


























































































































































































































































































































































































































































































































































































































Memory Management 289 

The whole of memory (real or virtual) memory may be viewed logically as a 
single data structure which is a collection of Memory Controller Objects or 
MCOs, one allocated to each user. A user can be abstractly viewed as a set of 
jobs (each possibly executing as a process tree). The storage resources needed 
for this set of jobs are represented as a "forest" of SRO trees, with each being 
rooted in the same global heap SRO. Hence, an MCO controls the resources 
implied by such a forest. 

An MCO contains several parameters used to control allocations of primary 
and virtual memory within the resource. Certain usage statistics, and history 
information (counts of key events) are also maintained in the MCO. These data 
may be periodically examined and used as a basis for adjusting the control 
parameters. To simplify our discussions, the mechanism and rationale of the 
MCO is introduced in the context of the Virtual Memory implementation. 
(Where appropriate, we point out which MCO parameters have meaning only in 
the Virtual Memory implementation.) 

Two iMAX interfaces are provided. Each provides a different view of 
memory, one for ordinary users (the SRO_Manager package) and one for 
privileged users (the MCO_Manager package) who wish to operate directly on 
MCOs. Some applications subsystem designers fall in the first category. 
Designers of high-level memory and process managers fall in the latter 
category. 

In order to appreciate the two views of an MCO, we need to learn more about 
its detailed structure. We could approach this problem bottom-up by first sug­
gesting that an MCO is merely a tree structure of SROs and focus on the 
management of the individual SROs in the tree and not on the management of 
the tree as a whole. In a sense, this is what has been done in the preceding sec­
tion. We pursue this a bit further before proceeding with a top-down view of the 
MCO. 

The concept of the process tree is, of course, independent of the scope of the 
System's active address space (whether limited to real memory or expanded to a 
virtual memory). The concept and utility of the SRO tree, matching the process 
tree, also carries over intact. 

Even though the System's virtual address space is much larger than real 
memory, it is still managed as a scarce resource. Therefore, there is still the 
need to maintain two Physical Storage Objects (PSOs), one for normal virtual 
memory and one for frozen virtual memory. 

[In the virtual memory system, objects allocated from the frozen global heap SRO are 
not only non-relocatable but also non-swappable. However, objects allocated from the 
normal global heap SRO are relocatable and may also be swappable. Whether or not 
such objects are swappable, and if so at what "frequency", depends on a resource con­
trol parameter that can be set for the governing MeO.] 

The MCO defines one distinct section of virtual memory for the entire collec­
tion of independent processes whose resources are drawn from the specified glo­
bal heap SRO-which serves as the root node of the SRO tree for that MCO. 
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An example SRO tree controlled by an MCO is depicted in Figure 9-8. 
Resources for each process tree are rooted in a stack SRO, itself an offspring of 
the global heap SRO. 

o 

key: 
ghp = global heap SRO 
stk = stack SRO 
lhp = local heap SRO 

5 

Figure 9-8 Snapshot of an SRO tree for an MCO. The virtual memory for a collection of 
independent processes, is allocated from the root (global heap) SRO. This figure shows 
the stack SROs for root processes A, B, and C. Of these, only process C shows offspring 
(processes D, E, and F). 

In Figure 9-8 we illustrate a hypothetical case where a user's SRO tree has at 
least three co-existent independent processes, A, B, and C. One of these, proc­
ess C, has some offspring processes, D, E, and F, as evidenced by the stack 
SROs that have been allocated from local heap SROs rooted in the stack SRO 
for process C. Since the same lifetime strategies as described in the main 
memory model carry over here, there should be no surprises upon examining 
the (hypothetical) level numbers shown in the figure for the various SROs. 

As already mentioned, objects created from SROs representing frozen 
memory are themselves allocated from frozen memory. They can never be relo­
cated or swapped out. However, objects created from SROs representing 
normal memory may exist either in primary memory or in swapping store. An 
object residing in primary memory has the allocated bit in its Object Descriptor 
set to true, and set to false if it either resides in swapping store or is not 
currently accessible due to some on-going Memory Management operation, 
such as relocation, which causes objects to be regarded as temporarily 
"invalid". Relocation may occur when Memory Management determines that 
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compaction is needed to reduce fragmentation in primary normal memory. The 
object is also subject to being swapped out when free space simply becomes too 
scarce. 

9.3.1. Controlling the Resources of an MCO 

An MeO can be created, destroyed, altered, or inspected via calls to the iMAX 
MeO_Manager package (See Appendix L). A set of three resource control 
parameter values must be specified in creating an MeO. By studying these three 
parameters we can learn how a user would be expected to achieve high-level 
control over the memory resources in an i432 virtual memory system. Setting 
these control parameters can be done intelligently only if some gathered MeO 
performance statistics can be made easily accessible to the user. As we will see, 
these statistics are automatically updated and made accessible to a user having 
the appropriate type rights to the MeO. 

The three resource control parameters are: 

• memory type Determines whether memory management can relocate 
and swap objects created from the MeO. 

• scan rate 

• allocation limit 

Defines the "rate" at which objects created from the 
MeO are considered for swapping. 

Determines the number of bytes of virtual memory that 
can be allocated from this MeO without making an 
explicit call to alter this value. 

We have already explained the role played by "memory type" and have sug­
gested the role of "scan rate". If the memory type is normal, then objects 
belonging to the MeO are relocatable (and can be swapped out if the scan rate 
is not never). 

The scan rate parameter has meaning for MeOs used in a Virtual Memory 
implementations. When the system as a whole needs to locate objects to be 
swapped out, it scans the list of MeOs in the system, selecting for swapping 
only objects in MeOs whose scan rates are high enough. More concretely, 
objects belonging to MeOs with a scan rate of 1 will be considered each time 
the replacement algorithm passes through memory looking for objects to swap. 
Objects belonging to MeOs with a swapping rate of 2 will be scanned on every 
other pass through memory, and so on. In the current implementation there are 
sixteen rates defined: asap, 1,2, ... 14, and never. 

[Setting the rate to asap indicates that all objects associated with this Mea are 
immediately swappable, regardless of reference history; setting the rate to never makes 
the object unswappable. The ASAP rate might be chosen for the Mea of some user U 
under the following scenario: A high-level load controller perceives a thrashing problem. 
The controller then (a) stops all processes belonging to U and then (b) requests the high­
level Mea manager to set U's scan rate to asap, thereby expediting the swapping out of 
objects associated with U.] 
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If the allocation limit is Lim bytes, then hardware and software combine to 
guarantee that no more than Lim bytes of memory will be allocated for all the 
processes created from this MCO. (Lim measures bytes of virtual memory in 
Virtual Memory implementations and real memory in Real Memory Only 
implementations. ) 

The control based on Lim is achieved in a remarkably simple way, as fol­
lows: The representation of the MCO includes a reference to a hardware­
recognized Claim Object. This Claim Object is assigned a specified allocation 
limit at MCO creation. Moreover, all SROs in the tree belonging to this MCO 
have their Claim Object ADs pointing to this "master" Claim Object. Each 
time an object is allocated from any of these SROs, the MCO Claim Object is 
automatically adjusted (decremented) by the hardware by the number of bytes 
allocated for that object. A storage claim undeiflow fault is caused if an 
attempted allocation would result in a negative storage claim for the affected 
MCO. When the Garbage Collector reclaims an object belonging to an MCO, 
the software increments the affected MCO by the number of bytes reclaimed. 

The behavior implied by the above type of control can occasionally exhibit 
unexpected (and indeterminate) "pauses" brought about by the processes of a 
MCO allocating and deallocating objects faster than the Garbage Collector can 
reclaim them. That is, unless the Garbage Collector can run, find, and reclaim 
deallocated objects fast enough, the MCO's claim value may exhibit sporadic 
underflow conditions which will have no overall effect except on system 
response. (This phenomenon is possible because in the current implementation 
the Garbage Collector performs a global function and executes asynchronously 
with a user's processes.) 

9.3.2. Resource Usage Statistics 

The MCO_Manager package offers a Read_MCO_statistics function which 
returns a record containing the current static and dynamic "operating" statistics 
for a specified MCO. Component values of this record, itemized below, may 
be examined and used in attempts to dynamically adjust the subsequent per­
formance behavior of the processes whose resources are governed by the MCO. 

• storage_claim; ordinal; Total of virtual memory yet to 
be allocated under processor 
control. 

• secondary; ordinal; Total virtual memory currently 
allocated and residing on disk. 

• number_of_heap_SROs: 

• number_of_object_tables: 

ordinal; 

ordinal; 

ordinal; 

Same as number of active 
processes under this MCO. 



ordinal; 
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Combined missing object fault 
rate for all processes running 
under this MCO. 

A low-valued fault_rate suggests that the "scan rate" can be reduced 
(increased in frequency). (The effect of changing the current scan rate can in 
some cases be noted by observing the relationship between the reported values 
of storage_claim and secondary.) 

Other feedback infonnation of value to the "MCO controller", whether per­
son or program, includes the reported number of stack SROs, which indicates 
the number of "living" processes. Perfonnance of certain processes executing 
under an MCO may well be affected by the total number N of its processes, 
especially if N represents a large fraction of all the processes currently active in 
the system; in that event, the user might wish to exercise other controls on the 
programs themselves (e.g., to suspend, resume, or adjust scheduling parameters 
of some of the process trees under this MCO, using operations of the Proc­
ess_Manager interface discussed in Chapter 8). 

The specification part of the MCO_Manager package is given in Appendix 
L. iMAX also provides the lower-level interface to the SRO components of an 
MCO in an SRO_Manager package similar to the one already described in Sec­
tion 9.2 but adjusted for use in the virtual memory implementation of SROs. 
Because the two SRO_Manager packages are so similar, we do not give the vir­
tual memory version in Appendix L. Readers wishing to examine this interface 
may consult the iMAX 432 Reference Manual. 





OBJECT FILING 

10.1. Introduction 

Our introduction to Object Filing for the i432 System was really begun with the 
disclosure in Section 9.1 that i432 Memory is divided into two distinct spaces, 
active object space and passive object space. (See Figure 9-1.) In Chapter 9 we 
were concerned primarily with management of the active object space. Here we 
consider the management of the passive space and the interface between the two 
spaces. 

Examining the Object Filing Subsystem design allows us, finally, to view 
i432 object space top-down. From at least one top-most perspective, the object 
space appears homogeneous. Objects in active space and objects in passive 
space are governed by similar accessing and typing rules, structures, and 
mechanisms. The Object Filing Subsystem provides in software the same archi­
tecture for support of object structures, typing, and the consequent protection 
domains in the passive space as the hardware provides in the active space. (To 
be sure, as we examine object structures in more detail, there are some semantic 
differences, but most are inspired by implementation considerations.) 

The particular role played by an object tends to determine the object space or 
spaces in which it resides during its lifetime. An object may be created to live, 
for example: 

• (Case A) entirely in active space, or 

• (Case B) entirely in passive space, or 

• (Case C) in passive space but may be updated from new versions made active 
periodically from most recent passive versions, or 

• (Case D) in passive space but serves only as a source for versions that enter 
active space, to live and die there. 

295 
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From the above examples (which do not form an exhaustive list of the possi­
bilities) we observe that, unlike virtual memory, the same object may exist 
simultaneously (in different versions) in both spaces. Also bear in mind that 
objects may be deallocated from either active or passive space. If an object is 
deallocated from active space, its passive counterpart, if any, survives-and 
vice versa. We now illustrate each of these four cases: 

• Case A. All objects created in active space that are allocated with greater­
than-zero level numbers live entirely in active space and are deallocated from 
that space. They are never transferred to the passive space. (Level-zero 
objects created in active space need not be "passivated", i.e., put into pas­
sive space. Passivation of such objects, as we see later, may be under user 
control.) 

• Case B. Certain objects may be created, initialized and updated directly in 
the passive space using a sequence of steps bracketed by an Open and a Close 
operation. It is possible to prohibit such objects from entering the active 
space. Objects which may be too costly to activate frequently, such as large 
directories of other passive objects, are usually treated this way. [The Object 
Filing Subsystem provides for objects of type "data_file" which may be 
longer than 128K-bytes; these objects, managed by a separate type manager, 
are always treated as Case B objects that are never activated.] 

• Case C. A Domain Object representing an Ada owner package for a small 
data-base is a good example. As a result of compilation, this object, together 
with objects holding owned data and the related Instruction Objects, are 
constructed as a passive composite of individual objects. Its presence in the 
passive store is recorded in a directory kept in the passive store. When the 
package is initialized on first use, the corresponding Domain Object is impli­
citly "activated", meaning a version is placed in active space, where it is 
updated either during that initialization or as a result of responding to subse­
quent calls, or both. During each active period, the same Domain Object, 
identical with respect to identification, type, and structure, exists both as an 
active object and as a passive object. 

When the process( es) using this owner package terminates execution and 
there are no more active space Access Descriptors referring to the active 
Domain Object, it can be transferred to passive space, effectively replacing 
the older version in an implicit update operation. (Assuring that this "auto­
update" takes place is an option that can be specified.) Until needed again in 
active space, the new version in passive space will be the only extant version 
of the object. This cycle is repeated for each active period in the life of the 
Domain Object-until it is explicitly destroyed or implicitly deallocated 
from the passive object space by a reclamation scheme whose function is 
analogous to the one used for garbage collection of active space. 
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[The tenn "owner package" as used here has the sense defined in Chapter 2. Later we 
use the tenn "ownership" in a different sense, namely as an attribute of a reference to 
a passive-space object. (This attribute is used as a means for the efficient management 
of the passive object space.) The context in which "owner" appears should resolve 
any possible ambiguity.] 

• Case D. A Domain Object representing an Ada library-level package falls in 
this category. This Domain Object, as in Case C, is also initially created in 
passive space and is periodically activated when needed. Here, however, the 
object is discarded when its period of activation is completed; it is not used to 
update the passive-space version. Two familiar subcases come to mind. 

1. The Domain Object represents a transformer package, such as a 
mathematical function library package; it has no variable declarations 
(although its individual subprograms may), and thus has no state that can 
change while in active space. Hence, the version in passive space never 
needs updating and will live in passive space until no longer needed (that 
is, until explicitly or implicitly deallocated.) 
[A program that is given a reference for the transfonner package can cause activa­
tion of the corresponding Domain Object as a result of a first calIon an operation 
of the package. Thereafter, while the Domain Object remains activated, the public 
operations of the shared and reentrant Domain Object may be repeatedly invoked 
by calls from the same or other packages or tasks belonging to the same or 
independent programs.] 

2. The Domain Object represents a library owner package, X. Because X 
owns data that can be modified during use by a referencing program, a 
new active space version, i.e., a fresh library copy of X's corresponding 
Domain Object is created each time a different executing program 
accesses X. Hence, several active versions of X's Domain Object may 
coexist in the active object space. (Within a single program, however, X 
can be shared by two or more processes, but only with care for proper 
arbitration over access to X's shared data.) Domain Objects for such 
library packages as X do not need to be saved in passive space. Each new 
program execution that needs access to X must be guaranteed access to the 
library package in its initial condition. 

Notice that for Cases C and D, by maintaining (possibly older) versions of 
objects in passive space, a system crash may well leave the active space in an 
unreliable state but will always leave the passive space undamaged. Therefore, 
recovery from a system crash is always feasible, provided the secondary storage 
medium used for the passive space is· highly reliable. Also notice that for Case 
B, where an object lives its entire life in passive space, proper synchronization 
of multiple (apparently concurrent) attempts to access the passive object, for 
either reading, initializing, or updating it, can assure users of the system that 
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consistency is preserved. Passive space consistency is also preserved for other 
classes of objects. 

These key design objectives: (1) recoverability from system crashes and (2) 
consistency preservation, (3) over a space of objects belonging to a wide variety 
of (user-definable) types, are simple to appreciate conceptually. Object Filing 
achieves in the i432 implementation, but not without a price paid in the com­
plexity of the required mechanisms needed to accomplish the objectives 
efficiently. 

