter is a 
"walk-through" of CP initialization and each step should 
help you recall the basic logic of the component parts. 

23.1.2 References 

23.1.2.1 Publications 

1. IBM Virtual Machine/Sgstem Product: Operator's Guide 
(SCl9-6202). 

2. IBM Virtual Machine/Sgstem Product: Sgstem Program­
mer's Guide (SC19-6203). 

3. IBM Virtual Machine/Sgstem Product: Data Areas and 
Control BLock Logic (LY20-0891). 

4. IBM Virtual Machine/Sgstem Product: Sgstem Logic and 
Problem Determination Guide Volume 1 CP 
(LY20-0892). 

23.1.2.2 CP modules 

1. DMKAPI - performs multiprocessor initialization. 

2. DMKCKP - is the bootstrap loader. 

3. DMKCPI - is the main CP initialization routine. 

4. DMKCPJ - contains additional initialization logic. 
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5.DMKCPK - initialization for CP-owned DASD volumes. 

6. DMKCPX - initializes the T-disk space. 

7. DMKSAV - loads the CP nucleus into main storage. 

8. DMKSTA - initializes main storage allocation. 

9. DMKWRM - initializes spool file processing. 

23.2 HARDWARE INITIAL PROGRAM LOADING 

Every System/370 includes the old "big blue" LOAD button or 
its logical equivalent. When the system operator pushes 
LOAD or selects the load option on the system console, then 
the hardware initial program load function begins. This 
causes the loading of DMKCKP, as descr ibed already in the 
spool file recovery chapter. DMKCKP eventually invokes 
DMKSAV, which reads into main storage the entire CP nucleus, 
including the pageable part. DMKCPI, the module with prima­
ry responsibility for CP initialization, is a part of the 
pageable nucleus. It is invoked with a branch from DMKSAV 
and uses R12 and R13 for base registers. As function has 
been added to CP, DMKCPI has been split often and modified 
even more often. After it has executed, DMKCPI calls 
DMKCPJ, a module recently created from code in DMKCPI, which 
continues initialization. When all initialization tasks are 
completed, DMKCPJ goes to the dispatcher. 

23.3 DMKCPI INITIAL HOUSEKEEPING 

DMKCPI must first establish the environment in which it is 
running. It proceeds with this discovery as dynamically as 
possible. For the most part, features that CP will use are 
hard-coded only when there is no dynamic way to determine 
their existence. 

1. Set up new PSWs in PSA.· 

2. Load Control Registers CO-C14. 

3. Set ClocK Comparator with X'FF's. 

4. STore ID Processor (I f running second level, 
allow UP operation only.) 
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5. STore Address Processor (program except ion if 
UP hardware.) 

6. If MP hardware installed, issue: 
CONnect Channel Set (X'B200') 
for channel sets from X' 00' to X' 3F' 
subsequent SENSE I/O operation for the 
vice address. 

wi th a 
IPL de-

7. Calculate the number of BCT instructions that 
will execute in 50 milliseconds and store the 
result into the field BCTWAIT in the PSA. Val­
id results range from 1000 to 5 million. This 
gives CP the approximate processor speed. 

23.4 MAIN STORAGE INITIALIZATION 

Call DMKSTA to perform main storage initialization. DMKSTA 
sets up the trace table, the dynamic storage area, and the 
free storage area (see the trace table chapter and the stor­
age management chapter). DMKSTA primes DMKFRE by giving it 
control of the (ree storage chain. From this point, control 
blocks are gotten by calling DMKFRE. 

8. Call DMKSTANT to initialize main storage. 

23.5 ECPS INITIALIZATION 

Call the subroutine INITECPS to determine which level of 
ECPS is active on this hardware and modify CP to execute 
correctly at that level (see the microcode assists chapter). 

Load control register 6 to enable ECPS and EVMA; prime the 
program check new PSW to catch a program check interrupt. 
Mark the flag byte PSAEVMA to indicate that the following 
instructions have EVMA active. 

o MICLPSW LPSW 
o MICSCSP STCK, SPT 
o MICSIO SIO 
o MICSTSM STNSM, STOSM, SSM 
o MICSTPT STPT 
o MICTCH TCH 
o MICDIAG DIAG 
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Issue an X'E612' instruction to determine the ECPS level 
number. If a program interrupt occurs, then ECPS is not ac­
tive on the hardware. Therefore, convert all the ECPS in­
structions in CP to NOPs, using the address list at label 
CPATABLE. Restore the program check new PSW and return con­
trol to the mainline of DMKCPI. 

