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Preface

The ABCs of z/OS® System Programming is an 11-volume collection that provides an
introduction to the z/OS operating system and the hardware architecture. Whether you are a
beginner or an experienced system programmer, the ABCs collection provides the
information that you need to start your research into z/OS and related subjects. If you would
like to become more familiar with z/OS in your current environment, or if you are evaluating
platforms to consolidate your e-business applications, the ABCs collection will serve as a
powerful technical tool.

This IBM® Redbooks® publication, Volume 10, provides an introduction to z/Architecture®,
zSeries® processor design, zSeries connectivity, LPAR concepts, Hardware Management
Console (HMC), Hardware Configuration Definition (HCD), and DS8000™.

The contents of the other volumes are as follows:

» Volume 1: Introduction to z/OS and storage concepts, TSO/E, ISPF, JCL, SDSF, and z/OS
delivery and installation

» Volume 2: z/OS implementation and daily maintenance, defining subsystems, JES2 and
JESS3, LPA, LNKLST, authorized libraries, SMP/E, Language Environment®

» Volume 3: Introduction to DFSMS™, data set basics storage management hardware and
software, catalogs, and DFSMStvs

» Volume 4: Communication Server, TCP/IP, and VTAM®

» Volume 5: Base and Parallel Sysplex®, System Logger, Resource Recovery Services
(RRS), global resource serialization (GRS), z/OS system operations, automatic restart
management (ARM), Geographically Dispersed Parallel Sysplex™ (GDPS®)

» Volume 6: Introduction to security, RACF®, Digital certificates and PKI, Kerberos,
cryptography and z990 integrated cryptography, zSeries firewall technologies, LDAP, and
Enterprise Identity Mapping (EIM)

» Volume 7: Printing in a z/OS environment, Infoprint Server and Infoprint Central
» Volume 8: An introduction to z/OS problem diagnosis
» Volume 9: zZ/OS UNIX® System Services
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Introduction to z/Architecture

In this chapter, we provide an overview of z/Architecture.

z/Architecture is the next step in the evolution from System/360™ to System/370™,
System/370 Extended Architecture (370-XA), Enterprise Systems Architecture/370™
(ESA/370), and Enterprise Systems Architecture/390 (ESA/390). In order to understand
z/Architecture, you have to be familiar with the basics of ESA/390 and its predecessors.

An address space maps all of the available addresses—and includes system code and data,
as well as user code and data. Thus, not all of the mapped addresses are available for user
code and data. This limit on user applications was a major reason for System/370 Extended
Architecture (370-XA) and MVS/XA™. Because the effective length of an address field
expanded from 24 bits to 31 bits, the size of an address space expanded from 16 megabytes
to 2 gigabytes. An MVS/XA address space is 128 times as big as an MVS/370 address
space.

In the early 1980s, XA (or extended architecture) was introduced with an address space that
began at address 0 and ended at two gigabytes. The architecture that created this address
space provided 31-bit addresses. To maintain compatibility, MVS™ provided two addressing
modes (AMODEs) for programs: programs that run in AMODE 24 can use only the first 16
megabytes of the address space, and programs that run in AMODE 31 can use the entire 2
gigabytes.

As of z/OS V1R2, the address space begins at address 0 and ends at 16 exabytes, an
incomprehensibly high address. This architecture, zArchitecture, in creating this address
space, provides 64-bit addresses. The address space structure below the 2 gigabyte address
has not changed; all programs in AMODE 24 and AMODE 31 continue to run without change.
In some fundamental ways, the address space is much the same as the XA address space.

z/OS and the IBM zSeries 900 (z900) deliver the 64-bit architecture (z/Architecture) to
provide qualities of service that are critical for the e-business world. 64-bit real storage
support eliminates expanded storage and helps eliminate paging. 64-bit real storage support
may allow you to consolidate your current systems into fewer logical partitions (LPARs), or to
a single native image.
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With System z™, initial program loading sets the ESA/390 architectural mode. The new
SIGNAL PROCESSOR order then can be used to set the z/Architecture mode or to return
from z/Architecture to ESA/390. This order causes all CPs in the configuration to always be in
the same architectural mode.

When converting to z/Architecture mode, existing programs work unchanged.

In this redbook, we use the following terminology to refer to the exploiting operating system:
» When appropriate, we specifically emphasize z/OS.

» Otherwise, if a statement is valid for any previous release or version of z/OS, we may use
MVS in the statement.
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1.1 Computer architecture overview
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Hardware “

Computer
Architect

Figure 1-1 An architecture definition

Computer architecture

This chapter provides a detailed description of z/Architecture, and it discusses aspects of the
servers running such architecture. These servers are now referred to as System z and they
comprise the z800, z890, z900, 2990, z9™ EC, z9 BC and z10™ EC.

Note: When reading this chapter, it is useful to have z/Architecture Reference Summary,
SA22-7871, at hand to use as a quick reference. The main source of reference information
about this architecture, however, is z/Architecture Principles of Operations, SA22-7832.

So, what is a “computer architecture”?

The computer architecture of a computing system defines its attributes as seen by the
programs that are executed in that system, that is, the conceptual structure and functional
behavior of the server hardware. Then, the computer architect defines the functions to be
executed in the hardware and the protocol to be used by the software in order to exploit such
functions. Note that the architecture has nothing to do with the organization of the data flow,
the logical design, the physical design, and the performance of any particular implementation
in the hardware.

Several dissimilar server implementations may conform to a single architecture. When the
execution of a set of programs on different server implementations produces the results that
are defined by a single architecture, the implementations are considered to be compatible for
those programs.
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1.2 Concept of a process
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Figure 1-2 Concept of a process

Architecture concepts

One of the z/Architecture items we cover in this document is multiprocessing. However, in
order to understand multiprocessing, you first need to be familiar with the concept of a
process. As defined in a commercial data processing environment, a process is the serial
execution of programs in order to solve one problem of a business unit (such as payroll
update, banking checking account transaction, Internet query, and so on).

Analogies

To illustrate the process concept, let ‘s draw an analogy using real life. Each item in the
real-life list in Figure 1-2 corresponds to an item in the data processing list: the car is the CP,
the street is the program, and “going to the movies” is the process. Streets and cars were
created because people go to places. Programs and CPs (and thus, the data processing
industry) were developed because processes need to be executed. So, if every time you go to
the movies, you notice that you are late because you have a slow car, it would be useless to
buy another slow car—in the same way, if your process is taking longer because of a slow CP,
it is useless to add another server that has the same speed. You could also go to the movies
by taking a taxi, then get out somewhere, do some shopping, take another taxi, and so on.
Similarly, the same process can start in one CP, be interrupted, and later resume in another
CP, and so on. Also, on the same street there may be different cars taking people to different
places. Likewise, the same reentrant program can be executed by different CPs on behalf of
different processes. Finally, taking someone to the hospital allows you to shortcut a queue in
the traffic, just as a key process has a higher priority in a queue for getting CP and I/O
compared with other processes.
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1.3 Process states and attributes

1 Process states
> Active, when its program is executing on a CP
> Ready, when being delayed due to CP availability
> Wait, when delayed by any reason other than a CP
1 Process attributes
State
Resources
Priority
Accounting
Addressing
Security

Yy Y v v vy

Figure 1-3 More on processes

States of processing
From an operating system perspective, a process has one of three states:

Active In the Active state, a program is being executed by one CP.

Ready Inthe Ready state, a program is delayed because all available CPs are busy
executing other processes.

Wait In the Wait state, a program is being delayed for a reason that is not CP-related (for
example, waiting for an 1/0 operation to complete).

Process attributes

In the operating system, processes are born and die (normally or abnormally), depending on
the needs of business units. A process dies normally when its last program completes
normally. A process dies abnormally when one of its programs executes something wrong.
The amount of resources consumed is charged to the process and not to the program. Also,
when there are queues for accessing resources, the priority to be placed in such queues
depends on the process and not the program.

For each active process in the system, z/OS must keep the following:

» State (PSW, content of registers)

» Resources held (data sets, virtual storage, programs in memory, ENQs)

» Priority when entering in queues for resources
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» Accounting - how much CP time was used, I/Os executed, and memory occupied

» Addressing - which addresses the programs of the process have the right to access in
memory (for data and instructions)

» Security profile - which resources are allowed to the process

Dispatchable tasks

In z/OS, processes are called dispatchable units, which consist of tasks and service requests.
The control program creates a task in the address space as a result of initiating execution of
the process (called the job step task).

You can create additional tasks in your program. However, if you do not, the job step task is
the only task in the address space being executed. The benefits of a multiprogramming
environment are still available even with only one task in the job step; work is still being
performed for other address spaces when your task is waiting for an event, such as an input
operation, to occur.

Note: From now on in this publication, we will use the word “task” instead of “process”.
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1.4 System components
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Figure 1-4 System components

Before giving more detailed information about z/Architecture, we will describe a system
generically.

Server components
Physically, a system consists of the following:

| 4
>

v

Main storage.

One or more central processing units—previously known as CPU, but in this publication
we use the term central processor (CP).

Operator facilities (Service Element, which is not represented in Figure 1-4).

A channel subsystem (formed by SAPs and channels).

I/O devices (for example, disks also called DASD, tape, printers, teleprocessing); I/O
devices are attached to the channel subsystem through control units. The connection
between the channel subsystem and a control unit is called a channel path.

Note: The model number designates the maximum number of processor units (PUs)
available for an installation to use. Using feature codes, customers can order CPs, IFLs,
ICFs, optional SAPs, unassigned CP and/or unassigned IFLs up to the maximum number
of PUs for that model. Therefore, an installation may order a model B16 with 13 CP
features and three IFL features, or a model B16 with only one CP feature. Unlike prior
server model names, which indicate the number of purchased CPs, z10 EC™ model
names indicate the maximum number of processor units potentially orderable, and not the
actual number that have been ordered as CPs, IFLs, ICFs, or additional SAPs. A software
model notation is also used to indicate how many CPs are purchased.

Chapter 1. Introduction to z/Architecture
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System Assist Processor (SAP)

System Assist Processor (SAP®) is exactly the same as a CP, but with a different microcode;
refer to 1.17, “Microcode concepts” on page 29 for more information. The SAP acts as an
offload engine for the CPs. Different server models have different numbers of SAPs. The SAP
relieves CP involvement, thus guaranteeing one available channel path to execute the 1/0
operation. In other words, it schedules and queues an 1/O operation, but it is not in charge of
the movement between central storage (CS) and the channel.

Channels

A channel is much simpler in that it assists in the dialog with an 1/0 control unit, to execute an
I/O operation—that is, the data transfer from or to memory and the device.

Previously, there was no need for channels because only one process at a time (for example,
a payroll) was loaded in storage. So if this process needed an I/O operation, the CP itself
executed it—that is, it communicated with the 1/O control unit. There was no other process to
be executed in memory.

However, now that we are able to have several processes in memory at the same time
(multiprocessing), using the CP to entertain the 1/0 operations is inefficient. The CP is an
expensive piece of hardware, and other independent processes may require processing. For
this reason, the concept of using channels was introduced.

Channel paths

A channel path employs either a parallel-transmission electric protocol (old fashion) or a
serial-transmission light protocol and, accordingly, is called either a parallel channel path or a
serial channel path. For better connectivity and flexibility, a serial channel may connect to a
control unit through a dynamic switch that is capable of providing multiple connections
between entities connected to the ports of the switch (that is, between channels and 1/0
control units).

Expanded storage

Expanded storage is a sort of second level memory introduced because of the architected
limitation of the 2 GB size of central storage per MVS image. It is not available in
z/Architecture, where this 2 GB limitation does not exist anymore.

Crypto

To speed up cryptographic computing, a cryptographic facility is included in a CP. The IBM
common cryptographic architecture (CCA) defines a set of cryptographic functions, external
interfaces, and a set of key management rules which pertain to both the Data Encryption
Standard (DES)-based symmetric algorithms and the Public Key Algorithm (PKA) asymmetric
algorithms.

ETR

An external time reference (ETR) may be connected to the server to guarantee time
synchronization between distinct servers. The optional ETR cards provide the interface to
IBM Sysplex Timers, which are used for timing synchronization between systems in a sysplex
environment.
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1.5 Processing units (PUs)
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Figure 1-5 Processing units (CPs, IFLs, ICFs, and SAPs)

Processing units
The following types of processing units (PUs) can be ordered (enabled or assigned) on a

System z:

CPU

IFL

ICF

zZAAP

zlliP

A CPU is a general purpose processor that is able to execute all the possible z10
EC running operating systems, such as z/OS, Linux, z/ VM, z/VSE™, Coupling
Facility Control Code (CFCC), and z/TPF. A CPU is also known as a CP.

This type of PU is only able to execute native Linux and Linux under z/VM®. IFLs
are less expensive than CPUs.

This type of PU is only able to execute the CFCC operating system. The CFCC is
loaded in a Coupling Facility LP from a copy in HSA; after this, the LP is activated
and IPLed. ICFs are less expensive than CPUs.

This type of PU only runs under z/OS, and is for the exclusive use of Java™
interpreter code (JVM™) and DB2® 9 XML parsing workloads. A zAAP is less
expensive than a CPU, and does not increase the software price (based on
produced MSUs) because it does not produce MSUs.

This type of PU is run in z/OS only, for eligible DB2 workloads such as DDF,
business intelligence (Bl), ERP, CRM and IPSec (an open networking function
used to create highly secure crypto connections between two points in an
enterprise) workloads. A zIIP is less expensive than a CPU and does not
increase the software price (based on produced MSUs) because it does not
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produce MSUs. There is a limitation to using zIIP processors, however: only a
percentage of the candidate workload can be executed,

SAP A System Assist Processor (SAP) is a PU that runs the Channel Subsystem
Licensed Internal Code. An SAP manages the starting of 1/0 operations required
by operating systems running in all logical partitions. It frees z/OS (and the CPU)
from this role, and is “mainframe-unique”. z10 EC models have a variable number
of standard SAPs configured.

