




































































































There are two basic modes of addressing in the 
System/38 interface. The first is pointers, which 
allow varying addressability to all objects and bytes 
within space objects. The second, dictionary address­
ing, deals with program references to values within a 
space object. 

Operands referenced in program instructions are 
defined in a dictionary portion of the program 
separate from the instructions themselves. Instruction 
operands are index references to these dictionary 
entries which define operand characteristics such as 
data type and length. Binary, zoned decimal, packed 
decimal, character, and pointer data types are 
examples of operand characteristics that may be 
defined. The dictionary entries do not contain the 
operand values; the specific location of the operands 
is not apparent to or required by programs. However, 
the user can control the general type of location 
characteristics: for example, relative to the area 
addressed by a pointer or relative to the storage area 
allocated for program variables within the executing 
process. 

This approach of having instructions reference dic­
tionary entries describing the operand characteristics 
allows additional capability over low-level instruction 
interfaces. For example, the following high-level 
capabilities are provided: 
• Computational instructions are generic with 
respect to data type and length. For example, there is 
only one numeric add instruction in the System/38 
instruction interface; it operates on whatever data is 
defined in the operand definition dictionary. This 
enables the use of source and receiver operands of 
varying type, length, and decimal positioning with all 
conversions and scaling being performed by the 
machine. 
• Arrays may be defined in the interface and 
instruction operands support array indexing to locate 
specific elements of the array. 
• Since applications often allow operations on 
multiple formats of data, some instructions (for 
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example, the copy instructions) support late-binding 
of data definition where the data (type, length, and 
decimal positioning) need not be defined until the 
instruction is executed. 

In addition to these types of high-level data opera­
tions, the System/38 instruction interface provides 
and, in some cases, requires functions intended to 
support programming constructs more directly than 
in traditional machines. For example, programs are 
invoked through call/return functions defined in the 
interface. Argument/parameter functions provide 
communications from one program to another. Allo­
cation and initialization of storage for program 
variables within a process is performed by the 
System/38 machine. Additional examples are found 
in Watson [6] and Howard [7]. 

Figure 3 illustrates this System/38 program structure 
and the general relationship between a high-level 
language program and the corresponding System/38 
constructs. 

Typical 
high-level 
language 
structure 

DCL A BIN (16) 
B BIN (32) 

BASED (X) 

A= A+ B 

System/38 instruction 
interface program 

Figure 3 System/38 instruction interface program 
structure 

Support for key system functions 
The System/38 machine was designed to support a 
usage environment characterized by a dynamically 
changing application load consisting of a wide variety 
of application types-all utilizing advanced functions 
such as data base. For example, batch, interactive, 
and transaction processing, along with program 
development activities, may all be executing concur­
rently with dynamically changing workloads and 
priorities. One of the key requirements for the 
System/38 instruction interface was to provide 
efficient support in this type of environment for 
application requirements such as multiprogramming 
and data base operations. This centralization of 
function in the machine simplifies the user program­
ming task and reduces overhead in a dynamic 
multi-user environment. 

Two examples of this system function support will be 
described here-multiprogramming and data base. 
Similar high levels of machine capability exist in 
other major functional areas such as I/O. 

System/38 supports multiprogramming through the 
concept of processes. A "process" is similar to a task 
in other systems and is the basis for managing work in 
the machine. The user of the System/38 instruction 
interface controls the number of processes currently 
initiated, the priority of each process, and the 
relationship of one process to another, that is, with 
respect to processor utilization and storage utiliza­
tion. The machine then allocates the processor and 
storage resources based on these parameters as well as 
on the current status of the process, for example, 
waiting or dispatchable. 

This level of multiprogramming support in the 
System/38 machine offers advantages like these: 
• A single resource management mechanism is 
applied to processing across all system activities. This 
reduces overhead and results in better management of 
resources in a complex and dynamic environment. 
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• Other efficient resource management mechanisms 
can be used to take advantage of hardware character­
istics without programming dependencies. 

Similarly, the System/38 machine provides the basic 
functional building blocks for a high-function inte­
grated data base. Data base objects include a compre­
hensive set of functions supporting different access 
mechanisms, file sharing, record format definition 
and mapping, efficient record retrieval, update, add, 
and delete. This allows, for example, a data base file 
structure to be defined that maps a single physical file 
into records with multiple formats and content. In 
addition, a single physical data base file may have 
multiple indexes (access paths) defined over it, all of 
which are concurrently updated when the file is 
changed. Each user of the file may view the data in 
the form suitable to a particular application. 

Overhead considerations 

One of the major problems inherent in the imple­
mentation of a high-level instruction interface such as 
that provided for the System/38 is overhead. In order 
to reduce the potential overhead, and also to facili­
tate future extensions, the System/38 instruction 
interface definition does not require a directly exe­
cutable implementation of the instruction interface. 
The instructions and the operand definition dic­
tionary are presented to the instruction interface and 
are translated into an executable microcode structure 
called a program object. The internal microcode 
format is not apparent at the interface. Figure 4, 
System/38 executable program creation, illustrates 
this process. 

Having an executable program creation step allows 
the system to have the advantage of both a high-level 
instruction interface and reduced overhead at execu­
tion time. 

In addition, direct support of high-use functions in 
the System/38 instruction interface, as previously 
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System/38 instruction interface 
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Create executable 
program instruction 

Figure 4 System/38 executable program creation 

described, is itself an approach toward reducing 
system overhead. A single implementation of a 
complex function that can be applied system-wide 
reduces overhead. 

Also, by implementing these functions in the 
machine, hardware facilities can reduce the overhead 
that is associated with the higher level imple­
mentation typically required in programming. 

Summary 

The IBM System/38 provides a new type of machine 
instruction interface that comprises a high level of 
function together with structures similar to high level 
language structures and includes computation, 
addressing, and such traditional programming func­
tions as process (task) management, resource 
management (storage and processor), data base 
management, and device handling. This new machine 
was designed to satisfy major design objectives for the 
entire system-hardware, microprogramming, and 
program products. The concept of a high-level 
machine has been discussed in the literature and has 

been experimented with in both industrial and 
research environments; however, System/38 is the 
first IBM system to bring the advantages of a 
high-level machine to the business user. 
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Discusses addressing, authorization, locking, and synchronization in System/38. 

The high-level machine interface of System/38 
achieves user independence from the internal machine 
implementation primarily through the use of an 
object-oriented architecture. Objects representing 
storage for constructs such as programs, processes, 
and data base files are accessed through a consistent, 
integrated addressing structure. Because authority 
enforcement and control of shared objects are critical 
in multiprogramming environments, these functions 
have been incorporated into the addressing path. This 
article describes some of the key features of the 
addressing design of System/38 and how they are 
presented to the user through the Control Program 
Facility (CPF), which is described by Harvey and 
Conway [I]. 

Objects and spaces 
Before addressing can be described, it is necessary to 
define what is accessed. Everything stored in the sys­
tem is an object (see Figure 1), which consists of a 
functional portion and an associated space (see Pin­
now, et al [2] ). The functional part of an object is 
used to implement a particular construct. For exam-
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ple, the functional part of a program object is created 
by the translation of System/38 machine instructions 
into microcode. The program is said to be encap­
sulated because there is no direct access to the storage 

Object 

Functional part 

Examples: 

------- Program 
Process 
Data base file 
Index 
Oueue 
Context 
User profile 

Space part 

Region of bytes 

--

Extendable 
to 16 megabytes 

Figure 1 System/38 objects and pointers 
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used to support it. Instead, the object is manipulated 
at a high level through the System/38 instruction set. 
In this way, encapsulation ensures the functional 
integrity of all objects. 

Sample contents of space 

---- --

System pointer 

Space pointer 

Data pointer 
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The associated space portion of an object is a region 
of bytes that can be directly manipulated by the 
machine user. The space is associated with the 
functional part of the object and provides a conveni­
ent way of storing additional (user-defined) data 
pertinent to that object's usage. One type of object, 
called a space object, has no functional part. Its 
associated space is used to provide storage for control 
blocks, buffers, pointers, and other data. 

Pointers 
There are four different types of pointers. System 
pointers address objects; space pointers and data 
pointers address specific byte locations within the 
space portion of an object; and instruction pointers 
control execution flow. This article covers object 
addressing through system pointers; 

A system pointer, used to address an object, contains 
both the location of the object in storage and object 
usage rights, as will be discussed later. Only specific 
System/38 instructions can create pointers. Although 
pointers can be copied, the user cannot construct 
pointers by bit manipulation. As a result of these 
properties, System/38 has the basic elements of 
capability based addressing [3] . 

Name resolution 

A system pointer exists in one of two states: resolved 
or unresolved. In the unresolved state, the pointer 
specifies the name of an object and not its location. 
When the pointer is first referenced (see Figure 2), 
the machine searches for an object having the speci­
fied name. Once found, the resulting object location 
is stored in the pointer, thereby eliminating sub­
sequent searches. The pointer is then said to be in the 
resolved state. 

The search performed during pointer resolution 
involves the use of objects called contexts, containing 
object names and locations. Various execution 
environments are obtained by specifying an ordered 
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list of contexts to be searched. For example, the 
production and test versions of files can be located 
through different contexts. Therefore, by simply 
exchanging the contexts searched, either program­
ming environment can be achieved. 

Authorization 
The ability to control pointer resolution in the 
machine is not sufficient to effectively control the 
users' access to objects because it is an "all or 
nothing" type _of control. The System/38 object 
authorization mechanism provides the fineness 
(granularity) of control needed for the wide range of 
operations performed on objects. 

Every reference to an object requires that the user 
have the appropriate authority for the operation to 
be performed; otherwise, the operation is suppressed 
and the attempted violation is recorded. The 
authority checking function is uniformly applied to 
all types of objects. Separate authorities (retrieve or 
update, for example) can be granted to individual 
users or to all users (the public). Therefore, a user's 
authority can be limited to what is exactly necessary 
for an application. For example, a user might be 
authorized to retrieve data from a data base file but 
not to update or destroy the file. 

System/38 instruction 

OP code 

Operand 

Unresolved 

search 

Figure 2 The object access path 

Object 

User profiles 

Sources of authority 
A prerequisite for authority verification is the identi­
fication of the user. This prerequisite is satisfied 
through the use of an object called the user profile, 
which identifies the user and the user's authority. 
Every process is initiated with a specified user profile 
as the primary source of authority. Object authorities 
can be granted to or revoked from a user profile, thus 
providing control over the authority available to the 
process. Objects can also be publicly authorized, 
thereby eliminating the need to explicitly authorize 
every user profile. 

In some applications, subprograms require a different 
amount of authority than that available to the calling 
program. To accomplish this, programs can adopt a 
user profile (Figure 3). The adopted user profile adds 
its authority to what is already present in a process. 
When the program calls other programs, the adopted 
user profile authorities can be optionally propagated 
to the called program. This provides considerable 
flexibility in controlling the security environment. 

Once authority to an object has been established, it 
can be optionally stored in the pointer to that object. 
This provides faster authority verification than with 
unauthorized pointers. 

Other authorizations 
One type of authority not related to objects is the 
privileged instruction authority. Such authorization is 
used for process initiation, user profile creation, 
machine reconfiguration, etc. Other special authori­
ties range over many machine functions rather than 
specific instructions. For example, all-object special 
authority permits unlimited use of all objects in the 
system. The control of storage resources is another 
wide-range authority. The storage occupied by 
objects is charged against the storage limit of the user 
profile (the owner) under which they were created. 
Owners have implied object authority to the objects 
they own. 
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User profiles contributing authority to program 
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User profile 

Process initiation 

Initial call 
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User profile 
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with a 
process 

User profile 

l 
Program 

Adopt & 
propagate 

Figure 3 User profiles as sources of authority 

Locking and synchronization 

The authority mechanism of System/38 ensures that 
an application accesses only objects within its 
intended rights. When multiple applications attempt 
to reference the same objects concurrently, additional 
controls are provided to prevent interference. 

BERSTIS, TRUXAL AND RANWEILER 

Call 

User profile 

Program 

Adopt & not 
propagate 

l 
Program 

Call 

System/38 incorporates implicit synchronization 
functions into the object access implementation to 
accomplish this. For example, if one process is 
updating an object while another process is attempt­
ing to access the same object, the operations are 
automatically serialized. On the other hand, if both 

processes are retrieving data from the same object, 
the operations are allowed to proceed simultaneously. 
Therefore, contention is reduced and integrity of the 
object is ensured. 

Explicit synchronization is available to the user in the 
form of locks. By locking an object, the user can 
control the access of other users to the object. Entire 
sequences of operations can be serialized when 
required to maintain data integrity. In addition, 
record level locks in data base files reduce much of 
the contention that would be present if the entire file 
were locked. 

Synchronization functions complete the machine 
addressing path, which starts with the object name 
and continues through pointer resolution and 
authority verification. 

Addressing path usage 

The Control Program Facility (CPF) is an IBM 
program product providing the user a high-function, 
ease-of-use interface to the machine (1] . With the 
high-level machine facilities available in the 
System/38, the CPF addressing and authorization 
function uses both capability-based and symbolic 
object addressing with authority validation at execu­
tion time. 

CPF uses machine pointer resolution, authorization 
management, and locking to implement internal CPF 
security and synchronization. It provides these facili­
ties to the user through CPF interfaces. 

Within CPF, the work management component 
isolates and protects its critical resource control and 
scheduling functions by executing them under the 
system user profile. The remaining CPF modules 
execute under the user's profile. Thus, the machine 
authorization management directly validates the 
user's authority to perform every requested function 
on any specified object., Everything in CPF is an 
object. 1/0 devices and Control Language commands 
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are objects, as are more typically files, programs, and 
libraries. Because of this, an installation can control 
system resources to the extent desired. 

Installation authorization 
This control of ·an installation's resources has led to 
the concept of one specific user as an installation's 
security administrator. This user is entrusted with 
authorities allowing system-wide control of all users 
and their resources. A set of IBM-supplied user 
profiles is delivered with CPF, including one for the 
security officer. This profile has all-object authority, 
as well as authority to create and modify user 
profiles. Therefore, the security officer can enroll 
users on the system and control their use of system 
resources. When a user profile is created or modified, 
special authorities, resource allocation parameters, 
and a user password can be specified. The user 
password is for verification of user identity at sign-on 
and for determining the user profile associated with a 
process. 

Once the user is executing, functions are performed 
by executing programs or commands. These functions 
reference objects (such as files) by name, and CPF 
locates the object through the use of the machine­
addressing facilities. This is easily implemented 
because contexts (objects that contain names of 
other objects [2]) are used by CPF as system and 
user libraries. When an object such as a program or 
file is created, it is placed in a library. Subsequent 
referencing of the object initiates pointer resolution, 
and the machine not only locates the object, but 
validates the current user's authority to the object 
and determines whether serialization of an operation 
is necessary. To expedite authority checking, CPF 
requests that the authority be set in the pointer for 
future use. 

CPF object authorities 
When a user creates an object, it can be declared 
"public" or "private." Subsequently, any of the 
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object's authorities can be granted or revoked to 
individual users or the public. Display commands are 
also available to report object authority. 

Summary 
The System/38 is based on an object-oriented archi­
tecture in which everything in the system is an object. 
An object can be referenced by its name, which is 
used in a pointer resolution process that includes 
authorization and synchronization functions. The 
resulting resolved pointer can contain object location 
and authority to avoid subsequent searches. The 
machine enforces authority requirements on every 
object referenced, verifying the authority from the 
pointer or user profile(s). The user profile is an object 
that identifies a user in the system and contains all of 
that user's authorities. The CPF uses the machine 
addressing, authorization, and synchronization facili­
ties, and provides their function to the user. 

The System/38 thus delivers the flexibility of named 
object addressing and the integrity of machine­
enforced authorization and synchronization of those 
objects. 
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States that the construct, "object," is of central significance in System/38. Discusses the concepts, purpose, and 
characteristics of System/38 machine objects. 

System/38 provides a range of capability not pre­
viously available in low-cost data processing systems. 
This capability is made possible by the use of a num­
ber of technical innovations. One of these is the 
object. This article discusses objects-the means 
through which information is stored and processed 
on System/38. Included are the concepts, purpose, 
and characteristics of System/38 machine objects and 
their use by the Control Program Facility (CPF). 

Object concepts 
Previous machine instruction sets have provided bit­
and byte-string manipulation capabilities. The 
machine instruction set in System/38 provides simi­
lar functions and also provides machine instructions 
that operate on complex data structures to accom­
plish high-level functions. 

Some of the data structures are similar to such things 
as programs and data files in conventional systems. 
Some are unique to System/38. The data structures 
that appear in the instruction interface are collec­
tively categorized as objects. 

An object is brought into existence through execu­
tion of a create instruction. The user controls the 
creation of the object through a template [ 1] that 
provides a set of attributes and values that are to 
apply to the new object. The new object also has 
operational characteristics that define the set of func­
tions that may be accomplished through it. Examples 
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of object attributes and operations are shown in 
Figure 1. 

The three examples of attributes illustrated in Figure 
1 are (1) a name that permits symbolic reference to 
the object, (2) an existence that specifies whether 
implicit destruction is allowed, and (3) ownership 
that identifies who, if anyone, owns the object. 

The set of instructions that are operationally mean­
ingful to an object consist of generic operations that 
apply to all types of objects and unique operations 
that apply to a specific type object. The generic 
operations are primarily authorization-, addressing-, 
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functions 
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Resource 
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Object 
Implicit Lock enforcement 
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Authorization enforcement 
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Figure 1 Some examples of object attributes and 
operations in System/38 
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and resource-related [2]. The unique operations 
include a destroy that removes the object from the 
system, some form of materialize that identifies the 
object's attributes or content, and sometimes a 
modify that changes the attributes of the object. 
Many other unique operations exist that are not iden­
tified in Figure 1. 

Each operation, whether generic or unique, also pro­
vides significant implicit functions. The implicit 
functions are authorization, lock enforcement, and 
atomic (exclusive) operation. 

Object purpose 
The concept of an object gives a common attribute 
to a group of data structures and enables the 
definition of an interface that produces a number of 
benefits. 