One may rightly ask, "Do not other commercial systems also achieve the 
same objectives?" The response is almost. Usually, some component of the 
"triad" is deemphasized or even sacrificed. For example, limiting the emphasis 
on achieving crash recoverability, as in the IBM System/38 [28,29], or failure 
to provide a uniform means for dealing with a variety of object types with con­
comitant protection domains, as in the Tandem system [5], or both, as in Mul­
tics [44], are usually evidenced even in advanced systems. 

[Several successful commercial systems provide "one-level" (in our terminology, 
one-space) stores, in which virtual memory is suuficiently large to serve both as an 
object store and as a file store. Such systems are vulnerable to crashes in which key 
references to objects in secondary store are lostfrom volatile store at crash time, leading 
to the loss of the entire object space. Such systems must rely on recovery schemes based 
on the use of backup copies and complex data structures (such as transaction journals) 
that must be maintained to use these backup copies. In most cases, the quality of the 
recovery is only as good as the frequency with which backup copies are made.] 

This completes our general introduction to the nature of and motivation for 
object filing. The next section explains some of the problems common to the 
design of object filing systems and how they are generally met in the i432 sub­
system. Section 10.3 examines the user interface to the i432 Object Filing Sub­
system, a listing for which is given in Appendix M. Section lOA briefly revisits 
the design of our Portfolio Management application to consider what changes 
are in order in the light of object filing, while Section 10.5 serves as a short 
summary of this chapter and of the book as a whole. 

10.2. DeSign Challenges for Object Filling 

The designers of any successful object filing system must have solved a collec­
tion of challenging implementation problems. In turn, these solutions often 
hinge on the development of effective mechanisms. This is also true for the i432 
Object Filing Subsystem. We introduce some of these problems in this section. 
In several cases, we explain some of the mechanisms employed in their solu­
tions. Such detail is given primarily where it can help system programmers 
understand how to take advantage ofiMAX's user interface for Object Filing. 

10.2.1. Unique Object Identifiers 

The number of objects in the System's object space at anyone time may never 
be very large, but certainly the total number of objects created may grow to a 
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very large number over the life of an i432 System. For this reason, a means 
must be found to generate unique object identifiers (internal names). These 
identifiers must retain their significance not only over time, but also across sig­
nificant boundaries of the system. 

Thus, to avoid confusion, when an object is deleted from a system its unique 
identifier (DID) should not be re-used to refer to some object created later. 
While it exists, an object must retain its identity whether residing in active 
space or passive space and, if the latter, whether physically residing on one 
storage device or another, whether connected to one peripheral subsystem or 
another of the same i432 System, or to a peripheral subsystem of some quite 
distinct i432 System. 

The key to keeping track of objects as they are transferred across the boundary 
from active to passive space, or vice versa, is the use of unique identifiers. The 
system maintains an Active Object Directory (or AOD) for recording the pres­
ence of objects in active space, and a (much larger) Passive Object Directory (or 
POD) for recording the presence of objects in passive space. (The POD itself 
effectively resides only in the passive space and is subdivided, one per struc­
ture.) When an object is activated from the passive address space, an entry for it 
is created and placed in the AOD. That entry contains the DID for the object and 
its Active Access Descriptor. Correspondingly, when an active object is no 
longer needed, its entry in the AOD is eliminated. If, however, an active object, 
no longer needed in the active space, is needed to update its version in the pas­
sive space (i.e., needs to be made passive), the appropriate place for it in the pas­
sive space is determined by its POD entry. (A DID contains both a logical-device 
id that selects the appropriate POD and a logical address of the object's POD 
entry, so the mapping from DID to POD entry can be done efficiently.) 

Finding ways to generate such unique internal names, to search for objects 
based on these names, and eventually to delete these names, requires a rela­
tively complex underlying mechanism. A detailed explanation is not appropriate 
here because, by design, DIDs are not in any way accessible to the user, any 
more than is the circuitry of the i432 processor. (An explanation is found else­
where [47].) 

10.2.2. Symbolic (Logical) Names for 
Objects 

Objects must not only be uniquely named internally, but they must also have 
external symbolic names. These symbolic names can then be used in the process 
of linking one component of a program structure to another. (Such external 
symbolic names are also referred to as logical names.) It is important that two 
or more different objects can have the same symbolic name, for example a ver­
sion of an operating system module and a replacement version. Often, it is the 
symbolic name of an object that appears in the source program. This name is 
then preserved by the compiler as a literal constant and may be used as an argu-
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ment in the activation of a directory search routine when it becomes necessary 
later to complete a link to the object denoted by that external symbolic name. 
Two examples come to mind: 

1. Suppose some user program (' 'User_billing' ') is activated each week to per­
form a billing function, and further suppose that User_billing is designed to 
access a system-supplied library level package named "Sys_Accounting". 
The user properly deserves the assurance that each weekly activation of 
User_billing will access the latest version of Sys_Accounting. The i432 
Object Filing Subsystem is designed to achieve the dynamic (symbolic) link­
ing of User_ billing to Sys_Accounting, and the dynamic unlinking of these 
two modules whenever User_billing is deactivated. 

2. Consider two separate i432 Systems S1 and S2. Suppose a user program is 
represented as a single composite "A" in the passive store of Sl (on some 
storage device.) This device is then dismounted from Sl and mounted on S2. 
Later, the user activates "A" under control of the iMAX version in current 
use on S2. Object "A", when last passivated in Sl, was unlinked from the 
iMAX modules of Sl; hence, when activated on S2, it should be dynami­
cally re-linked to the corresponding iMAX modules of S2. These modules 
are physically (and possibly logically) different from those on Sl, but have 
the same symbolic names as those on S 1. 

The symmetry of dynamic linking and unlinking is achieved in the i432's 
Object Filing Subsystem using the mechanism of Link Objects interposed 
between the referring object and its referent (intended target). A Link Object is 
a Typed Object (of type "Link") that contains the symbolic name of the 
referent. A POD entry for some referent X that has an associated Link Object 
will actually point to the Link Object for X rather than to X itself. Calling the 
Directory Manager to retrieve X by specifying its symbolic name causes the 
return of a valid Active AD for X. (In the process of obtaining this AD, X's 
Link Object is said to be "evaluated" .) Later, an attempt to store this AD for X 
in some other passive space object Y will result in the storing of a Passive AD 
for X's Link Object, and not an AD for X itself. This Passive AD is later invali­
dated as part of the unlinking process that occurs when the referring object is 
deactivated. (Link Objects are themselves never activated.) A more complete 
explanation of this mechanism is given elsewhere [47]. 

[Some earlier filing systems, such as on Multics, introduced dynamic linking via 
"link segments" but lacked the object-based architectural support to make dynamic 
unlinking practical.] 

1 0.2.3. Composites for Solving the "Small 
Object Problem" 

Object-based architectures encourage the creation of large numbers of relatively 
small objects. (Earlier studies on other systems [6,53] indicate the average size 
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of program components is only two or three hundred bytes). Maintaining small 
objects in permanent store and repeatedly activating (and deactivating) them one 
by one in large numbers can incur sizable space and performance penalties. 

As suggested in Section 9.1, the solution pursued for the i432 Object Filing 
Subsystem is to rely on the use of composites to minimize these penalties. A 
composite represents a single logical entity in permanent store. (We discuss 
some of the details of composites at the end of this subsection.) When a com­
posite must be activated (passivated), the entire group of simple objects that 
comprise the composite is activated (passivated) as one action. 

A composite may be referenced externally only via its root. Thus, a user's 
Working Directory will consist primarily of entries representing composites. A 
familiar scenario will illustrate how a composite would be referenced: 

• John Smith logs on to the System. for the purpose of executing the program 
named "Ours". We assume that Smith has a Working Directory named 
"J_Smith" and that this directory is searched for a match on the symbolic 
name "Ours". The matched entry would contain the unique identifier (UID) 
for the composite representing the program Ours. 

• The System will then determine whether or not Ours is currently active; it 
may be active if some other user who shares Ours happens to be executing it. 
(Ours is currently active if there is an entry containing its UID in the system­
wide Active Object Directory (or AOD). IT so, then that entry also contains 
an active AD for Ours.) 

• IT Ours is not currently in the active space, then the information found in the 
directory J_Smith will be used to determine which logical device holds Ours. 
(For each logical device used for the permanent file store, the System will 
maintain a directory of passive objects (POD) held on it. The particular POD 
is accessed directly from an index in the UID and the entry so found will con­
tain the file store address of the root object of Ours). 

• An implicit activation procedure then causes the root object of Ours and each 
of its components to be activated. As each of these is activated, all intra­
composite and inter-composite references are converted to active ADs within 
the objects so activated. 

[The following may help explain the above procedure. There is a difference between 
the activation time of an AD for an object and the activation time of the object itself. 
The activation of the AD occurs wheIilever the AD is moved to the active space; an 
appropriate AOD entry is made, and any links involved are evaluated, etc. However, 
th~ object itself still remains in the passive space. Later, when an attempt is made to 
reference the object using the AD, auto-activation will "copy" the object into the 
active space. As part of this copying process, any ADs to objects in the composite will 
be activated by the process just described. In this way, all ADs to objects in the com­
posite will be fully resolved (since all objects in the composite are activated); how­
ever, for inter-composite references, the ADs are activated but not the objects to 
which they refer.] 
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The passive space versions for some or all of the components of a composite 
undergoing deactivation may need to be updated. The mechanisms for deter­
mining if an object's passive version needs to be updated and how it should be 
done are discussed in greater detail at the end of this subsection. Briefly, how­
ever, the idea is as follows: If the object X is a typed object, then its TOO will 
be consulted in performing the deactivation of X. X's type manager may have 
placed in X's TOO a port AD and an AD for a procedure D to be used in pas­
sivating X. The port AD is used to send X to a service process P defined by X's 
type manager, and hence to perform passivation as an asynchronous action. (P 
will then call the defined passivation procedure to operate on X.) Passivation 
can also be performed synchronously by invoking the AD for procedure D 
directly. 

10.2.3.1 Additional Details on Composites. 

• An important (implementation-driven) design decision is that no component 
of a composite (other than the root) may be referenced from outside the com­
posite. Hence, the root of a composite has an entry in the Passive Object 
Directory but its components do not. A composite must be stored in toto on a 
single logical storage structure. 

Object Filing deals with logical disk structures, not physical devices. A single 
logical disk structure may actually be composed of several physical disk de­
vices. Alternatively, several logical disk structures can reside on a single 
physical disk. Object Filing maintains a POD for each of possibly many logi­
cal disk structures on the system. 
[The decision to "confine" each composite to a logical structure facilitates efficient 
transfer of passive information into primary memory, as the transfer of an entire com­
posite can be made in one logically indivisible operation. Since composites can be 
very large, they are not stored contiguously on disk. Rather, they are broken up into 
(4KB) chunks, the fIrst containing pointers to the others. A small composite «4K 
bytes) is transferable with a single disk operation.] 

• A composite passive object comes into existence by stepwise construction, 
one object at a time, beginning with its root object-which may, of course, 
contain both data and Passive Access Descriptors (PADs). An action must be 
selected and associated with the storing of each PAD in the root object. If the 
action is "component", the object whose PAD is being stored becomes part 
of the composite. (Of course, PADs to other composites, either already 
defined or about to be defined, may also be stored in the root.) 
Suppose, for example, A is the root and B is to be made a component of A's 
composite. Using appropriate Object Filing operation sequences' to be 
described in a later section (e.g., Open A for writing, ... ), various PADs can 
be stored in A. In particular, a PAD for B will be stored in A using the "com­
ponent" action. These representations can then be completed using the 
appropriate Object Filing operation sequences (e.g., Open B for update, ... ). 
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If B is to point to other objects that should be part of A's composite, then a 
similar sequence of Object Filing operations will be performed on B as was 
performed on A (e.g., Open B for writing, ... ). By selecting the "com­
ponent" action for a PAD stored in B, the object referred to becomes a com­
ponent of B's (and thus A's) composite. The definition of a composite 
proceeds in this recursive fashion, each object in the composite being defined 
individually after its' 'parent" is defined . 

• The root of a composite and its individual components, are normally made 
part of active space by a purely implicit mechanism, simply by referencing 
their contents; the activation occurs automatically, as in the handling of a 
Virtual Memory fault. As suggested earlier, activation of an object has the 
effect of creating an entry for the referenced passive object in the Active 
Object Directory. 

[The contents of a passive object can also be transferred to active space explicitly, fol­
lowing a more' 'primitive" route. For example, let X be an object currently in passive 
space for which there currently exists no Active AD. First, a Passive Access Descrip­
tor for X, typically obtained by a directory lookup operation, is converted into an 
Active AD for X. (A side effect of this operation is the creation of an Object Descrip­
tor for X.) With the Active AD, it is possible to open X for reading. Subsequent 
retrieval operations can then be invoked to copy data and ADs from the passive ver­
sion of X into any specified destinations of the active space.] 

10.2.3.2 Mechanisms for Making Active Objects Passive. We now return to the 
question raised earlier: "How does the system know what active objects of 
level-zero should be passivated, and when and how are they passivated?" Here 
we provide a more detailed answer. 

The key design principle is that passivation decisions and actions for a Typed 
Object are under control of its type manager. In the absence of a passivation 
subprogram in the type manager, the usual case for type managers written by 
casual users, system-provided default functions will be applied. 

When a Typed Object X is to be subject to Object Filing, the information 
placed in the TOO (by X's type manager) can include an Access Descriptor for 
a special port. The port is called a passivation/Utero If such a port reference is 
supplied, then X's type manager will also have activated a Passivation Process 
to receive messages at the port. (In addition to supplying an AD for the passiva­
tion filter for X, there may also be deposited in a pre specified slot in X's TOO 
an AD for an appropriate passivation procedure.) We now indicate how this 
information is used. 

Suppose, for example, the active-space Garbage Collector process has 
discovered that a certain level-zero object X is no longer reachable. Rather than 
directly sending an AD for X as a message to Memory Management, indicating 
that X' s space~an now be reclaimed, the Garbage Collector first determines (by 
examining a software-defined bit in X's Object Descriptor) if there currently 
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exists a version of X in passive space. If so, a message to passivate X is sent to 
the passivation filter. It is assumed that the Passivation Process receiving X has 
access to a procedure specified by X's type manager which is to be invoked to 
perform the required passivation operations on X. 

In the event that X contains ADs to other (unreachable) typed objects, Y, Z, 
etc., of different types than X, the Passivation Process may not need to send Y, 
Z, etc., to their respective filters. Instead, calls can be executed directly on the 
passivation procedures for Y, Z, etc. Such synchronous action is possible 
whenever the TOO for one of these objects also contains the AD for the 
appropriate passivation procedure. If no such procedure reference is supplied in 
the TOO, then the system supplies a default passivation procedure which 
updates the passive version of the object before completing the deallocation of 
the active object. 

A special type-specific passivation procedure designed by the type manager 
is usually used to ensure that objects are in a consistent state before passivation. 
(When invoked, a passivation procedure can conceivably also gather usage 
statistics. Thus, billing information can be accumulated, or special purpose 
messages can be sent to other processes providing them with up-to-date usage 
information.) 

10.2.4. Efficient Management of Passive 
Object Space 

How should passive objects be reclaimed? The i432 designers have recognized 
certain practical obstacles that prevent efficient and effective garbage collection 
of passive space using the same type of algorithm employed for the manage­
ment of active space. We mention here some of the more obvious of these 
obstacles. Foremost is the matter of 110 overhead. Passive objects may be scat­
tered over a number of different, possibly dismountable, structures. To identify 
objects that are no longer referenced, it would be necessary to chase chains of 
Passive Access Descriptors through these objects, perhaps across system sites. 
Under the best of circumstances, therefore, such action can involve lengthy 
searches and include numerous lengthy 110 requests. (Passive Access Descrip­
tors will tend to spread through networks of passive objects just as Active 
Access Descriptors are spread through networks of active objects.) Hence, not 
only can we expect high 110 overhead, but also too much time may be con­
sumed in freeing up space, allowing unreachable objects to remain too long in 
the system and perhaps leading to what may be unacceptable operational delays. 