Spare A spare PU is a PU that is able to replace, automatically and transparently, any
falling PU in the same book, or in a different book. There are at least two spares
per z10 EC server.
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1.6 z/Architecture enhancements

64-bit address space map

64- or 31- or 24-bit virtual storage addressing modes
Introduction of up to 3 levels of region tables

64-bit registers
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Figure 1-6 z/Architecture enhancements

z/Architecture

Figure 1-6 lists all the enhancements introduced by z/Architecture in relation to the former
ESA/390. The majority of the enhancements are implemented to support 64-bit addressing
mode.

With z/OS, the MVS address space expands to a size so vast that we need new terms to
describe it. Each address space, called a 64-bit address space, is 16 exabytes in size (an
exabyte is slightly more than one billion gigabytes).

The new address space has logically 2(64) addresses. It is 8 billion times the size of the
former 2-gigabyte address space that logically has 2(31) addresses. The number is 16 with
18 zeros after it: 16,000,000,000,000,000,000 bytes, or 16 exabytes.

Set addressing mode instructions
z/Architecture provides three new set addressing mode instructions that allow you to change
addressing mode. The instructions are:

» SAM24, which changes the current AMODE to 24
» SAMS31, which changes the current AMODE to 31
» SAM64, which changes the current AMODE to 64

The addressing mode also determines where the storage operands can reside. The storage
operands for programs running in AMODE 64 can be anywhere in the 16-exabyte address
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space, while a program running in AMODE 24 can use only storage operands that reside in
the first 16 megabytes of the 16-exabyte address space.

z/Architecture enhancements
z/Architecture also provides significant extensions, as follows:

»

Up to three additional levels of dynamic address-translation (DAT) tables, called region
tables, for translating 64-bit virtual addresses. A virtual address space may be specified
either by a segment-table designation as in ESA/390, or by a region-table designation.

64-bit general registers and control registers. The bit positions of the general registers and
control registers of z/Architecture are numbered 0-63. To maintain compatibility, an
ESA/390 instruction that operates on bit positions 0-31 of a 32-bit register in ESA/390,
operates instead on bit positions 32-63 of a 64-bit register in z/Architecture.

An 8K-byte prefix area for containing larger old and new PSWs and register save areas.

A SIGNAL PROCESSOR order for switching between the ESA/390 and z/Architecture
architectural modes. Initial program loading sets the ESA/390 architectural mode. The new
SIGNAL PROCESSOR order then can be used to set the z/Architecture mode or to return
from z/Architecture to ESA/390. This order causes all CPUs in the configuration always to
be in the same architectural mode.

Many new instructions, many of which operate on 64-bit binary integers and three new
types of instructions able to declare a displacement of 20 bits instead of 12 bits, such as
RSY, RXY and SIY.
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1.7 64-bit address space map
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Figure 1-7 64-bit address space map

64-bit virtual address space
The virtual storage 2 GB limit was broken with z/Architecture, as explained here.

Support for up to 4 TB of real memory on a single z/OS image (z/OS V1R8). This will allow for
up to 1 TB of real memory on a single z/OS image for the z10 EC server, up to 512 GB of real
memory on a single z/OS image on IBM System z9® servers, and up to 256 GB on z990
servers.

Because of changes in the architecture that supports the MVS operating system, there were
two different address spaces prior to the 64-bit address space. The address space of the
1970s began at address 0 and ended at 16 megabytes (shown as the 16M line in Figure 1-7).
The architecture that created this address space provided 24-bit addressing.

The initial support for 64-bit virtual addressing was introduced in z/OS Version 1 Release 2.
The size of the 64-bit address space is 16 exabytes (16 E), which makes the new address
space 8 billion times the size of the former S/390 address space. Programs continue to be
loaded and run below the 2 gigabyte address; these programs can use data that resides
above 2 gigabytes.

Each address space is logically 16 exabytes in size. To allocate and release virtual storage
above 2 GB, a program must use the services provided in the IARV64 macro. The GETMAIN,
FREEMAN, STORAGE, and CPOOL macros do not allocate storage above the 2 gigabyte
address, nor do callable cell pool services.
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The bar

For compatibility, the layout of the storage areas for an address space is the same below

2 GB, providing an environment that can support both 24-bit and 31-bit addressing. The area
that separates the virtual storage area below the 2 GB address from the user private area is
called the bar, as shown in Figure 1-7 on page 13.

In a 64-bit virtual storage environment, the terms “above the bar’ and “below the bar” are
used to identify the areas between 2**31 and 2**64-1, and 0 and 2**31-1, respectively. For
example, any address in the range 0 to 7FFFFFFF is below the bar, and an address in the
range FFFFFFFF to 7FFFFFFF_FFFFFFFF is above the bar. This is basically an alteration to
the 2 GB 31-bit terminology that related “below the line” to 24-bit storage, and “above the line”
to 31-bit addresses.

The 64-bit address space map is as follows:

» 0 to 2**31: The layout is the same as in all the previous releases that supported 31-bit
addressing.

» 2**31 to 2**32: From 2 GB to 4 GB is considered the bar. Below the bar can be addressed
with a 31-bit address. Above the bar requires a 64-bit address. Just as the system does
not back the page at 7FFFF000 in order to protect programs from addresses which can
wrap to 0, the system does not back the virtual area between 2 GB and 4 GB. That means
a 31-bit address with the high bit on will always program check if used in AMODE 64.

» 2**31-2**41: The Low Non-shared area starts at 4G and goes to 2**41.
» 2**41 - 2**50: The Shared Area starts at 2**41 and goes to 2**50 or higher if requested.

» 2**50 - 2**64: The High Non-shared area starts at 2**50 or wherever the Shared Area
ends and goes to 2**64.

Note: The Shared Area is supported beginning with z/OS Version 1 Release 5.

User private area

The area above the bar is intended for application data; no programs run above the bar. No
system information or system control blocks exist above the bar, either. Currently there is no
common area above the bar. However, IBM reserves an area above the bar to be used for
future enhancements. A user program can also reserve some area in the virtual storage
allocated above the bar.

The user private area includes:

» Low private: The private area below the line

» Extended private: The private area above the line

» Low Non-shared: The private area just above the bar

» High Non-shared: The private area above Shared Area

As users allocate private storage above the bar, it will first be allocated from the Low
Non-shared area. Similarly, as Shared Area is allocated, it will be allocated from the bottom

up. This is done to allow applications to have both private and shared memory above the bar
and avoid additional server cycles to perform dynamic address translation (DAT).
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1.8 Addressing mode
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Figure 1-8 Addressing mode

Addressing mode

A program module has a residence mode assigned to it, and each entry point and alias has
an addressing mode assigned to it. You can specify one or both of these modes when
creating a program module, or you can allow the binder to assign default values. AMODEs
and RMODEs can be assigned at assembly or compilation time for inclusion in an object
module.

You assign an addressing mode (AMODE) to indicate which hardware addressing mode is
active when the program executes. Addressing modes are:

24 Indicates that 24-bit addressing must be in effect.

31 Indicates that 31-bit addressing must be in effect.

ANY Indicates that either 24-bit or 31-bit addressing can be in effect.

64 Indicates that 64-bit addressing can be in effect.

Running programs

The addressing mode determines where storage operands can reside. The storage operands
for programs running in AMODE 64 can be anywhere in the 16-exabyte address space, while
a program running in AMODE 24 can use only storage operands that reside in the first 16
megabytes of the 16-exabyte address space.
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When generating addresses, the server performs address arithmetic; it adds three
components: the contents of the 64-bit GPR, the displacement (a 12-bit value), and
(optionally) the contents of the 64-bit index register.

Then, the server checks the addressing mode and truncates the answer accordingly. For
AMODE 24, the server truncates bits 0 through 39; for AMODE 31, the server truncates bits 0
through 32; for AMODE 64, no truncation (or truncation of 0 bits) occurs.

An AMODE value is provided for each entry point into the program module. The main
program AMODE value is stored in the primary directory entry for the program module. Each
alias directory entry contains the AMODE value for both the main entry point and the alias or
alternate entry point.

When a program is loaded in memory, its addressing mode is already determined. There are
non-privileged instructions that are able to change the addressing mode, such as BRANCH
AND SAVE (BSM) and SET MODE (BASSM).

Architecture considerations

In S/390 architecture, the processor added together the contents of a 32-bit GPR, the
displacement, and (optionally) the contents of a 32-bit index register. It then checked to see if
the addressing mode was 31 or 24 bits, and truncated accordingly. AMODE 24 caused
truncation of 8 bits; AMODE 31 caused a truncation of bit 0.

For total compatibility with old code, z/Architecture handles three possibilities:

» 24 bits (AMODE 24), up to 16 M addresses
» 31 bits (AMODE 31), up to 2 GB addresses
» 64 bits (AMODE 64), up to 16 E addresses

The CP addressing mode for the running program is described in bits 31 and 32 in the current
PSW, respectively:

» 00 indicates AMODE 24.
» 10 indicates AMODE 31.
» 11 indicates AMODE 64.
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1.9 64-bit dynamic address translation
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Figure 1-9 64-bit dynamic address translation

Region tables for 64-bit

In a 16 EB address space with 64-bit virtual storage addressing, there are three additional
levels of translation tables, called region tables. They are called region third table (R3T),
region second table (R2T), and region first table (R1T). The region tables are 16 KB in length,
and there are 2048 entries per table. Each region has 2G bytes.

When the first storage is created above the bar, RSM™ creates the R3T. The R3T table has
2048 segment table pointers, and provides addressability to 4 TB. When virtual storage
greater than 4 TB is allocated, an R2T is created. An R2T has 2048 R3T table pointers and
provides addressability to 8 PB. An R1T is created when virtual storage greater than 8 PB is
allocated. The R1T has 2048 R2T table pointers, and provides addressability to 16 EB.
Figure 1-9 shows the page table hierarchy and the size of virtual storage each table covers.

Segment tables and page table formats remain the same as for virtual addresses below the
bar. When translating a 64-bit virtual address, once you have identified the corresponding 2G
region entry that points to the segment table, the process is the same as that described
previously.

RSM only creates the additional levels of region tables when necessary to back storage that
is mapped. They are not built until a translation exception occurs. So for example, if an
application requests 60 PB of virtual storage, the necessary R2T, R3T, segment table, and
page tables are only created if they are needed to back a referenced page. Up to five lookup
tables may be needed by DAT to do translation, but the translation only starts from the table
that provides translation for the highest usable virtual address in the address space.
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1.10 CP registers (general)
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General registers are used to hold temporary data:

- Machine instructions loaded from memory
- Fixed point data (also called binary integers)

Figure 1-10 CP registers (general)

Registers

The CP provides registers that are available to programs, but that do not have addressable
representations in main storage. They include the current program-status word (PSW), the
general registers, the floating-point registers and floating-point-control register, the control
registers, the access registers, the prefix register, and the registers for the clock comparator
and the CP timer.

Each CP in an installation provides access to a time-of-day (TOD) clock, which is shared by
all CPs in the installation. The instruction operation code determines which type of register is
to be used in an operation. There are several types of registers, as explained in the following
sections.

General registers

General registers (GRs) are used to keep temporary data (operands) loaded from memory to
be processed or already processed. Instructions may designate information in one or more of
16 general registers. The general registers may be used as base-address registers and index
registers in address arithmetic, and as accumulators in general arithmetic and logical
operations.

Each register contains 64 bit positions. The general registers are identified by the numbers
0-15, and are designated by a four-bit R field in an instruction. Some instructions provide for
addressing multiple general registers by having several R fields. For some instructions, the
use of a specific general register is implied rather than explicitly designated by an R field of
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the instruction. The data is in binary integer format, also called fixed point. There are certain
CP instructions that are able to process data stored in GRs. lts contents can also be used for
the execution of a CP instruction to point to the address of a storage operand.

Control registers

The CP has 16 control registers (CRs), each having 64 bit positions. The bit positions in the
registers are assigned to particular facilities in the system, such as program-event recording,
and are used either to specify that an operation can take place, or to furnish special
information required by the facility.

The control registers are identified by the numbers 0-15 and are designated by four-bit R
fields in the instructions LOAD CONTROL and STORE CONTROL. Multiple control registers
can be addressed by these instructions.

CRs are registers accessed and modified by z/OS through privileged instructions. All the data
contained in the CRs are architected containing information input by z/OS and used by
hardware functions (such as Crypto, cross memory, virtual storage, and clocks) implemented
in the server. It is a kind of extension of the PSW (covered in 1.12, “Current program-status
word (PSW)” on page 21). Refer to z/Architecture Reference Summary, SA22-7871, for the
complete set of CR contents.

Access registers

Access registers (ARs) are used by z/OS to implement data spaces through activating the
access register mode in the CP; this subject is covered in more detail in 1.34, “Access
register mode (dataspaces)” on page 59.

The CP has 16 access registers numbered 0-15. An access register consists of 32 bit
positions containing an indirect specification of an address-space-control element. An
address-space-control element is a parameter used by the dynamic-address-translation (DAT)
mechanism to translate references to a corresponding address space.