The existence of objects allows systematic manipula­
tion of structures. Their presence permits the defini­
tion of an instruction interface that is consistent 
across a wide range of supervisor and computational 
instructions. 
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Objects exist to make users independent of specific 
implementation techniques used in the machine. 
Since it is necessary that usen control the data used 
in supervisor functions, object management capabi­
lity is provided. When a request for a high-level 
machine function is made, a specific instruction 
operator (operation code), optionally an attribute 
template, and an object are specified. System/38 
uses the object to accumulate results of operations, 
to store them in such a way that they are safe from 
inadvertent modification, and to assure that they 
are available for subsequent operations. 

Objects exist to make the user independent of the ad­
dressing structure actually used in the hardware. Al­
though main storage and auxiliary storage exist in 
System/38, users are shielded from the mechanics of 
actually addressing that storage. In other words, 
objects remove the traditional responsibility of map­
ping data onto physical storage. 

Object characteristics 
For an object like a program, creation establishes 
the essential content of the object, and subsequent 
~instructions use it operationally. For other objects, 
the creation is primarily a space allocation mechanism 
for which succeeding operation_s, .. establish the 
content. For example, once a data space has been 
created, records niay be inserted into it. Manage­
ment of the size of an object and changes to that size 
are generally transparent to the System/38 user. 

All System/38 machine objects are encapsulated. En­
capsulation is the process of accepting a definition of 
an object through a create instruction and using this 
definition to produce an object whose internal 
structure is only accessible to the machine. Objects 
are encapsulated to maintain the integrity of the in­
ternal structure and to permit different implementa­
tions of the machine instruction interface without 
impact to its users. 

It is possible to associate an unencapsulated (byte 
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string) area with each object. This byte-string area is 
referred to as a space and is up to 16 megabytes of 
virtual storage into which the machine user can build 
control blocks of other control information or data. 
As a degenerate case of an object, one with essen­
tially no encapsulated portion, a space exists as an 
independent object. Whether it is an object itself 
or is associated with another object, a space has its 
size modified through explicit instructions by the 
machine user. 

System/38 machine objects 
The following lists and briefly describes the objects 
of the System/38 machine-instruction set. 

Access group. An object that permits the physical 
grouping of other objects to achieve more efficient 
movement of the objects between main storage and 
auxiliary storage. 

Context. An object that contains the type, subtype, 
and name of other objects to allow addressability. 

Controller description. An object that represents an 
1/0 controller for a cluster of 1/0 devices or a station 
that attaches groups of communication devices over 
the same data communication link. 

Cursor. An object used to provide addressability into · 
a data space. 

Data space. An object used to store data base records 
of one format. 

Data space index. An object used to provide a logi­
cal ordering of records stored in a data space. 

Index. An object used to store and automatically 
order data. 

Logical unit description. An object that represents 
a physical 1/0 device. 

Network description. An object that represents a 
network port of the system. 

Process control space. An object used to contain 
process execution. 

Program. An object for uniquely selecting and order­
ing machine interface instructions. 

Queue. An object used to communicate between pro­
cesses, and between a process and a device. 

Space. An object used for storing pointers and scalars. 

User profile. An object used to identify a valid user 
of the machine interface. 

CPF use of machine objects 
The CPF extends the object-oriented approach of 
the machine and provides its users with a high-level, 
object-oriented interface [3] . All data stored on the 
system by CPF users is stored in object form and is 
processable in terms of control language commands 
and high-level languages. To the user of CPF, objects 
are named collections of data, and the functions 
associated with objects provide the vehicle for pro­
cessing this data and obtaining work from the system. 
The 19 objects presented to the user at the CPF 
interface include conventional constructs, such as 
files and programs, as well as constructs that are 
unique to System/38, such as job descriptions and 
message queues [ 4] ... 

The functions that CPF provides for its objects in­
clude some that are object-type-specific and some 
that are generic with respect to object type. The 
object-type-specific functions define and limit the 
way in which an object can be used while the generic 
functions provide for authorization, locking, saving, 
restoring, dumping, moving, and renaming objects. 
Through the generic functions, the user has a way of 
managing objects once they exist. 
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Objects are brought into existence through the speci­
fication of a create command that defines the name, 
attributes, and initial value of the object tq be 
created. Each object is assigned a type and subtype 
as a part of the creation process. The object's type 
is determined by the kind of machine object created 
to support the object that the CPF user wishes to 
create; the object's subtype designates the use that 
CPF intends for the machine object. Each unique use 
that the CPF makes of a machine object 
is assigned a unique subtype identifier. This aspect 
of the design is important because it is through the 
use of unique types and subtypes that the system 
can ensure that each type of object is always used in 
the way it was intended. After an object has been 
created, it remains on the system until it is explicitly 
deleted via a delete command. At the time an object 
is created, CPF places the name of the object 
into a machine object known as a context. · 

Contexts are presented to the user as libraries. Be­
cause the functions associated with contexts are cap­
able of finding an object based on its name, type, and 
sub-type, libraries can be considered as a catalog or 
container for the user-created objects. Whenever an 
object is to be found, CPF initiates a search for the 
object either in a single library or through an ordered 
list of libraries that the CPF maintains with each 
executing job. When the list of libraries is used to 
find an object, each successive library in the list 
is searched until the object is found. Using the 
list of libraries to find the objects to be processed 
is advantageous because the same commands or pro­
gram can perform functions on different objects 
merely by changing the order of the libraries in the 
library list. 

CPF maintains descriptive information for all objects 
and provides functions for the retrieval and display 
of this data. The descriptive information records who 
the object owner is, when the object was created, 
where the object has most recently been saved, 
and text information provided by the user to further 
describe the object. 
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An important feature of CPF object architecture 
is the manner in which CPF objects are constructed. 
CPF uses machine objects as building blocks to pro­
duce the objects that CPF users see. Figure 2 shows 
an exampfo of how one kind of Control Program 
Facility object is constructed. 

In this example, four types of machine objects (a 
data space, a data space index, a cursor, and a space) 
are combined to produce the higher level CPF object 
known to the user as a data base file. CPF manages 
the individual pieces of a file in a way that allows 

User 

~~=rface - ---- ----- - it __________ L_b ___ _ 
'?J- 1 rary 

I 

I 
I 

I 
I 

I 

' I 
I 

I , 
I 

~ .,,,.----........ ---....... ......_......_. 
.,,.. Space ', -

Data~file ~ 

I 
I 

I 

/ 
/ 

I 

,"' ' 
/ \ 

/ \ 

/' \ 
/ \ 

Cursor 

\ 

\ 
\ 
\ 
\ 
\ 
\ 
\ 
\ 

I 
\ 
\ 
\ 
\ 

\ 
I 

I Data space 

\\D D 
\ 

' ' ' ' ,_ ---

Data space 
index 

---- - - - --
; 

; _ ..... 
, 

/ 

I 

I 
I 

I 
I 

I 
/ 

Figure 2 An example of how one kind of Control 
Program Facility object is constructed 

the user to perceive the file as a single entity. For ex­
ample, the separate pieces of the file come into exist­
ence when a single create-file command is processed 
and remain in existence until the file is explicitly 
deleted. Thus, the user is relieved of the complexity 
and organizational details of the data and can process 
it as a logical entity. When lower level objects are 
put together to form a higher level object, the higher 
level object is known as a composite object. CPF 
object architecture permits any type of System/38 
machine or CPF object to be combined to produce a 
new type of object. In fact, CPF-provided functions 
for managing objects are table-driven, based on 
unique object type and subtype combinations. This 
aspect of the design means that the object-oriented 
approach can be quickly and easily extended. It also 
permits new kinds of objects to be compatibly intro­
duced later on in the life of the system. 

The key advantage of the System/38 building block 
architecture, however, is that the implicit functions 
provided by the machine for its objects are made 
directly available to the end user in a consistent 
manner. For example, implicit in all CPF objects 
are the machine-provided functions of security, 
lock enforcement, and object resolution by name. 
The benefits of this architecture are readily apparent 
when one contrasts the approach of System/38 with 
that of other systems having different addressing 
structures for different collections of data, added-on 
security functions, and user interfaces that require 
knowledge of the physical aspects of data 

. organization. 

Summary 

The object orientation of the System/38 machine and 
CPF interfaces permits common provision of function 
at each interface. With machine-interface objects, the 
hardware addressing mechanism and the internal for-
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mat and organization of data are transparent to the 
user; serialization and authorization functions are 
implicit in the objects. The key characteristic that 
makes this possible is encapsulation of objects in the 
machine-instruction interface. Since CPF uses the 
objects of the System/38 instruction interface as 
building blocks, its objects possess all the function of 
the machine objects. 
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States that much of the data base function in System/38 is provided by the machine instruction set. Describes the 
machine support and discusses performance, security, integrity, and ease-of-use considerations. 

One of the advanced features of System/38 is its data 
base facility. The data base facility is a primary 
component of the Control Program Facility (CPF) 
[1,2] and much of the data base function is 
supported by the machine instruction set. This data 
base support is used by the CPF data base com­
ponent, which adds ease-of-use characteristics. The 
intent of this article is to describe this unique 
microcoded data base support and to discuss the 
factors considered in determining the level of support 
to be provided. A short description of the micro­
coded function is followed by a discussion of how 
performance, security, integrity, and ease-of-use con­
siderations affected the determination of the level of 
support to be provided by the machine. 

Figure 1 shows the comparative level of function 
provided in the microcode support for the various 
divisions of data base function. In general, for the 
"data transfer" instructions of the CPF data base 
component, as much function as possible was placed 
in the machine to improve performance. For the 
other divisions identified in Figure 1, the distribution 
was dictated by function and the desire to have as 
little logic in microcode as possible. In Figure 1, each 
column indicates the proportion of the function that 
is provided by the CPF code or by the machine­
provided support. For "file definition" all the func­
tion is provided by CPF, while for "data transfer," 
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the function is almost entirely provided by the 
machine support. 

The microcoded data base support 
System/38 is an object-oriented machine and its 
machine-instruction interface is an object-oriented 
interface [3] . The objects provided by the micro­
coded data base support are the data space, the data 
space index, and the cursor. 

File 
definition 

Member 
definition 

Open Data 
transfer 

Control program facility implementation 

- Machine-provided support 

Close 

Figure 1 System/38 data base facility functional 
distribution 

System/38 
machine data 
base support 
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The data space is the data storage object. It is an 
arrival sequence file containing records of a single 
format. The microcode supports record lengths up to 
32K bytes and files up to 256M bytes. 

The data space index is used to provide access paths 
other than arrival sequence. The data space index 
provides a logical reordering of the records in one or 
more data spaces, based on keys made up of field 
values in the records and constants called "fork 
characters." The data space index can provide a 
logical reordering of records in one data space, a 
logical merge of like format records from several data 
spaces, or a logical hierarchical ordering of records of 
different record types from different data spaces. The 
key definition provides this extensive ordering capa­
bility. The key is made up of fields from the record, 
and fork characters, in any order. For each key field, 
ordering attributes can be specified, such as 
ascending, descending, absolute value, alternate col­
lating sequence, etc. The fork characters are one­
character constants that provide very powerful order­
ing functions for duplicate keys or duplicate portions 
of keys. 
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each reproduction is unaltered and (2) the IBM copyright 
notice and a reference to this book are on the first page. The 
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Figure 2 shows the forced hierarchical ordering of 
duplicate supplier numbers in different record types 
through use of fork characters. · 

Assumed key definitions: 

Supplier file I Supplier# 

Part file j Supplier# 2 Part# I 
where "l" and "2" are fork characters. 

Figure 2 also shows how records from one or more 
files can be logically reordered through key definitions 
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Figure 2 Use of keys in forcing logical hierarchical 
ordering 
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supplied with a data space index. The use of fork 
characters forces the record from the supplier's file to 
be returned before the records from the part file 
supplied by that supplier. Note that the part number 
field (or the supplier field) can be defined to be 
ordered in ascending, descending, absolute value, or 
other sequence, independent of the fork characters. 

By definition, a key exists for each record contained 
in each file covered by the data space index. A 
feature is provided to allow a subset of the available 
records to be addressed based on values in the record. 
This facility allows the records to be partitioned into 
logical files entirely differently than actually stored. 
Through one set of data space indexes the data 
appears to be separated by days of the week, while 
through another set, the same data appears to be 
separated by sales department. The actual parti­
tioning of the data may be done by either of these or 
by an entirely different method. The data space index 
is immediately updated to reflect changes in the data 
spaces it covers. 

The data space index is implemented through use of a 
general machine index function that is also used by 
many other components and objects in System/38. It 
is based on a binary search algorithm and is optimized 
and balanced for performance among modification, 
random searches, and sequential searches [ 4] . 

The cursor connects the data spaces and optionally a 
data space index to the process. It contains current 
position information for use in "next" type opera­
tions. If the data space index is not specified, the 
access path is either direct or sequential by arrival 
sequence over one or more data spaces where the data 
spaces appear to be concatenated. If the data space 
index is provided, the cursor provides a keyed access 
path for either random or sequential retrieval based 
on the key values or a direct access path via the 
arrival sequence relative record number. A very 
extensive set of search operations is supported. 

The cursor is the facility through which records are 
locked between retrieval and modification. The cur­
sor also contains the logic necessary to map the 
physical record to and from the logical record defined 
by the user. This mapping provides for reordering the 
fields, subsetting the fields, and conversion of the 
fields to new types and lengths, thus supporting the 
logical file format capability. 

As shown in Figure 3, physical and logical files are 
implemented through use of the three machine data 
base objects. The data space in the physical file 
contains the actual data. A data space index is used 
where a keyed access path is specified. A prototype 
cursor is duplicated for each shared usage of the file 
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Figure 3 Machine object usage in implementing 
physical and logical files 
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and contains the format function. The cursor, 
data space, and data space index are used by the 
CPF data base component to implement logical 
and physical files. 

Performance 
Because System/38 is a data base machine and all of 
the user's file data is maintained by the data base 
facility, performance has been a very important 
consideration in the design. A very good way to 
improve performance is to move closer to the 
hardware. In System/38, this was done by providing 
the data base search and modify operations in the 
machine. This can be seen in Figure 1 in the column 
called "data transfer." Machine instructions have 
been tailored to do, almost entirely, the work of the 
Control Program Facility GET, PUT, UPDATE, and 
DELETE functions. First, last, next, previous, generic 
next, generic previous, and direct search functions are 
provided through a SET CURSOR instruction which 
supports the positioning portion of GET. The record, 
as defined in the logical format, is returned by a 
RETRIEVE instruction for the data portion of the 
GET. The UPDATE, DELETE, and PUT functions 
are handled by UPDATE, DELETE, and INSERT 
machine instructions which automatically update all 
the data space indexes to reflect the change. 

The machine does all space management for the data 
base facility, utilizing the machine storage manage­
ment component. The microcode has been thor­
oughly optimized to shorten "normal" path lengths 
and to reduce the number of pages touched, when­
ever possible. 

Authorization 
A primary objective of System/38 is to improve 
security of the system, and the data base facility in 
particular, over previous systems. To effect this, 
object authorization was implemented in microcode 
below the lowest user-available interface. The objects 
are stored on auxiliary storage, but there_ is no 
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interface available to the user for reading from, or 
writing to, this medium. All operations are made 
through well-defined, object-sensitive, microcode 
instruction interfaces which enforce object authoriza­
tions [5]. In systems implementing security and data 
base functions above a user-available interface, there 
have been ways to bypass the security of the data 
base. With System/38, the authorization and most 
data base functions are implemented below the 
lowest user-available interface, thus providing greatly 
improved security capabilities. It is for these reasons 
that measures like file keyword locks and data 
encryption are not considered to be necessary for the 
System/38 data base facility. 

Integrity 
The attributes of integrity are very similar to those 
for security. Because of a desire to improve data 
integrity in the data base facility, enough of the data 
base function was implemented in the machine to 
ensure that changes to objects must be made through 
the correct interfaces as defined by the architecture. 
In past data base systems, the user was able to bypass 
the data base support code and access the files 
through the file management interface, thus defeating 
integrity functions. 

In System/38, all data base operations are done in 
move mode. The data base user never has access to, or 
the address of, the actual physical record. The most 
"physical" address that is available to a record is the 
object pointer and the arrival sequence number of the 
record in question. The only way this information 
can be used is through the appropriate data base 
support instructions. 

In moving data in and out of the data base, some data 
checking is done under certain conditions, but for 
the most part, actual field data values are not 
checked. The data base facility does not explicitly do 
any range checking or guarantee any data-type 
validation. These are perceived to be user defined 

requirements. On the other hand, . usage of the 
centralized data definition capabilities will greatly 
reduce the chance of data-type errors [2]. 

Individual records are locked so that another process 
cannot change the record between the time a program 
reads it and the time the program is ready to write 
back the updated fields. 

Because of the high level of data base support 
provided by the machine, many recovery-type inte­
grity questions are solved. On process termination, 
files are automatically closed. Logical access paths 
will always represent the actual stored records, or will 
be marked as unusable and needing rebuilding. 
Sequentiality of inserts is guaranteed. The facility to 
protect random updates and deletes is also provided. 

Ease of use 

Ease of use is one of the predominant design 
considerations of System/38 and the data base 
facility. Where not impacted by security, integrity, or 
performance, the ease-of-use functions lie entirely 
above the machine interface. File definition is a good 
example. 

The actual file definition, building of control blocks, 
and system definition of data formats and field 
attributes are done entirely outside the machine­
provided data base support. The file member defini­
tion has some machine support due to the creation of 
the data base objects involved. When the file is 
created, the format and access path definitions are 
stored with no machine data base support. When a 
file member is created, the machine data base support 
is used to create the data space, data space index, and 
cursor that internally make up the physical and the 
logical files. 

Summary 

A unique feature of System/38 is its high level of 
machine function. In the data base facility, this is 
even more apparent than elsewhere. 
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Because of the efforts to provide good performance, 
the search and data transfer operations were imple­
mented in the machine. Implementing security below 
the lowest user-available interface, and providing data 
integrity at that interface, resulted in objects being 
defined at the machine level and part of the OPEN 
and CLOSE functions to be implemented in the 
machine. The result is that, for the first time, 
optimum data base support has been provided at the 
machine instruction interface. 
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States that primary and secondary storage in System/38 is managed by microcode. Describes key implementation 
concepts. 