The solution adopted is to reduce greatly the number of Passive Access 
Descriptors that are relevant to the reclamation process that operates over the 
passive space. This is done by including an ownership right}~ Passive Access 
Descriptors and by legislating that: • 
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• among all the PADs that can reference a passive space object X, only one 
PAD can contain owner rights for X, 

• although PADs without owner rights can reference objects on other struc­
tures, a PAD with owner rights must be on the same structure as the object it 
references, and 

• when an object is no longer reachable by a PAD having owner rights, the 
object becomes reclaimable. 

The "single-owner-only" rule can conceivably be restrictive in rare cases, but 
the implementation tradeoffs strongly favor accepting this restriction. In this 
scheme each time an unreachable passive space object X is deleted, all other 
passive space objects referenced from "owner" PADs within X can also be 
deleted. This approach involves relatively little search overhead. (A more com­
plete discussion of the implementation tradeoffs leading to the single-owner­
only scheme is not attempted here.) 

10.2.5. Maintaining Consistency of a 
Collection of Objects across Updates 

A major challenge, the fifth and last in the series listed here, is how to maintain 
the consistency of the entire system object space, given that (a) a crash can 
occur at a point where an update action on a collection of objects is incomplete 
and (b) independently executing programs may interfere with one another in the 
course of updating collections of objects. 

The i432 solution to this problem builds on two prior design choices and on 
the introduction of a third strategy (and mechanism) specific to the solution. 
• First, object space is already cleanly divided between active and passive 

space, so that any crash that occurs while updating active space objects can­
not impair the integrity and consistency of the passive space. 

• Second, the introduction of composites into the passive space design suggests 
that the scope of passive space update actions be defined in terms of compo­
sites and not in terms of their individual components. Hence, even if there 
were no way to prevent the introduction of an inconsistency, it should be 
comparatively easy to isolate the region of inconsistency just to those (prob­
ably few) composites that are affected by the update and replace or recon­
struct only these objects using available backup information. 

• Third, the application of Atomic Actions to collections of composites com­
pletely prevents partial updating-and hence prevents the introduction of 
inconsistencies caused either by system crashes or by overlapping query and 
updating actions. Controlling the references to the passive representations of 
objects using Atomic Actions serves as a needed synchronizing mechanism 
among concurrently executing processes that share objects in the passive 
address space. 
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At a very high level, an Atomic Action, also called a Transaction in iMAX 
terminology, is nothing more than a framework in which a set of individual 
interactions with objects in the passive space can be conducted in a controlled 
way. In particular, if the passive object space is in a consistent state before 
the Transaction, the passive object space is guaranteed to be in a consistent 
state at the end of the Transaction. Moreover, by its nature, one Transaction 
cannot "interfere with" another one. Users who expect to make explicit use 
of a type manager do not need to know how the Transaction framework is 
implemented. The users only need to know how to set up and use the 
Transactions. 

The remainder of this subsection elaborates the new concepts and mecha­
nisms needed to understand how the synchronization scheme is implemented. 
Some readers may wish to skip this discussion on a fIrst reading. We elaborate 
on the meaning of Atomic Actions and in so doing also introduce the concept of 
pseudo-temporal environments. Both of these ideas have recently been studied 
and extended in proposals by Reed [49, 50] as a basis for synchronizing opera­
tions over databases in distributed computing systems. While Reed's proposals 
are ambitious and unproven in practice, they are applied in the i432 System 
under circumstances that are carefully restricted, and hence have a much higher 
probability of becoming a practical success. 

An Atomic Action, as defIned by Reed [50], " ... is a computation that, 
although composed of primitive computational steps, cannot be decomposed 
from the point of view of computations outside of the Atomic Action. . . The 
Atomic Action simplifIes the task of coping with unplanned concurrency and 
failure ... Atomic Actions remain atomic in the face of failure; that is, if a 
failure occurs that prevents the completion of an Atomic Action, the state of all 
data the Atomic Action has attempted to modify must appear to all other 
observers to be the state that obtained prior to starting the Atomic Action. " 

When an i432 program needs to execute a series of (higher-level) operations 
on one or more passive (composite) objects, the individual operations, and all 
their substeps are grouped and executed as a single Atomic Action, i.e., a 
Transaction. This assures that no other program can destructively interfere, or 
be interfered with in a destructive way, as a result. As we will see shortly, the 
iMAX Operating System enforces the use of such Atomic Actions on passive 
objects, since all requests for operations on passi',e objects must be "filtered" 
through interface packages. 

After any Atomic Action is initiated and before it completes, it may be 
explicitly aborted by the program that invokes it, or be implicitly aborted as a 
result of any kind of failure including a time-out or a system crash, without 
creating a net change to the passive object (or objects) involved in the Atomic 
Action. An Atomic Action is completed only upon successful execution of a 
Commit operation. This operation puts into effect all the changes produced in 
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the form of tentative new versions of the passive objects involved in that 
Atomic Action. 

The Atomic Action mechanism is successfully implemented by completing 
all its steps in a distinct section of modelled time (not real time), called pseudo 
time. The recording of events in pseudo time is controlled by a mechanism 
which Reed has called a Pseudo Temporal Environment, or PrE. (Pseudo times 
are used to replace real time only during Atomic Actions. The use of a PrE 
assures that all the pseudo times for one Atomic Action fall in an interval that is 
distinct from all other intervals of pseudo time during which other such Atomic 
Actions may occur.) 

A good way to understand pseudo time is to understand its three key attri­
butes: (We .again quote (and paraphrase) from Reed.) 

1. A read operation from a passive object returns the value written by the latest 
pseudo-time ordered write operation that precedes the read. 

2. If two steps, A and B, of a computation are ordered such that A precedes B, 
then, within an Atomic Action, the pseudo time of A is strictly less than the 
pseudo time of B. (This property ensures that sequential programs still 
behave the way they would were real-time orderings used.) 

3. Pseudo-time orderings correspond to real-time orderings whenever events 
occur far enough apart in real time. That is, we don't care what pseudo time 
ordering is assigned to nearly simultaneous events that are not ordered parts 
of the same computation. We do care that two events, observed to be 
ordered in the real world, that is, from outside the system, would be ordered 
in the modelled or pseudo time in the same way. 

The pseudo time for an event is determined by generating it from a Pseudo 
Temporal Environment. It is therefore natural to inquire about PrEs to learn 
what they are and how they work. However, a little thought suggests that we 
don't have to know much about PTEs, other than how to use them. 

One can think of each PrE as a special clock function that returns pseudo 
times when requested that fall in a guaranteed-to-be-distinct interval. This 
"clock" is an abstraction that can be represented as a private data type, speci­
fied in an Ada package. Of course, the implementation of the PTE data type 
would be hidden. This is precisely the approach taken in the iMAX Object Fil­
ing Subsystem, where a user interface package, Transaction_Manager, is avail­
able. Use of this package allows one to acquire Access Descriptors for newly 
created PrEs upon request. [Reed has provided the details of one example 
implementation.] In the i432 implementation, PrEs are referenced by access 
variables of type "transaction". 

With the foregoing as the essential background concepts, we are now ready to 
describe more precisely what a Transaction is and how it is used in the i432 
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Object Filing Subsystem. Hereafter, we consistently substitute "Transaction" 
for' 'Atomic Action" . 

1 0.3. Performing Transactions Using the 
IMAX Interface Packages 

To perform a Transaction, two interface packages are used: 

• Transaction_Manager To Create a Transaction, and later to either Abort 
it or Commit it. 

• Passive_Store_Manager To perform operations such as Update, Passivate, 
Open, Close, Put, Get, etc., on active and passive 
versions of objects. 

10.3.1. The iMAX Transaction_Manager 
Package 

A user first calls Start_transaction to instantiate a new Transaction and to obtain 
an AD for it. This Transaction will remain accessible until the user later calls 
Abort_transaction or Commit_transaction, which cause the specified Transac­
tion to be "decommissioned." (No more pseudo-times will be issued from it.) 
More importantly, Abort_ transaction would be called to cancel the Transaction 
produced thus far and Commit_transaction would be called to close out the 
Transaction. 

Both Abort_transaction and Commit_transaction also have the effect of 
Closeing out all passive objects that have been Opened for this Transaction by a 
call to the Passive_Store_Manager. (In particular, objects that were opened for 
"read" are automatically closed; those opened for "write", however, must 
have been closed explicitly, else the commit will fail.) 

The remaining operation of Transaction_Manager is the function Transac­
tion_info, which retUrns a record of useful information concerning the specified 
Transaction. This record includes the Transaction's print name, its state 
(whether active, committed, or aborted), the time remaining before mandatory 
abortion, the number of passive objects currently associated with the specified 
Transaction, and whether or not the specified Transaction is currently blocked 
waiting for an Open operation to succeed. (Open operations are explained in the 
succeeding subsection.) The specifications for Transaction_Manager are given 
in Appendix M along with the specifications for Passive_Store_Manager. 

10.3.2. The iMAX Passive_ Store_ Manager 
Package 

The operations of this package can be grouped into two major categories. The 
first is a simple interface to Object Filing that allows users to explicitly specify 
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how or whether an active space object should be passivated. The remaining 
operations, which fall into several subcategories, are provided for a user or a 
type manager that needs to directly manipulate a passive version of an object. 
Figures 10-1 and 10-2 list the public operations of this package in each of the 
two major categories. 

Operation 

Update 

Reset_acti ve_ version 

Explanation 

Makes .a specified passive space object 
agree with its active version. 

Deletes the specified active version so that 
the next reference to the object causes 
a fresh copy to be made from the latest 
passive space version. 

Figure 10-1 Active-version operators of the Passive_Store_Manager package. Both 
operators allow specification of a Transaction. 

The protocol for use of the active-version operators listed in Figure 10-1 
requires that the caller either specify a previously created Transaction as an 
argument or default that argument. In the latter case, Object Filing automati­
cally generates a new Transaction to "surround" the active-version operation. 
For example, the following sequences are functionally equivalent: 

start_ transaction (my_ transaction) ; 
Update (my_object, my_transaction); 

Commit_transaction (my_transaction) ; 

and (simply) 

Update (my_object) ; 

A specified passive store object to be Updated must be known to the passive 
space; i.e., either a PAD with owner rights exists for the object, or the object is 
a component of a composite that has been Opened in either write or update 
mode using the same Transaction. The new passive version that is produced 
(resulting from Update) is not "committed" until the specified Transaction is 
itself committed. 

The procedure Reset_active_ version provides the mechanism for explicitly 
discarding unreachable level-zero active space objects which might otherwise 
be implicitly passivated via the passivation filter mechanism described in Sec­
tion 10.2. Thus, the procedure call 

ensures, provided that my _ transaction is later committed, that any subsequent 
reference to my_object will cause it to be restored from its last passive version. 
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Sub-category 

Open and 
Close 

Put and 
Delete 

Get 
operations 

Miscellaneous 
operations 

Operation 

Open 

Close 

Put_ 
access_descriptor 

Put_list_of_ 
access_descriptors 

Delete_ 
access_descriptor 

Copy_ 
access_descriptor 

Get_ 
access_descriptor 

Get_passi ve_ 
definition_info 

Explanation 

Opens the passive version of an 
object for read, write, or 
update. Only one such version 
can be open for write or update. 

Closes the opened passive version. 

Transfers data from an active space 
object to a passive space object. 

stores a specified AD in a passive 
space object. 

stores a specified block of ADs 
in a passive space object. 

Deletes a specified AD from a 
passive space object. 

Copies an AD from one passive space 
object to another. 

Transfers data from a passive space 
object to an active space object. 

Returns a specified AD from a 
passive space object. 

Returns characteristics and state 
of a specified passive space object. 

Binds a specified link object to a 
specified passive space object. 

Changes the "auto_copy" attribute of 
a passive object's link object. 

Changes the "copyable" attribute of 
a passive object to false. 

Changes the "activatable" attribute 
of a passive object to false. 

Figure 10-2 Passive space manipulation operators of the Passive_ Store_Manager. 

(This reset mechanism is particularly useful for compilers that must guarantee 
the constancy of Domain Objects for library packages, as discussed under Case 
D, Section 10.1.) 

The protocol for using the passive space manipulation operators listed in Fig­
ure 10-2 requires that the affected passive versions fIrst be Opened for that type 
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of operation. Thus, the caller first Opens a specified passive object X, for a 
given access mode, for example 

handle_l :=Passive_Store_Manager.Open(my_object, write, my_transaction); 

or 

handle_2 :=Passive_Store_Manager.Open(my_object, update); 

Opening a passive object returns its passive_definition, i.e., a "handle" on a 
version of the passive object. (The handle is of private type "passive_ 
definition" .) 

Note that the implementation of Open automatically generates a Transaction 
for this operation in the event an argument for this optional parameter is not 
supplied. (There is also a fourth (optional) Open parameter, a time_out value, 
which the caller can supply. This is the amount of time Open should be allowed 
to remain blocked before aborting it, in case my_object happens already to be 
Opened for write or update. Providing the opportunity to supply time_out 
values on Opens (and on Start_transactions) helps users avoid deadlock. Of 
course, a malicious user can still specify lengthy time_out values.) 

An access mode may have one of the three values listed in the following defi­
nition of type open_mode. 

type open_mode is 
-- The type of access requested in doing an Open operation. 

(read, -- Only read requests will be permitted on the 
-- passive definition. 

write, -- Read and write requests will be permitted on the 
-- passive definition. A new version is created 
-- ab initio. 

update); -- Read and write requests permitted on the 
-- passive definition. 

To succeed with an invocation of Open, the caller-supplied reference for the 
object to be Opened must have rights commensurate with the specified 
open_mode. For example, the caller's AD must have read and write rights if 
the access_mode is "write" or "update"; otherwise, read rights are sufficient. 

The handle retunled by an Open refers to a version of the desired passive 
object. Each version has associated with it the times it was last opened for read­
ing and for writing. 

Executing an Open for "reading" selects the most recent version whose 
open-for-write time is less than the Transaction time specified in this Open 
operation. (The cunent Open request will, however, block if the selected ver­
sion is (now) being written and if its open-for-writing time is earlier than the 
Transaction specified in this Open.) Concurrent activations of an Open request 
for reading of the same same passive space object are permitted. When the last 
outstanding Open on an older version of a passive object is Closed, that version 
is deleted. 
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Executing an Open for "writing" will produce a new version. The specified 
Transaction must, however be later than the open-for-read and open-for-write 
times (if any) for the most recently committed version. If not, the Object Filing 
System "refuses" this request, since writing values associated with an earlier 
time would imply that those previously read values, marked by a later time, are 
erroneous. If the specified Transaction is indeed later than the open time of the 
most recent version, the Open is permitted, but may be required to wait until the 
most recent version, if currently Opened, is either committed or aborted. This is 
because Object Filing assures that Opens for writing may not overlap in time. 
Blocked Open requests are queued in order of their specified Transactions. (In 
short, only one Open at a time is allowed for writing into a given passive object. 
Only after the associated Transaction is either committed or aborted can another 
Open for writing into the same passive object be permitted.) 

A Transaction associated with an Open cannot be committed until all the 
Opened objects have been closed. The Close operation assures that the 
corresponding Opened object is in a consistent state and may therefore be 
installed as a new passive version. Objects that have only been Opened for read­
ing do not have to be explicitly Closed. Failure to invoke the Close operation 
"promptly enough" for an object opened for write or update can cause the 
current Open to be aborted, as explained in the next paragraph. 