I f the X' E612' instruct ion executes, then check the ECPS 
level and store it at DMKCPEML. If the ECPS level is below 
18 or above 21, then convert the ECPS instructions to NOPs 
as described above. If the level is 18 or 19, then disable 
the TCH assist (MICTCH in PSAEVMA) and modify the 
DMKFREE/DMKFRET assist instructions; this modification is 
necessary to reflect the increase in the maximum subpool 
size in DMKFREE at the level 20 microcode (see the storage 
management chapter). If the level is exactly 20, then leave 
the instructions as assembled. If the level is 21 and if 
HPO is installed, then disable the SIO assist (MICSIO in 
PSAEVMA) . 

23.6 

9. Determine if ECPS is active on this hardware. 
If it is, then determine the level number and 
modify CP accordingly. 

SAVEAREA INITIALIZATION 

For a un iprocessor, set as ide some save areas ina stack 
maintained by DMKSVC; the number of save areas is 18 plus an 
additional 3 for each megabyte of main storage (see the CP 
archi tecture chapter.) For a multiprocessor, compute that 
same number and set aside three-quarters of that value for 
each processor. Reserve the save areas by making individual 
calls to DMKFREE. Get an extra save area and anchor it at 
DMKFRESV for use in extend processing (see the storage man­
agement chapter). 

10. Initialize the save area stack. 
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23.7 PREPARATION FOR EXTEND PROCESSING 

Get the various CPEXBLOKs needed for extend processing; call 
DMKFREE to get one area large enough to contain 16 CPEXBLOKs 
and anchor them at DMKPTRFA. For a multiprocessor get five 
more CPEXBLOKs and anchor them at DMKFREAP. 

Call DMKFREE for a 12 doubleword work area to be used by 
DMKIOS and anchor it at PSAIOSW. 

23.8 

11. Reserve the "back-pocket" CPEXBLOKs needed for 
extend processing. 

12. Get a work area for DMKIOS. 

DISPATCHER INITIALIZATION 

13. Place the address of the system VMBLOK (ASYSVM) 
into the PSA fields RUNUSER and LASTUSER. 

23.9 ESTABLISH THE OTHER PSA 

On a multiprocessor, obtain the SYS lock and initialize the 
other processor's PSA. Begin using PSA prefixing on both 
processors. (CP's locking structure must be used from now 
on. ) 

14. Call DMKAPI to initialize the other processor. 
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23.10 I/O SUBSYSTEM INITIALIZATION 

At the label MOUNTIPL, begin processing all the I/O devices 
defined in DMKRIO. Start with the IPL device and then do 
all the others. 

15. Issue an HIO to the device and record the 
event in the trace table. 

16. Issue a TIO to the device. 

17. If RDEVCLAS is either CLASTAPE or CLASDASD (not 
CLASFBA), issue a SIO with a Release CCW. This 
operat ion determines whether or not the Re­
serve/Release feature is installed on the de­
vice. 

18. If extended CKD device issue SENSE ID to deter­
mine if fixed head feature is installed. 

19. If CLASDASD or CLASFBA, read VOLI label record. 

a) Issue a TIO instruction. 

b) VOLI record OK? 

c) CALL DMKSCNVS for duplicate volume name. 

d) If CP-formatted, look for directory pointer 
52 bytes into the VOLl record. 

e) If CLASFBA, read real device characteristics 
and notice if the reserve/release feature is 
installed. Build RDCBLOK if needed. 

f) Read allocation record. 

g) If allocation record valid, build ALOCBLOK 
and chain it. 

20. On the non- IPLed processor perform this same 
I/O initialization. 
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23.11 

23.12 

MINI-IOBLOK STACK INITIALIZATION 

21. Initialize the mini-IOBLOK stack and anchor it 
at ,DMKIOSMQ (see the I/O processing chapter). 

SYSTEM ADDRESS BUFFER INITIALIZATION 

Calculate the number of system virtual memory pages that can 
be allocated at any given time, based on the real memory 
size minus the V=R size. If the main storage size specified 
in DMKSYS is less than the real storage size, then use the 
DMKSYS storage size in the calculations. Use a default of 
120 buffer pages for processors with less than 655k bytes of 
available storage. Increase the default up to a maximum of 
1280 if the processor has more than 3 megabytes of available 
storage. Store the calculated maximum into DMKPGUBN. 

23.13 

23.14 

22. Dynamically calculate the maximum number of 
pageable system virtual address pages. 

SYSTEM VMBLOK INITIALIZATION 

23. Call DMKBLDRT to build Cp's own page and swap 
tables. 

CALCULATE THE NUMBER OF DASD SLOTS 

24. Call the internal subroutine CALCUL to add up 
the number of fixed head and movable head DASD 
slots in the system. 

- 385 -



23.15 VIRTUAL MACHINE ASSIST INITIALIZATION 

Set bi t 0 in CR6 to enable VMA' 'and then issue a Set System 
Mask instruction in problem state. If it fails, then VMA is 
not active on the processor, and therefore turn off the 
flags CPMICAVL AND CPMICON in CPSTAT2 in DMKPSA. 