When the CP is in a mode called the access-register mode (controlled by bits in the PSW), an
instruction B field, used to specify a logical address for a storage-operand reference,
designates an access register, and the address-space-control element specified by the
access register is used by DAT for the reference being made. For some instructions, an R
field is used instead of a B field. Instructions are provided for loading and storing the contents
of the access registers, and for moving the contents of one access register to another.
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1.11 Floating point registers
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Figure 1-11 Floating point registers

Floating point registers

All floating-point instructions (FPS, BFP, and HFP) use the same floating-point registers. The
CP has 16 floating-point registers. The floating-point registers are identified by the numbers

0-15 and are designated by a four-bit R field in floating-point instructions. Each floating-point
register is 64 bits long and can contain either a short (32-bit) or a long (64-bit) floating-point

operand. As shown in Figure 1-11, pairs of floating-point registers can be used for extended

(128-bit) operands. Each of the eight pairs is referred to by the number of the lower-numbered
register of the pair.

Floating point registers (FPRs) are used to keep temporary data (operands) loaded from
memory to be processed or already processed. This data is in the format HFP or BFP. All
floating-point instructions (FPS, BFP, and HFP) use the same set of FPRs.

There are 16 FPRs (numbered from 0 to F), each one with 8 bytes, and it can contain either a
short (32-bit) or a long (64-bit). A number in the extended (128-bit) format occupies a register
pair.

There is also a floating-point-control (FPC) register, a 32-bit register to control the float point
instructions execution. It contains mask bits, flag bits, a data exception code, and
rounding-mode bits.
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1.12 Current program-status word (PSW)

- - >| l
| 1 - CPU accepts or not PER interruptions (a type of program interrupts)
All -4 5 - DAT is active (1) or not (0)
L 6 - CPU enable (1) or disable (0) for I/O interrupts
these 7 - CPU enable (1) or disable (0) for External interrupts
. 8 a1l -PSW Key
bits 0 a 7 - Used by certain z/OS components
8 - Used by all application programs
must 9 - Used by CICS key storage protection =>24
10 a 15 - Used by up to 6 programs in Virtual = Real mode
be 12 - Must be 0 in z/Architecture
zero 13 - CPU enable (1) or disable (0) for Machine Check interrupts
1

14 - CPU in Wait (1), no instruction execution
to 15-CPU in Problem state (1) or in Supervisor state (0)
16 e 17 - CPU Address Space Control Mode:
avoid a m D\ 00 = Primary Space, Program refers to the primary AS

. 01 = Access Register, Program refers: instructions in primary AS, data in DS
SpecCi- 10 = Secondary Space, Program refers: instructions in primary, data is secondary
. . 11 = Home Space, Program refers to instruction or data in Home AS
fication 18 e 19 - Condition code 2.0
20 a 23 - Enable (1) or disable (0) for the following program interrupts:
error 20 - Fixed Point Overflow: result does not fit
21 - Decimal Overflow: result does not fit
22 - Exponent Underflow: exponent number less than -64 <=11
23 - Significance: result too little, replaced by zero
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Figure 1-12 PSW from bit 0 to bit 31

Program-status word (PSW)

The current PSW is a storage circuit located within the CP. It contains information required for
the execution of the currently active program; that is, it contains the current state of a CP. It
has 16 bytes (128 bits). The PSW includes the instruction address, condition code, and other
information used to control instruction sequencing and to determine the state of the CP. The
active or controlling PSW is called the current PSW. It governs the program currently being
executed.

Problem or supervisor bit mode (bit 15)

CP instructions can be classified as privileged and non-privileged. Note that, if misused,
privileged instructions may damage system integrity and security. Privileged instructions
should be executed only by z/OS programs.

When the CP is in the supervisor state (bit 15 Off), it can execute any instruction. When the
CP is in the problem state (bit 15 On), it can only execute non-privileged instructions. z/OS
manages that, when its code is executing, bit 15 is Off; when an application program is
executing, bit 15 is On.

PSW key (bits 8-11)

The PSW key is used by a hardware mechanism within the CP called storage protection. It
guarantees that programs running processes do not alter or access areas in storage that
belong to other processes; refer to 1.24, “Storage protection” on page 43, for more
information.
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1.13 Next sequential instruction address
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Figure 1-13 Next sequential instruction address

Instruction address (bits 64 to 127)

Bits 64 to 127 point to the storage address of the next instruction to be executed by this CP.
When an instruction is fetched from central storage, its length is automatically added to this
field. Then, it will point to the next instruction address. However, there are instructions as a
BRANCH that may replace the contents of this field, pointing to the branched instruction. The
address contained in this PSW field may have 24, 31 or 64 bits, depending on the addressing
mode attribute of the executing program. For compatibility reasons, old programs that still
address small addresses are still allowed to execute. When in 24- or 31-bit addressing mode,
the left-most bits of this field are filled with zeroes.

CP interrupts

The CP has an interrupt capability, which permits it to switch rapidly to another program in
response to exceptional conditions and external stimuli. When an interrupt occurs, the CP
places the current PSW in an assigned storage location, called the old-PSW location, for the
particular class of interrupt. The CP fetches a new PSW from a second assigned storage
location. This new PSW determines the next program to be executed. When it has finished
processing the interrupt, the program handling the interrupt may reload the old PSW, making
it the current PSW again, so that the interrupted program can continue.

There are six classes of interrupt: external, I/0, processor check, program, restart, and
supervisor call. Each class has a distinct pair of old-PSW and new-PSW locations
permanently assigned in real storage.

ABCs of z/0S System Programming Volume 10




1.14 Program-status-word format
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Instruction Address
64 95
Instruction Address (Continued)
96 127

Figure 1-14 Program-status-word format

PER mask - R (bit 1)

Bit 1 controls whether the CP is enabled for interrupts associated with program-event
recording (PER). When the bit is zero, no PER event can cause an interruption. When the bit
is one, interruptions are permitted, subject to the PER-event-mask bits in control register 9.

DAT mode - T (bit 5)

Bit 5 controls whether implicit dynamic address translation of logical and instruction
addresses used to access storage takes place. When the bit is zero, DAT is off, and logical
and instruction addresses are treated as real addresses. When the bit is one, DAT is on, and
the dynamic-address-translation mechanism is invoked.

I/0 mask - 10 (bit 6)

Bit 6 controls whether the CP is enabled for I/O interruptions. When the bit is zero, an 1/0
interruption cannot occur. When the bit is one, I/O interruptions are subject to the
I/O-interruption subclass-mask bits in control register 6. When an I/O-interruption
subclass-mask bit is zero, an I/O interruption for that I/O-interruption subclass cannot occur;
when the I/O-interruption subclass-mask bit is one, an I/O interruption for that I/O-interruption
subclass can occur.

External mask - EX (bit 7)
Bit 7 controls whether the CP is enabled for interruption by conditions included in the external
class. When the bit is zero, an external interruption cannot occur. When the bit is one, an
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external interruption is subject to the corresponding external subclass-mask bits in control
register 0; when the subclass-mask bit is zero, conditions associated with the subclass
cannot cause an interruption; when the subclass-mask bit is one, an interruption in that
subclass can occur.

PSW key (bits 8-11)

Bits 8-11 form the access key for storage references by the CP. If the reference is subject to
key-controlled protection, the PSW key is matched with a storage key when information is
stored or when information is fetched from a location that is protected against fetching.
However, for one of the operands of each of MOVE TO PRIMARY, MOVE TO SECONDARY,
MOVE WITH KEY, MOVE WITH SOURCE KEY, and MOVE WITH DESTINATION KEY, an
access key specified as an operand is used instead of the PSW key.

Processor-check mask - M (bit 13)

Bit 13 controls whether the CP is enabled for interruption by processor-check conditions.
When the bit is zero, a processor-check interruption cannot occur. When the bit is one,
processor-check interruptions due to system damage and instruction-processing damage are
permitted, but interruptions due to other processor-check-subclass conditions are subject to
the subclass-mask bits in control register 14.

Wait state - W (bit 14)

When bit 14 is one, the CP is waiting; that is, no instructions are processed by the CP, but
interruptions may take place. When bit 14 is zero, instruction fetching and execution occur in
the normal manner. The wait indicator is on when the bit is one. When in wait state, the only
way of getting out of such state is through an Interruption, which is covered in 1.20,
“Interrupts” on page 36, or by an IPL (a z/OS boot).

Certain bits, when off in the current PSW, place the CP in a disabled state; the CP does not

accept Interrupts. So when z/OS, for any error reason (software or hardware) decides to stop
a CP, it sets the PSW to the Disable and Wait state, forcing an IPL in order to restore the CP
back to the running state.

Problem state - P (bit 15)

When bit 15 is one, the CP is in the problem state. When bit 15 is zero, the CP is in the
supervisor state. In the supervisor state, all instructions are valid.

In the problem state, only those instructions are valid that provide meaningful information to
the problem program and that cannot affect system integrity; such instructions are called
unprivileged instructions; see “Problem or supervisor bit mode (bit 15)” on page 21.

The instructions that are never valid in the problem state are called privileged instructions.
When a CP in the problem state attempts to execute a privileged instruction, a
privileged-operation exception is recognized. Another group of instructions, called
semi-privileged instructions, are executed by a CP in the problem state only if specific
authority tests are met; otherwise, a privileged-operation exception or a special-operation
exception is recognized; see “Problem or supervisor bit mode (bit 15)” on page 21.

Address-space control -AS (bits 16-17)
Bits 16 and 17, in conjunction with PSW bit 5, control the translation mode.

Condition code - CC (bits 18-19)

Bits 18 and 19 are the two bits of the condition code. The condition code is setto 0, 1, 2, or 3,
depending on the result obtained in executing certain instructions. Most arithmetic and logical
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operations, as well as some other operations, set the condition code. The instruction
BRANCH ON CONDITION can specify any selection of the condition-code values as a
criterion for branching.

The part of the CP that executes instructions is called the arithmetic logic unit (ALU). The
ALU has internally four bits that are set by certain instructions. At the end of these
instructions, this 4-bit configuration is mapped into bits 18 and 19 of the current PSW.

As an example, the instruction COMPARE establishes a comparison between two operands.
The result of the comparison is placed in the CC of the current PSW, as follows:

» If CC=00, then the operands are equal.
» If CC=01, then first operand is lower.
» If CC=10, then first operand is greater.

To test the contents of a CC (set by a previous instruction), use the BRANCH ON
CONDITION (BC) instruction. It contains an address of another instruction (branch address)
to be executed, depending on the comparison of the CC and a mask M. The instruction
address in the current PSW is replaced by the branch address if the condition code has one
of the values specified by M; otherwise, normal instruction sequencing proceeds with the
normal updated instruction address. Here are the types of codes:

» Condition code (bits 18,19 PSW)

» Return code - a code associated with how a program ended

» Completion code - a code associated with how a task ended

» Reason code - a code passed in the GPR 15 detailing how a task ended

Program Mask (bits 20-23)

During the execution of an arithmetic instruction, the CP may find some unusual (or error)
condition, such as overflows, lost of significance, or underflow. In such cases, the CP
generates a program interrupt; refer to 1.22, “Types of interrupts” on page 39 for more details.

When this interrupt is treated by z/OS, usually the current task is abnormally ended (ABEND).
However, in certain situations programmers do not want an ABEND, so by using the
instruction SET PROGRAM MASK (SPM), they can mask such interrupts by setting some of
the program mask bits to OFF. Each bit is associated with one type of condition:

» Fixed point overflow (bit 20)
Decimal overflow (bit 21)
Exponent underflow (bit 22)
Significance (bit 23)

vvyy

The active program is informed about these events through the condition code posted by the
instruction where the events described happened.

The contents of the CP can be totally changed by two events:

» Loading a new PSW from storage along an interruption
» By executing the instruction LPSW, which copies 128 bits from memory to the current
PSW

Extended addressing mode - EA, BA (bits 31-32)

The combination of bits 31 and 32 identify the addressing mode (24, 31 or 64) of the running
program. Bit 31 controls the size of effective addresses and effective-address generation in
conjunction with bit 32, the basic-addressing-mode bit. When bit 31 is zero, the addressing
mode is controlled by bit 32. When bits 31 and 32 are both one, 64-bit addressing is specified,;
refer to 1.8, “Addressing mode” on page 15 for more information.

Chapter 1. Introduction to z/Architecture 25



1.15 Prefixed save area (PSA)
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END. Length . Function

0 8 Restart NEW PSW; IPL PSW D e unlon___
8 8 Restart OLD PSW;IPL CCW1 150 6 PER (1 or 2) Code + PER Address
00 8. QY addresss IRL.CCW2 . ......... 156 4 Monitor Code
248 EXtha,l QLD FSW 160 2 Exception Access + PER Access
32 8  Supervisor Call  OLD PSW 184 4  SID (0001+Subchannel #)  => 3.1
40 8 Progrgm Check OLD PSW 188 4  I/O Interr.Param.subchannel (@ UCB)
48 8  Machine Check — OLD PSW 216 8  St.Status / Mach.Check CPU Timer SA
56 8 Input/Output OLD PSW 224§ St Status / Mach.Check Clock Comp SA
88 8 Extema}l NEW PSW 232 8 Machine Check Interruption Code
96_8 Supervisor Call NEW PSW 244 4  External Damage Code
104 8 P rogram Check NEW PSW 248 4  Failing Storage Address
112 8 Machine Check NEW PSW 256 16  St.Status PSW SA; Fixed Logout area
120 8 Input/ Output NEW PSW 272 16 Reserved
128 ‘4 External Interr.Parameter 288 64 St.Status / Mach.Check Access reg.SA
1324 CPU Address + External Code 352 32 St.Status / Mach.Check FIt.Pt. reg.SA
136 4 SVC Interuption ILC + Code 384 64 St.Status / Mach.Check General reg.SA
140 4 Program. Interrupuqn: ILC + Code 448 64 St.Status / Mach.Check Control reg.AS
144 4  Translation Exception ID

Figure 1-15 Prefixed save area (PSA)

Prefixed save area (PSA)

Figure 1-15 depicts the layout of the PSA in z/Architecture. The PSA maps the storage that
starts at location 0 for the related server. The function of the PSA is to map fixed hardware
and software storage locations for the related server.