In all current IBM systems utilizing virtual storage 
management techniques, a job executes in a large 
virtual address space containing job-related structures 
and programs. A storage management component 
manages the transfer of portions of this address space 
to and from main storage as required. Separate data 
management components using different disk inter­
faces and mapping techniques manage the transfer of 
data between disks and buffers in the address space. 
One of the major innovative features of System/38 is 
that, during normal operations, the storage manage­
ment component, which is part of the microcode, 
provides the only interface to disk storage, and all 
programs, files, and work spaces are managed as 
address spaces. All System/38 components thus 
address data on disk uniformly through this com­
ponent, greatly simplifying the design of the system. 
For example, the data base component on System/38 
is not concerned with buffers and disk 1/0 programs, 
but simply addresses a desired record in a file by its 
virtual address, relying on storage management to 
actually bring the data into main storage. 

Figure illustrates the relationship of storage 
management to other System/38 components. 

This paper will describe key implementation concepts 
of System/38 storage management. 
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Basic addressing structure 
All data on System/38 is addressed, whether by 
microcode or by System/38 encapsulated programs, 1 

through six-byte virtual addresses, each consisting of 
a 3-byte segment ID and a 3-byte offset within the 
segment. 2 Storage management maintains directories 
relating all valid virtual addresses to disk locations. 
When a required piece of data is not present in main 
storage, the System/38 instruction processor gener­
ates an address translation exception. Storage 
management receives control, determines from its 
directories the location on disk of the data, and 
transfers the data (one or more blocks, called pages) 
to main storage where it may now be accessed by the 
processor. 

When an object is created (i.e., a System/38 instruc­
tion-interface create-object instruction is issued), the 
microcode component associated with that object 
requests storage management to allocate one or more 

1Encapsulation is the process, similar to compilation, which a 
System/38 program undergoes before it is executable. An 
encapsulated program addresses data in the same fashion as 
microcode components. 

2 System/38 hardware employs an addressing scheme with 
4-byte segment IDs and 2-byte offsets. To facilitate manage­
ment of large objects, storage management assigns 256 
contiguous 64K segments at a time, so that each segment 
potentially addresses 16MB. Only the amount of space 
actually required is allocated, however. 
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segments. For each such request, storage management 
assigns a unique segment ID, allocates the amount of 
space requested on disk, and updates its directories 
accordingly. The requesting component then 
addresses data within the segment through the seg­
ment ID and offset as described above. This address is 
not directly seen by the System/38 creating program. 
Instead, the 6-byte address becomes part of the 
16-byte system pointer through which the program 
subsequently references the object. Storage manage­
ment is also invoked when a microcode component 
requires a non-object related segment, for example, a 
work area. Thus, storage management manages seg­
ments, not objects. The segments thus allocated may 
subsequently be extended, truncated, and destroyed. 
Once a segment is assigned a location on disk, it 
remains at this location until destroyed. 

Directory structure 
At a given time, many thousands of objects, implying 
many thousands of segments, will exist on the 
system. These segments will range in size from a few 
hundred bytes to millions of bytes. Some will exist 
only for a few seconds, while others will exist for the 
life of the machine. Some objects, such as data space 
-indexes, will be accessed one page at a time; others, 
such as programs, will generally be required in main 
storage in their entirety; still others may be required 
in main storage in conjunction with a number of 
other objects. The directory structure is designed to 
satisfy these requirements with minimal overhead. 

Table 1 summarizes the storage management direc­
tories. The temporary directory describes the allo­
cation of segments that are generally required only 
for the duration of a job and need not exist across 
IPu. There are generally relatively few such seg­
ments, but at a given time most of them are in use. 
The permanent directory describes segments which 
must exist across IPu, for example, data spaces and 
programs. There are generally many permanent seg­
ments, relatively few of which are in use at any given 
time. Use of separate directories thus enables faster 
look-up and allocation operations on the more 
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frequently used temporary segments. (The indication 
of which directory to search is encoded in the virtual 
address itself.) 

Together, the permanent, temporary, and free-space 
directories describe the allocation of all disk space. 
These directories are implemented as pageable 
indexes.3 Contiguous blocks of space on disk are 
called extents, and are always a power of 2 in size, 
ranging from 512 bytes (one page) to 16MB. Each 
such extent is described by a 4-byte extent descriptor 
containing the extent size (a 4-bit code which is the 
log of the number of pages) and the disk address. The 
free-space directory consists of extent descriptors 
mapping all unallocated space, while the permanent 
and temporary directories each contain entries con­
sisting of a segment ID followed by one or more 
extent descriptors mapping the disk allocation of the 
segment. 

Allocating space in blocks rather than as single pages 
facilitates multiple page transfers to and from disk 
and reduces directory size. The power of 2 scheme 
enables the concise encoding of a vast range of sizes, 
further reducing directory size. Additionally, it makes 
possible the use of a "buddy" scheme4 to partition or 
recombine extents when allocation and deallocation 
requests are received. The buddy scheme, in conjunc­
tion with a best fit algorithm for allocating space, is 
used to minimize disk fragmentation. 

To reduce the number of permanent and temporary 
directory searches (which could cause additional page 
faults since the directories are pageable ), a main 
storage resident lookaside directory is employed. This 

3 The System/38 microcode includes a component which 
supports a variety of search, insert, and remove operations 
on indexes. This function is used by storage management as 
well as by a number of other microcode components [ 1 J. 

4 Associated with each block of space is an adjacent block of 
space of the same size, called a buddy. Since the buddy's 
size is known, its address may be determined. When a block 
of space is freed, a single lookup operation is performed to 
determine if the buddy is also free, in which case the two 
may be recombined. 

directory consists of an array of entries, similar to 
those in the permanent and temporary directories, 
describing the location on disk of the most recently 
referenced segments. It is managed on a least­
recently-used basis and is accessed by hashing the 
address to be resolved and using the result as an offset 
into the directory. Typically, 90% of all directory 
lookups are satisfied in the lookaside directory 
without additionally searching the permanent or 
temporary directory. 

Often, several objects are required simultaneously in 
main storage. For example, the arrival of a trans­
action to the system may require that a number of 
work areas and control blocks needed to process the 
transaction be placed in main storage. To reduce the 
number of separate directory searches and disk 
accesses, a number of objects may be packaged 
together in an access group. Space for the access 
group itself is described in the temporary directory. 
Space for the individual object is then suballocated 
from within this space. This suballocation is described 
in an access group table of contents. The table of 
contents is a linear list of the contents of each page of 
the access group, enabling storage management to 
transfer the set of objects to or from main storage in 
a single disk operation. An access group thus facili­
tates a roll-in/roll-out or swap type of operation. 
However, the concept is generalized to include any 
set of objects referenced more or less simultaneously. 
From a performance standpoint, access groups are a 
virtual extension of the object-oriented interface [2]. 

It must also be possible, although not desirable from 
a performance standpoint, to reference a segment 
when its containing access group is not in main 
storage. This is accomplished through the access 
group member directory, an index which relates 
segments to their containing access group. 

Recovery 

Since the directories describe the location of all data 
on disk, they must be recoverable in the event of a 

IBM S/38 TECH DEV 



Table 1 Storage management directories 

Name Organization Entry size 

Permanent Index 10-22 bytes 

Directory 

Temporary Index 10-22 bytes 
Directory 

Lookaside Array 10 bytes 
Directory 

Free Space Index 4 bytes 
Directory 

Access Group Index 14 bytes 
Member 
Directory 

Access Group List 8 bytes 
Table of 
Contents 

system failure. Instead of using a recovery scheme 
that a_dds overhead to normal system operation, such 
as journaling changes or maintaining two copies of 
the directory, all pages on disk are made self-defining; 
that is, each page on disk is preceded by an 8-byte 
header containing the virtual address of the page. The 
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Number Number 
Entry format of entries in system 

virtual address 1 or more 
+ 1-4 extent per segment 
descriptors 

virtual address 1 or more 

+ 1-4 extent per segment 

descriptors 

virtual address 1 per extent 

+ 1 extent 
descriptor 

1 extent 1 per extent 
descriptor 

virtual address 1 per segment 
of segment, in an access 
virtual address group 
of access group, 
size of segment 

virtual address, 1 per page 1 per 
disk address in an access access 

group group 

header is always read and written along with the page. 
In the event of a failure, the directory can be rebuilt 
by reading. all records on disk. (Since the disks may 
be read sequentially, a track at a time, and since large 
blocks of allocated space may be skipped over, the 
time to recover the directories is not excessive.) 

Typical Typical number 
Accessibility size of entries 

Pageable 128K-1M 5000-40 ,000 

Pageable 5K-50K 200-2000 

Resident 4K-8K 400-800 

Page able 6K-48K 500-4000 

Page able 2.5K-25K 100-1000 

Pageable 1.5K 150 

A natural fallout of the self-defining page concept is 
that a first reference to a page of a segment is 
detected as a mismatch between the header that is 
read in with the page and the virtual address being 
read. When such a mismatch occurs, storage manage­
ment clears the page before returning to the user. 
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This enables storage management to provide a page of 
zeros when a page is first referenced, and without 
the overhead of maintaining a bit map of never­
referenced pages or of zeroing space on disk when a 
segment is created or destroyed. 

Summary 

All disk storage on System/38 is managed by a single 
microcode component: storage management. The 
advantages of a simple virtual storage addressing 
scheme are thus extended to all other components of 
the system. Performance considerations are met 
primarily through a flexible, multilevel directory 
structure. 
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States that one of the novel features of System/38 is the integrated capability in the machine for creating, using, 
and maintaining indexes. Describes indexing features, implementation, and rationale. 

Indexes are one of the fundamental building blocks 
of system and application programming. An index is a 
logically ordered set of en tries: Each en try consists 
of a key that is used to define the ordering and 
associated data. Typically, the key is the name of an 
object and the data is the address of that object. 
Indexes are used in many components, such as data 
management to access records in data files and in 
compilers to manage symbol tables. 

One of the novel features of IBM System/38 is the 
integrated capability in the machine for creating, 
using, and maintaining indexes. This capability is used 
internally to support many of the basic machine 
functions, such as data base and storage management 
[1]. It is also made available to the users at the 
System/38 instruction interface via the independent 
index instructions. This provides the Control Program 
Facility (CPF) [2] , compiler, and utility products a 
powerful and standardized index function for their 
many diverse uses. 

In addition to being integrated into the machine, the 
System/38 index support has an advanced imple­
mentation approach utilizing a binary radix tree 
structure with special considerations for paging. This 
approach was required due to the challenging require­
ments of generality, performance, and function that 
had to be met to allow the machine index support to 
be used as a building block for many diverse 
functions. 
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This paper discusses a few salient features of the basic 
indexes and the rationale for the implementation 
choice. 

Applications 
The IBM System/38 uses index operations for sorting 
and table searches and to maintain cross-reference 
lists. Indexes are used in storage management, data 
management, context management, symbol tables, 
message handling, and authority checking. This high 
usage requires an efficient implementation. Some 
indexes are small, and others may contain up to 
16 million bytes. 

In all of these uses, there is a need for accessing an 
entry by a key value. Many require access to a prior 
or subsequent entry as well. Fast access is another 
requirement. For fast access it is important to keep 
the index compact and minimize the number of pages 
referenced. 

Several techniques help to keep the indexes compact. 
First, the uses are designed to minimize the number 
and length of entries. The ability to handle variable­
length entries eliminates the need for including 
unused fields. The indexes are implemented to 
minimize the overhead per entry. Common text, the 
leading portion of a key that is common to two or 
more entries, is stored only once. Each entry that is 
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added to the index requires only a few bytes of 
storage in addition to its unique text. 

The second consideration in achieving fast access is to 
minimize the number of pages that are referenced on 
each access. This is important when the pages reside 
in slower secondary storage. For uses that involve 
sequential access to entries, the problem is alleviated 
by placing sequential entries on the same page. 

Another requirement of most applications is that the 
index operations be convenient. For this reason, all 
space and pages required for the index operations are 
managed by the index function. Both the key portion 
and the data portion of an index entry may vary in 
length up to a combined length of 128 bytes. 

Binary radix tree 
The System/38 uses a form of a binary tree to 
implement indexing. The primary reason for this 
choice is that it permits fast access to the individual 
entries. It differs from the usual binary tree in that a 
single bit is used to make each decision. 
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A binary search is used to bisect the index sequence 
on each iteration. Normally, this is implemented so 
that the search key is first compared with a key near 
the middle of the index sequence. Then, if the search 
key value is higher {lower), it is compared with a key 
near the middle of the upper (lower) portion of the 
index sequence. This process is repeated until an 
exact match is found. 

For the System/38 indexes, the concept remains but 
the details are changed. Instead of comparing the 
whole search key with the various index entry keys, a 
single bit of the search key is tested on each step and, 
thereby, it is determined which path will be followed 
on the next step. This process is faster and nearly as 
informative. Certain bits of the search key are not 
tested because all of the candidates (those index 
entries which have satisfied all of the prior tests) have 
those bits in the same state. Each node of the 
decision tree must identify one bit of the search key 
to be tested and, as a result of that test, select one of 
two possible successor paths. This process is repeated 
until there is only one candidate left. A termination 
text element is used to identify the unique text of the 
proper index entry. 

The tree is composed of nodes and text elements. 
Each entry is represented with a separate path from 
the root through a termination text element. The text 
elements define the location and length of text that 
logically belongs at each point along the path. Each 
node defines a test that will help select the path to be 
followed for a given search key. It identifies the 
search key bit to be tested. It also indicates the 
relative locations of successor and predecessor 
elements. 

Figure 1 is a representation of these nodes and text 
elements for a tree with eight entries. The same type 
of text element is used for text that is common to 
several entries and for the termination text of a single 
entry. 
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Figure 2 shows an analysis of the same entries. It 
indicates that the entries have different lengths and 
that the keys are also of different lengths. The key 
for an entry is defined as that set of leading bytes 
which is sufficient to uniquely distinguish it from all 
others. Note that subsets are included by providing a 
null text element. 

Data representation 
Every entry in a System/38 index is treated as a 
variable-length bit string. The acceptable lengths are 
multiples of eight bits up to 1024 bits (128 bytes). 

Root 

Q Node indicating bit 
Q to be tested 

D Common text 
element 

D Termination 
text 
element 

Note: The node values assume that text is represented in 
EBCDIC. 

Figure 1 Binary tree with eight entries 

The entry's length, in bytes, must be defined when it 
is inserted into the index. Its length is returned 
whenever the entry is retrieved. 

Before a new entry is inserted into the index, its 
synonym entry is found. The synonym entry is that 
entry which is found when the new entry is used as a 
search argument with the existing decision tree. If the 
new entry is an exact match for the synonym entry, 
then it is rejected because it is a duplicate. Subset 
entries are allowed; the shorter entry is placed ahead 
of the longer one. Otherwise, the first bit that differs 
between the new entry and the synonym is used to 
discriminate between them. The decision tree is 
modified along the path leading to the synonym so as 
to include the new test. The new test node is 
positioned along that path so that the search key bits 
are always tested in a strict left to right sequence; this 
keeps the entries ,in order. 

Key Data 

Entry length 

Bits tested Entry Key 
Entry on search length length 

HART 3 4 4 

HARVEY 3 6 4 

HEIN 4 4 4 

HEINTZ 4 6 5 

HENRY 3 5 3 

HOPKINS 2 3 

HOWARD 3 6 4 

HOWELL 3 6 4 

TOTAL 25 44 31 

AVERAGE 3.1 5.5 3.9 

Figure 2 Analysis of entries 
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Front-end compression 
The binary radix search technique described above 
will select one index entry for any given search key. 
However, the correspondence between the search key 
and the selected entry key is guaranteed only for 
those bits that were tested. To verify that the selected 
entry matches the search key, a full comparison must 
be made. This is better than the normal binary search 
because only one full comparison need be done. 

The full comparison can be performed as a single step 
at the end of the search, or it can be performed in a 
piecewise fashion as the search progresses. The latter 
method was chosen because it provided other benefits 
as noted below. 

At various stages along the search path, the next bit 
to be tested lies in a different byte than the prior one. 
At this point, all of the candidates have the same 
value for the completed bytes. By comparing each 
completed byte with the corresponding search key 
byte at the earliest possible stage, it is possible to 
terminate a search early when none of the candidates 
can match the search key. Terminating the search 
early can eliminate unnecessary page faults. Also, by 
storing the common text byte at the earliest stage in 
the decision tree, it can be eliminated from the 
termination text of each of the candidates. This can 
represent a substantial reduction in the amount of 
text required for many applications. This reduction is 
referred to as front-end compression because lead­
ing bytes of key fields need to be stored only once. 

Page splitting 
Even with front-end compression and a compact 
format for the structural elements, most decision 
trees require more than one page to represent all of 
the entries. This raises the question of how a tree 
should be distributed over several pages. 

It should be noted that the logical structure of the 
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tree is dependent only on the data. The number of 
entries in the tree and the average number of nodes 
along each path are generally related as follows: 

Entries Nodes 

200 8 
1000 10 
5000 13 
30000 15 
1000000 20 

Differences in individual path lengths are unim­
portant because the time to process a few nodes more 
or less is minor. But the time for a page fault is of 
more concern. 

Accordingly, much effort is expended to provide a 
physical balance in the number of pages required to 
complete each path. The page-splitting algorithm 
allows any node in the logical tree to be replaced with 
an index page pointer; that page must then resume 
with the equivalent subtree. Most of the pages with 
termination text are placed at the outermost (that is, 
branch) level of the tree. The first page of the tree is 
called the trunk and will contain mostly pointers to 
other pages. Pages that contain pointers to other 
pages and are beyond the trunk level are called limbs. 
Table 1 gives examples of the number of pages at 
each level. 

The splitting algorithm causes the pages in the level 
adjacent to the trunk to grow gradually and then 
drop to two when an additional level is needed. This 
is done because in a virtual paging environment the 
small number of pages in the level adjacent to the 
trunk has a high probability of remaining in main 
storage just through heavy usage. The fanout from a 
single page is typically in the range from SO to 90. 