Since Open operations may be blocked awaiting completion of other Transac­
tions that involve the same passive definition, the current Open call is allowed 
to be timed-out. (If the caller fails to specify a time-out argument value, the sys­
tem will supply a default value.) A Transaction fails, and will be aborted to 
avoid deadlock, if an Open (or any other step) associated with this Transaction 
times out. 

A Transaction may be used to place an active space object X in passive space 
that does not currently have a passive version. This is done in steps: first, a Pas­
sive AD with owner rights for X is stored into some other object that already 
exists in passive space (using the Put_access_descriptor operation). Next, X is 
Updated. [A more "lengthy route" can be taken. Instead of Updating X, one 
can instead Open it in write mode. The effect of this Open operation is to create 
a new passive object of the same size and type as the active space object X. 
Once the new passive space object has been created in this way, other Put 
operations (Put_data and Put_access_descriptor) can be called to transfer data 
values and Access Descriptors into the passive version.] 

Once an existing passive object has been Opened for either reading, writing 
or updating, various other operations may be performed. For example, Put and 
Get operations may be used, depending on the Open's access-mode. Put opera­
tions would be used to assign values to a newly created passive object. Fig­
ure 10-3 illustrates the specifications for the operations Put_data. 

A similar operation, Put_data_file, can be used to assign values to objects of 
type data_file. The specification for this operation is not illustrated here 
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because it belongs to a different iMAX interface package. Nevertheless, it 
seems appropriate to remind the reader that Object Filing also includes manage­
ment of the non-activatable type data_file, instances of which may be as large 
as 2**32 bytes. (Note that ordinary passive space objects are not expandable; 
however, passive space data_file objects are expandable though they are never 
activatable.) The corresponding Get operations have nearly identical specifica­
tions, except for the intended direction of transfer. 

procedure Put_data( 
psv_def: 
act_buf: 
psv_disp: 

sz: 

-- Function: 

passive_definition; -- An object's passive definition. 
dynamic_typed; -- Active object containing data. 
passive_data_segment_displacement := 0; 

-- Displacement into "psv_def". 
active_data_segment_size : = -1; 

-- Number of bytes to transfer from 
-- "act_buf" to "psv_def". (Default 
-- means copy all of "act_buf".) 

active_data_segment_displacement := 0); 
-- Displacement into "act_buf". 

Data is transferred from an active object to a passive object. 

Figure 10-3 Example specification of PuCdata operation. PuCdata transfers data into a 
version of a passive object. 

A key point to remember about Transactions as implemented in the i432 
Object Filing Subsystem is that more than one passive_definition may be 
opened with the same Transaction. In this way, a user can lock out other 
processes from accessing a collection of related (composite) objects while the 
Transaction is in progress. To assure that synchronization works as expected, a 
Transaction value awarded to a process by Transaction_Manager.Start_transac­
tion should be kept local to the process that requests it. Thus, it would be a mis­
take for one process to send another a copy of a Transaction reference if both 
processes might then engage in the same Transaction on the same objects as this 
joint activity could totally defeat the objective of synchronization. 

Before dosing .this section, we comment on the process of activating passive 
version objects, in part to give one practical reason why it is not always desir­
able to allow a passive version object to be activated. The process of activating 
an object involves the construction of an Object Descriptor for each AD stored 
in the object. The "valid" bit in each such Object Descriptor is set false to indi­
cate that the underlying object is not in main memory and a software-defined bit 
in the Object Descriptor is set to indicate that a version of this underlying object 
exists in the passive object space. Copying of the contents of such underlying 
objects from passive space to active space is then triggered by ensuing "pres­
ence" faults and accomplished by a fault handling mechanism similar to the one 
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used in virtual memory management. Since the overhead for constructing an 
Object Descriptor is not insignificant, objects like directories that contain large 
numbers of Passive ADs are made non-activatable. Retrieval, i.e., activation, 
of individual Passive ADs from such a directory can be done using the Get_ac­
cess_ descriptor operation. 

This concludes our all-too-brief overview of the Object Filing Subsystem 
planned for the i432. It deserves a more complete exposition, but our book is 
already a long one. Reinforcement of the foregoing discussions can be accom­
plished by a review of Appendix M. The reader is also directed to the open 
literature [47] and to the iMAX 432 Reference Manual. 

Certainly, the reader should be aware by now that the Object Filing Subsys­
tem will greatly extend the functionality and hence the applicability of the i432 
System. When these extensions are in place, a new watershed in commercial 
operating systems will have been achieved, no doubt inducing other designers 
to emulate such facilities. 

10.4. A Final Glance at the Portfolio 
Management System 

Readers have a surprise in store as we undertake our final inspection of the port­
folio management system. It might seem that nothing we have learned in 
Chapters 9 and 10 need affect the design decisions and options we have con­
sidered in preceding chapters. Our new knowledge of i432 Memory Manage­
ment, either of main memory or the more general virtual memory, seems largely 
irrelevant to this design. True, the performance of the proposed subsystem may 
be affected by the amount of main memory available or by the overhead of 
managing a more general virtual memory, but to any first approximation, it is 
difficult to see how knowledge of specific performance characteristics vis a vis 
Memory Management can be significant. And so, only the Object Filing Subsys­
tem is left to consider as possibly relevant. 

On the one hand, presence of the Object Filing Subsystem assures the 
integrity, reliability, and longevity of the portfolio data base. Without Object 
Filing, our application would be incomplete, unless we were to explicitly 
include the I/O requests that save (and retrieve) the portfolio data in (and from) 
long-term store between the end-users' terminal sessions. [The only way to 
avoid including such steps would be to assure that the portfolio always resides 
in virtual memory. This approach has some merit, but it does not provide for 
full insurance against system crashes.] Presence of the underlying Object Filing 
Subsystem quite fortunately makes the transport of our portfolio to and from 
long-term store automatic and transparent. Neither the users of the subsystem, 
nor we, its designers, need be troubled with such matters. Put another way, the 
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underlying Object Filing Subsystem can be said, actually, to complete our 
design! 

Having said all this, we should be ready for the promised surprise. Since the 
Object Filing Subsystem offers synchronization services as well as ' 'crash 
insurance" , we had better reexamine our design to see how much in the way of 
synchronization mechanism, already built into our design, is actually redun­
dant. In fact a good deal of the task and package structure in the Figures 2-5 and 
3-2 "solutions" appear in need of reassessment. 

Our designs were built on the premise that whenever Ada owner packages 
can be accessed concurrently by more than one task, arbiter tasks are needed as 
intermediaries. Apart from whatever other services are rendered by 
Portfolio_Server in the Figure 2-5 solution, and by both Portfolio_Server and 
Roster_Server in the Figure 3-2 solution, these server tasks are essentially 
arbiters. But, they are only needed because Ada semantics provides no guaran­
tee of synchronization over the use of owned data of packages. 

Consider this: Each time the Treasurer task (or any other task properly 
authorized) needs to read or update the portfolio objects, it is necessary only to 
execute an Atomic Action on those objects. Ordinary Member tasks may also 
issue read requests of the portfolio objects as Atomic Actions. (Ordinary club 
members would be barred from opening portfolio objects for writing or updat­
ing by being denied the proper rights.) There can be no conflict. The individual 
Atomic Actions would be encoded as the operations within the Portfolio_Mgr 
package. 

We may now ask, "Why use arbiter tasks at all in our applications and sub­
systems programming-if Object Filing eliminates the need for them?" Two 
good answers come to mind: 

• First, it seems important to be able to design application subsystems like 
portfolio management so they can run in the absence of Object Filing serv­
ices-even if only to be able to simulate our design in a "leaner" environ­
ment, one lacking Object Filing. (Certainly, if it is important to be able to 
"port" an application to another system that lacks certain rich system serv­
ices, relying on them must be avoided.) 

• Second, the synchronization of access to objects provided by Object Filing 
pertains only to the objects in passive space. Users who want concurrent 
access to objects in active space must still provide explicit synchronization, 
such as by use of arbiter tasks. For example, if A were to activate an object X 
and then B tries to activate X, then A and B would share the same copy; the 
need for synchronization in this case still remains. 

Notice that both responses are arguments for knowing how to accomplish 
synchronization in at least two different ways. Therefore, readers are invited to 
learn more about the two Object Filing Subsystem interfaces introduced in the 
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last section and are urged, as an exercise, to redesign our portfolio management 
system one more time. 

10.5. Chapter and Book Summary 

We have reached the end of our several studies. At the beginning, we asserted 
that a proper examination and appreciation of the i432 System would involve a 
study of the new system's System Implementation Language, its Architecture, 
and its Operating System. In this book, we have done all three and roughly in 
this order. 

We hope readers who were more interested in the Architecture or in the 
Operating System did not grow too impatient with the progression we chose, 
did, more or less, diligently read straight through this book, and can now see 
why it helps to become familiar with the language Ada-and the model of com­
putation implied by Ada-in order to appreciate the many innovative aspects of 
the hardware and software design. 

The i432 System is not an Ada machine. Most of it was designed indepen­
dently of Ada, but with a similar semantic model of computation as its basis. 
Hence, we have not felt it necessary to introduce readers to the entire Ada 
language. On the other hand, because of its powerful programmer support facil­
ities, including the full Ada-fanguage and at least one powerful extension 
(dynamic packages), the System permits many advanced users of the i432 Sys­
tem to provide their "customers" with a wide variety of other language proc­
essors and tailored operating system extensions for the development of end-user 
applications. 

Finally, we hope that the reader has been rewarded in reading this book, as 
has the writer by writing it, by having acquired both an in-depth perception of, 
and an enthusiasm for the i432 System and for the creative and productive work 
of its many designers and implementers. We hope their system proves to be a 
pronounced success in its primary objective, which-from the start of the 
venture-has been to offer us a system that helps users to reduce significantly 
the cost of building and maintaining system and application software. 
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Stock_ Types_And_ Constants 

package stock_Types_And_Constants is 

-- This package has no body. 

subtype long_string is string(l .. 30); 

type dollars is new integer; 

type stock_code_pair is 
record 

code: 
exch: 

string (1 .. 4) ; 
string (1. . 4) ; 

abbreviation for listed stock 
abbreviation for stock exchange 

end record; 

type stock_name_info is 
record 

print_name: 
stock_code: 

end record; 

type date is 
record 

long_string; 
stock_code_pair; 

day: integer range 1 .. 31; 
month: integer range 1 .. 12; 
year: integer range 1900 .. 4000; 

end record; 

type buy_sell_type is (buy, sell); 

type buy_sell_record(buy_sell: buy_sell_type) is 
record 

stock.,name: 
buy_date: 
nUIILshares: 
per_share_price: 
commission: 
case buy_sell is 
when sell => 

of_buy_date: 
when others => 
null; 

end case; 
end record; 

stock_name_ inf 0; 
date; 
integer; 
dollars; 
dollars; 

date; 

-- record discriminant 
extra data field 

-- no extra field 

subtype purchase_record is buy_sell_record(buy) ; 
subtype sale_record is buy_sell_record(sell) ; 

end stock_Types_And_Constants; 
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Generic Queue Manager 

generic 

type item is private; 

package Queue_Mgr is 
type queue is private; 
null_queue: constant queue; 

function Create 
return queue; 

procedure Add( 
E: in 
Q: in 

item; 
queue; 

A "deferred constant", permitting a user to 
express a test to determine if a created 
instance of queue is or is not null 
without actually knowing how "nullness" 
is represented. 

to_front: in boolean: = false); -- optional third parameter 

procedure Remove( 
U: out item; 
Q: in queue) ; 

function Is_empty( 
Q: in queue) 

return boolean; 

underflow: exception; raised if Remove 
is passed an empty queue 

private 
type queue_element; forward reference 

type queue_element_ptr is access queue_element; 

type queue_element is 
record 

info: item; 
next: queue_element_ptr; 

end record; 

type queue_rep is 
record 

head: queue_element_ptr; 
tail: queue_element_ptr; 

end record; 

type queue is access queue_rep; 
null_queue: constant queue := null; 

end Queue_Mgr; 

Initialization of this 
-- constant is hidden. 



Body Part of Generic Queue Manager 

pragma environmentC"GenQueMgr.spe"); 
package body Queue_Mgr is 

function Create 
return queue 

is 
begin 
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return new queue_repChead => null, tail => null); 
end Create; 

procedure AddC 
E: in 
Q: in 

item; 
queue; 

to_front: in boolean: = false) -- optional third parameter 
is 

x: queue_element_ptr := new queue_elementCinfo => E, next => null); 
begin 

case to_front is 
when false => 

if Q.tail j= null then 
Q. tail. next : = x; 

else 
Q.head : = x; 

end if; 
Q. tail : =: x; 

when others => 
if Q.tail j= null then 

x.next := Q.head; 
else 

Q. tail: = x; 
end if; 
Q.head : = x; 

end case; 
end Add; 

procedure RemoveC 
U: out item; 
Q: in queue) 

is 
begin 

if Q.head = null then 
raise Underflow; 

else 
U : = Q. head. info; 
if Q. head. next = null then 

Q. head: = null; 
Q. tail : = null; 

else 
Q.head :=: Q.head.next; 

end if; 
end if; 

end Remove; 

Put E at tail of queue. 
-- queue not empty 

-- Put E at front of queue. 
-- queue not empty 

-- Is Q.head last queue element? 
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function Is_empty( 
Q: in queue) 

return boolean 
is 
begin 

return Q.head = null; -- Return truth value of expression. 
end Is_empty; 

pragrna environment ("GenQueMgr. bdr", "StkTypCon. spr") ; 

package Purchase_Queue_Mgr is new Queue_Mgr( 
item => Stock_Types_And_Constants.purchase_record); 

Instantiation of generic Queue_Mgr package to manage purchase queues 
formed in portfolio instances by Portfolio_Mgr. 

Portfolio_Manager specification 

pragrna environment ("PurQueMgr . spr" , "StkTypCon. spr" , "StkMktInf . spr") ; 

package Portfolio_Mgr is 

type portfolio_ptr is private; 
null_portfolio: constant portfolio_ptr; -- A "deferred constant. " 

type stocks_held(nurn integer) is -- Need to specify nurn 
-- when instantiating this record. 

record 
name: 
nurn_shares: 

end record; 

array (1 .. nurn) of stock_name_info; 
array (1 .. nurn) of integer; 

type stocks_held~ptr is access stocks_held; 
Used as parameter type in Stock_list. 

type index is range O .. 1000; 

type array_of_purchases is 
array (index range <» of purchase_record; 

type array_of_purchases_ptr is access array_of_purchases; 
Used as parameter type in 
History_of_purchases. 

exceeds_holdings: exception; 
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function Create ( 
folio_name: in long_string) 

return portfolio_ptr; Access made with read, 
and write writes 
(No create rights.) 