IPL of a server

Initial program load (IPL) provides a manual means for causing a program to be read from a
designated device, and for initiating the execution of that program.

An IPL is initiated manually by setting the load-unit-address controls to a four-digit number to
designate an input device, and by subsequently activating the load-clear or load-normal key.
Activating the load-clear or load-normal key sets the architectural mode to the ESA/390
mode.

The first CCW to be executed is not fetched from storage. Instead, the effect is an implied
format-0 CCW, beginning in absolute location 0.
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1.16 Several instruction formats
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Figure 1-16 Several instruction types

Instruction formats

An instruction is one, two, or three halfwords in length, as shown in Figure 1-16, and must be
located in storage on a halfword boundary. Each instruction is in one of 18 basic formats: E,
RR, RRE, RRF, RX, RXE, RXF, RS, RSE, RSL, RS|, RI, RIE, RIL, SI, S, SSE, and SS, with
three variations of RRF, two of RS, RSE, and RIL, and four of SS.

Instruction set

The instruction set is a key item of the architecture, and it provides the function to allow
programmers to access the hardware functions when creating programs. This means the set
of instructions that programs (application or operating system) may use. In other words, the
CP executes instructions, but only the ones defined by the computer architecture in the
instruction set.

The quality of an architecture depends very much on how powerful the instruction set is in
solving the various types of programming solutions. z/Architecture is a powerful architecture
used to run in general purpose servers and to address different kinds of problems.

There are more than 550 instructions, as defined in z/Architecture. Each instruction has an
implicit logic described in z/Architecture Principles of Operations, SA22-7832.
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Instruction codes
Each instruction has the following generic information:

Op codes The instruction codes, or Op codes, indicate to the hardware which instruction

to execute. For example, ADD (A) has an instruction code of 5A; CHECKSUM
(CKSM) has an instruction code of B241.

Operands The operands are the remainder of the instruction, following the Op code. They

can be in storage (the instruction indicates the address), or in a register (the
instruction indicates the register number).

In z/Architecture, an instruction may be two bytes, four bytes or six bytes in size, depending
on the amount of information it needs to pass to the CP. The size is declared in the first two
bits of the instruction code. For example, ADD REGISTER (1A), which adds the contents of
two GPRs, only has two bytes: one for the code, and the other to indicate the pair of GPRs

involved.

All instructions that process operands in storage need to address that operand. For that,
z/Architecture adds the following:

» Contents of a GPR indicated in the instruction as a base register, such as R1 (as shown in
Figure 1-16 on page 27).

» Contents of a GPR indicated in the instruction as an index or base register, such as B1 (as
shown in Figure 1-16 on page 27).

» A displacement is indicated in the instruction, such as D1 (as shown in Figure 1-16 on
page 27). For the RSY, RXY and SYI type of instruction, this displacement is 20 bits (1-M
range); for the others, it has 12 bits.

E
RR
RRE
RRF

RX
RXE
RXF

RS
RSE
RSL
RSI
RIE
RIL

Sl

Denotes an operation using implied operands and having an extended Op code field.
Denotes a register-and-register operation.

Denotesaregister-and-registeroperation havingan extended Op codefield.

Denotes a register-and-register operation having an extended Op code field and an
additional R field, or M field, or both.

Denotes a register-and-indexed-storage operation.

Denotes a register-and-indexed-storage operation having an extended Op code field.
Denotes a register-and-indexed-storage operation having an extended Op code field
and an additional R field.

Denotes a register-and-storage operation.

Denotes a register-and-storage operation having an extended Op code field.
Denotes a storage operation (with an instruction format derived from the RSE format).
Denotes a register-and-immediate operation having an extended Op code field.
Denotes a register-and-immediate operation having a longer extended Op code field.
Denotes a register-and-immediate operation having an extended Op code field and a
longer immediate field.

Denotes a storage-and-immediate operation.
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1.17 Microcode concepts
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Figure 1-17 Microcode concept

Microcode concepts

To better explain how z/Architecture instructions are implemented in zSeries, we now
introduce the concept of microcode. The vast majority of the z/Architecture instruction set is
implemented through microcode. Microcode is a design option (not an architecture option)
that is used to implement CP logic. To make it simple, we can divide the CP into two pieces:
data control and data flow (also called ALU). Instructions are really executed in the data flow
(where data is transformed); however, the sequence and timing of each of the multiple
operations done in the data flow is ordered from the data control. It is similar to an orchestra:
musicians (like pieces of data flow) know how to play their instrument, but they need guidance
and tempo from the maestro (the data control) in order to execute.

In a microcoded CP, for each possible instruction of the instruction set, there is one micro
program that tells data control what to do in order to execute the instruction in the data flow.
The micro program has, in a special language, the sequence of orders to be sent by the data
flow. These micro programs are loaded in a special internal memory in the CP, called control
storage, at power-on reset time. Decoding an instruction consists of finding the address in the
control storage of its micro program. The opposite of microcoding is hardwiring, in which the
logic of data control for each instruction is determined by Boolean hardware components. The
advantage of microcoding is flexibility, where any correction or new function can be
implemented by just changing or adding to the existent microcode. It is also possible that the
same CP may switch instantaneously from one architecture to another (such as from
ESA/390 to z/Architecture) by using another set of microcode to be loaded into another piece
of its control storage.
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1.18 z/Architecture components
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Figure 1-18 Zz/Architecture components

Multiprocessing concepts

Allowing many processes at the same time in a system can cause a single CP to be heavily
utilized. In the 1970s, IBM introduced a tightly coupled multiprocessing complex, allowing
more than one CP to execute more than one process (task) simultaneously. All these CPs
share the same real storage (main storage, central storage, and real storage are different
terms for the same kind of memory), which is controlled by a single z/OS copy in such
storage.

To implement tightly coupled systems, the following items are needed in the architecture:

» Shared main storage, which allows several CPs (up to 32 with the z990, in some server
models) to share the same main storage

» CP-to-CP interconnection and signalling; refer to “CPU signaling facility” on page 61

» Time-of-Day Clock (TOD) synchronization, to guarantee that all TODs in the same server
are synchronized; refer to “Time measurement TOD” on page 62 for more details

A system is made up of hardware products, including a central processor (CP), and software
products, with the primary software being an operating system such as MVS. Other types of
software (system application programs, end-user application programmatic tools) also run on
the system. The CP is the functional hardware unit that interprets and processes program
instructions. The CP and other system hardware, such as channels and storage, make up a
server complex.
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z/Architecture defines that a single CP processes one—and only one—instruction from a
program at a time. The MVS operating system (z/OS) manages the instructions to be
processed and the resources required to process them. When a single copy of the MVS
operating system (MVS image) manages the processing of a CPC that has a single CP, the
system configuration is called a uniprocessor.

When you add more CPs to the server complex, you add the capability of processing program
instructions simultaneously. When all the CPs share central storage and a single MVS image
manages the processing, work is assigned to a CP that is available to do the work. If a CP
fails, work can be routed to another CP. This hardware and software organization is called a
tightly coupled multiprocessor.

A tightly coupled multiprocessor has more than one CP, and a single MVS image, sharing
central storage. The CPs are managed by the single MVS image, which assigns work to
them. As mentioned, the multiprocessing facility includes the following:

» Shared main storage
» CP-to-CP interconnection
» TOD clock synchronization

Data formats
The following data formats are used by z/Architecture:

Decimal Decimal numbers may be represented in either the zoned or packed
format. Both decimal number formats are of variable length; the
instructions used to operate on decimal data each specify the length of
their operands and results. Each byte of either format consists of a pair of
four-bit codes; the four-bit codes include decimal-digit codes, sign codes,
and a zone code.

Floating point Four additional floating-point facilities improve the
hexadecimal-floating-point (HFP) capability of the server and add a
binary-floating-point (BFP from IEEE) capability.

Binary Binary integers are either signed or unsigned. Unsigned binary integers
have the same format as signed binary integers, except that the left-most
bit is interpreted as another numeric bit, rather than a sign bit. There is no
complement notation because all unsigned binary integers are
considered positive.

Alphanumeric Such as EBCDIC, ASCII, UNICODE, UTF-8.

Note: For an illustration of the data formats, refer to Figure 1-19 on page 33.

Instruction set

The instruction set for z/Architecture has many new instructions, and many of them operate
on 64-bit binary integers. All ESA/390 instructions, except for the asynchronous-pageout,
asynchronous-data-mover, program-call-fast, and vector facilities, are included in
z/Architecture. The bit positions of the general registers and control registers of z/Architecture
are numbered 0-63. An ESA/390 instruction that operates on bit positions 0-31 of a 32-bit
register in ESA/390 operates instead on bit positions 32-63 of a 64-bit register in
z/Architecture.

Interrupts

With an interrupt, certain events may cause a change in the status of the server and the
selection of the next instruction to be executed by the server.
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Storage protection
Storage protection mechanisms, needed because several programs from different users
(processes), may occupy locations in the same memory at the same time.

Addressing memory locations
z/Architecture contains a scheme to allow programs to address memory locations, where
data and instructions are stored (virtual storage).

CP signalling facility

The signaling facility among CPs consists of a CP-signaling-and-response facility that uses
the SIGNAL PROCESSOR order and a mechanism to interpret and act on several order
codes. The facility provides for communications among CPs, including transmitting, receiving,
and decoding a set of assigned order codes; initiating the specified operation; and responding
to the signaling CP. A CP can address a SIGNAL PROCESSOR to itself.

Time measurements and synchronization

Time measurements and time synchronization are provided, as every CP has access to a
TOD clock and every channel subsystem has access to at least one channel-subsystem
timer. When multiple channel-subsystem timers are provided, synchronization among these
timers is also provided, creating the effect that all the timing facilities of the channel
subsystem share a single timer. Synchronization among these timers may be supplied either
through a TOD clock, or independently, by the channel subsystem.

Coupling Facility concepts

The Coupling Facility enables high performance data sharing among z/OS systems that are
connected by means of the facility. The Coupling Facility provides storage that can be
dynamically partitioned for caching data in shared buffers, maintaining work queues and
status information in shared lists, and locking data by means of shared lock controls. z/OS
services provide access to and manipulation of Coupling Facility contents.
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1.19 z/Architecture data formats
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Figure 1-19 Zz/Architecture data formats

Data formats

Central storage is a volatile magnetic digital device used to store instructions and data
manipulated by such instructions. Central storage is made up of bytes, and each byte in
z/Architecture is eight bits. The format of the data allowed depends on how the logic of an
instruction understands it. The following data formats are used with z/Architecture.

Binary integers

Binary integers (also called fixed point) are treated as signed or unsigned, without a fraction
point. In an unsigned binary integer, all bits are used to express the absolute value of the
number. When two unsigned binary integers of different lengths are added, the shorter
number is considered to be extended on the left with zeros. For signed binary integers, the
left-most bit represents the sign (0 for positive and 1 for negative), which is followed by the
numeric field. Positive numbers are represented in true binary notation with the sign bit set to
zero. Negative numbers are represented in two's-complement binary notation, with a one in
the sign-bit position. The length of such data can be two bytes (a half word), four bytes (a full
word) or eight bytes (a double word).

Decimal numbers

Decimal numbers are represented in a variable number of bytes, and may be represented in
either the zoned or packed format. Each byte of either format consists of a pair of four-bit
codes. The four-bit codes may be decimal digit codes, sign codes, and a zone code.
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In the zoned format, the rightmost four bits of a byte are called the numeric bits (N), and
normally consist of a code representing a decimal digit (from 0 to 9). The left-most four bits of
a byte are called the zone bits (Z), usually an X’F’, except for the rightmost byte of a decimal
operand, where these bits may be treated either as a zone or as a sign (S).

Decimal digits in the zoned format may be part of a larger character set (as EBCDIC), which
includes also alphabetic and special characters. The zoned format is, therefore, suitable for
input, editing, and output of numeric data in human-readable form. There are no
decimal-arithmetic instructions that operate directly on decimal numbers in the zoned format;
such numbers must first be converted to the packed format.

In the packed format, each byte contains two decimal digits (D), except for the rightmost byte,
which contains a sign to the right of a decimal digit (Hex C or Hex F for positive, and Hex D for
negative). Decimal arithmetic operation is performed with operands in the packed format, and
generates results in the packed format. The packed-format operands and results of
decimal-arithmetic instructions may be up to 16 bytes (31 digits and sign). The editing
instructions can fetch as many as 256 decimal digits from one or more decimal humbers of
variable length, each in packed format. There are instructions to convert between the numeric
data formats.

Floating point numbers

The floating-point number is used to represent large real numbers with high precision, which
is usually needed in engineering and science processing. This format includes a fraction point
separating the integer part from the rest. It has three components: a sign bit, a signed binary
exponent, and a significant. The significant consists of an implicit unit digit to the left of an
implied radix point, and an explicit fraction field to the right. The significant digits are based on
the radix, 2 or 16.

The magnitude (an unsigned value) of the number is the product of the significant and the
radix raised to the power of the exponent. The number is positive or negative depending on
whether the sign bit is zero or one, respectively. The radix values 16 and 2 lead to the
terminology “hexadecimal” and “binary” floating point (HFP developed by IBM and BFP
developed by IEEE). The formats are also based on three operand lengths: short (32 bits),
long (64 bits), and extended (128 bits).There are instructions (FPS) able to execute both
types, just as there are instructions specialized in just one of the formats.