23.16 

25. Invoke internal subrout ine MICTEST2 to check 
for VMA. 

EXTENDED 370 PROCESSOR? 

Execute a Test PRoTection instruction'X'E502' to determine 
if the 370 architectural extensions are available. If the 
instruction executes without an interruption, then turn on 
the flags CP370EAV and CP370EON in CPISTAT2 in DMKPSA. 

26. Test for 370 architectural extensions. 

23.17 SYSTEM CONSOLE INITIALIZATION 

Begin initialization of the operator interface. First, 10-
ca te and ver i fy the ava i labi 1 i ty of a system console. The 
internal subrout ine beg inning wi th label STRTERM contains 
most of this logic. This subroutine calls DMKSCNEP for the 
primary console address and each of the alternates listed in 
DMKRIO unt i lone is located wi th what appears to be an 
available path. Check the path with a TIO and a subsequent 
SENSE. Stop the search at the first available console de­
vice and use it as the system console. For consoles at­
tached through teleprocessing lines, make an additional call 
to DMKCNSEN to issue an ENABLE to the line before trying the 
TIO and SENSE. 

After the console is ver if ied, wr i te the in i t ial console 
messages. Prompt the operator to change the TOD clock val­
ue. If the operator changes the time, convert the value to 
internal use by an algorithm documented by Richard Stone in 
an article appearing in the "Communications of the ACM", Oc­
tober 1970, page 621. 
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.Bui ld a TRQBLOK to cause a timer i'nterrupt at midn ight. 
Bui ld a second TRQBLOK to expi re in 60 minutes to cause 
DMKTMRFR ·to be entered to garbage collect the free storage 
area (see the storage management chapter). 

23.18 

27. Locate and verify the system console. 

28. Issue DMKCPI955 if memory is too small for CPo 

29. Write console message with CP release and level 
information. 

30. Ask operator verification of TOD. 
as requested. 

Change TOD 

31. Bui ld TRQBLOKs for midnight message and free 
storage garbage collection. 

DIRECTORY INITIALIZATION 

Store the active user directory location into DMKSYSUD and 
'build the virtual page list for user machine descriptions. 
Normal di rectory processing is now ava i lable. Lock DMKCPI 
and DMKCPJ into main storage to avoid problems when paging 
activity starts. 

32. Initialize the CP directory. 

33. Lock DMKCPI and DMKCPJ into main storage. 

23.19 LOCATION 80 TIMER TEST 

Check that the interval timer at X'50' is running by doing 
the following test. First, in case CP is runn ing second 
level, force a trip through the real CP dispatcher by exe­
cuting a Store ID Processor instruction. Then, execute a 3 
instruction loop 25,000 times. If the timer does not 
change, then send a message to the system console. Repeat 
this test until the interval timer is found to be working. 
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Send a warning message to the system console if ECPS is 
available on this hardware but had to be disabled because of 
a mismatch between the software and microcode levels. 

23.20 

23.21 

34. Check that the timer is working properly. 

35. Write a message to system console if ECPS and 
software are at different levels. 

SPOOL FILE RECOVERY 

36. Ask the operator for kind of start: WARM, 
COLD, CKPT, or FORCE. 

37. Call DMKWRMST with the parameter provided by 
the operator. 

ALLOCATE DUMP SPACE 

38. Preallocate explicit dump space, if available, 
or temp space for system dump. Write a message 
to the system console if dump allocation fails. 

39. Call DMKIOSQR to write DMKSYM into the begin­
ning of the dump space. 
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23.22 FINAL PAGING INITIALIZATION 

Begining at the label ALOCLP, loop through the CP-owned list 
at DMKSYSOW generating a system-wide count of temp pages 
(DMKPGTTM & DMKPGT90). Call an internal subroutine to fold 
the allocation map for each volume around the ceriter of the 
volume (see the paging chapter). Call the internal subrou­
tine INDXBLD, which uses the installation-specified informa­
tion in DMKSYS to update the indirect lists of pointers to 
the ALOCBLOK chains maintained in DMKPGT. 

23.23 

40. Loop through CP-owned volumes. 

a) Count the number of temp pages in the CP­
owned space. 

b) Call internal subroutine ALOCFOLD to logic­
ally fold the ALOCMAP about the center of 
the volume. 

41. Calculate and set system-wide 90 percent temp 
page count. 

42. Call internal subrout ine INDXBLD to implement 
in DMKPTR the device search orders specified in 
DMKSYS. 

43. Call internal subroutine RECHAIN to relink AL­
OCBLOKs according to the search order. 

3705 INITIALIZATION 

Use the 3705 addresses in DMKRIO to locate RDEVBLOKs wi th 
RDEVTYPC not equal to CLASTERM (that is, the 3705 base ad­
dresses), and mark them 'not ready' since the 3705 may not 
even be running. 