Function: 
Creates an instance of type portfolio (allocated from global 
heap store) with folio_name as print_name and returns a pointer 
(access descriptor) to this instance. 

procedure Record_buy( 
folio_ptr: in portfolio_ptr; 
buy_info: in purchase_record); 

Function 
Adds new buy transaction to purchase history for this stock. 

procedure Record_sell ( 
folio_ptr: in portfolio_ptr; 
sell_info: in sale_record; 
history_underflow: out boolean); 

Function: 
Deletes number of shares sold from purchase record in portfolio 
for buy_date matching buy date in sell_info. Raises 
Exceeds_holdings exception to print an error message if 
num_shares exceeds number of shares recorded as purchased on 
that date. If not all held shares of that buy_date are sold, 
an entry for the residual shares is put back at front of queue. 
The recorded conunission in the effected purchase_record 
is reduced by the ratio of shares retained to shares held before 
this sale. 
Sets history_underflow true in handling Underflow exception raised 
in Purchase_Queue_Mgr. 

procedure Number_of_stocks( 
folio_ptr: in portfolio_ptr; 
num_stocks: out integer); 

Function: 
output p~ITameter is number of different stocks currently held 
in portfolio accessed by folio_ptr. 

procedure Stoc~list( 
folio_ptr: in 
num_stocks: out 
stocks: out 

Function: 

portfolio_ptr; 
integer; 
stocks_held_ptr) ; 

Returns a reference to a stocks_held record 
which is an array of records, each consisting of the 
name and number of shares. held for a stock 
held in portfolio accessed by folio_ptr. 
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folio_ptr: 
s tock_ code: 
mmLshares: 
avg_cost: 

in portfolio_ptr; 
in stock_code_pair; 
out integer; 
out dollars); 

Function: 
output parameters supply number of shares and average cost 
per share, including commissions, for stock denoted by given 
stock_code in portfolio denoted by folio_ptr. 

procedure Num_buys( 
folio_ptr: in 
stock_code: in 
num_purchases: out 

Function: 

portfolio_ptr; 
stoc~code_pair; 
integer) ; 

output parameter is number of different purchases for 
which stock of given stock_code is currently held in 
portfolio denoted by folio_ptr. 

procedure History_of_purchases( 
folio_ptr: in portfolio_ptr; 
num_purchases: in 
stock_code: in 
purchase_history: out 

integer; 
stock_code_pair; 
array_of_purchases_ptr) ; 

Function: 
output parameter is a reference to an array of purchase 
records of length num_purchases for which the stock of the 
given stock_code is currently held in portfolio_ptr denoted 
by folio_ptr. See Stock_Types_And_Constants for format of a 
purchase_record. 

function Get_portfolio_name( 
folio_ptr: in portfolio_ptr := null_portfolio) 

return long_string; -- Name of portfolio. 

Function: 
If the input parameter folio_ptr corresponds to an existing 
portfolio, its name is returned; otherwise 
"No such portfoliohAAhhhhhAAhh" is returned. 

private 

type stock_summary; -- Forward reference. 
type stock_summary_ptr is access stock_summary; 

type stock_summary is 
record 

stock_name: 

num_shares: 
avg _ cost_per _share: 
next: 
purchase_history: 

end record; 

stock_name_info := 
(print_name => "hhhhhhAAAAAAAAAAAAAhAAAAAAhAAA" , 
stock_code => (code => "AAAA",exch => "AAAA,,)) 

integer : = 0; 
dollars : = 0; 
stock_summary_ptr : = null; 
Purchase_Queue_Mgr.queue 

Purchase_Queue_Mgr. Create () ; 
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type portfolio; Forward reference. 
type portfolio_ptr is access portfolio; 
type portfolio is 

record 
portfolio_name: long _string : = "not yet namedAAAAMAAAAAAAAAAA,,; 
num_diff_stocks_held: integer : = 0; 
stock_list: stock_summary_ptr : = null; 

end record; 

null_portfolio: constant portfolio_ptr := null; 

end Portfolio_Mgr; 

Portfolio_ Manager body 

pragma environment ("PrtMgr. spr", "PurQueMgr. spr", 
"StkTypCon. spr", "StkMkt1nf'. spr") ; 

with Portfolio_Mgr, Purchase_Queue_Mgr, Stock_Types_And_Constants, 
Stock_Mkt_ 1nf 0; 

package body Portfolio_Mgr is -- Package body begins here 

function Create ( 
folio_name: in long_string) 

return portfolio_ptr 
is separate; 

procedure Record_buy( 
folio_ptr: in portfolio_ptr; 
buy_info: in purchase_record) 

is separate; 

procedure Record_sell ( 
folio_ptr: 
sell_info: 
history_underflow: 

is separate; 

in portfolio_ptr; 
in sale_record; 
out boolean) 

procedure Number_of_stocks( 
folio_ptr: in portfolio_ptr; 
num_stocks: out integer) 

is separate; 

procedure stock_list( 
folio_ptr: in portfolio_ptr; 

integer; 
stocks_held_ptr) 

num_stocks: out 
stocks: out 

is separate; 

folio_ptr: 
stock_code: 
num_shares: 
avg_cost: 

is separate; 

in portfolio_ptr; 
in stoc~code_pair; 
ou t integer; 
out dollars) 
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procedure NurnLbuys( 
folio_ptr: in 
stock_code: in 
num_purchases: out 

is separate; 

portfolio_ptr; 
stock...,.code_pair; 
integer) 

procedure History_of_purchases( 
folio_ptr: in portfolio_ptr; 
num_purchases: in integer; 
stock_code: in stock...,.code_pair; 
purchase_history:out Purchase_Queue_Mgr.queue) 

is s~parate; 

function Get_portfolio_name ( 
folio_ptr: in portfolio_ptr := null_portfolio) 

return long_string -- Name of portfolio. 
is separate; 

-- Locally defined procedures and functions go here: 

function SearchLfor_stock...,.code( 
folio_ptr: in portfolio_ptr; 
buy_record: in purchase_record; 
create_if_not_found: in boolean) 

return stock...,.summary_ptr; 
is separa te; 

Function: 

begin 

Searches portfolio denoted by folio_ptr for presence of stock_code 
the same as that given in buy_record. If the stock is found, a 
reference to the stock summary for that held stock is returned. 
If the stock is not found, the action to be taken depends on the value 
of the input parameter create_if_not_found. If true, a new stock 
summary is created, initialized, and added to the portfolio, and a 
reference to it is returned. If create_if_not_found is false, 
null is returned. 

-- statements to initalize this package, if needed, go here. 

null; 
end Portfolio_Mgr; -- End of package body. 

Club_ Portfolio specification 

pragma environment ("PrtMgr. spr", "TxtIo. spr", 
"StkTypCon.spr", "StkMktInf.spr"); 

package Club_Portfolio is 

subtype percent is integer range O .. 500; 
Used in winners, losers and 
non-movers procedures. See below 



function Print_club_valuation 
return dollars; 

Function: 
Prints total value of club's portfolio, 
based on current market prices. 

procedure Print_club_holdings; 

Function: 
For each held stock, prints: 
number of shares held, 
average per-share purchase price, 
current per-share price, 
current value of holdings in this stock. 

function Find_stoc~code( 
corporate_name: in long_string) 
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return stock~code_pair; Returns the standard stock code, 
-- if any, corresponding to input argument. 

Function: 
Prints as well as returns the stock code (abbreviation for stock 
and exchange where listed.) 

procedure Print_individual_stoc~summary( 
stoc~code: in stock_code_pair); -- Standard code for stock. 

Function: 
Prints summary info on held stock with given stock code 
total no. of shares held, this stock, current per-share price and 
current value of shares. Also, for each purchase of shares still 
held, prints: 
purchase date, no. of shares, per-share purchase price, 
and commission. 

procedure Print_shares_an~value_of_stock( 
stock_code: in stock_code_pair); 

Function: 
For the given stock_code, prints the number of held shares, 
current price per share, and total market value. 

procedure Print_average_cost( 
stock_code: in stoc~code_pair) ; 

Function: 
Prints, for the stock denoted by stoc~code, the average cost, 
including commissions, of all such stock now held. 

procedure Print_winners ( 
spread: in percent) ; 

Function: 

-- Percent deviation. 

Prints list of held stocks for each of which, based on latest 
market quotes, the club has a "paper" gain of spread percent 
or more over average purchase cost for that stock (including 
commission. ) 
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procedure Print_losers ( 
spread: in percent); -- Percent deviation. 

Ftmction: 
Analogous with Print_winners. 

procedure Print_non_movers( 
spread: in percent); -- Percent deviation. 

Ftmction: 
Lists stocks for which "paper" gain is less than spread. See 
description of Print_winners. 

procedure Enter_buy( 
purch_date: in date; 
stock_code: in stock_code_pair; 
num_shares: in natural; 
per_sh_price: in dollars; 
commission: in dollars); 

Ftmction: 
Records a buy transaction in club's portfolio. 
and provides confirmation copy of response, including 
error messages, if any. (Confirmation copy may also go 
to an archive file.) 

procedure Enter_sell ( 
sell_date: in date; 
stock_code: in stock_code_pair; 
num_shares: in natural; 
of_buy_date: in date; 
sell_commiss: in dollars); Selling commission is not 

recorded in portfolio, 

Ftmction: 

but used to indicate net gain or 
loss in confirmation copy. 

Records sale of shares bought on of_buy_date. Num_shares held 
for this buy date are deleted from the portfolio. A confirmation 
copy of this sell transaction is produced, indicating net gain 
or loss (and whether long- or short-term) and including error 
messages, if any. (Confirmation copy may also go to an archive 
file. ) 

Readers of Chapter 3 should note that this is the place where 
the declaration would go for our_portfolio, now appearing in 
the body part of this package; also, the specifications 
for Create_folio and Delete_folio would be placed 
here to revise this package for use with the tasks defined 
in Appendixes F and G. To complete this revision, delete the 
initialization section of the body part of this package. 
These insertions are shown as comments below. 

our_portfolio: portfolio_ptr ; Declares a variable of type 
portfolio_ptr which can hold 
a reference to a portfolio 
instance. 



function Create_folio ( 
portfolio_name: in long_string; 
check: out boolean) 

return portfolio_ptr; 

procedure Delete_folio( 
portfolio_name: in long_string; 
check: out boolean) ; 

end Club_Portfolio; 

Club_ Portfolio body 
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pragma environment ("ClbPrt. spr", "PrtMgr. spr", "Txtlo. spr", "StkTypCon. spr", 
"StkMktlnf. spr"); 

with Club_Portfolio, Portfolio_mgr, Stock_Mkt_lnfo, Text_lO, 
Stock_Types_And_Constants; 

package body Club_Portfolio is 

our_portfolio: portfolio_ptr; Declares a variable of type 
portfolio_ptr which can hold 
a reference to a portfolio 
instance. 

The above declaration would be moved to the specification part 
of this package to modify it for use with the tasks 
in Appendixes F and G. 

function Print_club_valuation 
return dollars 

is separate; _.- stub 

procedure Print_club_holdings is separate; -- stub 

function Fin~stoc~code( 
corporate_name: in long_string) 

return stoc~code_pair 
is separate; .-- stub 

-- calls on operation of stoc~Mkt_lnfo package 

procedure Print_individual_stock_summary( 
stock_code: in stoc~code_pair) 

is separate; .-- stub 

procedure Print_shares_and_value~of_stock( 
stock_code: in stoc~code_pair) 

is separate; ._- stub 

procedure Print_average_cost ( 
stock_code: in stoc~code_pair) 

is separate; ._- stub 

procedure Pr int_ winners ( 
spread: in percent) 

is separate; -- stub 
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procedure Print_losers ( 
spread: in percent} 

is separate; -- stub 

procedure Print_non_movers( 
spread: in percent} 

is separate; -- stub 

procedure Enter_buy( 
purch_date: in date; 
stock_code: in stoc~code_pair; 
mIDl_shares: in natural; 
per_sh_price: in dollars; 
commission: in dollars} 

is separate; -- stub 

procedure Enter_sell ( 
sell_date: in date; 
stock_code: in stoc~code_pair; 
num_shares: in natural; 
of_buy_date: in date; 
sell_commiss: in dollars) 

is separate; -- stub 

Insert body parts of Create_folio and Delete_folio here if 
revisions for use with tasks in Appendices F and G are made. 
These are shown as comments below. 

procedure Create_folio( 
portfolio_name: 
check: 

is separate; -- stub 

procedure Delete_folio ( 
portf olio_name: 
check: 

is separate; stub 

in long _string; 
out boolean) 

in long_string; 
ou t boolean) 

Local declarations (of this package) go here: 

package initialization 
begin 

our_portfolio : = Portfolio_Mgr. Create ("Twenty_cousins_clubAAAAAAAAAAA,,) ; 
Reference to a newly allocated 

-- portfolio instance, named 
-- Twenty_cousins_club assigned 
-- to our_portfolio. 

Above initialization section would be removed when recompiling to 
produce revisions for use with tasks defined in Appendices F and G. 

end Club_Portfolio; 
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pragma environment ("PrtMgr. bdr", "PurQueMgr. spr", "StkTypCon. spr", 
"StkMktlnf. spr") ; 

separate (Portfolio._Mgr) Prefix to indicate to the compiler 
that Portfolio_Mgr is the context 
in which the following function 

func ti on Create ( 

is 

folio_name: in long_string) 
return portfolio_ptr 

folio_ptr: portfolio_ptr; 
begin 

is to be compiled. 

Local reference variable. 

folio_ptr := new portfolio; Allocates a new portfolio 
instance and assigns a reference 
to folio_ptr. 

return folio_ptr; 
end Create; 

separate (Portfolio._Mgr) 

procedure Record_buy( 
folio_ptr: 
buy_info: 

is 
num_diff_stocks 
mark: 

begin 

: = folio_name; 
-- Name now assigned to this portfolio. 

Prefix to indicate to the compiler 
that Portfolio_Mgr is the context 
in which the following procedure 
is to be compiled. 

in portfolio_ptr; 
in purchase_record) 

integer renames folio_ptr.num_diff_stocks_held; 
stoc~summary_ptr; 

Determine, by a calIon the local function, 
Search_for_stoc~code, whether the new purchase is 
is for a held stock. If not held, assign a reference to 
its stock summary to m~k; if not held, create and initialize 
a new stock summary and assign a reference to it to mark. 

mark: = Search_for_stock_code (folio_ptr, 
buy_info.stoc~name, 
create_if_not_found => true); 
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-- Update the stock summary information. 

mark.avg_cost_per_share := (mark.avg_cost_per_share * 
dollars (mark. num_shares) 

+ buy_info.per_share_price * 
dollars (buy_info.num_shares) 

+ buy_info. commission) 

/ (dollars(mark.num_shares 
+ buy_info. num_shares)) ; 

mark.num_shares 

-- Now add new item to purchase history queue 
Add (buy_info, mark. purchase_history) ; 

end Record_buy; 

separate (Portfolio_Mgr) Prefix to indicate to the compiler 
that Portfolio_Mgr is the context 
in which the following procedure 
is to be compiled. 

procedure Record_sell ( 
folio_ptr: 
sell_info: 
history_underflow: 

in portfolio_ptr; 
in sale_record; 
out boolean) 

is 
num_diff_stocks: 
mark: 

integer renames folio_ptr.num_diff_stocks_held; 
stock_summary_ptr; 

begin 
Determine, by a calIon the local function, 
Search_for_stock_code, whether the new purchase is for a 
held stock such that the function will return a null 
reference value if the stock is not held. 

mark := Search_for_stoc~code(folio_ptr, 
sell_info. stock_name, 
create_if_not_found => false) ; 

Value returned indicates search outcome. 

if mark = null then No such stock held. 
raise Exceeds_holdings; Exception propagates to caller. 

elsif mark.num_shares < sell_info.nllmLshares then 
raise Exceeds_holdings; -- Don't have enough shares to sell. 

else 
Remove purchase history records (as many as needed) 
representing the holdings that must be sold) for which the 
of_buy_date matches that given in sell_info. If not enough 
stock held of that of_buy_date, raise Exceeds_holdings. 
If there are leftover shares in a purchase record, put the 
updated purchase_record back in the queue. 
Update values of nUllLshares and average_cost_per_sh 
in the stock_summary record. 
Coding to accomplish all this is not included here. 
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end if; 
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exception 
when Underflow ~ -- Raised in activation of 

-- Purchase_Queue_Mgr.Remove. 
history_underflow := true; 

end Record_sell; 

separate (PortfoliO_Mgr) 
function Search_for_stock_code( 

folio_ptr: in portfolio_ptr; 
buy_record: in purchase_record; 
create_if_not_found: in boolean) 

return stoc~summary_ptr; 

is 

Function: 
Searches portfolio denoted byfolio_ptr for presence of stock_code 
the same as that given in buy_record. If the stock is found, a 
reference to the stock summary for that held stock is returned. 
If the stock is not found, the action to be taken depends on the value 
of the input parameter create_if_not_found. If true, a new stock 
summary is created, initialized, and added to the portfolio, and a 
reference to it is returned. If create_if_not_found is false, 
null is returned. 

cursor : stock_summary_ptr; 
begin 

cursor := folio_ptr.stock_list; 
Sets cursor to head of stock 
summary list in portfolio. 
Empty portfolio. if cursor "" null then 

if create_if_not_found = true then 
Allocate a new stock summary with 

-- an initially empty purchase history 
-- and add it to the portfolio. 