The exponent of an HFP number is represented in the number as an unsigned seven-bit
binary integer called the characteristic. The characteristic is obtained by adding 64 to the
exponent value (excess-64 notation). The range of the characteristic is 0 to 127 (7 bits), which
corresponds to an exponent range of -64 (1111111) to +63 (0111111).

The exponent of a BFP number is represented in the number as an unsigned binary integer
called the biased exponent. The biased exponent is obtained by adding a bias to the
exponent value. The number of bit positions containing the biased exponent, the value of the
bias, and the exponent range depend on the number format (short, long, or extended) and
are shown for the three formats. For more information about floating point representation,
refer to 1.11, “Floating point registers” on page 20.

EBCDIC data

Extended Binary - Coded-Decimal Interchange Code (EBCDIC) is an alpha-numeric 8-bit
(256 possibilities) code, developed by IBM, to represent in memory graphic signs as letters,
numbers, and certain special signals such as: $, #, & and so on. For instance, if you key the
letter A in your mainframe keyboard, the byte in memory where that letter is read presents the
hexadecimal pattern C1 (1100 0001 in binary) when in EBCDIC.
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If you key the letter B, you have C2 (1100 0010). If you key the number 2, you have F2 (1111
0010). Refer to z/Architecture Reference Summary, SA22-7871 for the complete set of
EBCDIC code.

ASCII data
ASCIl is a standard from Unsound is also an alpha-numeric 8-bit code. It is fully supported in
z/Architecture by a set of several instructions.

Unicode
Unicode an alpha-numeric double byte code with 64 KB possibilities. It is fully supported in
z/Architecture by a set of several instructions.

UTF-8
UTF-8 is an alpha-numeric quadri-byte code with 4 GB possibilities. It is fully supported in
z/Architecture by a set of several instructions.

Chapter 1. Introduction to z/Architecture 35



1.20 Interrupts
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Figure 1-20 The six types of interrupts

Interrupt events

An interrupt occurs when the CP detects one of six events. During interrupt processing, the
CP does the following:

» Stores (saves) the current PSW in a specific central storage location named old PSW

» Fetches, from a specific central storage location named new PSW, an image of PSW and
loads it in the current PSW

» Stores information identifying the cause of the interrupt in a specific central storage
location called interrupt code

Note that old and new PSWs are just copies of the PSW current contents. Processing
resumes as specified by the new PSW instruction address and status. The old PSW stored on
an interrupt normally contains the status and the address of the instruction that would have
been executed next had the interrupt not occurred, thus permitting later the resumption of the
interrupted program (and task).

Six groups of events cause interrupts: Supervisor Call (SVC), Input/Output, Program check,
External, processor check, and Restart. For each type of interrupt there are, in central
storage, a trio of locations for old PSW, new PSW, and interrupt codes. These locations are
kept in an 8 KB area at the very beginning of central storage called the Prefix Storage Area
(PSA). For example, the address of the SVC New PSW is X'1C0’, the address of I1/0 Old PSW
is X’140’ and the address of the 1/O interrupt code is X’88”. For more information, refer to
“Fixed Storage Locations” in SA22-7871.

36  ABCs of z/0OS System Programming Volume 10



1.21 Interrupt processing
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Figure 1-21 Types of interrupt processing

Interrupts

Depending on the type of the interrupt, a CP may be temporarily disabled by z/OS because of
integrity reasons, as described by bits 6 and 7 in the PSW and also by bit settings in the CRs.
In this case, the interrupt is not lost but stacked in the original hardware element, or handled
by other CPs in the server.

Types of interrupts
As mentioned, there are six classes of interruption conditions: Supervisor call (SVC), I/O,
program check, external, processor check, and restart.

Reasons for interrupts

When the CP finishes the execution of one instruction, it executes the next sequential
instruction (the one located in an address after the one just executed). The instruction
address field in the current PSW is updated in order to execute the next instruction. If the logic
(set of logically connected instructions) of the program allows it, the next instruction can
branch to another instruction through the BRANCH ON CONDITION instruction.

In a sense, an interrupt is a sort of branching—but there is a logical difference between a
BRANCH instruction issued in a program and an interrupt. A BRANCH is simply a twist in the
logic of the program. In an interrupt, however, one of the six interruption conditions occurred
which needs to be brought to the attention of z/OS immediately. In the following section, we
describe the flow of an interrupt.
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Step 1

The application program is interrupted by one of the six classes of interrupts.

Step 2 and Step 3

The CP was following the sequence of the instructions pointed by the instruction address in
the current PSW and suddenly, after the interrupt, it now addresses (and executes) the
instruction pointed to by the copy of PSW located in the new PSW, which is now loaded in the
current PSW.

Each type of interrupt has two related PSWs, called old and new, in permanently assigned
real storage locations. Each type of interrupt involves storing information that identifies the
cause of the interrupt, storing the current PSW at the old-PSW location, and fetching the
PSW at the new-PSW location, which becomes the current PSW.

Note that all the events generating interrupts have something in common: they cannot be
processed by an application program. Instead, they need z/OS services (see Step 4). So why
is it that a simple branch to z/OS code does not solve the problem? The reason is because a
branch does not change the bits of the current PSW.

Step 4

Control is passed to the first level interrupt handler (FLIH). z/OS will use privileged
instructions to respond to the event; the new PSW (prepared by z/OS itself) has bit 15 turned
off (see “Problem state - P (bit 15)” on page 24). z/OS needs to access a storage location to
respond to the event, and the new PSW (prepared by z/OS) has the PSW key set for that
storage location.

Step 5
Control is passed, for each type of interrupt, to a second level interrupt handler for further
processing of the interrupt.

Step 6
The MVS dispatcher that dispatches all waiting tasks can dispatch the interrupted program if
an available CP is ready for new work.

Step 7
The MVS dispatcher does this by using the old PSW, which has been saved, and which
contains CP status information necessary for resumption of the interrupted program.

At the conclusion of the program invoked by the interruption, the instruction LOAD PSW
EXTENDED may be used to restore the current PSW to the value of the old PSW and return
control to the interrupted program.

In the following section, we examine each type of interrupt in more detail.
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1.22 Types of interrupts
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Figure 1-22 Types of interrupts

Program check interrupt

This interrupt is generated by the CP when something is wrong during the execution of an
instruction. For example:

» 0001 is an operation exception meaning that the CP tried to execute an instruction with an
unknown operation code.

» 0002 is a privileged-operation exception meaning that the CP tried to execute a privileged
instruction with the current PSW having bit 15 on, indicating problem mode.

Usually the z/OS reaction to a program interrupt is to ABEND the task that was executing the
program in error.

Remember that certain causes for program interrupts can be masked by the SET PROGRAM
MASK (SPM) instruction, as covered in 1.14, “Program-status-word format” on page 23.
However, getting something wrong during instruction execution does not necessarily indicate
an error. For example, a page fault program interrupt (interrupt code 11) indicates that the
virtual storage address does not correspond to a real address in central storage, but the task
is not ABENDed. Refer to 1.30, “Dynamic address translation (DAT)” on page 52 for more
information.

Sometimes a bad pointer used in a branch instruction may cause operation exception or
protection exception program interrupts. These are difficult to diagnose since there is no clue
about how the system got there. With the new wild branch hardware facility of the z9-109, the
last address from which a successful branch instruction was executed is kept in storage.
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1.23 Supervisor call interrupt
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Figure 1-23 Example of an SVC 0 interrupt

Supervisor call interruption

This interrupt is triggered in the CP by the execution of the SUPERVISOR CALL (SVC)
instruction. This instruction has two bytes:

» OA as the instruction code in the first byte
» The SVC interrupt code (SVC number) in the second byte

When executed by the CP, the SVC instruction causes an SVC interrupt; that is, the current
PSW is stored in the PSA at the SVC old PSW, a new PSW from the PSA is loaded in the
current PSW, and the second byte of the instruction is stored in the SVC interrupt code in
PSA memory.

The reason for such interrupts is part of the architecture, where an application program
running in problem mode (bit 15 of the current PSW on) may pass control to z/OS asking for a
service. After the interrupt, the CP goes to the current PSW to get the address of the next
instruction. Now, the content of the current PSW is the copy of the SVC new PSW, which is in
supervisor state. This PSW points to the first instruction of a code inside z/OS named SVC
first level interrupt handler (FLIH). This FLIH, is already running in supervisor state saves the
contents of the registers and the SVC old PSW in the Task Control Block (TCB) - a control
block in memory allocated by z/OS to keep the state of the interrupted process. In the majority
of the cases SVC FLIH branches to a second level interrupt handler (SLIH) z/OS routine.
SLIH gets the interruption code (SVC number), that is used as an index into a SVC table
control block. There is an entry in such a table per every possible SVC number. The entry
describes the state and the address of a z/OS SVC routine that handles a required function
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associated with the SVC number. For example, SVC 0 means the z/OS EXCP routine, the
one in charge of starting an 1/0 operation. Consulting the proper entry in the SVC table, the
SVC SLIH routine branches to the specific SVC routine. Consequently, the program issuing
the SVC instruction needs to know the relationship between the SVC interrupt code and the
z/OS component to be invoked. For example:

» 00 means that the application program is invoking the input/output supervisor (I0S),
asking for an I/O operation (EXCP).

» 01 means that the active task wants to enter the wait sate (Wait).

» 04 means that the active task wants the permit to address some virtual addresses
(GETMAIN).

However, the limit for the number of SVC routines is 256, because the SVC number has just
one byte. To circumvent the problem, z/OS introduced the concept of Extended SVC Router
(ESR). It implies that certain SVC routines, such as SVC 109, are just another router. By
inspecting the contents of the general purpose register (GPR) 1 and using another table, SVC
routine 109 routes to a z/OS routine that will execute the required function. For example,
depending on the contents of GPR 1, SVC 109 may invoke IFAUSAGE, or MSGDISP, or
OUTADD z/OS routines.

After the request is processed by the z/OS SVC routine, the interrupted program can regain
control by restoring of its registers and the LPSWE instruction issued against the copy of the
SVC old PSW in the TCB.

Input/output interrupt

An I/O operation is requested by a task to the input/output supervisor (I0S) through an SVC 0
instruction. After the SVC interrupt processing, the SVC FLIH passes control to 10S. In
z/Architecture, the 1/0 operation is not handled by the CP executing z/OS code. There are
less expensive and more specialized servers to do the job: the channels. When IOS issues
the privileged START SUBCHANNEL (SSCH) instruction, the CP delegates to a channel the
execution of the 1/0 operation. Then, the I/O operation is a dialogue between the channel and
an 1/0O control unit, in order to move data between central storage and the I/O device
controlled by such a controller. After the execution of the SSCH instruction, 10S returns
control to the task issuer of the SVC 0. This task places itself in walit, till the end of the I/O
operation.

Now, how does I0S and the CP become aware that the I/O operation handled by the channel
is finished? This is handled through an I/O interrupt triggered by the channel. The I/O new
PSW points to the I0S code in z/OS (I/0O FLIH) and the interrupt codes tell IOS which device
has an I/O operation that has completed. Also, be aware that there may be many I/O
operations running in parallel. The final status of the 1/0 operation is kept in a control block
called the Interrupt Request Block (IRB), which is placed in storage through the execution of
the TEST SUBCHANNEL instruction. The I/O old PSW has the current PSW at the moment
of the I/O interrupt, so it can be used to resume the processing of the interrupted task.

External interrupt
This type of interrupt has eight different causes, usually not connected with what the active
program is doing, as follows:

» 0040 Interrupt key - An interrupt request for the interrupt key is generated when the
operator activates that key in the HMC console; refer to “System components” on page 7.

» 1004 Clock comparator - The contents of the TOD Clock became equal to the Clock
Comparator; refer to “Time measurement TOD” on page 62.

» 1005 CPU timer - The contents of the CPU Timer became negative; refer to “Time
measurement (CP timer)” on page 64.
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» 1200 Malfunction alert - Another CPU in the MP tightly coupled complex is in check stop
state due to an hardware error. The address of the CPU that generated the condition is
stored at PSA locations 132-133.

» 1201 Emergency signal - Generated by the SIGNAL PROCESSOR instruction when z/OS,
running in a CPU with a hardware malfunction, decided to stop (Wait Disable) that CPU.
The address of the CPU sending the signal is provided with the interrupt code when the
interrupt occurs. (Note that the CPU receiving such an interrupt is not the one with the
defect.)

» 1202 External call - Generated by the SIGNAL PROCESSOR instruction when a program
wants to communicate synchronously or asynchronously with another program running in
another CPU. The address of the CPU sending the signal is provided with the interrupt
code when the interrupt occurs.

» 1406 ETR - An interrupt request for the External Timer Reference (ETR) is generated
when a port availability change occurs at any port in the current server-port group, or
when an ETR alert occurs; refer to “Time measurement TOD” on page 62.

» 2401 Service signal - An interrupt request for a service signal is generated upon the
completion of certain configuration control and maintenance functions, such as those
initiated by means of the model-dependent DIAGNOSE instruction. A 32-bit parameter is
provided with the interrupt to assist the program in determining the operation for which the
interrupt is reported.

Processor check interrupt

This type of interrupt is a part of the processor check-handling mechanism. This mechanism
provides extensive equipment malfunction detection to ensure the integrity of system
operation and to permit automatic recovery from some malfunctions. This detection design is
mainly based on the redundancy of components. For example, within each CP there are
execution units, two of them executing the same instruction and a third comparing the results.