44. Process 3705s (count in DMKRIORN), marking base 
addresses 'not ready'. 
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23.24 T-DISK INITIALIZATION 

Invoke the module DMKCPX for each volume with T-disk space 
defined. DMKCPX clears the T-disk by stacking CPEXBLOKs 
that will in turn perform I/O to clear the beginning of each 
T-disk cylinder. 

45. Call DMKCPXCK for every T-disk volume. 

23.25 OPERATOR LOGON 

Initialize the operator virtual machine by calling DMKLOGOP. 
If this call fails, then write a message to the system con­
sole asking for an explicit LOGON of the operator. Read the 
reply line and give the line to DMKCFMEN to be processed as 
a normal CP command. Upon successful creation of the opera­
tor virtual machine, write to the system console the names 
of the volumes in the CP-owned list that are not now online. 
Write the names of duplicate volumes. Write a map of main 
storage. Call DMKCQRFI to display the number of spool files 
present. Call DMKCSOSD to start the real spool devices. 

46. AUTOLOG the operator virtual machine by calling 
DMKLOGOP. 

47. If AUTOLOG fails, force 
prompting system console 
line to DMKCFMEN. 

explicit LOGON by 
and pass i ng command 

48. Report to operator names of CP-owned volumes 
not online currently. 

49. Report duplicate volume names. 

50. Report main storage size. 

51. Report FREE, TRACE, NUCLEUS, DYNAMIC, and V=R 
sizes. 

52. Call DMKCQRFI to report number of spool files 
in system. 

53. Call DMKCSOSD if operator requested real spool 
device start. 
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23.26 

23.27 

PROGRAM PRODUCT MAP INITIALIZATION 

54. CALL DMKHVDPP to initialize program product bit 
map. 

PAGEABLE NUCLEUS PAGED OUT 

Make explicit calls to DMKPGTPG and DKMRPAPT to write out to 
page space the symbol table module DMKSYM and the IPL simu­
lator program DMKVMI. Invoke the TRANS macro for each page 
in the pageable nucleus to bring those pages into main stor­
age. They will later be written out to the paging space due 
to normal system activity. 

23.28 

23.29 

55. Page out the symbol table and IPL simulator. 

56. TRANS in all pageab~e nucleus pages and cause 
DASD slots to be assigned. 

CONTINUE INITIALIZATION IN DMKCPJ 

57. GOTO DMKCPJNT 

DMKCPJ CONTINUING INTIALIZATION 

58. Call DMKIOEFL to initialize error recording. 

59. Setup machine check new PSW and enable machine 
checks in control register C14. 

60. Call DMKNLDR to load 3705 program for those 
3705s that have automatic loading specified in 
the RDEVBLOK. 
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23.30 

61. Mark APSTATl with initialization complete flag. 

62. I f this is a system restart, enable avai lable 
3705 lines by calling DMKCPVAE for CLASGRAF and 
CLASTERM. Enable NET ATTACHed lines by calling 
DMKNETAE. 

63. Perform monitor initialization. 

64. Perform IUCV initialization. 

65. Call DMKDIDEP to initialize the missing inter­
rupt handler and build a TRQBLOK for a one min­
ute timer. 

66. Unlock DMKCPI and DMKCPJ. 

67. Write the final initialization message. 

68. If restarting after a system ABEND and the op­
erator was not logged onto the current system 
console, then disconnect the operator virtual 
machine with active console spooling. 

69. GOTO DMKDSPCH. Whew! 

SUMMARY 

CP is completely initialized. Users can logon. The course 
is finished. 
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Appendix A 

CP MODULES (ALPHABETICALLY) 

The following is a list of all the modules that make up the 
CP nucleus, with a very brief description of each module's 
function. This list is current as of VM/SP release 3 ser­
vice level 307; modules that are new at some service level 
or are a part of HPO are marked as such. Modules that pro­
cess CP commands are marked with the character string "cmd:" 
for easier identification. 