Summary 
Because of its extensive usage, indexing is a key 
element of the System/38. The index instructions 

Table 1 Examples of page hierarchies 

Trunk Limbs Limbs Branches Total 

80 81 

2 150 153 

12 1000 1013 

80 6000 6081 

3 200 14000 14204 

8 500 32258 32767 

provide fast access to the index entries by employing 
a binary radix search. Only a small number of pages 
are touched, and only a small number of nodes are 
processed. The indexing capability is independent of, 
but used by, data base and storage management. 
Thus, the index instructions provide an efficient and 
standardized set of building-block functions that are 
used by many system components. 
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User-System/38 
interface design 
considerations 

D.G. Harvey 

The IBM System/38 is a new system providing 
extensive functional capabilities. One of the major 
architecture and design problems encountered in the 
development of this type of system is how this 
advanced function should be presented to the end 
user. Heavy customer investment in program and skill 
development precludes a radical diversion from cur­
rent interfaces and approaches. At the same time, 
constraints imposed by contemporary facilities pre­
vent a user from realizing the full potential of the 
new system. It is also deemed undesirable to burden 
new users with vestigial data processing constructs. 

This paper gives some insight into how these classi­
cally opposing forces were reconciled to provide the 
System/38 user with interfacing mechanisms which 
are at once familiar and progressive. In so doing, the 
paper also provides a simple overview of the system's 
primary interfaces and their relationships. 
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Provides an overview of System/38's primary user interfaces. Describes objectives, constraints, and rationale. 

Language/interface influences 
The decision on when to extend existing interfaces 
versus providing new ones was driven mainly by 
consideration of four factors: 

New technical concepts 
New function 
New users 
Business investment 

For purposes of this article, words like current and 
existing refer to IBM predecessors of System/38: 
System/3, System/32, System/34. 

New technical concepts 

A number of important technical concepts in 
System/38 have had major influence on the archi­
tecture of the user interfaces. Program/data inde­
pendence, program/system independence, binding 
flexibility, transaction processing, and modular appli­
cation structures have forced a function-language 
taxonomy that not only categorizes the languages/ 
interfaces themselves, but also classifies function by 
interface. These five concepts are more or less 
dependent on the basic notion that applications, and 
even systems, consist of three major entities: 

Objects 
Programs 
Processing environment 

Objects are those pieces of an application that "get 
worked on." They are the ultimate targets of all 
programming operations. Devices and data base files 
are perhaps the most common objects. The concept 
of the object is treated in detail by Pinnow et al [ 1 ] . 

Programs are those parts of an application that "work 
on" the objects. A program is also one of the more 
common objects since at any point in time it may 
serve as a target rather than a processor. 

Processing environment is the conditions under which 
the application will run, that is, which programs will 
process which objects under what circumstances. 
Many aspects of the environment are often system 
dependent. 

All five of the previously mentioned technical con­
cepts flow from the theory that these three major 
parts may be, to a large extent, treated as inde­
pendent entities. That is, objects within an applica­
tion may be established and modified (redefined) 
while programs and environment remain constant; or 
programs may be established and modified with no 
effect on the others, etc. Also, given separate sets of 
objects, programs, and environments, it should be 
possible to statically or dynamically bind elements 
from each into a synergistic unit (the executable 
instance). Figure 1 illustrates this concept. 
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Process environment 
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0 C control 
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Bind control is part of the Process environment portion of an application. It should be flexible enough to allow establishment of an 
executable instance prior to processing an entire set of input (early bind), or allow fresh creation/destruction of an executable 
instance for each unit of information that arrives at the system (late bind). 

D 

areas 

Allocated 
main 

Open 
data files 

Etc. 

Execution 
instance 

Figure 1 A method of combining elements from objects, programs, and environments 

Given this fundamental trinity of application entities 
and an understanding of the benefits that can be 
gained by adhering to a clean separation of each, it 
became a major objective of System/38 to provide 
languages/interfaces that encourage the user to con-
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sciously delineate and define the separate parts. At 
the same time it was clearly recognized that there are 
enough instances of functional overlap among these 
parts that rigid enforcement of such a structure is 
neither desirable nor possible. 

New function 

Significant new function is provided on System/38, 
some of which is not readily adaptable to existing 
interfaces. The definition of data base and device 
files, for example, involves the building of structures 
and data relationships that are foreign to current user 
interfacing constructs. Other areas where new func­
tions must be manifested through the user interfaces 
are: 

Work station 1/0 
Data base 1/0 
System display capabilities 
Object creation/manipulation facilities 
Test and service functions 
Transaction processing/system control functions 
Message handling facilities 
Save/restore 
Cross referencing/where used functions 

It has been a primary objective of System/38 to not 
only give the end user access to these functions, but 
to also classify them such that they are available in 
the proper piece of an application. For example, 
some functions are clearly related only to the 
processing environment and need not be accessible 
from within programs. Many of them are system 
dependent in nature and should be rigidly isolated 
from the programming interface. 

New users 
Even a cursory analysis of this area reveals a growing 
set of users whose needs are fast outstripping current 
interfacing facilities. These users range from work 
station operators who need consistent mechanisms 
for effecting simple transactions to company 
managers who desire rapid access to their data base. 
Data entry, inquiry, and query functions (including 
hard copy generation) are required by users with little 
or no data processing training. Clearly, the final 
interface architecture had to take this user into 
account. 
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Business investment 
Several straightforward business considerations affect 
the choice and definition of user interfaces on any 
new system. Gratuitous change from current 
approaches causes increased development costs for 
IBM, high reprogramming and education costs for our 
users, and, therefore, a justified resistance to the 
product. On the other hand, there are very real 
though less easily quantified costs resulting from 
strict adherence to dated practices. Unfortunately, 
the problem is further complicated by the fact that 
the optimum rate of innovation varies from business 
to business. Because of this, it was decided that 
System/38 interfaces must allow users to move onto 
new ground at their own rate. The user should be 
allowed to bring current applications to the new 
system without having to understand most of the new 
function available and without having to deal with 
radical new interfaces. 

Results 
After considering all the above factors, some conclu­
sions were obvious. RPG was definitely the base on 
which· to build the program definition interface. 
Customer investment in the language is high and, with 
the proper extensions, it provides a simple yet 
powerful means of manipulating System/38 objects. 
New file options and new calculation operation codes 
have been added which facilitate processing of work 
station and data base files and allow for much greater 
user control over logic flow within the program. This 
new RPG, designated RPG III, also allows the user to 
write a program such that objects like data base files, 
work station files, and external data areas are not 
defined in the program. I/O operations are specified 
in the program, but the object structures (down to 
the field level) are defined via a separate interface. 
Thus, RPG III meets the requirement that programs 
need not contain object definitions. It serves as the 
primary programming interface on System/38. 

Again, looking at the major influences documented 
above, it was decided that no existing language could 
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serve as the interface for establishing and manipu­
lating the processing environment. Far too many new 
system functions are provided to even consider 
propagation and extension of the operator control 
language and utility interfaces now available. Most of 
this function is required interactively and is of an 
imperative "outside-in" nature, which fits nicely into 
a verb-noun command structure. Accordingly, a new 
Control Language (CL) interface is provided, which 
allows for the establishment and control of the 
processing environment and provides an interface to 
many system dependent functions. 

The object definition interface could have been 
folded entirely into RPG III or CL. RPG III was 
rejected for this role because many of the objects are 
system dependent in nature and because the system 
would thus be architecturally constrained to a single 
high-level language programming interface. Also, for 
reasons previously stated, object definition should be 
isolated from the program. CL on the other hand is 
high-level language independent and is the intended 
interface for system dependencies. For simple objects 
(libraries, message queues, external data areas, etc.), it 
easily provides a simple and consistent definition/ 
creation/deletion interface. Files, however, presented 
a problem. The definition of files, fields, structure, 
screens, etc., is largely a declarative process that 
historically has been supported through easy-to-use, 
fixed-form interfaces. Force fitting complex declara­
tive structures into a language, which by definition is 
verb cdriven, would detract from the single statement­
single action structure of the control language. It was 
decided that a separate forms interface should, 
therefore, be provided as a means of describing the 
more complex objects-work station and data base 
files. Appropriately, the interface is referred to as the 
data description specification, which is discussed by 
Truxal and Ridenour [2] . The data description 
specification serves only as a descriptive interface. In 
this regard, it is directly analogous to RPG III. Both 
are easy-to-use forms interfaces that describe complex 
objects (RPG III describes a program object). In all 

cases, actual object creation can only be effected via a 
CL command. While the description of simpler 
objects, such as libraries, is specified directly in create 
command parameters, the description of program and 
complex file objects is stored and referenced by name 
on the create command. Thus, the commands are 
simplified, and detailed data and program descrip­
tions can be reused when necessary. 

As illustrated in Figure 2, the three basic user 
interfaces on System/38 are the control language, 
RPG III, and data description specifications. 

Users may choose to access System/38 function only 
through these interfaces; but in order to fully 
accommodate the non-DP types of users described 
previously, and those people requiring frequent use of 
control functions, it was decided that a higher level of 
interface was required-one that would allow these 
users to access data and major system functions 
without understanding any of the primary interfaces. 
As shown in Figure 3, this interactive ease-of-use 
facility consists of two major parts. One is simply a 
conversational means of entering CL commands; it 

End users Control 
Operators Language 
Programmers 
- Process environment 

System-dependent functions 
Object creation/deletion 

Data description 
specification 
Definition of 

complex objects 

Figure 2 The three basic user interfaces in System/38 
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use interface 

Data description 
specification 

Figure 3 The high-level interface for accessing data 
and major system functions 

interactively helps the user to enter the proper 
information for any chosen command function and 
then dynamically builds the command and causes it 
to be executed. Results are the same as if the user 
entered the command directly in CL syntax. The 
other is a powerful facility that allows the end user to 
define and execute typical work station applications 
without having to understand any of the primary 
interfaces. Source entry, data entry, inquiry, and 
query applications may be generated and executed 
with little or no DP training. 

Summary 
The user interfaces to System/38 reflect a balanced 
means of accessing function on a new generation of 
systems. User investment, new user roles, advanced 
technical concepts, and increased function were the 
primary factors influencing the interface architecture. 
They resulted in establishment of interfaces that 
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support the new and advanced characteristics of the 
system while retaining a high degree of familiarity. 
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Introduction to the 
System/38 Control 
:Program Facility 

D.G. Harvey 

The System/38 Control Program Facility (CPF) is a 
totally new, high-function, operating system product 
designed to complement and extend the capabilities 
of the System/38 machine. As such, its functional 
offerings further emphasize the basic thrust of the 
System/38 architecture-fully integrated support for 
data base and work station-oriented applications. The 
advantages of real time, interactive access to func­
tions and data are extended, through CPF facilities, 
not only to work station operators performing user 
business functions, but also to application pro­
grammers and system operations personnel as well. In 
addition, the CPF supports a wide range of batch 
processing options allowing increased control of 
batch work flow, full concurrency with interactive 
work, and submission of batch work from locally or 
remotely attached work stations. 

To make its functions available in a consistent and 
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States that the System/38 Control Program Facility is a new high-function operating system product. Highlights 
key aspects of function, interfaces, and design objectives. 

easy-to-use manner, the CPF provides a single new 
control language and advanced new data definition 
and data manipulation interfaces. 

This paper introduces the CPF by highlighting key 
aspects of its function, interfaces, and basic design 
objectives. It also provides the framework for related, 
but more detailed, CPF papers that follow. 

Pervasive characteristics 
In order to introduce significant advances in function, 
many previous systems have proliferated the number 
of specialized interfaces. This not only increased the 
apparent complexity of the system, it also greatly 
reduced the ease with which system users learned new 
functions and procedures. 

To avoid such problems, the CPF has been designed 
to provide its wide range of functions through 
conceptually simple and consistent mechanisms. This 
simplicity and consistency is embodied in three basic 
CPF characteristics: 

The interface to CPF functions is object-oriented. 
Each CPF "object" type can be characterized by its 
attributes, the operations that can be performed upon 
it, and the user data contained within it. Examples of 

CPF objects are: files, programs, message queues, user 
pn?files, and libraries. Object concepts are discussed 
by Pinnow, et al [6]. 

Operations on objects are performed through a single 
new control langu,age. The CPF Control Language 
(CL) consists of over 200 single-function commands. 
Command processing is available to work station and 
batch users alike. Commands can also be compiled to 
create control language programs. Key aspects of the 
Control Language are discussed by Botterill and 
Evans [2]. 

Function and object usage can be controlled through 
CPF security facilities. CPF supports both system 
level and user level security controls, as described by 
Berstis, et al [7]. System level controls can be used to 
prevent access to the system by unauthorized per­
sonnel. User level controls allow authorized users of 
the system to "own" objects and to grant and revoke 
object rights-of-use to other system users. 

These simple but pervasive features make CPF func­
tions potentially available to all CPF users through a 
single mechanism. The subset of functions needed by 
a particular user is not predefined or restricted by the 
CPF. It is determined solely by the needs and policies 
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of the System/38 installation. As users expand their 
use of CPF, they are not required to learn new or 
diverse interfacing techniques. 

Workflow and resource management 
One of the more novel aspects of the Control 
Program Facility is the support it provides for 
managing the flow of work and the usage of system 
resources [ 1] . Similar to some previous systems, CPF 
offers basic support for the concurrent execution of 
batch, interactive, and transaction-oriented applica­
tions. However, unlike previous systems, the CPF 
offers this support as an integrated feature of the base 
operating system product. This integrated design 
eliminates the need for unique resource management 
subsystems that impose their own operating over­
head, functional restrictions, and special interfaces on 
system users. It replaces such subsystems with a 
subsystem concept of its own-the user-defined 
subsystem. 

Integrating the subsystem concept into the basic 
operating system design allows the CPF to support 
any number of user-tailored operating environments 
through a single rule-driven mechanism. This tech­
nique not only makes the basic tuning functions of 
the System/38 machine available in all environments 
through a single interface, it also allows the user to 
isolate or intermix different types of work as appro­
priate without restricting in any way the options 
available to the application designer. 

The rules for the operation of each subsystem are 
contained in an object referred to as a subsystem 
description. A subsystem description provides a 
means by which a user can prespecify sources from 
which new work is to be accepted (such as a job 
queue or a work station), programs to control the 
processing, and various resource usage parameters. 
Prespecification also provides a means for easy 
operational control since a subsystem can then be 
started with a single command. 
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In keeping with the terminology of previous systems, 
each "use" of the system is referred to as a job. Within 
a job, each processing step results in the initiation of 
a process-the basic unit of parallel execution within 
the System/38 machine [8]. The degree to which 
each processing step appears to be batch-like versus, 
for example, transaction-like is totally dependent 
upon the characteristics of the program(s) controlling 
the flow of execution within the step. The specifica­
tions in the subsystem description determine whether 
the stimulus for the next processing step causes 
control to be given to a designated user program or, 
for example, to the CPF command processor. 

Command processing 

The CPF command processor is designed to operate 
as a rule-driven subprogram [2] . As such, it can be 
invoked in virtually any environment to provide 
command services to CPF users. For work station 
users, basic command processing services have been 
extended to provide a powerful, interactive, com­
mand-entry facility complete with command selec­
tion aids, parameter prompting, and message reply 
capability. Through these facilities, CPF users have 
access to all commands and user applications (via the 
CALL command) to which they are authorized. 

The rule for processing each command is contained in 
an object called a command definition. 

Each command definition describes the validity 
checking, parameter defaults, and prompting text for 
its associated command as well as the program to be 
invoked to perform the command function. Because 
the command interface is maintained separately from 
the program that performs the function, new com­
mands can be defined to tailor the interface to an 
existing program or to provide an interface to a new 
program (thereby extending the command set). 

For often-repeated command sequences, a Control 
Language compiler is provided. Compiled CL offers 

not only the expected performance advantages but 
also a number of significant "programming language" 
functions not normally found in a control language, 
including: 
• Declared program variables 
• IF THEN ELSE and DO-group capabilities 
• Work station I/O support 
• Error monitoring facilities 

These functional extensions (and others) make con­
trol language programs well-suited for performing the 
control flow portions of both batch and work 
station-oriented applications. The work station I/O 
support provided through compiled CL is specifically 
designed for simple menu and prompting usage. 

Data management 

The CPF control language provides a single interface 
through which object level functions can be per­
formed. However, one type of object, the file, has 
special significance in that it is designed to provide a 
mechanism through which system users define and 
access large volumes of data. 

As was the case on previous systems, the primary 
System/38 interfaces through which file processing is 
performed are provided by high level language com­
pilers and utilities. CPF data management facilities 
are designed specifically to provide extensive file 
processing support for such products through a 
common file approach that encompasses both devices 
and data base. This support also includes a powerful 
new data description facility (data description specifi­
cation) offering a fixed-form interface similar to 
RPG. This facility provides a system-wide mechanism 
for describing the format, relationships, and pro­
cessing options for user data files, as described by 
Truxal and Ridenour [4]. Data description specifica­
tion allows, for example, work station screen formats 
and logical views of physical data base records to be 
defined outside the programs that process the data. 
Much of the redundancy of record and field defini­
tion can be eliminated. 
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The file processing support offered by CPF extends 
to its users key System/38 machine features, such as 
concurrent data base access by multiple users and · 
local/remote transparency for work station devices. 
In addition, it provides significant levels of both 
device and file independence including the ability to 
redirect sequential I/O between devices and the data 
base. Full input and output spooling facilities are 
also provided for printer, card, and diskette devices. 
File processing concepts are described by Fess and 
Benson [5]. 

Message handling 
To facilitate communication throughout the system, 
the CPF supports the ability to send and receive 
messages via message queues, as discussed in detail by 
Demers [3]. A message queue is automatically 
created for each work station defined to the CPF. 
This allows work station users to communicate with 
each other by simply sending messages to the queue 
for the desired work station. Message queues can 
also be created for special uses such as a person­
alized "mailbox" or to allow program-to-program 
communication. 

Individual messages can be predefined and stored in 
message files independent of any particular sender or 
receiver. This independence facilitates message text 
translation and allows CPF to provide support for 
default handling of conditions that cause messages to 
be sent. The CPF supports two levels of message text 
as well as data insertion within text. 

The simple concepts of messages and message queues 
have also been integrated into other areas of the CPF 
architecture where generalized message handling func­
tions are required. A single CPF component provides 
basic message-handling functions for all interface 
layers: machine to program, program to program, job 
to job, and job to user. Even the CPF's logging 
functions are supported through the use of this com­
m on facility. 
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Application development 

To extend online services to programmers, the CPF 
control language provides a number of application 
development and maintenance functions: 

• Interactive program testing support offers both a 
"test environment" capability that protects produc­
tion data files against inadvertent modification and a 
dynamic debugging facility (e.g., no compile time 
specifications) that allows program breakpointing and 
tracing at high level language program statements and 
variable references. 