Equipment malfunctions and certain external disturbances are reported by means of a
processor check interrupt to assist z/OS in program damage assessment and recovery. The
interrupt supplies z/OS with information about the extent of the damage and the location and
nature of the cause.

Four hardware mechanisms may be used to provide recovery from server-detected
malfunctions: error checking and correction, CP retry, channel subsystem recovery, and unit
deletion.

There are two types of processor-check-interrupt conditions: exigent conditions and
repressible conditions:

» Exigent processor-check-interrupt conditions are those in which damage has or would
have occurred such that execution of the current instruction or interrupt sequence cannot
safely continue.

» Repressible processor-check-interrupt conditions are those in which the results of the
instruction processing sequence have not been affected.

Restart interrupt

The restart interrupt provides a means for the operator (by using the restart key in HMC) or a
program running on another CP (through a SIGNAL PROCESSOR instruction) to invoke the
execution of a specified z/OS component program. The CP cannot be disabled for this
interrupt. In z/OS, the specific component does an evaluation of the system status, reporting
hangs, locks, and unusual states in certain tasks. It gives the operator a chance to cancel the
offending task. It maybe the last chance in order to avoid an IPL.
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1.24 Storage protection
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Figure 1-24  Storage protection

Storage protection

This is one of the mechanisms implemented by z/Architecture to protect central storage. With
multiprocessing, hundreds of tasks can run programs accessing physically any piece of
central storage.

Storage protection imposes limits and a task is only able to access (for read or write) the
central storage locations with its own data and programs, or, if specifically allowed, to read
areas from other tasks. Any violation of this rule causes the CP to generate a program
interrupt 0004 (protection exception), that makes z/OS ABEND that task.

All real addresses manipulated by CPs or channels must go through the storage protection
verification before being used as an argument to access the contents of central storage. The
input of storage protection is a real storage address, and the output is an OK or a program
interrupt 0004.

Storage key

For each 4 KB block of central storage, there is a 7-bit control field, called a storage key. This
key is used as follows:

» Access control bits

Bits 0-3 are matched against the 4-bit protection key in the program status word (PSW)
whenever information is stored, or whenever information is fetched from a location that is
protected against fetching.
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» PSW protection keys

There are16 protection keys (0 to 15) provided by the PSW, and they are matched against
the access control bits in the storage key. The storage protection implementation formats
central (real) storage into 4 KB frames. For each 4 KB frame, there is a 7-bit storage key.
Each storage key has:

4 access control bits (shown as KKKK in Figure 1-24 on page 43)
Fetch bit

Reference bit

Change bit

PSW key field

The PSW key field (bits 8 to 11) is set by the privileged SET PSW KEY FROM ADDRESS
instruction. This key is compared to the access control bits (kkkk) for the frame being
referenced for storage access.

Fetch protection bit

Bit 4 indicates whether protection applies to fetch-type references. A zero indicates that only
store-type references are monitored, and that fetching with any protection key is permitted; a
one indicates that protection applies to both fetching and storing. No distinction is made
between the fetching of instructions and the fetching of operands.

Reference bit

Bit 5 is associated with dynamic address translation (DAT). It is normally set to one whenever
a location in the related 4 KB storage block is referred to for either storing or fetching of
information.

Change bit

Bit 6 is also associated with DAT. It is set to one each time that information is stored into the
corresponding 4 KB block of storage.

Note: For further information on storage protection, refer to 1.25, “Storage protection logic”
on page 45.
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1.25 Storage protection logic
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Figure 1-25 Storage protection logic

Storage protection logic

z/OS may alter storage key bits by issuing the SSKE instruction, and may inspect them by the
ISKE and IVSK instructions. The reference bit is inspected and switched off after inspection
by the RRBE instruction. On top of that, the CPU storage hardware switches on the reference
bit when the frame is accessed by any CPU or any channel, and also switches on the change
bit when the frame contents are changed by those components. The reference and change
bits do not participate in the storage protection algorithm. They are used for virtual storage
implementation; refer to 1.30, “Dynamic address translation (DAT)” on page 52.

The following conclusions can be reached from the logic:
» If a running program has PSW key equal to 0000, it may access any frame in memory.

» If the fetch bit is off in a frame, any program can read the contents of that frame.

» To read the contents of a frame where the fetch bit is on, the PSW key of the running
program must match the access control 4 bits in the storage key of the frame.

» To alter (write) the contents of a frame, the PSW key of the running program must match
the access control 4 bit in the storage key of the frame.

z/OS exploits storage protection by managing frame storage key values and running the
program PSW key field in the current PSW; for example, several z/OS routines run with PSW
key zero, and others run with PSW key one. Application code has PSW key eight.

Chapter 1. Introduction to z/Architecture 45



1.26 Addresses and address spaces
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Figure 1-26 Addressing and address spaces

Evolution of architectures

z/Architecture is the next step in the evolution from the System/360 to the System/370,

System/370 extended architecture (370-XA), Enterprise Systems Architecture/370

(ESA/370), and Enterprise Systems Architecture/390 (ESA/390). z/Architecture includes all of
the facilities of ESA/390 except for the asynchronous-pageout, asynchronous-data-mover,
program-call-fast, and vector facilities. z/Architecture also provides significant extensions, as

follows:

» 64-bit general registers and control registers.

» A 64-bit addressing mode, in addition to the 24-bit and 31-bit addressing modes of
ESA/390, which are carried forward to z/Architecture.

Both operand addresses and instruction addresses can be 64-bit addresses. The program
status word (PSW) is expanded to 16 bytes to contain the larger instruction address. The

PSW also contains a newly assigned bit that specifies 64-bit addressing mode.

» Up to three additional levels of dynamic-address-translation (DAT) tables, called region
tables, for translating 64-bit virtual addresses.

In order to support the growth in e-business with large numbers of users and transactions, a
64-bit virtual addressing scheme has been introduced. The first basic support in the z/OS

operating system for 64-bit virtual addressing was introduced with z/OS V1R2.
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An address is an argument used by the CP to access the contents of bytes in memory or
cache. A CP needs to access memory (also called central or real storage) to reach:

» An instruction, where its address is in the current PSW; refer to “Current program-status
word (PSW)” on page 21.

» An memory operand referred by an RS, RX, SS type of instruction. The operand address
is formed by:

— Adding the contents of a GPR, named base register plus a displacement of 12 bits (or
20 bits) declared in the instruction (refer to “Several instruction formats” on page 27), or

— Adding the contents of a GPR, named base register plus the contents of a GPR,
named index plus a displacement of 12 bits declared in the instruction

Addresses

An address size refers to the maximum number of significant bits that can represent an
address. With z/Architecture, three sizes of addresses are provided:

24-bit A 24-bit address can accommodate a maximum of 16,777,216 (16M) bytes.

31-bit With a 31-bit address, 2,147,483,648 (2 G) bytes can be addressed.

64-bit With a 64-bit address, 8,446,744,073,709,551,616 (16 E) bytes can be
addressed.

Any program running with 24-bit or 31-bit addresses can run in z/Architecture.
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1.27 z/Architecture address sizes
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Figure 1-27 Zz/Architecture address sizes

Addresses in 4-byte fields

The bits of an address that is 31 bits regardless of the addressing mode are numbered 1-31.
When a 24-bit or 31-bit address is contained in a four-byte field in storage, the bits are
numbered 8-31 or 1-31, respectively.

A 24-bit or 31-bit virtual address is expanded to 64 bits by appending 40 or 33 zeros,
respectively, on the left before it is translated by means of the DAT process. A 24-bit or 31-bit
real address is similarly expanded to 64 bits before it is transformed by prefixing. A 24-bit or
31-bit absolute address is expanded to 64 bits before main storage is accessed. Thus, a
24-bit address always designates a location in the first 16 MB block of the 16 exabyte storage
addressable by a 64-bit address, and a 31-bit address always designates a location in the first
2 GB block.

64-bit words

The bits of a 24-bit, 31-bit, or 64-bit address produced by address arithmetic under the control
of the current addressing mode are numbered 40-63, 33-63, and 0-63, respectively,
corresponding to the numbering of base address and index bits in a general register.

Therefore, whenever the server generates and provides to the program a 24-bit or 31-bit
address, the address is made available (placed in storage or loaded into a general register)
by being imbedded in a 32-bit field, with the left-most eight bits or one bit in the field,
respectively, set to zeros. When the address is loaded into a general register, bits 0-31 of the
register remain unchanged.
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1.28 Storage addressing
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Figure 1-28 Addresses in storage

Accessing storage

Storage is viewed as a long, horizontal string of bits, and is available in multiples of 4 KB
blocks. For most operations, access to storage proceeds in a left-to-right sequence. The
string of bits is subdivided into units of eight bits. This eight-bit unit is called a byte, which is
the basic building block of all information formats.

Bits and bytes

Each byte location in storage is identified by a unique nonnegative integer, which is the
address of that byte location or, simply, the byte address. Adjacent byte locations have
consecutive addresses, starting with 0 on the left and proceeding in a left-to-right sequence.
Addresses are unsigned binary integers and are 24, 31, or 64 bits.

The value given for a byte is the value obtained by considering the bits of the byte to
represent a binary code. Thus, when a byte is said to contain a zero, the value 00000000
binary, or 00 hex, is meant.

Within each group of bytes, bits are numbered in a left-to-right sequence. The left-most bits
are sometimes referred to as the “high-order” bits and the right-most bits as the “low-order”
bits. Bit numbers are not storage addresses, however. Only bytes can be addressed. To
operate on individual bits of a byte in storage, it is necessary to access the entire byte.

The bits in a byte are numbered 0 through 7, from left to right.
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1.29 Real storage locations
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Figure 1-29 Accessing data in storage

Storage location

Central storage is also referred to as main storage or real storage. When a program is
executing in an address space, the program’s virtual storage address in a 4 K frame where
the execution is taking place must be located in a central storage frame, as shown in
Figure 1-29.

Address space references

Main storage provides the system with directly addressable fast access storage of data. Both
data and programs must be loaded into main storage (from input devices) before they can be
processed. The storage is available in multiples of 4 KB blocks.

Therefore, MVS programs and data reside in virtual storage that, when necessary, is backed
by central storage. Most programs and data do not depend on their real addresses. Some
MVS programs, however, do depend on real addresses and some require these real
addresses to be less than 16 megabytes. MVS reserves as much central storage below 16
megabytes as it can for such programs and, for the most part, handles their central storage
dependencies without requiring them to make any changes.

Virtual address

A virtual address identifies a location in virtual storage. When a virtual address is used for an
access to main storage, it is translated by means of dynamic address translation to a real
address, which is then further converted by prefixing to an absolute address.
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A real address identifies a location in real storage. When a real address is used for an access
to main storage it is converted, by means of prefixing, to an absolute address. At any instant
there is one real address-to-absolute address mapping for each CP in the configuration.
When a real address is used by a CP to access main storage, it is converted to an absolute
address by prefixing.

Storage consisting of byte locations sequenced according to their real addresses is referred
to as real storage.

Virtual address to main storage

When a virtual address is used by a CP to access main storage it is first converted, by means
of dynamic address translation (DAT), to a real address, and then, by means of prefixing, to
an absolute address. DAT may use from five to two levels of tables (region first table (R1
index), region second table, region third table, segment table, and page table) as
transformation parameters.

The designation (origin and length) of the highest-level table for a specific address space is
called an address-space-control element, and it is found for use by DAT in a control register or
as specified by an access register. Alternatively, the address-space-control element for an
address space may be a real space designation, which indicates that DAT is to translate the
virtual address simply by treating it as a real address and without using any tables.
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1.30 Dynamic address translation (DAT)
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Figure 1-30 Dynamic address translation (DAT)

Dynamic address translation

Dynamic address translation (DAT) is the process of translating a virtual address during a
storage reference into the corresponding real address.

A segment table designation or region table designation causes translation to be performed
by means of tables established by the operating system in real or absolute storage.

In the process of translation when using a segment table designation or a region table
designation, three types of units of information are recognized:

Region A block of sequential virtual addresses spanning 2 Gbytes and beginning at the
4 Gbyte boundary (above the bar).

Segment A block of sequential virtual addresses spanning 1 MB and beginning ata 1 MB
boundary.

Page A block of sequential virtual addresses spanning 4 KB and beginning at a 4 KB
boundary. Starting with the z10 EC server, optionally a page can have a size of
1 M addresses (large pages). However, this is only possible for pages above
the bar. All those pages are fixed in central storage.

z/0S translation tables

There are three levels of translating tables: segment table, region table, and page table. Each
entry in the segment table points to a page table. Each entry in the page table points to the
location of the frame associated with that page.
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Dynamic address translation performs the following tasks:

» Receives an address from the CP (it does not matter if it refers to an operand or to an
instruction)

» Divides the address by 1 M. The quotient is the number of the segments (S), and the rest
is the displacement within the segment (D1).

» Finds the corresponding entry in the segment table to obtain the pointer of the
corresponding page table.

» Divides the D1 by 4 K. The quotient is the number of the page (P), and the rest is the
displacement within the page (D2). It finds the corresponding entry for P2 in the page
table, getting the location of the corresponding frame.

» Adds D2 with the frame location and passes back this result to the CP to allow access to
the memory contents.

Figure 1-31 on page 54 illustrates the process of translating the address x ‘4A6C8A26’.
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1.31 Dynamic address translation
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Figure 1-31 Virtual storage and dynamic address translation

Control registers and DAT

Translation of a virtual address is controlled by the DAT-mode bit and address-space-control
bits in the PSW and by the address-space-control elements (ASCESs) in control registers 1, 7,
and 13, and as specified by the access registers. When the ASCE used in a translation is a
region-first-table designation, the translation is performed by means of a region first table,
region second table, region third table, segment table, and page table, all of which reside in
real or absolute storage.