DMKACO - accounting 
DMKACR - channel machine check recovery 
DMKALG - cmd: AUTOLOG 
DMKAPI - AP/MP initialization 
DMKATS - changes to shared segments 
DMKBIO - DASD block I/O via IUCV 
DMKBLD - build VMBLOK, ECBLOK, or paging tables 
DMKBOX - 3270 VM logon picture 
DMKBSC - remote 3270 line error recovery 
DMKCCH - channel check error recovery 
DMKCCW - virtual CCW translation 
DMKCDB - cmd: DISPLAY and DCP 
DMKCDM - cmd: DUMP and DUMPCP 
DMKCDS - cmd: STORE and STCP 
DMKCFC - command name lookup 
DMKCFD - cmd: ADSTOP and LOCATE 
DMKCFF - cmd: subroutines for DMKCFG 
DMKCFG - DIAGNOSE X'64' and cmd: IPL 
DMKCFH - cmd: SAVESYS 
DMKCFJ - cmd: SLEEP, BEGIN, QUERY, REQUEST, and SET 
DMKCFM - read and execute console commands 
DMKCFO - cmd: privileged SET operands 
DMKCFP - virtual machine reset and cmd: SYSTEM 
DMKCFQ - virtual device reset 
DMKCFS - cmd: non-privileged SET operands 
DMKCFT - cmd: TERMINAL 
DMKCFU - cmd: more privileged SET operands' 
DMKCFV - cmd: SET STBYPASS and STMULTI 
DMKCFW - cmd: SCREEN 
DMKCFY - cmd: SET ASSIST, AFFINITY, PF, and TIMER 
DMKCKP - system IPL and forced shutdown 
DMKCKS - spool file checkpoint 
DMKCKT - subroutines for DMKCKS 
DMKCKV - checkpointed file recovery 
DMKCLK - AP/MP TOD clock synchronization 
DMKCNS - slow-speed terminal handler 
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DMKCPB - cmd: EXTERNAL, READY, NOTREADY, RESET, REWIND 
DMKCPE - end of CP nucleus 
DMKCPI - CP initialization 
DMKCPJ - continuation of DMKCPI 
DMKCPK - (HPO) continuation of DMKCPI 
DMKCPO - cmd: processor VARY OFFLINE 
DMKCPP - online conversion from AP/MP to UP 
DMKCPS - cmd: HALT and SHUTDOWN 
DMKCPT - cmd: device VARY 
DMKCPU - cmd: processor VARY ONLINE 
DMKCPV - cmd: ENABLE, DISABLE, LOCK, UNLOCK, ACNT 
DMKCPW - cmd: device VARY OFFLINE 
DMKCPX - routines to clear T-disks 
DMKCPZ - (HPO) cmd: VARY ONLINE for 3880-11 
DMKCQG - cmd: QUERY VIRTUAL 
DMKCQH - cmd: QUERY RDR, PTR, and PUN 
DMKCQP - cmd: various configuration QUERY 
DMKCQQ - continuation of DMKCQP 
DMKCQR - continuation of DMKCQP 
DMKCQS - cmd: QUERY SCREEN and MITIME 
DMKCQY - cmd: more miscellaneous QUERY 
DMKCSB - cmd: LOADBUF and SPACE 
DMKCSC - cmd: LOADBUF and LOADVBUF 
DMKCSO - cmd: more real device spooling 
DMKCSP - cmd: virtual spooling 
DMKCSQ - cmd: CLOSE, HOLD, and FREE 
DMKCST - cmd: TAG 
DMKCSU - cmd: CHANGE 
DMKCSV - cmd: ORDER, PURGE, and TRANSFER 
DMKCVT - various conversion subroutines 
DMKCVU - floating hex to EBCDIC conversion 
DMKDAD - 3375 and 3380 error recovery 
DMKDAS -'other CKD device error recovery 
DMKDAU - FBA device error recovery 
DMKDEF - cmd: DEFINE device 
DMKDEG - cmd: DEFINE STORAGE and CHANNELS 
DMKDEI - cmd: DEFINE for MSS 
DMKDGD - DASD I/O via DIAGNOSE X'18' 
DMKDGF - interrupt handler for DIAGNOSE X'18' 
DMKDIA - cmd: DIAL 
DMKDIB - cmd: subroutines for DMKDIA 
DMKDID - missing interrupt detector and handler 
DMKDMP - CP ABEND dump routine 
DMKDRD - spool I/O via DIAGNOSE X'14' and X'34' 
DMKDSB - DASD statistical buffer unload 
DMKDSP - CP and virtual machine dispatching 
DMKEIG - 2880 channel logout error recovery 
DMKEMA - error messages 0 - 139 
DMKEMB - error messages 140 - 423 