• Library facilities provide those functions needed 
to group objects for convenient reference and to 
perform basic object operations such as locating, 
moving, renaming, and deleting. 

• Extensive reporting facilities are also provided to 
allow work station or hard copy output of informa­
tion such as object descriptions, file usage, spool file 
contents, and job status. 

• A copy facility provides a means for copying data 
from one device or data base file to a new or existing 
file. Various record selection, record sequencing, and 
record formatting options are supported. 

• The CL compiler and command definition facility 
provide the programmer with excellent tools for 
utilizing the full power of the control language and 
for extending or modifying the command set. 

System management 
A number of important functions are supported by 
CPF to aid in managing the overall operation of the 
system. Highlights of these functions include: 

• A simple "no sysgen" installation procedure. CPF 
is shipped with a number of IBM-defined "user" 
objects including user profiles, subsystem descrip­
tions, device files, and message queues. After installa­
tion, the system is ready to use. Any special tailoring 

of the system can be performed at any time through a 
variety of CL commands. 

• Facilities for saving and restoring objects offline to 
or from diskettes. Save/restore functions can be used 
for producing backup copies of objects, for freeing 
auxiliary storage space, for application interchange 
between systems, or for removing data from the 
system so it can be physically secured. The CPF 
maintains a history of when and where each object 
was saved. 

• A wide range of service functions intended pri­
marily to aid IBM service personnel in analyzing, 
diagnosing, reporting, and fixing system problems. 
The majority of these functions are designed to 
operate concurrently with other system work to 
minimize impact on the overall system operation. 

• Flexible console and system operator support. Full 
work station support is provided for users of the 
system's imbedded console. System operator func­
tions are not, however, restricted to the console. Com­
munication with the system operator is performed 
through a system operator message queue that is 
independent of any particular device. The system 
operator is, therefore, free to use any work station. 

Summary 
The System/38 Control Program Facility offers a 
wide range of function to both end-users of the 
system and other System/38 products. Its "inte­
grated subsystem" approach to managing work flow 
coupled with the extensive resource management 
support of the System/38 machine provides system 
users with the flexibility and control needed to man­
age a variety of application environments. Its data 
management support extends and enhances machine 
device and data base support to provide a consistent 
and highly functional interface for data definition 
and file processing. Its single control language makes 
significant new function available that is not offered 

IBM S/38 TECH DEV 



through other interfaces. These functions and inter­
faces are provided through a design attuned to both 
the System/38 machine and the users of CPF. 

References 
1. H.T. Norton and T.R. Schwalen, "Table-driven work 

management interface in System/38," page 94. 
2. J .H. Botterill and W .0. Evans, "The rule-driven Control 

Language in System/38," page 83. 
3. R.A. Demers, "The generalized message handler in 

System/38," page 97. 
4. C.D. Truxal and S.R. Ridenour, "File and data definition 

facilities in System/38," page 87. 
5. R.O. Fess and F.E. Benson, "File processing in 

System/38," page 91. 
6. K.W. Pinnow, J.G. Ranweiler, and J.F. Miller, "System/38 

object-oriented architecture," page 55. 
7. V.Berstis, C.D. Truxal, and J.G. Ranweiler, "System/38 

addressing and authorization," page 51. 
8. H.T. Norton, R.T. Turner, K.C. Hu, and D.G. Harvey, 

"System/38 work management concepts," page 81. 

HARVEY INTRODUCTION TO THE SYSTEM/38 CONTROL PROGRAM FACILITY 77 



System/38 
data base 
concepts 

C.T. Watson, F.E. Benson, and P.T. Taylor 

The System/38 data base facility differs from existing 
data base packages in many basic ways. An associated 
article, "System/38 machine data base support" [I], 
explains that much of the System/38 data base 
function is supported by the machine and discusses 
the design decisions that were made regarding the 
level of function to be supported by the machine 
instruction set. The trade-offs covered in that article 
are performance, security, integrity, and ease of use. 
This article, on the other hand, describes some of the 
differences by giving an overview of the major 
functional characteristics. These characteristics 
include the System/38's design philosophy, its file 
structure, its sharing capabilities, its expandability, 
and its data manipulation capabilities. 

Design philosophy 
In past systems, full-function data base packages have 
been applications built on the machine's operating 
system and its file management component. This has 
always caused problems with security, integrity, and 
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States that the System/38 data base support is unique in many respects. Describes major characteristics and their 
rationale. 

performance. System/38 is the first computer system 
to have a full-function data base facility designed as a 
part of the basic machine. The data base capability is 
a primary function of the Control Program Facility 
(CPF) and is comparable to data base systems pre­
viously available only as applications on more expen­
sive machines. All online data in System/38 is stored, 
manipulated, and accessed through the data base 
component. The extensive capabilities of the data 
base facility are designed to be available to the user at 
whatever level of function and sophistication is 
needed. The security, integrity, and performance of 
the System/38 data base facility were enhanced by 
the consideration of the data base facility during the 
entire design of the system. 

Files 

All online data in System/38 is stored as records in 
data base files. A data base file has three primary 
attributes: the format of records within that file, the 
access path for the records within that file, and the 
members of that file [2]. A record has a fixed format 
defining each field and its attributes. The access path 
for a file defines the ordering of records within that 
file and provides for either random or sequential 
accessing of those records. The members of a file are 
different instances of data sharing the same file 
definition (the same format and access path 
definition). 

The access path defines an ordering of records either 
by arrival sequence (order of insertion) or by key 
sequence. The keyed access path provides compre­
hensive ordering functions. A key exists for every 
record addressed by the file. A key is made up of 
fields from the record and system-generated character 
constants used to achieve hierarchical or duplicate 
key ordering. Each field can have ordering attributes 
applied to it: ascending, descending, absolute value, 
an alternate collating sequence, etc. Additionally, 
LIFO and FIFO duplicate-key ordering is specifiable 
for duplicate keys within a file. A selection feature is 
provided to allow the access path to address a subset 
of the records within a file based on field values 
within the record. Keyed access path maintenance 
represents some additional overhead on ,data base 
changes and, therefore, continuous or deferred 
maintenance options are provided. To ensure that the 
access path always represents the actual existing data, 
the keyed access paths are automatically recovered in 
case of system failure. 

The two types of data base files on System/3 8 are the 
physical and logical files, as shown in Figure 1. 
Physical files represent the actual stored data. Logical 
files provide alternate user views of the stored data to 
support application and data independence and to 
avoid redundancy of data. 
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As shown in Figure 1, a physical file has one access 
path and one format. A logical file is over one or 
more physical files and has one access path and one 
or more formats. Members of physical/logical files 
(not shown) are different instances of data sharing 
the same access path and format definitions. 

A physical file has one format; therefore, all records 
within members of that physical file have the same 
fields, attributes, and length. The records in each 
physical file member are ordered as defined in the 
access path for the file. 

A logical file provides an alternate format and access 
path for one or more physical files. The logical file 
format allows a user to see a view of a physical record 
that subsets, reorders, or changes the attributes of the 
fields in the physical record. The logical file access 
path (1) allows the user to see a view of one or more 
physical file members, and (2) subsets, or reorders, 
the records in those physical members. This provides 
the user with an alternate ordering of the records for 
sequential retrieval, or, for random retrieval, a differ­
ent key than that defined in the physical file. A 

Physical file 

Logical file 

(I Format ~ 

Physical file 
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I Format 

Figure 1 Physical/logical file structure 
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Physical file 

Format 

different key definition can be specified for each 
physical file member addressed and any field in the 
format may be used. Figure 2 shows how a logical file 
can be used to provide a hierarchical view of one or 
more physical files. Notice that the three physical 
files, through use of a logical file, appear to be in one 
hierarchical file containing multiple record types. 

Another facet of this file-based design is security. 
Security in the data base facility is by file. When a 
user creates a file, he is the owner of that file and 
may specify public, private, or normal authorization. 
"Public" implies all users have all authorizations on 
the object. "Private" implies only the owner can 
currently use the object. "Normal" indicates that 
only the system default authorizations should be 
made public. The user may subsequently grant any 
authorities to selected (or all) users and may transfer 
ownership to another user [3]. To create a logical 
file, a user must have the correct authority on each of 
the physical files referenced. To use a logical file, 
sufficient authorization must be available for both 
the logical file and its physical files. Field-level 
security is supported through use of logical files. 

I 

·­ -----

Physical file B 

• 
-- ----

Figure 2 Hierarchical file organization achieved 
through use of a logical file 

Sharing 
Two of the main objectives in the System/38 data 
base facility design were to significantly increase 
sharability and decrease data redundancy. The main 
thrust of the physical/logical file structure is to 
achieve these ends. System/38 permits sharing on all 
levels. One of the major new features of System/38 is 
that file data definitions are specified to the system 
and shared. Programs may reference by name a 
central definition for file, format, and field attributes. 

This means that the programmer supplies only the 
format name and then the compiler automatically 
retrieves from the system the record definition for 
use in the compiled program. The programmer may 
choose to ignore the defined format and may redefine 
field names or even redefine the entire record format, 
as was the standard procedure in all previous systems. 
The use of centralized data definition allows 
improved programmer productivity, fewer errors, 
improved file maintenance and growth capabilities, 
and provides the information needed for query, 
report generation operations, and field level 
prompting. 

As noted in the "Files" section, the execution-time 
sharing of System/38 data is very powerful. Different 
user programs through different logical files see the 
same data in diverse ways. To achieve this, the 
System/38 data base facility makes changes visible to 
all users immediately, prevents users from updating 
the same record concurrently, and immediately 
reflects the change in all access paths. 

Access paths themselves may also be shared. Another 
file type called a derived logical file allows different 
format definitions while sharing the access path with 
another file. 

Expandability 
Through use of the physical/logical file structure and 
the system-defined data capability, System/38 has 
made the user's data base flexible enough to meet the 
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changing needs of application programs and users. 
Below are several examples of this. 

All file space expansion for additional record needs is 
handled automatically by the system unless the user 
specifies constraints. 

New physical or logical files can be created at any 
time for use by new applications as shown in Figure 
3. This has no effect on existing physical files, logical 
files, or application programs. 

Modification of the attributes of a data file will not 
cause the program to need to be recompiled unless 
the new definition is not consistent with the 
program's usage. The affected programs are auto­
matically notified at their next usage to indicate their 
need to be recompiled. 

Data manipulation 
The basic data base facility operations are OPEN, 
GET, PUT, UPDATE, DELETE, RELEASE, and 

Physical file 

Figure 3 Meeting the users' changing needs 
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CLOSE. OPEN and CLOSE connect and disconnect 
the file and the process. GET locates and/or reads a 
record from a file and has very powerful search 
operations. For arrival sequence access paths, the 
search can be sequential or direct. For a keyed access 
path, the search can be sequential, keyed, or direct. 

For sequential searches, the available options are first, 
last, next, previous, and same. Next and previous 
imply the record (as defined by the access path) next 
to the currently addressed record. Same is used when 
the previous GET was for position only, and now the 
record is desired. 

For direct searches, the options are to find the n-th 
record in the arrival sequence or to find the record 
± n records from the current position in the arrival 
sequence. 

For keyed searches, GET can position to the record 
whose key is before, equal or before, equal, equal or 
after, or after the position indicated by the key 
supplied by the user. Or, GET can position to the 
record whose key is next or previous to the position 
indicated by a leading portion of the key for the 
record currently addressed, that is, a generic next or a 
generic previous. 

On every GET operation, the arrival-sequence posi­
tion number of the physical record addressed is 
returned so that the user can, later, quickly reposition 
to any previously addressed record. This is very useful 
for "navigating" through a data base structure and 
can be used to jump from the hierarchical structure 
defined by one logical file to a different hierarchical 
structure defined by another logical file, that is, 
parent to child and back to a different parent. 

PUT inserts a record into a file. UPDATE modifies 
the contents of a record. DELETE removes a record 
from a file. All three operations immediately update 
all the keyed access paths to reflect the change. 
RELEASE unlocks a record that was locked by GET 
for modification or deletion. 

Summary 
The System/38 data base facility is unique because of 
its physical/logical file structure. It does not conform 
to the relational, hierarchical, or network data base 
model, but combines aspects of each. A physical file 
is similar to a relational file. The requirement that 
relationships between records {key values) must be 
stored values in the record is similar to that in the 
relational model. A logical file is a hierarchical file. 
The fact that multiple logical files can coexist and 
that the user can jump from one to the other provides 
function comparable with that provided by network 
models. In combining these features of the classical 
models in this unique way, System/38 has provided 
the user with an elegant, easy-to-understand data 
structure. 

The System/38 data base facility has extensive 
capabilities and is a basic part of the design of the 
system. The data base facility was designed to greatly 
simplify the application programmer's job and to 
provide savings to the user in bringing new appli­
cations online and in maintaining existing ones. 
System/38 and its data base facility represent a 
significant step forward in bringing this level of 
function to the diverse System/38 customer set. 
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States that the System/38 work management support is novel in many respects. Describes the objectives for work 
scheduling and how they were met. 

The current trend of computer use places increasing 
emphasis on interactive processing and high levels of 
multiprogramming. In this environment, efficient 
management of the flow of work through and within 
the system is critical to the total capabilities provided 
and the level of performance. In addition, the work 
management functions must support a wide range of 
application approaches and usage environments. The 
combination of these requirements for function, 
flexibility, and efficiency presents many design 
problems in the area of work management. IBM 
System/38 addresses this critical area with a unique 
structure providing powerful and flexible work 
management functions with special design considera­
tions for performance. 

Management. of the flow of work submitted through 
the System/38 Control Program Facility (CPF) 
licensed program [ 1] is provided by the high-level 
facilities of the System/38 instruction interface and 
specialized support provided with CPF. The 
System/38 machine provides a centralized mechanism 
for the dynamic ma-nagemenf of processor and main 
storage contention. The specialized CPF support 
provides an interface [2] through which work can be 
submitted, presented to the System/38 for execution, 
and controlled by operators. 

This paper describes the unique elements of the 
System/38 machine that relate ·to work flow manage-
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ment and the way these elements are used by the CPF 
work management support. 

Jobs and processes 
A job is the unit of work submitted by the user and 
recognized by the CPF work management support. A 
job may be a traditional batch job, an entire 
interactive session from sign-on to sign-off at a work 
station, or a spooling reader or writer. The existence 
of a job includes not only the time required to 
perform the processing but also any spooling opera­
tions accomplished in _behalf of that job. For 
example, a batch job exists from the time it is read by 
the spooling reader, through its execution, and until 
any spooled output has been written (although the 
actual spooling is performed in other spooling jobs). 
The operator may issue job-related commands during 
the entire period of the existence of the job. 

A process is the unit of work submitted to the 
System/38 machine and by which execution paral­
lelism is managed. A process may be performing work 
as specified within a submitted job or may be a 
controlling process whose function is to manage the 
flow of submitted jobs. A job may be executed 
within a single process or may be executed within a 
series of processes whose initiation is managed by one 
or more of the controlling processes. In user terms, 
each new . process initiation in behalf of a job is 
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known as a new routing step. An executing job may 
also initiate asynchronous work, which in turn is 
processed as a separate job. 

Process execution control parameters 
As a process is initiated for execution within the 
system, a set of parameters is defined to control the 
execution of that process. Some of these parameters 
are similar to those supported on other systems; for 
example, the execution priority for the process and 
the processor time slice period. There are other 
parameters, however, that are unique to the 
System/38 and provide greater flexibility in resource 
management. These new control mechanisms are 
necessary for efficient operation in a dynamic multi­
programming environment. 

A storage pool is a logical grouping of main .storage. It 
is a quantity of main storage from which the dynamic 
requirements of processes assigned to that storage 
pool are satisfied. The user controls the number and 
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size of storage pools through CPF support. Inasmuch 
as the System/38 supports a uniformly addressable 
storage, there is much sharing of objects between 
executing processes (although facilities exist to 
minimize interference and handle contention between 
processes). If an object to be referenced exists 
anywhere in main storage, it may be referenced by a 
process without respect to its current storage pool 
assignment. However, if an object must be retrieved 
to main storage, it is brought into the storage pool to 
which the requesting process is assigned. In this way, 
processes attached to different storage pools do not 
interfere with one another in satisfying their require­
ments for objects not in main storage. 

A multiprogramming class relates to the allocation of 
processor resource to various processes. It is a means 
of limiting the number of processes in a class that 
may be concurrently eligible for execution. This 
allows a general control over the extent of inter­
ference among processes that would otherwise com­
pete for system resources. A process that would 
otherwise execute but exceeds the multiprogramming 
limit for its class is withheld from execution until 
some other process in that class completes to the end 
of a time slice or to some other execution wait point. 
For ease of use, CPF associates a multiprogramming 
class with each storage pool. The user views the 
multiprogramming level as belonging to the storage 
pool and can perceive the multiprogramming limit 
as relating to processes assigned to that storage pool. 

Process execution objects 

The "object orientation" [3] of the System/38 
design requires several objects to support the actual 
execution of a process. These objects contain, for 
example, the static storage and automatic storage 
required by programs invoked in the process and 
other working storage areas used during the execution 
of the process. To make the initiation of a process 
more efficient, the design of the System/38 allows 
these· objects to be precreated and reused for differ­
ent processes. 
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Since several objects are required to support a 
process, a performance penalty would be incurred if 
each of the objects had to be separately accessed each 
time processing is initiated. The system, therefore, 
supports a special object known as an access group. 
An access group occupies one or more physical 
extents of auxiliary storage. Many objects may be 
created into the access group. Therefore, retrieval of 
the access group is more efficient than accessing each 
object independently. 

A single access group may be associated with a 
process at the time a process is initiated. The transfer 
of such an access group between auxiliary storage and 
main storage is automatically accomplished by the 
system whenever a "long wait" in the execution of 
the process is encountered and another use of the 
main storage occupied thereby is anticipated. 
Examples of such long waits are waiting for a work 
station response, waiting for a message to arrive on a 
queue, and end of time slice. 