When the ASCE is a lower-level type of table designation (region-second-table designation,
region-third-table designation, or segment-table designation), then the translation is
performed by means of only the table levels beginning with the designated level—and the
virtual-address bits that would, if nonzero, require use of a higher level or levels of table must
be all zeros; otherwise, an ASCE-type exception is recognized. When the ASCE is a real
space designation, the virtual address is treated as a real address, and table entries in real or
absolute storage are not used.

Page faults

Following the DAT attempt, either a real address is determined or a page fault occurs. There
is a bit in the page table entry called the invalid bit. When the invalid bit is on, it means that
the content of the referenced page is not mapped into a frame in real storage. DAT reacts to
this by generating a program interrupt code X’11” indicating a page fault. This page must be
read in from external storage called a page data set.
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1.32 Page faults
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Figure 1-32 Virtual storage and page data sets

Page data sets

Paging data sets contain the paged-out portions of all virtual storage address spaces. In
addition, output to virtual I/O devices may be stored in the paging data sets. Before the first
IPL, an installation must allocate sufficient space on paging data sets to back up the following
virtual storage areas:

Primary storage for the pageable portions of the common area

Secondary storage for duplicate copies of the pageable common area

The paged-out portions of all swapped-in address spaces - both system and installation
Space for all address spaces that are, or were, swapped out

VIO data sets that are backed by auxiliary storage

vVvyyvyvyy

Address space virtual storage

Every address space has the same virtual storage mapping. Figure 1-32 shows two address
spaces with a virtual storage address of 10254000 which contains either data or executable
code belonging to that address space. For each address space to reference the 4 K page
beginning at that address, that 4 K page must reside in central storage, as shown by the real
addresses in central storage. When referenced, the page could either be in central storage
already, or a page fault occurs and it must be read from the page data set where is resides.
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DAT and MVS

To determine how to access the page in virtual storage, the functions are divided between
hardware (DAT) and the operating system (z/OS), as follows:

» DAT is in charge of translating the address, from now on called the virtual address,
producing or a location, from now on called the real address in central storage, or
generating a page fault.

There is a bit in the current PSW (bit 5) that when on, DAT is implicitly invoked for each
address referenced by the CP. When off, it means that the virtual address is equal to the
real address and DAT is not invoked.

» MVS is in charge of the following:

— Maintaining the tables (Segment and Page tables).

— Deciding which page contents are kept in real storage frames.

— Allocating I1/0 DASD page data sets to keep the unreferenced pages, when there is a
real storage frames shortage. These data sets are formatted in 4 KB slots.

— Supporting page faults, bringing to a real storage frame the copy of the page from the
page data sets.

— Executing page stealing, when the amount of available frames falls below a certain
threshold. The pages to be stolen are the least referenced. Pages in a central storage
frame have an associated count called the unreferenced-interval count (UIC) that is
calculated by MVS. This count measures for how many seconds such a page is
unreferenced. The pages with the highest UIC counts are the ones to be stolen.

Address space tables

MVS creates a segment table for each address space. The segment table entries point, as
shown in Figure 1-31 on page 54, to page tables for only the ones representing pages with
valid data in them in the address space. If a 4 K block of virtual addresses has no valid data in
it, there is no need to build a page table entry. There is a bit in segment table entry (the invalid
bit) that indicates this condition to DAT.

DAT knows the current address space because MVS loads, in control register 1, the real
address of its segment table. As shown in Figure 1-32 on page 55, the same virtual address
10254000 is referred to in two different address spaces that point to distinct real addresses.
Each address has its own segment table.

z/OS implements a common area in all address spaces. All the segments belonging to the
common area share the same set of page tables. Refer toABCs of z/OS System
Programming Volume 2, SG24-6982, for more information about the common areas.

If the virtual address is above the bar in the address space, the segment table is not used and
the appropriate region table is used for DA: Third Region table, Second Region table and First
Region table; refer to 1.6, “z/Architecture enhancements” on page 11.
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1.33 Dual address space (cross memory)
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Figure 1-33 Cross memory

MVCP and MVCS

The PC routine can, if necessary, access data in the user's address space without using ARs.
The MVCP instruction moves data from the secondary address space (the user) to the
primary address space (the service provider). The MVCS instruction moves data from the
primary address space (the service provider) to the secondary address space (the user). To
use the MVCP or MVCS instructions, the service provider must have obtained SSAR
authority to the user's address space before the PC routine receives control.

Cross memory

Synchronous cross-memory communication enables one program to provide services
synchronously to other programs. Synchronous cross-memory communication takes place
between address space 2, which gets control from address space 1 when the program call
(PC) instruction is issued. Address space 1 has previously established the necessary
environment, before the PC instruction transfers control to an address space 2 program called
a PC routine. The PC routine provides the requested service and then returns control to
address space 1.

The user program in address space 1 and the PC routine can execute in the same address
space or, as shown in Figure 1-33, in different address spaces. In either case, the PC routine
executes under the same TCB as the user program that issues the PC. Thus, the PC routine
provides the service synchronously.
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Dual address space or cross-memory (XM) is an evolution of virtual storage. It has three
objectives:

» Move data synchronously between virtual addresses located in distinct address spaces.

This can be implemented by the use of the SET SECONDARY ADDRESS REGISTER
(SSAR) instruction. It points to an address space and makes it secondary. A secondary
address space has its Segment Table pointed by CR 7 instead of CR 1. Next, using the
MOVE CHARACTER TO SECONDARY (MVCS) or MOVE CHARACTER TO PRIMARY
(MVCP), the objective can be accomplished.

Pass the control synchronously between instructions located in distinct address spaces.

There is an instruction PROGRAM CALL (PC) able to do that. To return the origin address
space, there is the instruction PROGRAM RETURN (PR).

Execute one instruction located in one AS and its operands are located in other address
space.

Through the SSAR instruction, a secondary address space is defined. Using the SET
ADDRESSABILITY CONTROL (SAC) instruction, the CP is placed in “Secondary Space
Translation mode”. When in this mode, the instruction’s virtual address is translated by
DAT through CR1 and the operand’s virtual addresses through CR7. Then, it is possible to
have more than one set of active DAT tables (for instructions or operands) for translation
depending on the translation mode as indicated by bits 16 and 17 in PSW, which are
modified by the SAC instruction.
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1.34 Access register mode (dataspaces)
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Figure 1-34 Access register mode

Access registers (ARs)

An access register (AR) is a hardware register that a program uses to identify an address
space or a data space. Each server has 16 ARs, numbered 0 through 15, and they are paired
one-to-one with the 16 general purpose registers (GPRs).

Dataspaces and hiperspaces

Dataspaces and hiperspaces are data-only spaces that can hold up to 2 gigabytes of data.
They provide integrity and isolation for the data they contain in much the same way as
address spaces provide integrity and isolation for the code and data they contain. They are an
extremely flexible solution to problems related to accessing large amounts of data.

There are two basic ways to place data in a data space or a hiperspace. One way is through
using buffers in the program's address space. A second way avoids the use of address space
virtual storage as an intermediate buffer area; instead, through data-in-virtual services, a
program can move data into a data space or hiperspace directly. For hiperspaces, the second
way reduces the amount of I/O.

Programs that use data spaces run in AR ASC mode. They use MVS macros to create,
control, and delete data spaces. Assembler instructions executing in the address space
directly manipulate data that resides in data spaces.
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Using access registers

Access registers provide you with a different function from cross-memory. You cannot use
them to branch into another address space. Through access registers, however, you can use
assembler instructions to manipulate data in other address spaces and in data spaces. You
do not use access registers to reference addresses in hiperspaces.

Through access registers your program, whether it is supervisor state or problem state, can
use assembler instructions to perform basic data manipulation, such as:

» Compare data in one address space with data in another.

» Move data into and out of a data space, and within a data space.

» Access data in an address space that is not the primary address space.
» Move data from one address space to another.

» Perform arithmetic operations with values that are located in different address spaces or
data spaces.

A PC routine can access (fetch or store) data in the user's address space by using access
registers (ARs) and the full set of assembiler instructions. If the PC routine has the proper
authority, it can also access data in other address spaces or in data spaces.

Access register mode is an extension of cross-memory. It introduces the concept of the data
space. A data space is a sort of address space (but at the old 2 GB size) and consequently it
is also represented by segment tables. The major difference is that an address space
contains the addresses of instructions and operands, and a data space only contains operand
addresses.

In order to access a data space, the CP must be in access register translation mode, as set
by the SAC instruction on bits 16 and 17 in the current PSW. In this mode, DAT translates
instruction virtual addresses through the segment table pointed by CR 1 (for address spaces)
and operands through the segment table pointed by an access register. Refer to 1.10, “CP
registers (general)” on page 18 for more detailed information. An access register points
indirectly to the data space’s segment table.

The advantage of having data spaces is a cleaner design for programming, where data and
instructions are not mixed.

ABCs of z/0S System Programming Volume 10



1.35 CPU signaling facility
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Figure 1-35 Signaling facility order codes

Signaling facility

The CP signaling facility consists of a SIGNAL PROCESSOR (SIGP) instruction and a
mechanism to interpret and act on several order codes. The facility provides for
communication among CPs, including transmitting, receiving, and decoding a set of assigned
order codes; initiating the specified operation; and responding to the signaling CP. This facility
fulfills the MVS need for communication between its components, when running in different

CPs in the same tightly coupled complex.

Signal-processor orders

Signal-processor orders are specified in bit positions 56-63 of the second-operand address of
SIGNAL PROCESSOR instruction, and are encoded as shown in Figure 1-35.

Some of the orders are as follows:

» Change the CP architecture (12) from ESA/390 to z/Architecture, and vice versa.

» Generate external interrupts as such (2) and (3).
» Cause a stop and store the CP status in memory (9).

» Resetthe CP (C). CP reset provides a means of clearing equipment check indications and
any resultant unpredictability in the CP state, with the least amount of information

destroyed.
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1.36 Time measurement TOD
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TOD clock
The timing facilities include three facilities for measuring time:

» The TOD clock
» The clock comparator
» The CP timer

A TOD programmable register is associated with the TOD clock. In a multiprocessing
configuration, a single TOD clock is shared by all CPs. Each CP has its own clock
comparator, CP timer, and TOD programmable register.

The TOD clock is a 104-bit counter register inside each PU. The TOD clock provides a high
resolution measure of real time suitable for the indication of date and time of day. This timing
is precious information for operating systems, databases, and system logs.

The cycle of the clock is approximately 143 years (from all bits zero to all bits zero again). The
TOD clock nominally is incremented by adding a one in bit 51 every microsecond. In models
having a higher or lower resolution, a different bit position is incremented at such a frequency
that the rate of advancing the clock is the same as if a one were added in bit 51 every
microsecond.

TOD follows the coordinated universal time (UTC) that is derived from the atomic time TA1
(based in Cesium 133 radioactivity), and is adjusted with discrete leap seconds to keep
reasonably close to UT1 (based on the Earth’s rotation).
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Incrementing the TOD clock does not depend on whether the CP is in a wait state or whether
the CP is in operating, load, stopped, or check-stop states.

Note: The TOD cannot be used by MVS for time accounting for tasks in z/OS.

Instructions for storing the clock
There are two instructions used by MVS to alter and store in memory its contents:

» The SET CLOCK EXTENDED instruction changes the contents of 104 bits TOD from a
memory location.

» The STORE CLOCK EXTENDED instruction, as pictured in Figure 1-36 on page 62,
moves into memory 104 bits plus the program fields (16 bits) from the TOD program fields
register.

MVS assumes that 01/01/1900 corresponds to a TOD zeroed. The clock comparator is a
circuit in each PU that provides an external interrupt (X’1004’) when the TOD clock value
exceeds a value specified by the program. Using the clock comparator, the software can be
alerted when a certain amount of wall clock time has elapsed, or at an specific hour of the
day.
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1.37 Time measurement (CP timer)
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Figure 1-37 CP timer

CP timer

The CP timer is a binary counter with a format which is the same as that of bits 0-63 of the
TOD clock, except that bit 0 is considered a sign. The CP timer nominally is decremented by
subtracting a one in bit position 51 every microsecond. In models having a higher or lower
resolution, a different bit position is decremented at such a frequency that the rate of
decrementing the CP timer is the same as if a one were subtracted in bit position 51 every
microsecond.The CP timer requests an external interrupt with the interrupt code 1005 hex
whenever the CP timer value is negative (bit 0 of the CP timer is one).

TOD and ETOD formats

It is recommended that you begin to convert your applications to using the ETOD format. The
extended time-of-day format was required both to address the time-wrapping problem that
would occur in the year 2042, and also to provide the improved resolution necessary for faster
servers as they become available.

Note: If you request ETOD information and your server is not configured with the 128-bit
extended time-of-day clock, timer services will return the contents of the 64-bit TOD and
simulate the remaining 64 bits of the ETOD.

Conversely, if you request TOD information and your server is configured with the extended
time-of-day clock, timer services will return only that portion of the 128-bit ETOD that
corresponds to the 64-bit TOD.
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TOD frequency

When both the CP timer and the TOD clock are running, the stepping rates are synchronized
such that both are stepped at the same rate when a specified amount of time has elapsed.

Timer stops

The CP timer stops when the CP is in stop state. This state may be caused by operator
intervention, or in LPAR mode when a shared logical CP is not executed in a physical CP.
Refer to 5.4, “Shared logical CPs example” on page 335 for more information about this topic.

MVS and accounting

The CP timer is used by MVS for accounting purposes (because it stops at CP stop); that is, it
is used to time how much CP a task or a service request consumes.