DMKEMC - error messages 424 - 999 
DMKENT - linkage between monitor routines 
DMKEPS - password checking 
DMKERM - error message edit and output 
DMKEXT - external interrupt handler 
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DMKFCB - printer forms control buffer definitions 
DMKFPS - fast path simulation for privops 
DMKFRE - control block storage management 
DMKGIO - virtual machine I/O via DIAGNOSE X'20' 
DMKGRA - subroutines for 3270 support 
DMKGRC - subroutines for extended 3270 support 
DMKGRF - support for local 3270 and 3066 devices 
DMKGRH - special routines for 3066 support 
DMKGRT - more subroutines for 3270 support 
DMKGRU - tables for 3278-3 
DMKGRV - tables for 3278-4 
DMKGRW - tables for 3278-2A 
DMKGRX - tables for 3278-5 
DMKHPS - logical device support 
DMKHPT - subroutines for DMKHPS 
DMKHVC - main DIAGNOSE handler 
DMKHVD - pageable continuation of DMKHVC 
DMKHVE - pageable continuation of DMKHVC 
DMKIOC - subroutines for DMKIOF 
DMKIOE - I/O error recording 
DMKIOF - pageable continuation of DMKIOE 
DMKIOG - I/O error recording initialization 
DMKIOH - I/O error recording initialization 
DMKIOJ - I/O error recording subroutines 
DMKIOQ - (305) subroutines for DMKIOS 
DMKIOS - main I/O scheduler 
DMKIOT - I/O interrupt handler 
DMKISM - ISAM channel program processing 
DMKIUA - IUCV main routine 
DMKIUC - IUCV subroutines 
DMKIUE - IUCV subroutines 
DMKIUG - IUCV subroutines 
DMKIUJ - IUCV subroutines 
DMKIUL - IUCV subroutines 
DMKJRL - security journaling support 
DMKLNK - cmd: LINK 
DMKLOC - system resource lock routines 
DMKLOG - cmd: LOGON 
DMKLOH - cmd: subroutines for DMKLOG 
DMKLOK - AP/MP inter-processor lock support 
DMKMCC - cmd: MONITOR 
DMKMCD - continuation of DMKMCC 
DMKMCH - machine check interrupt handler 
DMKMCI - cmd: SET MODE 
DMKMCT - AP/MP processor recovery 
DMKMHC - MSSF (support processor) calls 
DMKMHV - virtual MSSF support 
DMKMIA - monitor start and stop 
DMKMID - change date at midnight 
DMKMNI - various monitor subroutines 
DMKMNJ - more monitor subroutines 
DMKMNL - (HPO) monitor collection for 3880-11 
DMKMON - MONITOR CALL interrupt handler 
DMKMOO - subroutines for DMKMON 
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DMKMPO - (HPO) AP/MP instruction processing 
DMKMSG - cmd: MSG, SMSG, MSGNOH, WNG, and ECHO 
DMKMSW - I/O error message writer 
DMKNEA - cmd: NETWORK ATTACH and NETWORK DETACH 
DMKNEM - op-code mnemonics_for trace and per 
DMKNES - cmd: various NETWORK operands 
DMKNET - cmd: NETWORK main routine 
DMKNLD - 3705 program loader 
DMKNLE - 3705 memory dumper 
DMKOPR - emergency operator console writer 
DMKPAG - build paging channel programs 
DMKPAH - paging interrupt handler 
DMKPEI - cmd: PER 
DMKPEL - cmd: continuation of DMKPEI 
DMKPEN - cmd: PER END 
DMKPEQ - cmd: QUERY PER 
DMKPER - PER interrupt handler 
DMKPET - PER output writer 
DMKPGM - page migration 
DMKPGS - virtual memory release . 
DMKPGT - paging DASD slot management 
DMKPGU - continuation of DMKPGT 
DMKPIA - LOADBUF support for 3289-E 
DMKPIB - LOADBUF support for 3262 
DMKPMA - (HPO) preferred machine assist support 
DMKPRG - program check interrupt handler 
DMKPRV - privop simulation 