CPF also creates other objects for each job that are 
used by CPF in the management of the processing for 
that job. The aggregate of all objects that are 
precreated for a job is called a job structure. This job 
structure is assigned to the job at the time it is 
selected for execution and is used for all processes 
that are serially initiated to perform the processing 
required for the job. By precreating this job structure, 
much of the overhead that would otherwise be 
involved in the initiation of processes is eliminated. In 
addition, continuity of job-related information from 
one process to the next is easily supported. 

Summary 

The work management facilities provided within the 
System/38 machine provide a strong base on which 
an effective work flow control can be built. The CPF 
capabilities complement the machine facilities, 
supporting a user interface that gives to the user the 
ability to apply meaningful, effective controls over 
the flow of work within the system. The controls are 

general enough to enable the system to efficiently 
manage the instant-by-instant flow of work, but are 
flexible enough to cover the broad range of operating 
environments envisioned for the System/38. 
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States that System/38 has a single, flexible control language that works in conjunction with an authorization 
facility. Describes the implementation approach and rationale. 

A work station-oriented system such as the IBM 
System/38 must make its functions available to 
different types of users in a manner that can be 
readily used. For example, users need to be able to 
request standard system functions from work sta­
tions, from the system console, and from programs 
without limiting commands to particular devices or 
environments [I]. 

A single, flexible, control language coupled with an 
authorization capability satisfies these requirements, 
but is difficult to design and implement. An associ­
ated article [2], discusses the way the authorization 
capability is supported in System/38. 

This article describes how a rule-driven approach 
made this type of control language possible on 
System/38 and the significant benefits that result. 
This rule-driven approach produced a single set of 
commands with a common syntax, the same level of 
validity checking, and the same type of work station 
prompting. The restrictions and multiple sets of 
unlike commands found on previous systems were 
thus eliminated. In addition, the capability exists for 
easy modification and extension of the commands. 

Control language structure 

The basic syntax for the System/38 control language 
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(CL) is a simple, free-form syntax, using blank as the 
separator. The command name and parameters can 
begin anywhere on the record, allowing indentation 
and parameter alignment. Each parameter has a 
keyword that can be used to identify the parameter 
value. The keywords may be omitted if the parameter 
values are entered in a fixed order. For example, a 
Copy File command could have the form: 

CPYF FROMFILE(file-name) TOFILE(file-name) ... 

'---v-" '--v-" ~ '--v-" 
command keyword value keyword value 
name 

parameters 

A file A could be requested to be copied to file B in 
either of the following ways: 

CPYF FROMFILE(A) TOFILE(B) 

or 

CPYF A B 

The detailed description of each individual command 
and its supported parameters are stored in a com­
mand rule, which is the basis for the rule-driven 
approach. 

The rule-driven 
Control Language 

in System/38 

J.H. Botterill and W .0. Evans 

Rule-driven approach 
Basic to the rule-driven approach is the recognition 
that each command is simply an interface to a 
function. The processing of a command consists of 

CPYF FROMFILE(A) TOFILE(B) 

Common 
analysis 
and 
prompting 
based on rule 

Program 
providing 
function 
of CPYF 

CPYF 
rule 

Program 
providing 
function 
of CRTLIB 

Command rules 

CPYF CRTLIB 

Rule 
for 
command 
CPYF 

Rule 
for 
command 
CRTLIB 

Command 
processing 
programs 

Figure 1 Processing a command in System/38 
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analyzing the command based on the rule and 
providing the function, as shown in Figure 1. 

Even though the functions of two commands may be 
very different (e.g., the functions of the Copy File 
command and a Delete Program command), the user 
expects the manner of specification to be much the 
same. This includes things like command name 
specification, similar error messages for similar errors, 
and a standard defaulting technique for parameters. 
Such similarity is achieved by having the checking 
and analysis done by a common command analyzer. 

Most values used· as command parameters fall into a 
few well defined data types and subtypes such as: 

Character: Any string, name, date, time 
Decimal 
Logical 

Therefore, a function was implemented on System/38 
to define a rule for a command. The rule, which is 
called a command definition, simply defines, for a 
given command: 

Command name 
Each parameter on the command 
Program to process the command 
Where valid: Interactive and/or compiled 

For each parameter, the rule defines the type of input 
to accept and other attributes that can logically be 
centralized to the common command analysis. 
Specifically, the following can be specified for each 
parameter: 

Keyword name 
Type 
Validity checking 
Default to be used if parameter is not specified 
ProJ?pt text 
Constant value in place of user-specified value 

The command name is the identifier of the rule 
object that represents the command on the system. 
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The rule is used to control the common control 
language validity checking and command prompting. 
The only unique specifications for a given command 
are the command's rule and the program to provide 
the function. 

The following paragraphs discuss the major benefits 
achieved on System/38 through this rule-driven 
approach. 

Validity checking 
By specifying . the desired validity checking in the 
command rule, the CL validity checker ensures that: 
• Required parameter values are present 
• Data type and length requirements are met 
• Conflicting parameters are not entered 
• Where appropriate, the value of a parameter: 

- is one of a list of valid values 
- falls within a numeric range 
- satisfies a required relationship with other 
parameter values on the same command 

By separating the validity checking from the process­
ing for the command, consistent validity checking is 
provided at all of the following key times: 

Source entry into a data base file 
Batch job spooling 
Compilation of a CL program 
Command execution 
Interactive prompting 

This means that on System/38 all values can be 
checked at entry into th~ system, greatly improving 
problem . feedback and thus reducing processing steps 
based on erroneous input. 

Parameter prompting 

For work station entry of commands, a command 
prompter identifies parameters, defaults, and valid 
values for the user so that he can enter commands 
without frequent reference to publications. All the 
information necessary for this assistance is obtained 
from the command rule. 

This prompting can be requested at any time during 
command entry, independent of how much of a 
command has been keyed or whether the command 
has been requested through a command selection 
menu. The assistance is designed to fully utilize the 
display work station by presenting multiple param­
eter text descriptions on the same display along with 
corresponding input areas. Figure 2 shows a display 
screen prompting for six parameters of the Copy File 
command. 

The input areas are of the length of the values 
allowed and contain the meaningfully labeled 
defaults. The CRTFILE parameter is shown in the 
example with a default of *NO. That value can be 
accepted or keyed over with the other valid value of 
*YES. The user can quickly review the command 
parameters and their defaults and key only the values 
that are out of the ordinary. Values are entered 
without specifying parameter names or the need to 
adhere to special positional or syntactical 
requirements. 

After the values have been keyed, they are validity-

Copy File (CPYF) Promot 

Enter the following: 
From file name: 

Library name: 
To file name or *LIST: 

Library name: 
From member name : 
To member name: 
Replace or add re::cords: 
Create file (*NO *YES): 

FROMFILE 

TOFILE 

FROMMBR 
TOMBR 
MBROPT 
CRTFILE 

Figure 2 Example of command parameter prompting 
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checked and immediate feedback is given. This 
process continues until the user and the system agree 
that the command is ready for execution or entry 
into a source file. 

Parameter defaulting 
The System/38 control language utilizes a new highly 
visible defaulting approach. All parameters with a 
default have a corresponding specifiable word value 
that is descriptive of the default; for example, 
*NONE for an authorization default, or *NOMAX 
for a file size default. Such self-descriptive values are 
defined in the command rule, documented in the 
command reference publication, shown on the 
prompt display, and optionally coded when the 
command is entered. If the default is coded, the same 
action is performed as if a value were not coded. The 
specification of the value identifies to any person 
reviewing the program or command log what value is 
used. A value may be coded without concern for 
whether or not it is the default. 

This approach to defaulting removes the ambiguity of 
defaults, thus allowing them to be freely used to 
simplify coding and keying. A default is simply a 
valid value for the parameter that is identified as a 
default. This default can be changed by simply 
changing the command's rule definition. 

Advanced source entry support 
The separation of validity checking, prompting, and 
defaulting from the command processing program 
allows these functions to be performed at source 
entry time. Thus the standard command validity 
checking validates all parameter values as they are 
entered rather than waiting until compile or execu­
tion time. 

In addition, the same prompting support is available 
to the source entry user as to the operator entering 
commands interactively. This means that the user 
must learn only one interface and has the same 
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advanced function for both types of command entry. 

Customer tailorable command set 
A rule-driven command set results in an easily 
tailored interface. In order to subset, simplify, or 
change the terminology of a command or commands, 
a user can change the command definition rule and 
create his own command to invoke the system­
supplied function. 

Besides changing keywords and defaults, the user can 
set parameters to a constant value. Thus, a parameter 
that otherwise would always be specified in the same 
way can be removed from the command. Therefore, 
the command prompter will not prompt for that 
parameter, nor can it be specified. For example, a 
PRINT parameter on a Copy File command that 
accepts the value *NONE for "do not print any of 
the records" or *COPIED for "print the copied 
records" could be fixed to the value *COPIED. Thus, 
the command prompter would no longer prompt for 
the PRINT parameter and it could no longer be 
specified. The following command would no longer 
be valid: 

CPYF FROMFILE(file-name) TOFILE(file-name) + 
PRINT(*NONE) 

but instead 

CPYF FROMFILE(A) TOFILE(B) 

would always mean copy the file and print the data 
copied (i.e., *COPIED). The print option would not 
be offered during prompting and could not be 
specified. 

User command definition 
A command is provided to allow a user to define 
commands to invoke his own programs. This allows 

the user to have the full benefit of the system­
parameter validity-checking, prompting, and default­
ing facilities when invoking installation-provided 
functions. Such user-defined commands can invoke 
application-oriented functions or user-defined 
system-related functions. In this way, the rule-driven 
approach results in the customer being able to extend 
the command set. 

Development benefits 
The handling of all validity checking during the 
common command analysis results in reduced 
development costs. It removes the need for validity­
checking code within each of the command process­
ing programs. This results in more single-function, 
command-processing programs that can be more 
easily and thoroughly tested. The validity-checking 
code only needs to be tested in one place. These 
factors result in greater system reliability and con­
sistency of system operation. 

In addition to this development economy, the rule­
driven approach gives the flexibility to improve the 
ease of use and consistency of the command set 
during development without affecting the programs 
that provide the functions. This allows the develop­
ment of a well designed command set that has been 
improved through use. 

Summary 
The rule-driven approach to command processing on 
System/38 utilizes a command rule that defines a 
command to a centralized set of system programs. 
These programs support common command-process­
ing functions. 

The approach made possible a single control language 
for work station, compiled program, and batch 
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environments. In so doing, it results in many benefits 
to its varied users. These benefits include: 
• Consistency of validity checking, parameter 
prompting, parameter defaulting 
• Extendability 
• Tailorability 
• Reliability 

All this was accomplished with greater economy of 
development cost because of the centralization. 
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Discusses System/38 files, their definition, and the advantages realized from system-wide use of a central data 
description facility. States that the System/38 central data description facility is a significant innovation. 

The IBM System/38 provides a high level of func­
tional capability and incorporates many novel tech­
nical approaches. One of its most significant innova­
tions is the unified and cohesive approach taken in 
providing function. This is particularly true in the 
area of data management support in the Control 
Program Facility (CPF). 

The principal purpose of a computer system is to 
process data. The data enters and leaves the system 
through devices and is stored on a variety of media, 
both online and offline. In the past, each program 
(utility, data base, etc.) has required a separate 
definition of the data, and the definitions frequently 
differed. This produced redundant data descriptions 
and sometimes created program incompatibilities 
making inter-language file transfer impractical. 

System/38 has an online data base, extensive device 
support, and a wide range of utilities and program 
products. To meet system design objectives for ease 
of use and file independence, one consistent system­
wide method of data definition was required. The 
result is the data description specification facility and 
the supporting data base and command functions. 
The data description specification provides the user 
interface for both data base and device file creation. 
This paper discusses System/38 files, their definition, 
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and the advantages realized from system-wide use of a 
central data description facility. An associated paper, 
"File processing in System/38" [ 1] , describes some 
of the data management concepts used in processing 
files defined by the data description specification. 

Files 
Data base files reside in the system's uniformly 
addressable storage and provide to the high-level 
language user either keyed or arrival-sequence access 
to online files. Device files are also resident in the 
system and define the user's interface to 1/0 devices, 
such as work stations (terminals) and printers. 
Throughout System/38, files are treated in a con­
sistent way. That is, all files are created through the 
data description specification, file definitions are 
displayed by the same commands, and programs 
which are compiled referencing one file can be 
dynamically redirected at execution time to use 
another. The level of device independence in the 
system even permits the interchange of data base and 
device files. 

Data description 
All data base, printer, and work station data on 
System/38 can be described at a field level, with field 
attributes such as data type and length. Options exist 
which allow specification of such things as descriptive 
text and field validation parameters for each field. 

File and data 
definition facilities 

in System/38 

C.D. Truxal and S.R. Ridenour 

The normal unit of data transferred by a program is a 
record, which is made up of one or more associated 
fields. To define a record on the system, descriptions 
of the fields comprising the record are grouped and 
are called a record format. Logical data base files and 
printer and work station files can have more than one 
record format and, to create a file, a command is 
executed with record formats and file attributes 
specified as file description input. This input is 
specified for both data base and device files using a 
common syntax. A data description specification 
coding form and an interactive utility are provided 
for creating the file description input. The syntax 
provides fixed columns for frequently specified or 
required information and keyword specifications for 
less frequently specified options. 

The data description specification is input to a com­
piler-like function, operating on file description infor­
mation and creating a file. This file not only provides 
access to data but can also maintain the description 
of that data. This description is available to all 
subsequent users of the file, as shown in Figure 1, and 
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RCD format 2 
Field 3 attributes 
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Data 
mg mt 

Data description 
specifications 

Figure 1 The uses of a central file description 

to anyone defining similar files. It is used by com­
pilers, utilities, commands, user programs, data 
management file processing interfaces, and the data 
description specification facility. When defining a 
new file, existing data base files can be referenced for 
field attributes, and data base record formats can be 
shared. 

Once a file is created, it may be manipulated through 
the use of system commands, utilities, program 
products, or user programs. 
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Programming considerations 

For programming on System/38, two approaches are 
available to describe file data to be processed by the 
program. The first is the conventional approach, 
where the structure of the data is described in the 
program itself. In this case, the file is created with its 
records described as one data string. Because the file 
definition occurs within the program, this is· tertned 
program-described data. Since no field attributes are 
defined, the system provides no validity checking, 
transformational functions, or device formatting. This 
type of function must be performed by the program. 

This approach to data definition is provided mainly 
to facilitate program conversion to System/38. 

The alternative approach can be used to take advan­
tage of full data management function, to increase 
programmer productivity, and to decrease the 
probability of error in describing data. Files are 
specified as externally described, and the centralized 
data description specification file description is used 
by the compiler. This not only increases programming 
productivity but also significantly improves pro­
gram/data integrity. This is because there is a "level" 
associated with the system file description which 
changes when the description is changed. If the 
record format of a file changes and a program 
accesses it with an "old" format, a warning is 
automatically issued that the program is down level. 

Data documentation and interactive ease of use are 
two more programming areas enhanced by a cen­
tralized file description. When a file is externally 
described, a text description can be associated with 
each field. The compiler uses each field's text 
description to generate program comments. Inter­
active applications can use similar descriptive text at 
the work station to provide meaningful prompts on a 
field basis. The System/38 interactive utilities do this 
on file maintenance and inquiry functions. 

The System/38 data management facility performs 
functions for the programmer which are requested at 
file creation through the data description specifica­
tion. The functions available vary depending on the 
type of file. There are data base and device file­
specific parameters to match these functions. A brief 
description of some of the device and data base 
functions follows. 

Device file functions 

There are many parameters which simplify program­
ming interfaces and facilitate work station usage. 
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These attributes are used to specify the exact field 
location on a screen or page, automatically display 
prompt information, underline/highlight specific 
fields, specify automatic input field validation, 
indicate whether an input field is required or not, 
etc. When a program is interacting with a work 
station using field-level definitions, an entire screen 
(or multiple screens) can be input or output with one 
I/O request. Similarly, an entire page of constant and 
variable information can be formatted and printed 
with one output request. If desired, only changed 
fields are entered from a work station, with indicators 
set to show field status. These indicators and related 
conditions are options specified as data description 
specification input at device file creation. 

Data base file functions 
Both physical and logi.cal data base files are created 
using the data description specification. The struc­
tural difference between these files is that physical 
files actually contain data and are limited to one 
record format per file. Logical files provide alternate 
logical views and ordering of the data contained in 
physical files. Related records are grouped into 
members within a file, providing a partitioned or 
generation-like data structure. For example, a file 
containing annual business orders might consist of 
twelve members, each containing orders for one 
month. 

Through the data description specification, the user 
can define several record formats in one logical file 
and different key field specifications for each format. 
Key fields can have a "unique" requirement or not, 
and, if duplicate key values are allowed, the retrieval 
ordering of duplicates can be specified. A logical file 
can "interleave" records from several physical files, 
giving the illusion of variable-length records ordered 
by key in one file. 

For example, a logical file might be defined over 
three physical files: a header, a detail, and a trailer 
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record file. The logical file can be processed randomly 
by key or sequentially, and will be ordered with each 
header record followed by all associated detail 
records and the associated trailer record, as indicated 
in Figure 2. 

File data is shared by physical and logical files. 
Record sequencing information, called access paths, 
and record formats can also be shared to improve 
both space utilization and execution performance. 
Each of these sharing relationships is specified 
through the data description specification at file 
creation. 

File information 

Data base file relationships, device and data base file 
attributes, and record format specifications are file­
related information that is available through the use 

Data base structure 

Order# 

Field ---

of a System/38 command. A report on program use 
of files and record formats is similarly available, on 
display, printed, or in a data base file for program 
analysis or cross-referencing. All of this information is 
maintained dynamically on a file basis and always 
reflects the current file status. 

Summary 
The System/38 data description facility in CPF 
provides a centralized file definition capability for 
both the system's integrated data base files and device 
files. A file's definition can be at the field level, and 
contains field attributes, descriptive text, and other 
field level specifications. 

This definition is associated directly with the file for 
its life, and is used by compilers, utilities, and data 
management file processing functions. 

Data description specification 

Data description 

---- _ _ - - - -- *Header physical file 

- - - - - - - R Header (Attributes 

Record 

Physical 
files 

Logical 
file 

Header 
-: = - ,.., ....-~ :::-:::.---- :-i------1t---+--C-u-st-#-. -+-----1t---+a-n-d----1 

- - --- -- - - Order# options) 
--i------lt---+-----+-----lt---+------4 

D 0 O··· 

Trailer 
file 

Date 

Create physical file 
command 

CJ CJ ... 