Timer external interrupt

Assume that a program being timed by the CP timer is interrupted for a cause other than the
CP timer, external interruptions are disallowed by the new PSW, and the CP timer value is
then saved by STORE CPU TIMER. This value could be negative if the CP timer went from
positive to negative since the interruption.

Subsequently, when the program being timed is to continue, the CP timer may be set to the
saved value by SET CPU TIMER. A CP timer interruption occurs immediately after external
interruptions are again enabled if the saved value was negative.

Timer instructions

The CP timer can be inspected by executing the instruction STORE CPU TIMER, and can be
set by MVS to a specified value by executing the SET CPU TIMER instruction.
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1.38 Sysplex Timer expanded availability configuration
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Figure 1-38 Sysplex Timer® expanded availability configuration

External timer reference (ETR)

There is a long-standing requirement for accurate time and date information in data
processing. As single operating systems have been replaced by multiple, coupled operating
systems on multiple servers, this need has evolved into a requirement for both accurate and
consistent clocks among these systems. Clocks are said to be “consistent” when the
difference or offset between them is sufficiently small. An accurate clock is consistent with a
standard time source.

The IBM z/Architecture and S/390 Architecture external time reference (ETR) architecture
facilitates the synchronization of server time-of-day (TOD) clocks to ensure consistent

time stamp data across multiple servers and operating systems. The ETR architecture
provides a means of synchronizing TOD clocks in different servers with a centralized time
reference, which in turn may be set accurately on the basis of an international time standard
(External Time Source). The architecture defines a time-signal protocol and a distribution
network, called the ETR network, that permits accurate setting, maintenance, and
consistency of TOD clocks.

ETR time

In defining an architecture to meet z/Architecture and S/390 Architecture time coordination
requirements, it was necessary to introduce a new kind of time, sometimes called ETR time,
that reflects the evolution of international time standards, yet remains consistent with the
original TOD definition. Until the advent of the ETR architecture (September 1990), the server
TOD clock value had been entered manually, and the occurrence of leap seconds had been
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essentially ignored. Introduction of the ETR architecture has provided a means whereby TOD
clocks can be set and stepped very accurately, on the basis of an external Universal Time
Coordinate (UTC) time source.

Sysplex Timer

The IBM 9037 Sysplex Timer is a mandatory hardware requirement for a Parallel Sysplex
consisting of more than one zSeries or G5/G6 server. The Sysplex Timer provides the
synchronization for the time-of-day (TOD) clocks of multiple servers, and thereby allows
events started by different servers to be properly sequenced in time. When multiple servers
update the same database, all updates are required to be time stamped in proper sequence.

Sysplex Timer model 002 supports two types of configuration:
» Basic configuration
» Expanded Availability configuration

Sysplex Timer Expanded Availability configuration is the recommended configuration in a
Parallel Sysplex environment. This configuration is fault-tolerant to single points of failure,
and minimizes the possibility that a failure can cause a loss of time synchronization
information to the attached servers.

Expanded availability configuration

The Sysplex Timer expanded availability configuration consists of two IBM 9037 Sysplex
Timer Units, as shown in Figure 1-38 on page 66. In an Expanded Availability configuration,
the clocks running in the two Sysplex Timer units are synchronized to each other using the
control link oscillator (CLO) card in each Sysplex Timer unit and the CLO links between them.

Both Sysplex Timer units are simultaneously transmitting the same time synchronization
information to all attached servers. The CLO connection between Sysplex Timer units is
duplicated, to provide redundancy. Critical information is exchanged between the two Sysplex
Timer units, so in case one fails, the other unit will continue transmitting to the attached
servers without disrupting server operations.

Redundant fiber optic cables are used to connect one port from each Sysplex Timer unit to
the two ETR ports of a server. Each attaching server’s two ETR ports (ETR Port 0 and ETR
Port 1) operate in one of two modes: the active (or stepping) ETR port, and the alternate ETR
port. The server's TOD clock steps to the timing signals received from the active (stepping)
ETR port only. If a server’s alternate ETR port detects the stepping ETR port to be
nonoperational, it forces an automatic ETR port switchover; the server’s TOD clock now steps
to timing signals received from the server’s alternate ETR port, which has now assumed the
role as the stepping ETR port. This switchover takes place without disrupting server
operations.

Note: The Sysplex Timer units do not switch over, and are unaware of the ETR port role
change at the server end.

For an effective fault-tolerant Sysplex Timer Expanded Availability configuration, ETR Port

0 and ETR Port 1 in each server must connect to different Sysplex Timer units within the
same Sysplex Timer ETR network.
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1.39 Server Time Protocol (STP)

68

ETS jII;I—HMC

z990(1)
z9 EC Backup
Preferred Time Server
Time Server Stratum 2
Stratum 1
P1 P2
7990(2)
Stratum 2
z890(1)
Arbiter
P3 Stratum 2

z10 EC

Figure 1-39 Server time protocol - full configuration

Server Time Protocol (STP)

Server Time Protocol (STP) is designed for z/OS V1R7 (PTFs are required) running on a z10
EC, 29, 2990, or z890 that requires the time of day (TOD) clock to be synchronized. STP is a
replacement for the Sysplex Timer, and it is aimed at decreasing the total cost of the
mainframe platform. STP allows TOD information to be exchanged between z/OS systems
running in different servers using CF links as communication media. STP is designed to:

>

»

>

Support a multisite timing network of up to 100 km (62 miles) over fiber optic cabling,
allowing a Parallel Sysplex to span these distances

Potentially reduce the cross-site connectivity required for a multisite Parallel Sysplex
Coexist with an ETR (Sysplex Timer) network

Allow use of dial-out time services to set the time to an international time standard (such
as coordinated universal time (UTC), for example), as well as adjust to UTC on a periodic
basis

Allow setting of local time parameters, such as time zone and daylight saving time

Allow automatic updates of daylight saving time

All the functions performed previously through the Sysplex Timer console are executed in the
server HMC. Stratum 1 is the z/OS propagating TOD signals to stratum 2 z/OS systems.
Stratum 2 receives from stratum 1 and propagates to stratum 3. Stratum 0 is the external time
source (ETS).
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1.40 Data center and I/O configuration
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Figure 1-40 Data center and I/O configuration

Input/Output (I/0) configuration

You must define an I/0O configuration to the operating system (software) and the channel
subsystem (hardware). The Hardware Configuration Definition (HCD) element of z/OS
consolidates the hardware and software 1/O configuration processes under a single
interactive end-user interface. The validation checking that HCD does as you enter data helps
to eliminate errors before you attempt to use the I/O configuration.

An 1/O configuration is the hardware resources available to the operating system and the
connections between these resources. The resources include:

Channels

ESCON/FICON® Directors (switches)
Control units

Devices such as tape, printers, and DASD

v

vvyy

Figure 1-40 shows a typical zSeries data center. As you can see, the complex consists of
separate I/O devices and networks connected through high-speed data buses to the server,
which comprises servers, server storage, and channels. It shows connections among servers,
as well. z/Architecture provides up to 512 high-speed data buses, called channels, per server.
Included in those are the OSA channels, which are assembled with a network controller and
one adapter.
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Channel types

Input/Output (I/O) channels are components of the zSeries and 9672 G5/G6 Channel
Subsystems (CSS). They provide a pipeline through which data is exchanged between
servers, or between a server and external devices. The different types of channels, including
the ones connecting the Coupling Facility (CF) are:

>

Parallel channels - IBM introduced the parallel channel with System/360 in 1964. The I/O
devices were connected using two copper cables called bus cables and tag cables. A bus
cable carries information (one byte each way), and a tag cable indicates the meaning of
the data on the bus cable.

Enterprise Systems Connection (ESCON®) - Since 1990, ESCON has replaced the
parallel channel as being the main channel protocol for /O connectivity, using fiber optic
cables and a new “switched” technology for data traffic.

Fiber Connection: FICON, FICON Express and Fibre Channel Protocol (FCP) - In 1998,
IBM announced a new I/O architecture for 9672 G5/G6 servers called Fibre Connection
(FICON). The zSeries server builds on this architecture by offering higher speed FICON
connectivity.

Open Systems Adapter-2 (OSA-2), with the following type of controllers: Ethernet, Fast
Ethernet, Token-ring, Fiber Distributed Data Interface (FDDI), 155 Asynchronous Transfer
Mode (ATM) - In 1995, OSA-2 was introduced, bringing the strengths of zSeries, such as
security, availability, enterprise-wide access to data, and systems management to the
client/server environment. Some OSA-2 features continue to be supported in
z/Architecture (2900 only), while others have been replaced by the OSA-Express features,
which were introduced in 1999. All OSA features were designed to provide direct, industry
standard, local area network (LAN) and ATM network connectivity in a multi-vendor
networking infrastructure.

OSA Express, with the following type of controllers: Gigabit Ethernet, Fast Ethernet,
1000BaseT Ethernet, High Speed Token Ring) - The Open Systems Adapter-Express
(OSA-Express) Gigabit Ethernet (GbE), 1000BASE-T Ethernet, Fast Ethernet (FENET),
Asynchronous Transfer Mode (ATM) and Token Ring (TR) features are the generation of
features beyond OSA-2. OSA-Express features provide significant enhancements over
OSA-2 in function, connectivity, bandwidth, data throughput, network availability, reliability,
and recovery.

ISC - fiber Coupling Facility (CF) link - InterSystem Channels (ISC) provide the
connectivity required for data sharing between the CF and the systems directly attached to
it. ISC links are point-to-point connections that require a unique channel definition at each
end of the link.

ICB - copper Coupling Facility (CF) link - Integrated Cluster Bus links are members of the
Coupling Link options available on zSeries and G5/G6 servers. They are faster than ISC
links, attaching directly to a Self-Timed Interconnect (STI) bus of the server.

Data transfer mechanisms
Methods of transferring data are as follows:

>

Traditional I/O data transfer through the use of the START SUBCHANNEL instruction,
CCWs, and 1/O interrupts, used by ESCON and FICON channels.

Queue Direct I/0 (QDIO), through the use of the SIGA instruction, used by OSA-Express
and HiperSockets™ channels. - QDIO is a highly efficient data transfer mechanism that
satisfies the increasing volume of TCP/IP applications and increasing bandwidth
demands. It dramatically reduces system overhead, and improves throughput by using
system memory queues and a signaling protocol to directly exchange data between the
OSA-Express microprocessor and TCP/IP software. SNA support is provided through the
use of TN3270 or Enterprise Extender; see “QDIO architecture” on page 323.

Message architecture, to access the Coupling Facility (CF), used by CF links (ISC, ICB,
IC).
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1.41 Channel subsystem

1 Channel Subsystem is formed by:
> Up to 256 channels
> A few SAPs (depends on the zSeries model)
> Up to 64 K subchannels (also called UCWSs)

> |/O devices attached through control units

Figure 1-41 Channel subsystem

Channel subsystem

An individual I/O device may be accessible to the channel subsystem by as many as eight
different channel paths, depending on the model and the configuration. The total number of
channel paths provided by a channel subsystem depends on the model and the configuration;
the maximum addressability is 256.

Channels

The zSeries channel subsystem contains channels, which are much simpler than an SAP, are
able to communicate with 1/0O control units (CU) and manage the movement of data between
central storage and the control units. They are located in 1/0O cards in the zSeries I/O cage;
refer to “I/O cages” on page 110. Being more specific, the channels can:

Send channel commands from the memory to a CU

Transfer data during read and write operations

Receive status at the end of operations

Receive sense information from control units, such as detailed error information

vyvyyy

In z/Architecture, the 1/O operation is created when a privileged START SUBCHANNEL
(SSCH) instruction is executed by the input/output supervisor (I0S), a z/OS component,
which issues the instruction on behalf of a task. It finishes when an 1/O interrupt is received by
the CPU, forcing the execution of the IOS component again.
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SAPs

In order to communicate with the I/O devices attached to the channels, both the operating
system (MVS) and the channel subsystem (formed by the system-assisted processor (SAP)
and channels) need to know the I/O configuration, which contains the following types of
information:

» What devices are attached to each channel

» The device types

» The device addresses: subchannel number, device number, and device address (also
called a unit address)

» What protocols to use

» Channel type

A PU is a zSeries server. An SAP is a PU that runs I/O licensed internal code (LIC). By LIC,
IBM means either microcode or software programs that the customer is not able to read or
alter. The SAP relieves z/OS (and consequently, CP involvement) during the setup of an I/O
operation. It does the scheduling of an I/O operation; that is, it finds an available channel path
to the device and guarantees that the I/O operation really starts. SAP, however, is not in
charge of the movement between central storage (CS) and the channel.

Subchannels

Within the channel subsystem are subchannels. One subchannel is provided for and
dedicated to each I/O device accessible to the channel subsystem. Each subchannel
provides information concerning the associated I/O device and its attachment to the channel
subsystem. The subchannel also provides information concerning I/O operations and other
functions involving the associated 1/O device.

The subchannel is the means by which the channel subsystem provides information about
associated 1/O devices to CPs, which obtain this information by executing I/O instructions.
The actual number of subchannels provided depends on the model and the configuration; the
maximum addressability is 65,536.

I/O devices and control units

I/O devices are attached through control units to the channel subsystem by means of channel
paths. Control units may be attached to the channel subsystem by more than one channel
path, and an I/O device may be attached to more than one control unit.

In all, an individual I/0O device may be accessible to the channel subsystem by as many as
eight different channel paths, depending on the model and the configuration.
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1.42 Multiple CSS structure (z10 EC)
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Figure 1-42 Multiple CSS structure for the z10 EC

Multiple CSS - description

The multiple channel subsystems (CSS) concept was introduced with the