. DMKPRW - continuation of DMKPRV 
DMKPSA - CP page 0 work area and subroutines 
DMKPTR - main page fault processing 
DMKPTS - (HPO) continuation of DMKPTR 
DMKQCN - queue a virtual console write request 
DMKQCO - queue a virtual console·read request 
DMKQCP - force disconnect 
DMKQVM - cmd: QVM 
DMKRET - support PF key retrieval 
DMKRGA - remote 3270 interrupt handling 
DMKRGB - remote 3270 main routines 
DMKRGC - remote 3270 input decoding 
DMKRGD - remote 3270 extended function routines 
DMKRIO - I/O configuration tables 
DMKRNH - support 370x NCP terminals 
DMKRPA - explicit page read and write 
DMKRSE - real spooling device error recovery 
DMKRSP - real spooling output 
DMKRSQ - subroutines for DMKRSP 
DMKRST - real spooling input 
DMKSAV - read or write CP nucleus 
DMKSBL - small block letter formatter 
DMKSCH - system scheduler 
DMKSCN - various scan subroutines 
DMKSCO - continuation of DMKSCN 
DMKSEP - separator page writer 
DMKSEV - 2870 channel logout error recovery 
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DMKSIX - 2860 channel logout error recovery 
DMKSNC - save 370x control program image 
DMKSND - cmd: SEND 
DMKSNT - saved systems definitions 
DMKSPK - spool file deletion 
DMKSPL - open and close spool files 
DMKSPM - cmd: SPMODE 
DMKSPS - I/O routine for SPTAPE processing 
DMKSPT - cmd: SPTAPE 
DMKSRM - cmd: SRM 
DMKSSP - starter system re-configuration routine 
DMKSSS - MSS common service routine 
DMKSST - more MSS support routines 
DMKSSU - more MSS support routines 
DMKSTA - main storage initialization 
DMKSTD - resident work area for DMKSTP 
DMKSTK - schedule CP work to be done 
DMKSTP - various scheduler feedback routines 
DMKSTR - page migration interrupt handling 
DMKSVC - SVC interrupt handler 
DMKSYM - symbol table for dumps 
DMKSYS - system generation parameters 
DMKTAP - tape I/O error recovery 
DMKTAQ - (307) continuation of DMKTAP 
DMKTBL - terminal translation tables 
DMKTBM - more terminal translation tables 
DMKTBN - even more terminal translation tables 
DMKTCS - real 3800 printer initialization 
DMKTCT - more 3800 printer initialization 
DMKTDK - T-disk allocation 
DMKTHI - cmd: INDICATE 
DMKTMR - 370 mode timer simulation 
DMKTRA - cmd: TRACE 
DMKTRC - trace interrupt handling 
DMKTRD - trace I/O operations 
DMKTRK - DASD alternate track processing 
DMKTRM - 2741 terminal type identification 
DMKTRP - cmd: CPTRAP 
DMKTRT - cmd: CPTRAP subroutines 
DMKTTY - special ASCII terminal handling 
DMKTTZ - resident data area for DMKTTY 
DMKUCB - 3211 UCB images 
DMKUCC - 3203 UCB images 
DMKUCS - 1403 UCS images 
DMKUDR - user directory I/O routines 
DMKUDU - user directory update via DIAGNOSE X'84' 
DMKUNT - CCW and CSW translation 
DMKURS - real spooling device message writer 
DMKUSO - cmd: LOGOFF, FORCE, and DISCONN 
DMKUSP - cmd: subroutines for DMKLOG and DMKUSO 
DMKVAT - shadow page table processing 
DMKVAU - continuation of DMKVAT 
DMKVCA - virtual CTC support 
DMKVCB - continuation of DMKVCA 
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DMKVCH - cmd: ATTACH and DETACH 
DMKVCN - virtual console SIO simulation 
'DMKVCP - SNA terminal support 
DMKVCR - SNA terminal support 
DMKVCT - SNA terminal support 
DMKVCV - SNA terminal support 
DMKVCX - SNA terminal support 
DMKVDA - cmd: ATTACH 
DMKVDC - cmd: subroutines for ATTACH and DETACH 
DMKVDD - cmd: DETACH 
DMKVDE - cmd: subroutines for ATTACH and DETACH 
DMKVDG - DASD space allocation subroutines 
DMKVDR - virtual device release 
DMKVDS - cmd: subroutines for ATTACH, DEFINE, and LINK 
DMKVDT - (HPO) ATTACH for 3880-11 
DMKVER - process virtual machine SVC 76 
DMKVIO - virtual I/O interrupt simulation 
DMKVMA - shared segment protection 
DMKVMC - VMCF processing 
DMKVMD - cmd: VMDUMP 
DMKVMI - IPL simulator 
DMKVRR - (HPO) V=R virtual machine recovery 
DMKVSC - V=R CCW translation checker 
DMKVSI - virtual I/O instruction simulation 
DMKVSJ - continuation of DMKVSI 
DMKVSP - virtual spool I/O simulation 
DMKVSQ - continuation of DMKVSP 
DMKVSR - c6ntinuation of DMKVSP 
DMKVST - virtual printer support 
DMKVSU - virtual spooling subroutines 
DMKVSV - virtual 3800 spooling support 
DMKVSW - continuation of DMKVSP 
DMKWRM - spool warm start processing 
DMKWRN - continuation of DMKWRM 
DMKZTD - T-disk clear routine 
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Appendix B 