Create logical file 
command 

- Data from header, detail, trailer 
- Key specifications and options 

Figure 2 Relationship of the data base structure to the data description specification and creation interface 
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This facility, when combined with the functions 
provided by data base and device support, provides 
the user with a consistent and powerful approach to 
file processing. 
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Describes several System/38 file processing functions. Included are opening files, binding files to programs, and 
file independence. 

The main function of data management on the IBM 
System/38 is to assist users in managing the data 
processed by their programs. Data management is 
that part of the Control Program Facility (CPF) 
licensed program that provides the means for format­
ting data into records, for organizing data records 
into files, and for transferring the data records of a 
file between a program and the file. 

The file is the central structure used to access data 
from the data base or devices attached to the system. 
All files created through the CPF data description 
specification facility consist of two parts: the file 
description and the file data. An associated paper, 
"File and data definition facilities in System/38" 
[1] , describes data base and device file creation. This 
article describes several key functions provided by the 
data management file processing interfaces. The 
functions discussed are file open (open data paths), 
late binding of files to the program (file overrides), 
and file independent operations. 

Open data paths 
Before any file can be manipulated by a program, it 
must be identified by the program and the intended 
use specified. This is done through the file open 
interface. Identifying a file also identifies the open 
data path (ODP). 
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An ODP is the internal structure that data manage­
ment uses to connect a program to a file such that the 
file data can be accessed through the various data 
management interfaces. 

The ODP is used by the system to contain all the file 
status information necessary for the use of the file by 
a given user. Through the implementation of ODPs, 
the system has achieved a high level of file inde­
pendence, the capability for users to share files 
concurrently, and the ability for multiple programs in 
a single job step to share a file's status, position, and 
buffers. The implementation of ODPs also minimizes 
the execution time processing required when a file is 
opened. To understand how this is achieved, it is 
necessary to understand the ODP. 

There are three types of ODPs: prototype, active, and 
inactive. A prototype ODP is created when a device 
file or data base file member is created. Thus,· for 
each group of data records there is a prototype ODP 
that is part of the permanent file structure. The 
inputs used to construct the prototype ODP come 
from parameters on the Create/ Add commands, the 
file specifications, and internal data management 
information based on file type. The active ODP is 
created when a file is opened. The inputs to creating 
an active ODP are: the prototype ODP, open param­
eters specified in the program, and parameters speci­
fied on a File Override command. Active ODPs are 
temporary objects and exist only while the file is 

File 
processing in 

System/38 
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open. Active ODPs become inactive ODPs when a file 
is temporarily closed. 

The prototype ODP is a pre-open path to the data 
that contains the base set of attributes to be 
processed when the file is opened. It contains the 
initialized linkage to the data management I/O 
interfaces supported for this file type (data base, 
card, display, printer, etc.), the allocation list for the 
file, where the data is to be retrieved or output, and 
initial open and I/O feedback information. The 
prototype ODP also contains device-initialization 
parameters such as print image and lines per inch; 
common file parameters such as share ODP and 
secure ODP from overrides, and file-dependent 
parameters such as overflow line number, force ratio, 
and hopper number. These parameters provide all the 
required information to open the file. 

Prototype ODPs are created to provide a fast open for 
the file, since they are created when the file is 
defined. The repeated processing of the same param-
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eters, initialization of allocation lists, linkages to data 
management I/O interfaces, etc., are eliminated. The 
prototype ODP also allows a program to open a file 
by specifying only the file nm;ne. 

File processing 
As is true for other systems, OPEN is the process of 
connecting the program to the file such that the data 
can be processed. OPEN processes the file name 
specified in the program against any file overrides 
that the user may have entered external to the 
program. A file override allows execution time 
alteration of file attributes and the late binding 
capability of a file to a program. This capability will 
be discussed. 

When OPEN has determined the file to be processed, 
a copy of the prototype ODP is made and parameters 
from the program and file overrides are merged with 
the file attributes residing in the ODP. The order of 
the merge is (1) program-open parameters override 
the parameters in the prototype ODP, and (2) any 
file-override parameters override both the program 
OPEN and prototype ODP parameters. This allows 
the most recent request to take precedence over older 
parameters and file attributes. After the copy of the 
prototype ODP is updated, OPEN: 
• Allocates the file to assure the users access to the 
file description and file data. For data base files, the 
file description, data space index, and data spaces are 
allocated. For device files, the file description and the 
device are allocated. 
• Creates the buffers for the user to receive the 
input data or for the user to place the output data. 
• Constructs the I/O request blocks used by the 
machine to communicate with the data base or 
device. 
• Activates the cursor or device so that data can be 
transmitted between the program and the data base 
or device. 
• Initializes the device to process the data. 
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On completion of OPEN, there is an active ODP and 
the user program can address the open feedback 
information and input and/or output buffers. This is 
through a program object called the user file con­
trol block (UFCB). The open processing_ for both 
data base and device files is similar in that a 
prototype ODP is copied and updated with file 
overrides, the file is allocated, and the connection to 
the program is the same as shown in Figure 1. 

The data from the file is retrieved via a GET interface 
and output to the file via a PUT interface. There are 
also other I/O interfaces provided by the CPF to take 
advantage of the unique operations allowed on each 
file type or device. Examples of this are the UPDATE 
and DELETE interfaces for data base files. 

As is the case in other systems, CLOSE disconnects 
the file from the program: CLOSE deallocates the 
file, deactivates the device or cursor, and destroys the 
active ODP. 

Program 

S" 
Open (X) 

File overrides 
File overrides allow the late binding of files and file 
attributes to a program. They are applied when the 
file is opened and permit the file attributes and/or the 
file to be changed at program execution time. With 
file overrides, the user can: 
• Change, at program execution, the file-open 
parameters specified in the program, the attributes 
specified in the file description, and/or the file to be 
processed. 
• Apply a single file override to a file that is used in 
one or more programs. 
• Enter file overrides in batch jobs, interactive jobs, 
and CL programs, or invoke them from a high-level 
language interface. 
• Control the files in the program to which file 
overrides can be applied. 

There are two points of view for file overrides as they 
apply to a program. One is the programmer's 
(designer/coder) and the other is the user's (caller/ 
invoker). The programmer must know what files are 

? ODP (File (A)) 

1/0 interfaces 

~ Linkage to GET 
data management routine 

Close 
1/0 interfaces 

~ Open PUT 
feedback 

UFCB (X) 
information 

routine 

1/0 0 
feedback 0 File (A) information 

0 

User 
File (A) 

buffers File 
description 

Figure 1 Opened file structure 
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to be processed and whether overrides are to be 
allowed for the files. The user must know the files 
accessed by the program and which files can be 
changed via a file override. Each program is treated as 
a "black box," and the user does not know or care if 
the program contains a file override. All the user of a 
program knows is that the program processes 'File A' 
with attributes a(l ), a(2), ... , a(n). These attributes 
could be specified in the file, in the program, or on 
one or more file-override commands. 

The file overrides are applied at OPEN and can be 
explicitly or implicitly deleted. A file override exists 
for the duration of the program that invoked the 
command unless explicitly deleted. At open time, a 
file name specified in the program is used to search 
for any file overrides that apply. The file overrides are 
applied from the innermost file override to the 
outermost file override as shown in Figure 2. 

1 OVRPRTF FILE (REPORTS) COPIES (6) 

2 CALL PGM (WRTRPTS) 

Program-WRTRPTS 

3 OVRPRTF FILE (OUTR) TO FILE (REPORTS)+ 

COPIES (2) LPI (6) FORM TYPE (3760) 

• 
• 
• 
CALL PGM (RPTW) 

Program-RPTW 

• 
• 
• 

4 OPEN FILE (OUTR) 

• 
• 
• 
End program-RPTW 

End Program-WRTRPTS 

Figure 2 An example of how a file override is applied 

FESS AND BENSON 

In the example shown in Figure 2, the file overrides 
from Statements 1 and 3 are applied when the file 
OUTR is opened in Statement 4. The result is that 
the file REPORTS is opened with attributes 
COPIES( 6) from Statement 1, and LPI( 6) (lines per 
inch) and FORMTYPE (3760) from Statement 3; the 
rest of the parameters will be taken from the file. 

Through the file-override command, data manage­
ment supports changing file parameters at program 
execution time and file independence. 

File independence 

File independence is provided because the file and/or 
file type can be changed but the program still receives 
or outputs the desired data in the proper record 
format. The highest level of file independence is when 
the file and file type can be changed with no impact 
to the inputs received or outputs produced by the 
program. A program can achieve this level of file 
independence by using the file-independent opera­
tions that are common to all file types. These are the 
normal OPEN, CLOSE, GET, and PUT interfaces 
with no file-dependent parameters specified. The 
processing performed by the program is to read 
sequentially through the file or write sequentially to 
the file . 

The second level of file independence is when the file 
can be changed but the file type cannot. In this case, 
the program specifies file-dependent parameters on 
the GET and PUT interfaces or uses a file-dependent 
interface such as UPDATE (a record). The desired 
input records or output records will not be produced 
unless a particular file type is used and the record 
formats that are specified in the program match those 
of the file . 

The third level of file independence is when the file 
and file type can be changed and the user is willing to 
accept slight differences in the output produced. An 
example of this is overriding a printer output file to a 

card output file. The program will function correctly 
so long as a file-dependent interface is not used. 

Summary 

On System/38, the file is the central structure used to 
access the data from a data base or device file. The 
prototype ODP is created along with a data base or 
device file. The prototype ODP is the pre-open 
structure for the file that is used by OPEN to connect 
the program to a file. When a file is opened, file 
overrides are applied to alter parameters specified in 
the program or in the file. 

Different levels of file independence are provided 
by file overrides in conjunction with file-independ­
ent operations. 
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Table-driven work 
management interface 
in System/38 

H.T. Norton and T.R. Schwalen 

The IBM System/38 is designed to satisfy a wide 
range of application environments ranging from 
purely batch work to predominantly interactive 
work, from fast response time requirements to high 
throughput requirements, from program-driven appli­
cation approaches to transaction-driven approaches, 
and so forth. This wide range of environments 
requires powerful and flexible work management 
functions. However, any particular user will normally 
deal with only a narrow set of the work management 
capabilities. Thus, the challenge of the work manage­
ment design is to provide an interface through the 
control language that is straightforward and easy to 
use, yet allows access to a wide range of function in 
an easily modifiable fashion. 

This paper discusses how these goals for managing 
work are met in System/38 through a table-driven 
interface approach. An associated paper, "System/38 
work management concepts" [I], describes the 
actual work management and functions invoked 
through this interface. 
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States t~at work flow management is table-driven by system values and definitional objects, and that default 
settings may be used or new ones entered. 

Figure 1 illustrates the structured interface that is 
described in this paper. 

System-level controls 
The system level is the highest level of control for 
managing work flow. There are few operator controls 
at this level. The system may be started through the 

,..------ ---· ,.- -- - ----, 
I I I I 

System ~-- -+-l System 1 
I 1 1 values I 
L-----r----1 1 I 

I ~--------J I 
I 

r-- -- -'-- - -1 r- -- - ----1 
I I 1 
l Subsystem ~- -- ..i 
1 I I Subsystem 
'-----.----' : description 

I 
I 
I I 

r-----'----i :,.-------.: r---------i 
I 11 11 I I 

Job ~-----! Wor~ :T----..,, Job 1 

1 1 : 1 entries 1 1 1 description I 

~-----:- -- -J : L_ ______ JI L __ ---- ___ : 
I I I 
I I I 

,. ____ J____ :r-------,1 .---------., : : ., ., : 
: Routing step ~--- --fJ Rou~ing ~--- -~ Class 

L ____ l ____ l :L_::~l~~--Ji ~7 _____ J 
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Figure 1 Structure of CPF interface for work flow 
management 

operator console and may be terminated by means of 
a command. Some global options are available to the 
system operator during the starting of the system 
through system value parameters. Using these system 
values, the installation may prescribe parameters such 
as the maximum system-wide level of multiprogram­
ming, a switch value indicating whether the system is 
to be brought up in an unattended mode if the 
console is not operational, and the format to be used 
in presenting the date on displays. 

Subsystem-level controls 
The key to the capability, flexibility, and ease of use 
of the work flow controls provided through the 
Control Program Facility (CPF) [2] is the subsystem. 
A subsystem is the means by which an operational 
environment can be defined and controlled. By 
allowing multiple subsystems to be active concur­
rently, the installation has extensive flexibility in 
defining and controlling the work being done on: 
the system. 

The definition of the operational environment for a 
subsystem is contained in a CPF object called a 
subsystem description. (The concept of "object" is 
discussed by Pinnow, et al [3] .) This makes it 
possible for a single CPF program to control all types 
of environments, although a separate invocation of 
this program is established for each subsystem that is 
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started. It is through the starting and terminating of 
subsystems that the subsystem-defined environments 
become active or inactive. Thus, the operational 
management of these environments is simply to start 
and terminate the desired subsystems at the appro­
priate times. 

The number of subsystems that an installation 
chooses to define or to have concurrently active 
depends on a number of factors, such as: 
• The number of unique processing environments 
that are needed to effectively manage the usage of 
resources by various applications 
• The degree of operational control that is desired 
over the set of applications defined within the various 
subsystem descriptions 
• The extent of isolation the installation chooses to 
impose between the sets of applications defined 
within the different subsystem descriptions 

The advantages provided by the implementation of 
subsystems in this manner include: 
• The entire processing environment for a set of 
applications can be prespecified and easily modified 
as needed to meet the changing needs of the 
installation. 
• Operational control of the entire operating 
environment of a subsystem is easily accomplished. 
• The use of main storage and the allowed level of 
execution concurrency for jobs executing within the 
subsystem can be dynamically tuned to adapt to the 
changing work load on the system. 
• The degree of predictability for performance 
within a subsystem can be achieved because the usage 
of resources by that subsystem is isolated from the 
resources used by other subsystems. 

Subsystem description 
The subsystem description is the CPF object con­
taining the definition of the operational environment 
for a subsystem. It includes a definition of the main 
storage allowed for work to be executed within the 
subsystem, the sources from which work is to be 
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accepted for execution, the identification of the 
programs to be invoked to perform the work, and the 
environment within which those programs are to 
execute. 

This environment description includes the number of 
jobs that may be concurrently active within the 
subsystem; the storage pools, a logical grouping of 
storage, to be allocated for use by this subsystem 
when it becomes active; and the activity level 
(multiprogramming level) to be used by the system in 
managing work within each storage pool. 

Work entries defined within the subsystem descrip­
tion identify the sources from which jobs may be 
accepted for execution. 

These sources include work stations, a job queue on 
which batch jobs have been placed, and automatically 
started jobs whose definition is contained within the 
subsystem description. Jobs from all of these sources 
may coexist within a single subsystem. A single 
subsystem monitor program that is common to all 
active subsystems accepts jobs for execution within a 
subsystem on the basis of the work entries contained 
in the subsystem description. It is the ability to 
accept work from a variety of sources and manage 
those jobs within a single environment that pro­
vides the installation with the flexibility it needs in 
defining its own subsystems. 

Routing entries within the subsystem description 
provide the means of relating the requests for work to 
be done with the program to perform the work and 
the environment within which the program is to 
execute. A routing data field is provided each time 
the subsystem monitor handles a work request. The 
routing data field is compared with values contained 
in the routing entries to identify the particular 
routing entry to be used for initiating execution in 
behalf of that work request. The routing entry 
identifies the program to be invoked, the storage pool 
to which the processing is to be assigned, and a class 

object that contains a collection of predefined exe­
cution parameters to be used. A process is then 
initiated to perform the required processing. Each 
time a new process is thus initiated, the user may 
view this as another routing step within the job. 

Figure 2 illustrates the flow of work within an active 
subsystem. 

The ability to predefine an entire subsystem descrip­
tion provides the programmer or application designer 
with the opportunity to prescribe an entire opera­
tional environment for a subsystem. The activation of 
that environment is then as simple as starting a 
subsystem that uses that subsystem description as its 
basis for control. 
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Figure 2 Work flow within an active subsystem 
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Jobs and job descriptions 
All work submitted through CPF work management 
is processed as jobs. Each job must execute within the 
jurisdiction of a subsystem. In fact, a controlling 
subsystem, whose identity can be specified by the 
installation through a system value, is automatically 
started . when the system is started and may not be 
totally deactivated until CPF operation is totally 
terminated. The first work requested of CPF after it 
is started is requested through the controlling sub­
system. Other subsystems may be started and ter­
minated as the needs of the installation dictate. 

There are many parameters for a job, including such 
things as scheduling priority and message level. To 
ease the burden of specifying these parameters when 
a job is submitted, a CPF object called a job 
description is identified. This object contains a 
complete set of job parameters. A job description is 
referenced when a job is submitted to the system. 
Individual parameters may be overridden at the time 
the job description is referenced. The resulting 
parameters are used during the execution of the job. 

A job is the lowest level of work for which external 
controls are provided. A job may be held, released, or 
canceled. Certain of its parameters may be changed 
dynamically during the execution of the job. The 
attributes of a job may be displayed. These controls 
afford adequate operational management of the 
individual units of work on the system. 

Summary 

The table-driven interface to CPF work flow manage­
ment gives the programmer or application designer 
both power and flexibility in defining the work load 
to be processed by the system. This definition is 
contained in the subsystem description, job descrip­
tion, and class objects, as well as in the system values 
that are supported. Default settings for the system 
values and usable versions of the definitional objects 
are shipped with CPF, enabling the installation to 
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operate without defining these objects. On the other 
hand, the approach offers the installation the oppor­
tunity to define its own definitional objects that 
better reflect its unique requirements. 

The operational aspects of work flow management 
are simple, requiring primarily that the appropriate 
subsystems be started and terminated at the appro­
priate times. Lower level controls for managing jobs 
are available but their use should seldom be required. 
The total interface thus supported meets the ob­
jective of providing a powerful, easy-to-use means of 
controlling work flow for a broad range of appli­
cation environments. 
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States that the System/38 message handler provides a single, system-wide capability for defining, sending, and 
receiving messages. Messages are formally described to the system and can be received by either human users or 
programs. 