: = new stock_summary; 

return folio_ptr.stock_list; 

else 
return null; 

end if; 
else 

Return reference to new stock summary. 

Return null reference. 

loop 
if cursor. stock_name = buy_record then 

return cursor; 

else 
cursor := cursor. next; 
if cursor = null then 

if create_if_not_found 

Found stock_summary. 
Return reference to existing 
stock summary. 

Advance one link in the chain. 
Last stock summary in portfolio. 

=. true then 
Allocate a new stock summary with 
an initially empty purchase history 
and add it to the end of the portfolio. 
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cursor.next :=new stoc~summary; 
return cursor. next; Return reference to 

new stock summary. 
else 

re turn null; 
end if; 

end if; 
end if; 

end loop; 

Return null reference. 

end if; 
end Search_for_stoc~code; 

separate (Portfolio_Mgr) 

procedure Stoc~list( 
folio_ptr: in 
num_stocks: out 
stocks: out 

is 
n: integer; 

portfolio_ptr; 
integer; 
stocks_held_ptr) 

cursor: stoc~summary_ptr; 
begin 
n:= folio_ptr.nllmLdiff_stocks_held; -- Get value from portfolio. 

if n = 0 
then 

num_stocks: = 0; 
stocks: = null; 

else 
stocks: = new stocks_held(num => n); 

Create an instance of type stocks_held 
-- whose arrays, name and nllmLshares, 
-- are of length n. 

cursor: = folio_ptr. stoc~list; 
Initial value of cursor points to 

-- first stock summary. 

for i in 1 .. n 
loop 

stocks. name (i) := cursor.stoc~name; 
stocks.nllmLshares(i) := cursor.nllmLshares; 

-- Fill ith slot in each array. 

cursor := cursor. next; 

end loop; 
end if; 

end Stoc~list; 

-- Advance the cursor. 

separate (PortfoliO_Mgr) 

folio_ptr: 
stock_code: 
num_shares: 
avg_cost: 

in portfolio_ptr; 
in stoc~code_pair; 
out integer; 
out dollars) 
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is 
cursor: stock_summary_ptr; 

begin 
cursor: = folio_ptr.stock_list; Initialize current_ptr 

to refer to first stock_summary 
in the portfolio. 

while cursor 1= null and then 
cursor. stock_name. stock_code 1= stoc~code loop 

cursor : = ClU'sor. next; - - Advance to next summary. 
end loop; 

if cursor = null then -- No such stock 
nwn_shares : = 0; 
avg_cost : = 0; 

else 
nwn_shares : = cursor. nwn_shares; 
avg_cost : = cursor. avg_cost_per_share; 
end if; 

end Shares_ancLavg_cost; 

Selected operation bodies for Club_Portfolio 

pragma environment ("ClbPrt. bdr", "PrtMgr. spr", "TxtIo. spr", "StkTypCon. spr", 
"StkMktInf. spr"); 

separate (Club_Portfolio) Prefix to indicate to the compiler 
that Club_Portfolio is the context 
in which the following function 
is to be compiled. 

function Print_club_valuation 
return dollars 
is 

-- local variable 
stocks: 
nwn: 

check: 
price: 

total_ value: 
code: 

declarations: 
stocks_helcLptr; 
integer; 
-- Values returned from calIon stock_list. 
boolean; 
dollars; 
-- values returned from calIon Find_stock_price 
dollars := 0; of the portfolio 
stock_ code_pair; 

no_price: 
begin 

exception; 

Portfolio_Mgr.stock_listCfolio_ptr => our_portfolio, 
nllmLstocks => nwn, 

for i in 1 .. nwn 
loop 

stocks => stocks); 

code: = stocks.name.stock_code(i); -- gets next stock_code_pair value 
nwn:= stocks.nwn_shares(i); -- gets next nwn_shares value 
Stock_Mkt_Irrfo.Find_stoc~price(code, price, check); 

-- get price per share of this stock. 
if not check then raise no_price; end if; 
total_value: = total_value + dollars (nwn) * price; 

end loop; 
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-- Put(total_value); this kind of put is unimplemented 
return total_value; 

exception 
when no_price => Put ("no price for"); 

Put(code); this kind of put is unimplemented. 
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Member _ Cps package, version 1 

pragma environment ("ClbPrt. spr" , "stkTypCon.spr"); 

package Member_Ops is 
use Club_Portfolio, stock_TYPes_And_Constants; 

function Print_club_valuation 
return dollars; 

Function: 
Prints total value of club's portfolio, 
based on current market prices. 

procedure Print_club_holdings; 

Function: 
For each held stock, prints: 
number of shares held, 
average per-share purchase price, 
current per-share price, 
current value of holdings in this stock. 

function Find_stock_code( 
corporate_name: in long_string) 

return stock_code_pair; Returns the standard stock code, if any, 
-- corresponding to the input argument. 

Function: 
Prints as well as returns the stock code (abbreviation for stock 
and exchange where listed.) 

procedure Print_individual_stock_summary( 
stock_code: in stock_code_pair); -- standard code for stock 

Function: 
Prints slunmary info on held stock with given stock code 
total no. of shares held, this stock, current per-share price and 
current value of shares. Also, for each purchase of shares still 
held, prints: 

purchase date, no. of shares, per-share purchase price, 
and commission. 

procedure Print_shares_andLvalue_of_stock( 
stock_code: in stock_code_pair) ; 

Function: 
For the given stock_code, prints the number of held shares, 
current price per share, and total market value. 
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procedure Print_average_cost( 
stoc~code: in stoc~code_pair); 

Function: 
Prints, for the stock denoted by stock_code, the average cost, 
including commissions, of all such stock now held. 

procedure Print_winners ( 
spread: in percent) ; -- Percentage spread. 

Prints list of held stocks for each of which, based on latest 
market quotes, the club has a "paper" gain of spread percent 
or more over average purchase cost for that stock (including 
commission. ) 

procedure Print_losers ( 
spread: in percent) ; -- Percentage spread. 

Function: 
Analogous with Print_winners. 

procedure Print_nonLmovers( 
spread: in percent); 

Function: 

Percentage spread. 

Lists stocks for which "paper" gain is less than spread. See 
description of Print_winners. 

end Member _ Ops; 

Member _ Ops body part, version 1 

package body Member_Ops is 

-- The body of each subprogram declaration given here is a call to 
-- the corresponding procedure in Club_Portfolio. 

function Print_club_valuation 
return dollars 
is begin return Club_Portfolio.Print_club_valuation(); end; 

procedure Print_club_holdings 
is begin Club_Portfolio. Print_club_holdings; end; 

function Fin~stoc~code( 
corporate_name: in long_string) 

return stoc~code_pair 
is begin return Club_Portfolio.Fin~stoc~code( 

corporate_name); end; 

procedure Print_individual_stoc~summary( 
stoc~code: in stoc~code_pair) 

is begin Club_Portfolio.Print_individual_stoc~summary( 
stock_code) ; end; 
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stock_code: in stock_code_pair) 
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is begin Club_Portfolio. Print_shares_and_value_of_stock ( 
stock_code) ; end; 

procedure Print_average_cost( 
stoc~code: in stock_code_pair) 

is begin Club_Portfolio. Print_average_cost( 
stock_code); end; 

procedure Print_winners ( 
spread: in percent) 

is begin Club_Portfolio. Print_winners ( 
spread) ; end; 

procedure Print_losers ( 
spread: in percent) 

is begin Club_Portfolio. Print_losers ( 
spread); end; 

procedure Print_non_movers( 
spread: in percent) 

is begin Club_Portfolio. Print_non_movers( 
spread); end; 

-- There are no local declarations here 
-- and no initialization statements are required either. 

end Member_Ops; 

Member _ Ops, version 2 
pragma environment("ClbPrt.spr", "stkTypCon.spr"); 

package Member_Ops is 

The operations of this package are identical with those 
-- like-named operations in the Club_Portfolio package. 
-- Explanations of these functions are given in that package. 

function Print_clllb_valuation 
return dollars 
renames Club_Portfolio. Print_club_valuation; 

procedure Print_club_holdings 
renames Club_Portfolio. Print_club_holdings; 

function Find_stoc~code( 
corporate_name: in long_string) 

return stock_code_pair 
renames Club_Portfolio.Fin~stoc~code; 

procedure Print_individual_stock_sununary( 
stoc~code: in stoc~code_pair) -- Standard code for stock. 

renames Club_Portfolio.Print_individual_stoc~summary; 
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procedure Print_shares_andlvalue_of_stock( 
stock_code: in stock_code_pair) 

renames Club_Portfolio. Print_shares_andlvalue_of_stock; 

procedure Print_average_cost( 
stock_code: in stoc~code_pair) 

renames Club_Portfolio. Print_average_cost; 

procedure Print_winners ( 
spread: in percent) -- TYPe percent declared in Club_Portfolio. 

renames Club_Portfolio. Print_winners; 

procedure Print_losers ( 
spread: in percent) 

renames Club_Portfolio. Print_losers; 

procedure Print_non_movers( 
spread: in percent) 

renames Club_Portfolio.Print_no~movers; 

end Member _ Ops; -- There is no package body in this case. 
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Roster _ Types_And_ Constants package 
may be used with either Figure 2-5 or Figure 3-2 

subtype string _.of30 is string (1. .30) ; 
type officers is (President, Vice_president, Secretary, 

Treasurer, Member); 
Example of an enumeration type definition. 

type member_record is 

string_of30; 
officers; 

record 
member_name: 
title: 
soc_sec_no: integer range 000_00_0001 .. 99_999_9999; 

Underscores within an integer literal are 
-- are ignored by the Ada compiler. 

end record; 

mrucnUllLmembers: constant integer := 30; 

Membership_Roster (owner) package 
may be used with either Figure 2-5 or Figure 3-2 

pragma environment ("RosTypCon. spr", "TxtIo. spr") ; 

package Membership_Roster is 

type roster is private; -- See definition below. 

procedure Lookup_member ( 
member_name: in string_of30; 
member_info: out member_record; 
check: out boolean); 

Function: 
If a member_record is found whose name component matches 
that of the input argument, member_name, then that 
member_record is assigned to the output parameter, 
member_info, and check is set true; 
check is set false if no match is found. 
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procedure List_of_members{ 
names_only: in boolean:= true; 
check: out boolean) ; 

Function: 
When the input argument matching names_only is true, 
prints the full list of the member names in alphabetical order. 
When the names_only value is false, prints the full member_record 
for each member, in alphabetical order by member name. 

Requests for membership roster update 

my_name: 
new_member_name: 
new_member _ inf 0: 

check: 

in string_of30; 
in string_of30; 
out member_record; 
out boolean) ; 

Function: 
If the value of my_name matches the name of the secretary, 
if the roster is not already full, and 
if the value of new_member_name is not the same as the 
name component in any current member's record, a new 
member_record is added to the roster with the value of 
new_member_info. If successful, check is set true, else 
check is set false upon return. 

procedure Update_member ( 
MY_name: in string_of30; 
old_member_name: in string_of30; 
old_member_info: out member_record; 
check: out boolean) ; 

Function: 
If the value of my_name matches the name of the secretary, 
and if the value of old_member_name is the same as the 
name component in some current member's record, that record 
is replaced in the roster with a record whose value is that of 
new_member_info. If successful, check is set true, else 
check is set false upon return. 

procedure Delete_member ( 
my_name: in string_of30; 
member_name: in string_of30; 
check: out boolean); 

private 

Function: 
If the value of my_name matches the name of the secretary, 
and if the value of member_name is the same as the 
name component in some current member's record, that record 
is deleted from the roster. If successful, check is 
set true, else check is set false upon return. 

type roster is array (1 .. M~num_members) of member_record; 

An instance of a roster is (assumed to be) instantiated in the 
body part of this package. 
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end Membership_Roster; 

Roster_Server task 
for use with the Figure 2-5 structure 

task Roster_Server is 

Title queries 

entry IS_President( 
member_name: in string_of30; 
check: out boolean) ; 

Function: 

The specification part for 
the Roster_Server task referred to 
in Figure 3-1 

Calls Membership_Roster.Lookup_member to obtain 
member's record. 
Sets check true if member_name matches that of a member 
whose title is President, else returns with check 
set to false. 

entry Is_Vice_president( 
member_name: in string_of30; 
check: out boolean); 

Function: 
Calls Membership_Roster.Lookup_member to obtain 
member's record. 
Sets check true if member name matches that of a member 
whose title is Vice-president, else returns with check 
set to false. 

entry Is_Treasurer( 
member_name: in string_of30; 
check: out boolean) ; 

Function: 
Calls Membership_Roster.Lookup_member to obtain 
member's record. 
Sets check true if member_name matches that of a member 
whose title is Treasurer, else returns with check 
set to false. 

entry Is_Secretary( 
member_name: in string_of30; 
check: out boolean) ; 

Function: 
Calls Membership_Roster. Lookup_member to obtain 
member's record. 
Sets check true if member_name matches that of a member 
whose title is Secretary, else returns with check 
set to false. 
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General queries to the roster. 

entry Lookup_member ( 
member_name: in string_of30; 
member_info: out member_record; 
check: out boolean); 

Function: 
Calls Membership_Roster.Lookup_member to acquire copy 
of info on a member and sets check true if Lookup 
succeeds. Returns with check set to false if 
Lookup call "fails". 

entry List_of_members{ 
names_only: in boolean:= true; 
check: out boolean) ; 

Function: 
Calls Membership_Roster. List_of_members to print the 
membership roster. If names_only is false, the full 
member_record is printed for each member; 
otherwise, only member names are printed. 
Returns with check set to false if roster is empty; 
else returns with check set to true. 

Requests for membership roster update 

entry Add_new_member( 
my_name: 
new_member_name: 
new_member _ inf 0: 

check: 

Function: 

in string_of30; 
in string_of30; 
out member_record; 
out boolean) ; 

Calls Membership_Roster.AddLnew_member to insert info on 
a member into the membership roster. 
Returns with check false if Add_new_member call "fails"; 
else returns with check set to true. 
(Can fail if my_name does not match with the name of the 
of the Secretary, or if there is already a member of the 
given new_member_name in the roster, or if the roster is 
already full. ) 

entry Update_member ( 
my_name: 
old_member _name: 
01 d_member _ inf 0: 
check: 

Function: 

in string_of30; 
in string_of30; 
out member_record; 
out boolean) ; 

Calls Membership_Roster .. Update_rnember to modify info on an. 
a current ("old") member in the membership roster. 
Returns with check false if Update_member call "fails"; 
else returns with check set to true. 
(Can fail if my_name does not match with the name of the 
of the Secretary or if there is no such member of the 
given old_member_name in the roster.) 



entry Delete_member ( 
my_name: 
member_name: 
check: 

Function: 

in string_of30; 
in string_of30; 
out boolean) ; 
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Calls Membership_Roster.Delete_member to delete all info on 
a current member in the membership roster. 
Returns with check false if Delete member call "fails"· 
else returns with check set to tru~. ' 
(Can fail if there isn't already a member of the given 

member_name in the roster.) 

end Roster_Server; 

Portfolio_Server task for use with the Figure 2-5 structure 

task Portfolio_Server is 

Portfolio queries 

entry Print_club_valuation( 
value: out dollars); 

Function: 

The specification part for 
the Portfolio_Server task referred to 
in Figure 3-1 

Calls the corresponding operation of Club_Portfolio to 
print and "return" total value of portfolio instance, 
based on current market prices. Note: in Ada, an entry 
call may not implicitly return a value. 
The value must be returned explicitly, as an in out 
or out parameter of the entry. 