SELECTED CP CONTROL BLOCKS 

The table on the following page is a cross-reference showing 
all the CP control blocks that we have referenced in this 
book and the chapters containing those references. The 
chapter names are abbreviated according to this scheme: 

l. DSP - dispatcher. 

2. SCH - scheduler. 

3 • TIM - timer management. 

4. IMC - inter-machine communication. 

5. STO - storage management. 

6. PAG - paging. 

7. PGM - page migration. 

8. lOP - I/O processing. 

9. TRM - terminal support. 

10. SPL spooling subsystem. 

11. SFR - spool file recovery. 

12. CFC - console functions and CP commands. 

13. MPA - multiprocessor support. 

14. TRT - trace table and dumps. 

15. DIR - system directory. 

16. MIC- microcode assists 

17. GOS - guest operating system support. 

18. VMI - virtual memory initialization. 

19. CPI - CP initialization. 
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Table of control blocks and chapters 

D S T I S P P I T S S C M T D M G V C 
S C I M T A G 0 R P F F P R I I 0 M P 
P H M C 0 G M P M L R C A T R C S I I 

ALOCBLOK X X X 
ALOFBLOK X X X 
BSCBLOK X 
BUFFER X 
CCT X 
CHXBLOK X 
CONTASK X 
CORTABLE X X 
CPEXBLOK X X X X X X X X X X X 
DMKSYSOW X X 
ECBLOK X 
Flt.ELIST X 
IOBLOCK X X X X X X X X X 
IUCVBLOK X 
MICBLOK X X 
MSGBLOK X 
NICBLOK X 
PAGTABLE X X X 
PDENT X 
PDSEG X 
PGBLOK X X 
PSA X X X X X X X X X 
RCHBLOK X X X X X 
RCUBLOK X X X X X 
RDCBLOK X X X 
RDEVBLOK X X X X X X X 
RECBLOK X X X X 
SAVEAREA X X 
SFBLOK X X 
SHQBLOK X X 
SPLINK X 
SPTBLOK X 
SWPTABLE X X X 
TRQBLOK X X X X X X 
UDEVBLOK X 
UDIRBLOK X 
UIPLBLOK X 
UIUCBLOK X 
UMACBLOK X 
VCHBLOK X X X X 
VCUBLOK X X X X 
VDEVBLOK X X X X 
VMBLOK X X X X X X X X X X X X X X X 
VMCBLOK X 
VMCPARM X 
VSPLCTL X 
XINTBLOK X 
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Appendix C 

CP MACROS 

The following list is a summary of the macros that are de­
fined in cp's macro libraries. This does not include those 
macros which are defined locally within a given ASSEMBLE 
file. 

1. ABEND - cause CP to terminate with an ABEND code. 

2. CALL - invoke another CP rout ine as a subrout ine. 
The routine will be called via SVC S or via BALR, ac­
cording to a table contained in the macro definition. 
A parameter value can be specified for transmission 
in R2. For AP/MP systems, AFFinity can be specified 
to cause control to return to the calling processor. 

3. CHARGE - handle the CPU timer as an accumulator of a 
virtual machine's CPU consumption. 

4. CLRIO - generate the CLRIO instruction, X'9DOl'. 

5. CLUSTER - generate a NICBLOK for a remote 3270 clus­
ter controller. This is used in DMKRIO as a part of 
the system I/O configuration. 

6. COUNT - increment a counter using CS logic for AP/MP 
systems. 

7. CPF - generate a DIAG XIS' sequence for executing a 
CP command from a virtual machine. (This appears to 
be unused and obsolete.) 

8. DECHEX converts a dec imal number (0-15) to its 
hexadecimal equivalent. This is an inner macro used 
in the RCHANNEL, RCTLUNIT, RDEVICE, and SYSCOR mac­
ros. 

9. DECMP - decrement a fullword counter using CS logic 
for AP/MP systems. 

10. ENTER - save registers RO through Rll into SAVEREGS 
at the entry point of a routine called via SVC 8. 

11. EXIT - load registers RO through Rll from SAVEREGS 
and issue SVC 12 to return from a routine called via 
SVC S. 
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12. GOTO - after loading an optional parameter into R2, 
pass control to the specified routine. R12 is loaded 
with the routine's address. No return will be made. 

13. GRTBLOK - define a GRTBLOK, which contains the de­
vice-specific information for each of the models of 
3277 and 3278 terminals. This macro also def ines 
many symbols used in the 3270 support routines. 

14. HEXDEC - convert a hexadecimal digit into its decimal 
equivalent. This is an inner macro used by the 
RCHANNEL, RCTLUNIT, and RDEVICE macros in DMKRIO. 

15. IPTE - (HPO - in member 'ISKE') generate the IPTE in­
struction X'B221'. 

16. ISKE - (HPO - in member 'ISKE') generate the ISKE in­
struction X'B229'. 

17. IUCV - generate code to invoke various IUCV func­
tions. For use in a virtual machine, this macro gen­
erates the X'B2FO' instruction. For use in CP, this 
macro generates a CALL to DMKIUA. 

18. JPSCBLOK - generate the "journaling and password sup­
pression cqntrol block". This is a DSECT unless it 
is in the DMKSYS CSECT. 

19. LOCK - generate code for AP/MP systems to obtain or 
release a lock word. 

20. MAXDV - generate code to place the maximum virtual 
device address (X'5FF' or X'FFF') into a register. 
Used in various routines to check the validity of a 
virtual device address. 

21. MSG - generate code to place length, 
rameter values into RO, R1, and R2. 
routines to generate messages that 
standard CP heading string (DMK ... ). 

address, and pa­
Used in various 

do not have the 

22. NAMENCP - generate a named system entry in DMKSNT for 
a 370x control program. 

23. NAMESYS - generate a named system entry in DMKSNT for 
a saved system. 

24 .;-,-N~E3800 - generate a named system entry in DMKSNT 
for a 3800 definition table. 

25. pAGTBL generate a page table for a private or 
~ shared segment. (This appears to be unused and obso­

lete.) . 
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