One of the pervasive problems in operating system 
design is the communication of data in the form of 
messages between the system operator, users, pro­
grams, system logs, and the machine. The problem 
has classically been solved by having separate facilities 
for each type of communication to be done: write­
to-operator, write-to-programmer, specialized work 
station facilities, messages written to output files, 
machine interrupts, special queues and events, etc. 
Each of these facilities had unique features not 
applicable to the other destinations of messages. As a 
result, the operating environment of a program was in 
part defined by how and to whom it sent messages. 
This prevented the development of programs that 
could be used as off-the-shelf components by many 
applications. It also required the user and pro­
grammer to learn multiple techniques for communica­
tion and, in effect, limited certain kinds of com­
munication, such as program-to-program or job-to­
job, to system programs. The generalized message 
handler of the System/38 is an integrated facility of 
the Control Program Facility (CPF) that provides 
Control Language (CL) commands and display 
screens for defining, sending, and receiving messages. 
The CPF is described by Harvey and· Conway (1]. 
This paper describes the key concepts of the CPF 
message handler. 

Messages 
Messages are data, but, unlike the records of a data 
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base file, each message is unique, having its own 
format, content, and meaning. A message can be sent 
to either a program or a user. When sent to a user, the 
message must consist of text that can be read and 
understood by the user. But when sent to a program, 
text is inconvenient to process. Programs can more 
easily process data that is organized into fields with 
predefined attributes. 

When work station users send messages to each other, 
or to the system operator, the text provided by the 
sender is the whole message. And when a program 
sends messages to a user, the message must also be in 
the form of text that can be read and understood. It 
is desirable to store this text external to the sending 
programs so that it can be easily modified or 
translated into other natural · languages. The 
System/38 supports objects called message files in 
which message descriptions can be stored. Message 
descriptions contain text and other attributes of 
a message. 

A program sending a message can provide a set of 
data fields that can be substituted into the stored 
text. The attributes of these fields are stored with the 
text in a message description. The same message can 
be sent to either a user or a program. The user 
receives the text, with data substitutions; a program 
can receive either the text or the data fields. Thus, 

The generalized 
message handler 

in System/38 

R.A. Demers 

any message can be handled by a program or 
presented to a user. This allows messages to be 
reinterpreted by other programs or handled in differ­
ent ways by different programs. The sending program 
is therefore independent of the message recipient, 
which can be either a user or a program. 

Message queues 
The CPF supports the ability to send and receive 
messages via objects called message queues. Message 
queues are associated with particular users, programs, 
or jobs through ownership, authorization, allocation, 
and other conventions of use. There are system­
created message queues for the system operator, for 
each work station, for each of the system logs, and 
for each job. Users can also create message queues to 
meet specific application needs or for use as personal 
mail boxes. Figure l illustrates the set of message 
queues that can be used by a job. 

Message queues support a wide range of applications, 
from system operation and logging to user mail 
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boxes. The methods of delivering and rece1vmg 
messages are comprehensive and are controlled by the 
user or program that is associated with and using the 
message queue. These facilities allow the system 
operator to be at any work station to operate the 
system, and they also provide for an unattended 
mode of operation. In the System/38, these facilities 
are not limited to the system operator. They are 
applicable to any message queue, including user 
message queues, thereby extending the range of 
application development techniques available to the 
system and user programmer. 

Message files 

Job 

z 

Message queue delivery modes 
The user or: program associated with a message queue 
determines the method by which messages are to be 
delivered by message queue. There are four delivery 
modes: 
1. Break. When a message arrives at the message 
queue, the user's job is interrupted and a program is 
invoked. For interactive jobs, if no other program is 
specified, a CPF message-handler program is invoked 
to display the message at the work station. Alterna­
tively, a user program can be specified that presents a 
formatted display of the message, or performs some 
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Figure 1 The message files and message queues used by a job 
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function requested by the message. Thus, a job can be 
interrupted to perform some more important 
function. 
2:Notify. For interactive jobs, when a message 
arrives, the work station operator can be notified of 
its arrival by an indicator light and optional alarm. 
The messages can be displayed when it is appropriate 
to the particular job. 
3. Hold. Arriving messages can be held in the message 
queue for later delivery. These messages can be 
displayed by issuing a CL command, or they can be 
received by a program. Programs can poll multiple 
message queues, or they can wait either indefinitely 
or for a specific period of time for the arrival of a 
message. This allows a programmer to coordinate the 
activities of different jobs of an application. 
4. Default. Arriving messages are rejected and those 
requiring a reply are answered with a default reply 
stored in the message description. This delivery mode 
provides for an unattended mode of operation. A 
message queue used for the control of an application 
can be set to default mode for unattended operation 
of that specific application. The system operator's 
message queue can be set to default mode for 
unattended operation of the system itself. 

Receiving and displaying messages 
Messages are usually received on a first-in-first-out 
(FIFO) basis. But when a message is received, it is not 
automatically removed from the message queue, 
although this is an option. Instead it becomes an old 
message. The message handler assigns a key to each 
message on a message queue. This key can be received 
at the time that a message is received in FIFO order. 
To receive an old message, the key must be specified. 
Alternatively, all messages can be reset to the new 
message status for FIFO access. By leaving messages 
on a message queue, a program can retain a log of the 
messages it has processed. All of the messages can be 
written to a printer file at the end of the job. It can 
also batch certain types of messages on the message 
queue and process them all at one time. 
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The distinction between old and new messages is 
simplified when messages are displayed at a work 
station. The user can request the display of messages 
starting with either the oldest or the newest messages 
on the message queue. The roll keys of the work 
station can then be used to view any of the messages 
on the message queue. Other display options are 
also available to allow the work station user to 
reply to messages and to remove them from the 
message queue. 

The user can retain them on the message queue to 
keep track of the messages received and replies to 
them. Also, by leaving messages in the queue, the user 
can delay taking action on particular messages until it 
is appropriate to do so. 

Since the messages at a message queue can be either 
received by a program or displayed at a work station, 
it is possible to write a program that filters messages; 
rejecting some, handling others, and displaying only 
certain messages. The independence of message 
queues from particular users, program or human, 
provides this range of facilities. 

Job message queues 
The message queues provided for each job are special 
cases of message queues. A set of logical message 
queues is built within each job message queue to 
represent the external user who requested the job and 
each program invocation of the job. These logical 
message queues are created only when message­
handling services are requested by or for their 
associated user. The set of messages retained in these 
message queues at the end of the job is printed as the 
job log. 

Since the program invocations of a job are stacked, 
the logical message queues associated with each 
invocation are also considered to be stacked. The 
external user is considered io be the caller of the 
initial program on the stack. Machine instructions are 
considered to be equivalent to called programs, 
although at a lower level of functional abstraction. A 
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program invocation can send messages to itself, to its 
caller, to a named program in the stack, or to its 
caller. If the specified message queue is that of the 
external user, the message is immediately written to 
the work station associated with that interactive job. 

Programs that send messages to their caller's program 
message queue give that caller an opportunity to 
reinterpret the message at a higher level of functional 
abstraction. For example, the message "cursor not 
over data space," which is signaled as an exception by 
the machine data base management instructions, can 
be reinterpreted as "end of file" by the CPF data base 
component, and this message can be reinterpreted by 
the CPF copy component as "copy completed." The 
receiving program can also handle the message as 
required by its specific environment or function. The 
messages can be written to the job log and work 
station or to specialized displays, they can be utilized 
by the program internally to correct the problem, or 
they can be listed. 

By sending messages to program message queues, a 
programmer can design his programs as independent 
components that can be selected off the shelf for 
many applications. An example of this is the com­
mand analyzer component of the CPF which is 
invoked by the interpretive CL processor, by the 
prompter, by the source entry utility, and by the CL 
compiler. As it detects error conditions in commands, 
it sends messages to its caller's program message 
queue and does not have to be concerned with how 
those messages are processed. 

Error handling 
Sending an error message to a program's caller gives 
the caller an opportunity to handle the error condi­
tion. The message handler provides special support 
for a type of message that must be handled. These are 
called escape messages because the sending program is 
terminated. Escape messages are usually sent to a 
program's caller. The caller can monitor for the 
arrival of these messages on its message queue and 

specify the action to be taken, such as a branch to an 
internal label or a program to be called. But if the 
caller is not monitoring for a particular escape 
message, default system action is taken. This includes 
taking dumps and entering a debugging breakpoint, if 
appropriate. The final action is to send a "function 
check" escape message to the same program, thereby 
giving it a chance to clean up and terminate grace­
fully. Jobs are never abnormally terminated by 
low-level functions (with the exception of machine 
checks and system crashes). 

A point of interest is that the exceptions signaled by 
machine instructions are trapped by the message 
handler and converted into escape. messages. Thus, 
the full facilities of the message handler are available 
to handle exceptions and to put out meaningful error 
messages if necessary. 

Summary 
The System/38 message handler provides an inte­
grated facility that supports communications between 
the users and/or programs of the system. Messages are 
formally described to the system and can be received 
by either human users or programs. Message queues 
support a wide range of applications and provide 
comprehensive methods for receiving and delivering 
messages. Job message queues supp_ort environment­
independent communications with the requester of a 
job and allow programs to be written for off-the-shelf 
applications. Error handling is a built-in function of 
the system. And finally, the facilities of the message 
handler are available through CL commands. CL users 
thus have the same communications capabilities as 
system programmers. These advantages have been 
exploited in the development of the CPF and the 
other System/38 licensed programs. They remain 
available to application developers and to users of 
the system. 
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System/38 
common code 
generation 

J.K. Allsen 

The IBM System/38 is a completely new system in 
that all of its programming support components such 
as language translators and utilities were designed and 
implemented against a new machine instruction set. A 
new implementation of a language translator can 
represent a large programming development and 
maintenance effort. One approach employed to 
reduce this effort is a common code-generation 
facility supporting the multiple code-generation com­
ponents of the IBM-provided programming support. 
However, this conceptually simple approach of 
common code generation presented many practical 
problems in achieving the obvious benefits. 

This paper provides an overview of the System/38 
common code generation facility and its significant 
design considerations. 

Program creation 
A language translator on System/38 may be either a 
compiler of high level source language (for example, 
RPG III) or a utility program which creates another 
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program for immediate execution (for example, 
Interactive Data base Utilities). All language trans­
lators of either type perform some tasks in common 
on System/38 in order to create a program. The most 
obvious common task is the generation of a program 
template, which is the target for any program 
creation. This template is a machine-level object 
which contains: 
• An instruction stream 
• Object definitions 
• Debugging information 

The instruction stream in the program template is a 
series of bytes representing the machine instructions 
for that particular program; the object definitions 
describe the attributes of all items referred to from 
the instruction stream. Debugging information is also 
contained in the program template. This information 
is used during the execution of the program to 
associate the instructions and objects of the program 
with their original symbolic source forms. 

A traditional approach to target code generation by 
multiple language translators on a given system is 
shown in Figure 1. Each language translator (LT) 
inputs a source program (SRC) encoded in a par­
ticular language. Each language translator typically 
reduces the source program to its equivalent target 
program by a series of distinct steps, or "passes." The 
last pass in all cases is the final mapping of inter-

mediate text (IT) into target form. Typically, on a 
given system, the format of the intermediate text 
varies from language translator to language translator. 

System/38 code generation 
To achieve centralization of function on System/38, a 
common code-generation facility is provided. This 
facility is the program resolution monitor (PRM). It is 

SRC1 SRCn 

Ooo m l more LT1 
passes 

LTn • • • 

IT1 

Final l 
pass 

LTn • • • 

Figure 1 A traditional method for program creation 
by multiple language translators 
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part of the System/38 Control Program Facility, and 
replaces the final pass for all the language translators 
of System/38. In order to achieve this, it was first 
necessary to define a common intermediate text 
format suitable for all the language translators. This 
textual format is called the intermediate representa­
tion of a program (IRP). 

IRP is a symbolic text format. In addition to 
isomorphic symbolic representations of the 
System/38 instructions, IRP includes symbolic 
declaration capability for all operands of those 
instructions. Constants may be either declared ex­
plicitly or defined implicitly in an instruction. Debug­
ging information is generated by the language trans­
lator via IRP constructs. The net effect is that IRP is 
the actual target for every System/38 language 
translator, with the PRM doing the translation of the 
IRP character string into a System/38 program 
template. Figure 2 shows the flow of program 
creation in System/38. 

One or I more 
passes 

Final 
pass 

RPG 
Ill 

CL IOU 

IRP IRP IRP 

I ______ I l._____ __ ___.I 

PRM 

Target code 

Figure 2 The flow of program creation in System/38 
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The IRP generated by a language translator is passed 
as a single bit string to the PRM. Within this string is a 
series of IRP "statements," each terminated by a 
delimiter. An IRP statement may be either an 
isomorphic construct representing a machine instruc­
tion or a pseudo operation. The pseudo-operation 
statements do not have direct executable counter­
parts in the System/38 instruction interface, but are 
used to transmit object attribute information and 
debugging data to the PRM for inclusion in the 
program template. 

Isomorphic statements follow the token sequence of 
their machine-instruction counterparts. A mnemonic 
operation code is optionally followed by a string of 
operands, each separated by a delimiter. All operands 
appear as symbolic names. For compound instruc­
tions which terminate in branches or indicator set­
tings, the conditions being tested appear as a sublist 
after the mnemonic operation code; target labels or 
indicator names occur after the main operand list. 
Any isomorphic statement may be labeled with one 
or more symbolic names. In the generated program, 
these statements become branch targets. 

Pseudo-operation statements all start with an opera­
tion verb, followed by appropriate operands. There 
are eight pseudo-operation statements, each of which 
falls into one of three categories: object definition, 
debugging information, and listing control. 

There are three object-definition statements: DCL, 
ENTRY, and RESET. The DCL statement defines 
symbolic operands referred to by the isomorphic 
statements. The ENTRY statement defines the name 
of the entry point of the generated program together 
with names of associated parameters. RESET causes 
the default space name for the DIRECT attribute to 
be changed. 

The two statements for debugging information are 
BRK and LABEL. The BRK statement occurs within 

a string of isomorphic statements and establishes a 
breakpoint for later debugging operations. LABEL 
provides information for symbolic naming of objects. 

The listing control statements are SP ACE, EJECT, 
and TITLE. These allow a language translator to 
control the format of a PRM-generated IRP listing 
which is optionally produced. To further augment 
this listing capability, comments are also provided for 
in the IRP syntax. 

Rationale for the System/38 approach to code 
generation 

The notion of a "cascade compiler" is not new, and 
has been implemented on other systems where 
compilers cascade into assembler language and then 
invoke an assembler to complete the program-crea­
tion cycle. At the other extreme, proposals have been 
published which hypothesize a "Common Target 
Language" which is both source-language-inde­
pendent and target-system-independent. Attempts to 
derive such universal targets tend to culminate in 
grammars with almost mutually exclusive subsets of 
constructs unique to different languages. 

The concept of the IRP target code together with the 
centralized final pass (the PRM) on System/38 falls 
between these two extremes. The symbolic nature of 
IRP frees the System/38 language translators from 
addressability and location counter considerations 
since all references are generated "by name." The 
structure of the program template generated by the 
PRM and its complexities are not apparent to 
language-translator developers. 

While traditional cascade techniques took advantage 
of symbolic (assembler language) target code, they 
also paid the price in performance since the native 
assemblers used were designed with direct user 
invocation in mind. This meant that the target 
generated by a language translator was tuned for 
direct source encoding instead of automatic genera-
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tion. The IRP of System/38 was derived with ease of 
automatic generation as its primary constraint. A 
secondary constraint was ease of translation of the 
IRP syntax by the PRM into the bit-oriented program 
template for a high rate of performance. 

Summary 

The System/38 approach to common code generation 
is a pragmatic one. By centralizing the final pass of 
each language translator into a single component (the 
PRM), the total development and maintenance effort 
has been reduced for the language translators. The 
System/38 definition of the common code-generation 
interface represents design trade-offs aimed at opti­
mizing the benefit to compilers. 
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For an overview of the entire system, you should 
read: 

"Introduction to IBM System/38 architecture," 
page 3 

For the next level of detail: 
"Hardware organization of the System/38," 
page 19 

"System/38-A high-level machine," page 47 
"Introduction to the System/38 Control Program 

Facility," page 74 
"User-System/38 interface design considerations," 

page 70 

If your particular interest is in the underlying 
machine structure and technology, read: 

"Hardware organization of the System/38," 
page 19 

"Integrated circuit design, production, and pack­
aging for System/38," page 11 

"Memory design/technology for System/38," 
page 16 

"Translating a large virtual address," page 22 
"Processor development in the LSI environment," 
page 7 

"System/38 1/0 structure," page 25 
For further detail on 1/0, there are three papers 
related to control and three to individual elements­
work stations, communication subsystem, and 
printers: 

"Application of a microprocessor for 1/0 control," 
page 28 

"System/38 magnetic media controller," page 41 
"Shared function controller design," page 44 
"Microprocessor-based work station controller," 
page 36 

"Microprocessor-based communications subsys­
tem," page 32 

"Microprocessor control of impact line printers 
for printing character-string data," page 38 

The high-level machine structure is described in eight 
papers: 

"System/38-A high-level machine," page 4 7 
"System/38 addressing and authorization," 

page 51 
"System/38 object-oriented architecture," page 55 
"System/38 work management concepts," page 81 
"System/38 data base concepts," page 78 
"System/38 machine storage management," 
page 63 

"System/38 machine indexing support," page 67 
"System/38 machine data base support," page 59 

To gain an understanding of the advanced program­
ming support, you will want to read some or all of 
the following: 

"Introduction to the System/38 Control Program 
Facility," page 7 4 

"System/38 addressing and authorization," 
page 51 

"System/38 object-oriented architecture," page 55 
"System/38 work management concepts," page 81 
"System/38 data base concepts," page 78 

The next two papers present, in some detail, two 
especially important elements of the Control Program 
Facility: 

"The rule-driven Control Language in System/38," 
page 83 

"File and data definition facilities in System/38," 
page 87 

Appendix: Reader's guide 

For more detail on advanced programming support, 
read: 

"Table-driven work management interface in 
System/38," page 94 

"File processing in System/3 8," page 91 
"The generalized message handler in System/38," 
page 97 

"System/38 common code generation," page 100 
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