Function: 
Calls the corresponding operation in Club_Portfolio. 

entry Find_stock_code( 
corporate_name: in long_string; 
stock.,.code: out stock_code_pair) ; 

Function: 
Calls the corresponding operation in Club_Portfolio. 

entry Print_individual_stock.,.summary( 
stock.,.code: in stock_code_pair); 

Func;tion: 
Calls the corresponding operation in Club_Portfolio. 
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entry Print_shares_an~value_of_stock( 
stock_code: in stock_code_pair); 

Function: 
Calls the corresponding operation in Club_Portfolio. 

entry Print_average_cost( 
stoc~code: in stock_code_pair); 

Function: 
Calls corresponding operation in Club_Portfolio. 

entry Print_winners ( 
spread: in percent); 

Function: 

-- Percentage spread. 

Calls the corresponding operation in Club_Portfolio. 

entry Print_losers ( 
spread: in percent); -- Percentage spread. 

Function: 
Analogous with Print_winners. 

entry Print_no~movers( 
spread: in percent); -- Percentage spread. 

Function: 
Calls the corresponding operation in Club_Portfolio. 

Note: All the following entries involve task calls on Roster_Server. 
The individual membership Roster instance referenced 
indirectly through Roster_Server is assumed to be created 
upon initialization of the Membership_Roster package. 

Portfolio update requests 

entry Enter_buy ( 
my_name: 
unauthorized: 
purch_date: 
stoc~code: 
num_shares: 
per_slLprice: 
commission: 

Function: 

in string_of30; 
out boolean; 
in date; 
in stoc~code_pair; 
in natural; 
in dollars; 
in dollars); 

Determines if member whose name is value of my_name 
is authorized to update the Roster. If not, returns 
with value of unauthorized still set to true. If yes, sets 
unauthorized to false and then calls the corresponding 
operation in Club_Portfolio. 



entry Enter_sell ( 
in 
out 
in 

string_of30; 
boolean; 
date; 

in stock_code_pair; 
in natural; 
in 

Appendix F 347 

my_name: 
unauthorized: 
sell_date: 
stock....code: 
num_shares: 
of_buy_date: 
sell_commiss: in 

date; 
dollars) ; Selling commission is not 

recorded in Roster, 

Function: 

but used to indicate net gain or 
loss in confirmation copy. 

Determines if person whose name is value of my_name 
is authorized to update the Roster. If not, returns 
with value of unauthorized still set to true. If yes, sets 
unauthorized to false and then calls the corresponding 
operation in Club_Portfolio. 

Portfolio create and delete requests 

entry President_create_folio( 
my_name: in string_of30; 
portfolio_name: in long_string; 
unauthorized: out boolean) ; 

Function: 
Calls Roster_Server to determine if member whose name 
is value of my_name is the current club President. 
If not, returns with value of unauthorized still true. 
If yes, sets unauthorized to false and then returns after 
recording the portfolio name supplied. creation will not 
actually be attempted until a sequence of three creation 
requests for the same portfolio name has been received, one 
each from the three club officers: President, vice-president 
and treasurer. 

entry Vice_president_create_folio( 
my_name: in string_of30; 
portfolio_name: in long_string; 
unauthorized: out boolean); 

Function: 
Request at this entry accepted if and only if the 
most recently accepted entry call was for 
President_create_folio, and that call was authorized. 
Calls Roster_Server to determine if member whose name 
is value of my_name is the current club Vice-president. 
If not, returns with value of unauthorized set to true. 
If yes, sets unauthorized to false and then returns after 
recording the portfolio name supplied. creation will not 
actually be attempted until a sequence of three creation 
requests for the same portfolio name has been received, one 
each from the three club officers: President, vice-president 
and treasurer. 
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entry Treasurer_create_folio( 
my_name: 
portf 01 io_name: 
unauthorized: 
check: 

Function: 

in string_of30; 
in long_string; 
out boolean; 
out boolean) ; 

-- If set true, portfolio has been created. 

Request at this entry accepted if and only if the two 
most recently accepted entry calls were for 
President_create_folio and Vice_president_create_folio 
in that order, and if both were authorized calls. 
Calls Roster_Server to determine if member whose name 
is value of my_name is the current club Treasurer. 
If not, returns with value of unauthorized still true. 
If yes, sets unauthorized to false. The three supplied 
portfolio names are checked. If all are not identical, 
a return is executed (with check set to false.) 
If they do match, then the Create_folio operation in 
Club_Portfolio is called. If this call is successful 
(new portfolio created), then check is set true; return to 
Treasurer_create_folio's caller is then executed. 

entry President_delete_folio{ 
my_name: in string_of30; 
portfolio_name: in long_string; 
unauthorized: out boolean) ; 

Function: 
Calls Roster_Server to determine if member whose name 
is value of my_name is the current club President. 
If not, returns with value of unauthorized set to true. 
If yes, sets unauthorized to false and then returns after 
recording the portfolio name supplied. Deletion will not 
actually be attempted until a sequence of three deletion 
requests for the same portfolio name has been received, one 
each from the three club officers: President, vice-president 
and treasurer. 

entry Vice_president_delete_folio{ 
my_name: in string_of30; 
portfolio_name: in long_string; 
unauthorized: out boolean); 

Function: 
Request at this entry accepted if and only if the 
most recently accepted entry call was for 
President_delete_folio, and that call was authorized. 
Determines if member whose name is value of my_name 
is the current club vice-president. 
If not, returns with value of unauthorized set to true. 
If yes, sets unauthorized to false and then returns after 
recording the portfolio name supplied. Deletion will not 
actually be attempted until a sequence of three deletion 
requests for the same portfolio name has been received, one 
each from the three club officers: President, vice-president 
and treasurer. 
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entry Treasurer_delete_folio( 
my_name: 
portf olio_name: 
lUlauthor ized: 
check: 

in string_of30; 
in long_string; 
out boolean; 
out boolean) ; 

-- If set true, portfolio has been deleted. 

Function: 
Request at this entry accepted if and only if the two 
most recently accepted entry calls were for 
President_delete_folio and Vice_president_delete_folio 
in that order, and if both were authorized calls. 
Calls Roster_Server to determine if member whose name 
is value of my_name is the current club Treasurer. 
If not, returns with value of lUlauthorized set to true. 
If yes, sets lUlauthorized to false. The three supplied 
portfolio names are checked. If all are not identical, 
a return is executed (with check still set to false.) 
If they do match, then the Delete_folio operation in 
Club_Portfolio is called. If this call is successful 
(portfolio deleted), then check is set true; return to 
Treasurer_delete_folio's caller is then executed. 

Membership Roster queries 

entry Lookup_member( 
member_name: in string_of30; 
member_info: out member_record; 
check: out boolean) ; 

Function: 
Calls Roster_Server.Lookup_member to acquire copy of 
info on a member. Returns with check set to false, 
if lookup call "fails" else with check set to true. 

entry List_of_members( 
names_only: in boolean: = true; 
check: out boolean) ; 

Function: 
Calls Roster_Server.List_of_members to print the membership 
Roster. If names_only is false, the full member_record 
is printed for each member and returns with check 
set to true; otherwise, only member names 
are printed. Returns with check false Portfolio is empty. 

Membership Roster updates 

entry Add_new_member( 
my_name: 
new_member_name: 
new_member_info: 
check:. 

in string_of30; 
in string_of30; 
out member_record; 
out boolean) ; 
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Function: 
calls Roster_Server.Add_new_member to insert info on 
a member into the membership Roster. 
Returns with check false if Add_new_member call "fails"; 
else returns with check set to true. 
(Can fail if my_name does not match with the name of the 
of the Secretary or if there is already a member of the 
given new_member_name in the Roster, or if the Roster is 
already full.) 

entry Update_member ( 
my_name: 
old_member_name: 
old_member_info: 
check: 

Function: 

in string_of30; 
in string_of30; 
out member_record; 
out boolean) ; 

Calls Roster_Server.Update_member to modify info on an 
a current ("old") member in the membership Roster. 
Returns with check false if Update_call "fails"; 
else returns with check set to true. 
(Can fail if my_name does not match with the name of the 
of the Secretary or if there is no such member of the 
given old_member_name in the Roster.) 

entry Delete_member ( 
my_name: in string_of30; 
member_name: in string_of30; 
check: out boolean) ; 

Function: 
calls Roster_Server.Delete_member to delete all info on 
a current member in the membership Roster. 
Returns with check false if Delete_call "fails"; 
else returns with check set to true. 
(Can fail if there isn't already a member of the given 
member_name in the Roster.) 

end Portfolio_Server; 

Portfolio_ Server body part 

pragma environment ("TskMst2-5. spr", "Txtlo. spr", "MemRos. spr", 
"RosTypCon.spr", "ClbPrt.spr", "StkTypCon.spr"); 

separate (Task_Master) Prefix to indicate to the compiler 
that Tas~Master is the context 

task body Portfolio_Server is 

check_boolean: boolean; 

in which the following task 
is to be compiled. 

Used in Create and Delete 
accepts. 
Used in predicates 



begin 

loop 

select 

Accepts for portfolio queries 

or 

or 

or 

or 

accept Print_club_valuation( 
value: out dollars) 

do 
value :=Club_Portfolio.Print_club_valuation(); 

end Print_club_valuation; 

accept Print_club_holdings 
do 

Club_Portfolio. Print_club_holdings; 
end Print_club_holdings; 

accept Find_stoc~code( 
corporate_name: in long_string; 
stock_code: out stock_code_pair) 

do 
stock...,code := 
Club_Portfolio.Find_stock_code(corporate_name); 

end Find_stock_code; 

accept Print_individual_stock_summary( 
stock_code: in stock_code_pair) 

do 
Club_Portfolio.Print_individual_stoc~summary( 

stock_code) ; 
end Print_individual_stock_summary; 

do 
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Club_Portfolio. Print_shares_and_value_of_stock(stock_code ); 
end Print_shares_and_ value_of_stock; 

or 

accept Print_average_cost( 
stoc~code: in stock_code_pair) 

do 
Club_Portfolio.Print_average_cost(stock_code); 

end Print_average_cost; 
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or 

accept Print_winners ( 
spread: in percent) -- Percentage spread. 

do 
Club_Portfolio.Print_winners(spread); 

end Print_winners; 

or 

accept Print_losers ( 

or 

or 

spread: in percent) -- Percentage spread. 

do 
Club_Portfolio.Print_losers(spread); 

end Print_losers; 

accept Print_non_movers( 
spread: in percent) 

do 
-- Percentage spread. 

Club_Portfolio. Print_non_movers (spread) ; 
end Print_non_movers; 

Accepts for Roster update requests 

or 

accept Enter_buy ( 

do 

my_name: 
unauthorized: 
purch_date: 
stock_code: 
nUIILshares: 
per_sh_price: 
commission: 

in string_of30; 
out boolean; 
in date; 
in stock_code_pair; 
in natural; 
in dollars; 
in dollars) 

Roster_server. Is_Treasurer (my_name, check-boolean) ; 
if check_boolean then 

Club_Portfolio. Enter_buy (purch_date, 
stock_code, 
nUIILshares, 
per_sh_price, 
commission) ; 

unauthorized := false; 
else 

unauthorized := true; 
end if; 

end Enter_buy; 

accept Enter_sell ( 
my_name: 
unauthorized: 
sell_date: 
stock_code: 
num_shares: 
of_buy_date: 
sell_commiss: 

in string_of30; 
out boolean; 
in date; 
in stock-code_pair; 
in natural; 
in date; 
in dollars) 



or 
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do 
Roster_Server.ls_Treasurer(my_name,check_boolean); 
if chec~boolean then 

Club_Portfolio. Enter_sell (sell_date, 
stock_code, 
mUILshares, 
of_buy_date, 
sell_commiss); 

unauthorized := false; 
else 

unauthorized := true; 
end if; 

end Enter_sell; 

Roster create and delete requests 

accept President_create_folio( 
my_name: in string_of30; 
portfolio_name: in string_of30; 
unauthorized: out boolean) 

do 
Roster_Server. Is_President(my_name,check_boolean); 
if check_boolean then 

local_name_l : = portfolio_name; Save copy of portfolio_name 
for checking on subsequent 
accepts. 

unauthorized := false; 
else 

unauthorized := true; 
end if; 

end President_create_folio; 

-- Sequel of two accepts begins here. 

accept Vice_president_create_folio( 
my_name: in string_of30; 
portfolio_name: in string_of30; 
unauthorized: out boolean) 

do 
Roster_Server. Is_Vice_president(my_name,chec~boolean); 
if check_boolean and local_name_l = portfolio_name then 

10cal_name_2 :=portfolio_name; Save copy of portfolio_name 
for checking on subsequent 
accept. 

unauthorized := false; 
else 

unauthorized := true; 
end if; 

end Vice_president_create_folio; 
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or 

accept Treasurer_create_folio( 
my_name: 
portfolio_name: 
unauthorized: 
check: 

in string_of30; 
in string_of30; 
out boolean; 
out boolean) 

-- If set true, portfolio has been created. 
do 
Roster_Server.Is_Treasurer(my_name,chec~boolean); 
if check_boolean 

and local_name_l = portfolio_name 
and local_name_2 = portfolio_name then 

unauthorized: = false; 
Club_Portfolio. Create_folio (portfolio_name, check); 

Portfolio is created if 
check is returned with 

-- the value, true. 
else 

unauthorized := true; 
end if; 

end Treasurer_Create_folio; 

End of sequel (end chain of three accepts). 

accept President_delete_folio( 
my_name: in string_of30; 
portfolio_name: in string_of30; 
unauthorized: out boolean) 

do 
Roster_Server.Is_President(my_name,chec~boolean); 
if check_boolean then 

local_name_l :=portfolio_name; Save copy of portfolio_name 
for checking on subsequent 
accepts. 

unauthorized := false; 
else 

unauthorized := true; 
end if; 

end President_delete_folio; 

-- Sequel of two accepts begins here. 

accept Vice_president_delete_folio( 
my_name: in string_of30; 
portfolio_name: in string_of30; 
unauthorized: out boolean) 

do 
Roster_Server.Is_Vice_president(my_name,chec~boolean); 
if chec~boolean 

and local_name_l = portfolio_name 
local_name_2 :=portfolio_name; 

unauthorized := false; 
else 

unauthorized: = true; 
end if; 

end Vice_president_delete_folio; 

then 
Save copy of portfolio_name 
for checking on subsequent 
accept. 
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accept Treasurer_delete_folio( 
my_name: 
portfolio_name: 
unauthorized: 
check: 

in string_of30; 
in string_of30; 
out boolean; 
out boolean) 

-- If set true, portfolio has been deleted. 
do 

Roster_Server.Is_Treasurer(my_name,check_boolean); 
if check_boolean 

or 

and local_name_l = portfolio_name 
and local_name_2 = portfolio_name then 

unauthorized := false; 
Club_Portfolio. Delete_folio (portfolio_name, check); 

Portfolio is deleted if 
check is returned with 

-- the value, true. 
else 

unauthorized := true; 
end if; 
end Treasurer_delete_folio; 

End of sequel (end chain of three accepts). 

Membership Roster query requests 

or 

or 

accept Lookup_member ( 

do 

member_name: in string_of30; 
member_info: out member_record; 
check: out boolean) 

Roster_Server. Lookup_member (member_name, 
member_info, check); 

end Lookup_member; 

accept List_of_members( 
names_only: in boolean:= true; 
check: out boolean) 

do 
Roster_Server. List_of_members (names_only, check); 

end List_of_members; 
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Membership Roster updates 

or 

or 

do 

my_name: 
new_member _name: 
new_member_info: 
check: 

in string_of30; 
in string _of30; 
out member_record; 
out boolean) 

Roster_Server. AddLnew_member (my_name, 
new_member_name, 
new_member _ inf 0, 

check) ; 
end AddLnew_member; 

accept Update_member ( 
my_name: 
old_member_name: 
old_member _ inf 0: 

check: 
do 

in string _of30; 
in string_of30; 
out member_record; 
out boolean) 

Roster_Server. Update_member (my_name, 
old_member _name, 
01 d_member _ inf 0, 
check) ; 

end Update_member; 

accept Delete_member ( 
my_name: in 
member_name: in 

string_of30; 
string_of30; 

check: out boolean) 
do 

Roster_Server. Delete_member (my_name, 
member_name, 
check) ; 

end Delete_member; 

end select; 

end loop; 

end Portfolio_Server; 



Roster_Server task for use with the Figure 3-2 structure 

task Roster_Server is The specification part for 
the Roster_Server task referred to 
in Figure 3-1 

General queries to the roster. 

en try Lookup_member ( 
member_name: in long_string; 
member_info: out member_record; 
check: out boolean) ; 

Function: 
Calls Membership_Roster.Lookup_member to acquire copy 
for info on a member and sets check true if Lookup 
succeeds. Returns with check set to false if 
Lookup call "fails", else returns with check set to true. 

entry List_of_members( 
names_only: in boolean:= true; 
check: out boolean) ; 

Function: 
Calls Membership_Roster. List_of_members to print the 
membership roster. If names_only is false, the full 
member_record is printed for each member; 
otherwise, only member names are printed. 
Returns with check set to false if roster is empty; 
else returns with check set to true. 

Requests for membership roster update 

entry Add_new_member( 
new_member _name: 
new_member _ inf 0: 

check: 

Function: 

in long_string; 
out member_record; 
out boolean) ; 

Calls Membership_Roster.Add_new_member to insert info on 
a member into the membership roster. 
Returns with check false if Add_new_member call "fails"; 
else returns with check set to true. 
(Can fail if there is already a member for the given 
new_member_name in the roster, or if the roster is 
already full. ) 

357 
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entry Update_member ( 
old_member _name: 
old_member_info: 
check: 

Ftmction: 

in long _string; 
out member_record; 
out boolean) ; 

Calls Membership_Roster.Update_member to modify info on an 
a current ("old") member in the membership roster. 
Returns with check false if Update_member call "fails"; 
else returns with check set to true. 
(Fails if there is no such member for the given 
old_member_name in the roster.) 

entry Delete_member ( 
member_name: in long_string; 
check: out boolean) ; 

Ftmction: 
Calls Membership_Roster.Delete_member to delete all info on 
a current member in the membership roster. 
Returns with check false if Delete_member call "fails"; 
else returns with check set to true. 
(Fails if there isn't already a member for the given 

member_name in the roster.) 

end Roster_server; 

Portfolio_Server task 
for use with the Figure 3-2 structure 

task Portfolio_Server is 

Portfolio queries: 

entry Print_club_valuation( 
value: out dollars) ; 

Ftmction: 

The specification part for 
the Portfolio_Server task referred to 
in Figure 3-1 

Calls the corresponding operation for Club_Portfolio to 
print and "return" total value for portfolio instance, 
based on current market prices. Note: in Ada, an entry 
call may not implicitly return a value. 
The value must be returned explicitly, as an in out 
or out parameter for the entry. 

Ftmction: 
Calls the corresponding operation in Club_Portfolio. 

entry Find_stock_code( 
corporate_name: in long_string; 
stock_code: out stock_code_pair); 

Ftmction: 
Calls the corresponding operation in Club_Portfolio. 
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entry Print_individual_stoc~summary( 
stock_code: in stock_code_pair) ; 

Function: 
Calls the corresponding operation in Club_Portfolio. 

entry Print_shares_and_value_of_stock( 
stock_code: in stock_code_pair) ; 

Function: 
Calls the corresponding operation in Club_Portfolio. 

entry Print_average_cost( 
stock_code: in stock_code_pair); 

Function: 
Calls corresponding operation in Club_Portfolio. 

entry Print_winners ( 
spread: in percent) ; -- percentage spread 

Function: 
Calls the corresponding operation in Club_Portfolio. 

entry Print_losers ( 
spread: in percent) ; -- percentage spread 

Function: 
Analogous with Print_winners. 

entry Print_non_movers( 
spread: in percent) ; -- percentage spread 

Function: 
Calls the corresponding operation in Club_Portfolio. 

Portfolio update requests: 

entry Enter_buy ( 
purch_date: in date; 
stock_code: in stoc~code_pair; 
num_shares: in natural; 
per_sh_price: in dollars; 
commission: in dollars); 

Function: 
Calls the corresponding operation in Club_Portfolio. 

entry Enter_sell ( 
sell_date: in date; 
stock_code: in stoc~code_pair; 
num_shares: in natural; 
of_buy_date: in date; 
sell_commiss: in dollars); 

Function: 

Selling commission is not 
recorded in portfolio, 
but used to indicate net gain or 
loss in confirmation copy. 

Calls the corresponding operation in Club_Portfolio. 
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-- Portfolio create and delete requests: 

entry President_create_folio( 
portfolio_name: in long_string; 
check_point: out boolean) ; 

Function: 
Returns after recording supplied value for portfolio_name 
and setting the value for chec~point to true. 
Creation will not actually be attempted until a sequence 
for three creation requests for the same portfolio_name 
been received, one each from the three officers: President, 
Vice-president, and Treasurer. 

entry Vice_president_create_folio( 
portfolio_name: in long_string; 
check_point: out boolean) ; 

Function: 
Request at this entry accepted if and only if the 
most recently accepted entry call was for 
President_create_folio. 
Returns after recording supplied value for portfolio_name 
and setting the value for check_point to true. 
Creation will not actually be attempted until a sequence 
for three creation requests for the same portfolio_name 
been received, one each from the three officers: President, 
Vice-president, and Treasurer. 

entry Treasurer_create_folio( 
portfolio_name: in long_string; 
check: out boolean) ; 

-- If set true, portfolio has been created. 

Function: 
Request at this entry accepted if and only if the two 
most recently accepted entry calls were for 
President_create_folio and Vice_president_create_folio 
in that order. The three supplied portfolio names 
are now checked. If all are not identical, 
a return is executed (with check set to false.) 
If they do match, then the Create_folio operation in 
Club Portfolio is called. If this call is successful 
(new-portfolio created), then check is set true; return to 
'l'reasurer_create_folio's caller is. then executed. 

entry President_delete_folio( 
portfolio_name: in long_string; 
check_point: out boolean) ; 

Function: 
Returns after recording supplied value for portfolio_name 
and setting the value for chec~point to true. 
Deletion will not actually be attempted until a sequence 
for three deletion requests for the same portfolio_name 
been received, one each from the three of'ficers: President, 
Vice-president, and Treasurer. 



entry Vice_president_delete_folio( 
portfolio_name: in long_string; 
check....point: out boolean) ; 

Function: 

AppendIx G 361 

Request at this entry accepted if and only if the 
most recently accepted entry call was for 
President_delete_folio. 
Returns after recording supplied value for portfolio_name 
and setting the value for check_point to true. 
Deletion will not actually be attempted until a sequence 
for three deletion requests for the same portfolio_name 
been received, one each from the three officers: President, 
Vice-president, and Treasurer. 

entry Treasurer_delete_folio( 
portfolio_name: in long_string; 
check: out boolean) ; 

-- If set true, portfolio has been created. 

Function: 
Request at this entry accepted if and only if the two 
most recently accepted entry calls were for 
President_delete_folio and Vice_president_delete_folio 
in <that order. The three supplied portfolio names 
are now checked. If all are not identical, 
a return is executed (with check set to false.) 
If they do match, then the Delete_folio operation in 
Club_Portfolio is called. If this call is successful 
(portfolio deleted), then check is set true; return to 
Treasurer_delete_folio's caller is then executed. 

end Portfolio_Server; 

Portfolio_ Server 

body part 

pragma environment ("TskMst3-2. spr" , "ClbPrt.spr", "StkTypCon.spr"); 

separate (Task_Master) Prefix to indicate to the compiler 
that Task....Master is the context 
in which the following task 
is to be compiled. 

task body Portfolio_Server is 

local_name_l, local_name_2: long_string; -- Used in Create and Delete 
-- accepts. 
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begin 

loop 

select 

Accepts for portfolio queries 

or 

or 

or 

or 

or 

or 

accept Print_club_valuation( 
value: out dollars) 

do 
value := Club_Portfolio. Print_club_valuation() ; 

end Print_club_valuation; 

accept Print_club_holdings 
do 

Club_Portfolio. Print_club_holdings; 
end Print_club_holdings; 

accept Find_stock_code( 
corporate_name: in long_string; 
stock_code: out stock_code_pair) 

do 
stock_code := 
Club_Portfolio. Find_stock_code (corporate_name) ; 

end Find_stoc~code; 

accept Print_individual_stoc~summary( 
stock_code: in stock_code_pair) 

do 
Club_Portfolio.Print_individual_stoc~summary( 

stock_code) ; 
end Print_individual_stock_summary; 

accept Print_shares_and_value_of_stock( 
stock_code: in stock_code_pair) 

do 
Club_Portfolio. Print_shares_and-value_of_stock(stock_code) ; 

end Print_shares_and_value_of_stock; 

accept Print_average_cost( 
stock_code: in stock_code_pair) 

do 
Club_Portfolio. Print_average_cost (stock_code) ; 

end Print_average_cost; 

accept Print_winners ( 
spread: in percent) -- percentage spread 



or 

or 

do 
Club_Portfolio.Print_winners(spread); 

end Print_winners; 

accept Print_losers ( 
spread: in percent) 

do 
-- percentage spread 

Club_Portfolio. Print_losers (spread) ; 
end Print_losers; 

accept Print_no~movers( 
spread: in percent) 

do 
-- percentage spread 

Club_Portfolio.Print_no~movers(spread) ; 
end Print_no~movers; 

or 

Accepts for portfolio update requests 

or 

or 

accept Enter_buy ( 

do 

purch_date: in date; 
stock_code: in stock_code_pair; 
nUl1Lshares: in natural; 
per_shLprice: in dollars; 
commission: in dollars) 

Club_Portfolio. Enter_buy (purch_date, 
stock....code, 
nUl1Lshares, 
per _sh_pr i ce, 
commission) ; 

accept Enter_sell ( 

do 

sell_date: in date; 
stock....code: in stock....code_pair; 
nUl1Lshares: in natural; 
of_buy_date: in date; 
sell_connniss: in dollars) 

Club_Portfolio. Enter_sell (sell_date, 
stock_code, 
nUl1Lshares, 
of_buy_date, 
sell_commiss) ; 

end Enter_sell; 
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Portfolio create and delete requests 

or 

accept President_create_folio( 
portfolio_name: in long_string; 
check_point: out boolean) 

do 

check_point := true; 
end President_create_folio; 

-- Sequel for two accepts begins here. 

accept Vice_president_create_folio( 
portfolio_name: in long_string; 

do 
check_point: out boolean) 

if local_name_l = portfolio_name 
local_name_2 := portfolio_name; 

check_point := true; 
else 

check_point := false; 
end if; 

end Vice_president_create_folio; 

accept Treasurer_create_folio( 
portfolio_name: in long_string; 
check: out boolean) 

Save copy for portfolio_name 
for checking on subsequent 
accepts. 

then 
Save copy for portfolio_name 
for checking on subsequent 
accept. 

-- If set true, portfolio has been created. 
do 

if local_name_l = portfolio_name 
and local_name_2 = portfolio_n~e then 

Club_Portfolio. Create_folio (portfolio_name, check); 
Portfolio is created if 
check is returned with 

-- the value, true. 
end if; 

end Treasurer_Create_folio; 

End for sequel (end chain for three accepts). 

accept President_delete_folio( 
portfolio_name: in long_string; 
check_point: out boolean) 

do 

check_point := true; 
end President_delete_folio; 

Save copy for portfolio_name 
for checking on subsequent 
accepts. 



Sequel for two accepts begins here. 

accept Vice_president_delete_folio( 
portfolio_name: in long_string; 

do 
chec~point: ou t boolean) 

if local._name_l = portfolio_name 
local_name_2 := portfolio_name; 

check_point := true; 
else 

check_point := false; 
end if; 

end Vice_president_delete_folio; 

accept Treasurer_delete_folio ( 
portfolio_name: in long_string; 
check: out boolean) 
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then 
Save copy for portfolio_name 
for checking on subsequent 
accept. 

-- If set true, portfolio has been deleted. 
do 

if local_name_l = portfolio_name 
and local_name_2 = portfolio_name then 

Club_Portfolio. Delete_folio (portfolio_name, check); 
Portfolio is deleted if 
check is returned with 

-- the value, true. 
end if; 

end Treasurer_delete_folio; 

-- End for sequel (end chain for three accepts). 

end select; 

end loop; 

end Portfolio_Server; 
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PackageTyped_Po~s 

of the 
iMAX Operating System 

with iMAX_Definitions; 
package Typed_Ports is 
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Function: 
Typed_Ports consists of three packages which provide the user 
with a high level (Ada typed) view of ports, carriers and other 
operations. 
Private sections are not shown in this Appendix. 

use i~Definitions; 

generic 
type user_message is private; All messages that this package 

deals with are of this type. 

Function: 
This package provides definitions and operations that enable 
the user to create ports, and do simple operations on those 
ports involving only messages of type "user_message". 

type user_port is private; 

type q_discipline is ( 

Max number of messages 
in a port's message. 
queue 

Ports of this type can only be used 
with type user_message. 

FIFO, First_in_first_out, also default q_discipline. 
priority); Within same priority, FIFO is used. 

no_send_rights: 
no_receive_rights: 

exception; 
exception; 

function Has_sendlrights( 
prt : user_port) 

return boolean; 

Function: 

User_port whose sendlrights 
are to be checked. 
Result of inquiry. 

Returns true if the specified port has send rights. 
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function Has_receive_rights( 
prt : user_port) User_port whose receive_rights 

are to be checked. 
return boolean; Result of inquiry. 

Function: 
Returns true if the specified port has receive rights. 

function Create ( 
message_ count: 

port_discipline: 

sro: 

return user __ port; 

Function: 

short_ordinal range 1 .. m~message_count; 
Max number of 
messages in the 
port's message 
queue. 

q_discipline : = FIFO; Organization of 
the port's message 
queue. 

storage_resource := null) SRO used in the 
creation. 
User port that is 
created. 

A user_port with the specified message_count and the specified 
message queue discipline is created. The SRO used in the 
creation defaults to the default_global_heap_SRO. 

procedure Send( 
prt: user_port; 
msg: user_message) ; 

Function: 

Port to which a message is to be sent. 
Message that is to be sent. 

The specified, user_message is sent to the specified 
user_port. In case the send cannot succeed immediately, 
the calling process will sendlblock. 

procedure Con~send( 
prt: user_port; 
msg: user_message; 
suc: out boolean) ; 

Function: 

Port to which a message is to be sent. 
Message to be sent. 
True if send succeeded, false otherwise. 

An attempt is made to send the specified message to the 
specified port. If the send cannot succeed immediately, then 
false will be returned, otherwise true. 

procedure Receive( 
prt: user._port; 

msg: out user_message); 

Function: 

Port from which a message is to be 
received. 
Received message. 

A message will be received from the specified user_port. The 
calling process will be delayed until the receive succeeds. 
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procedure Cond_receive( 
prt: user_port; 

msg: out user_message; 
suc: out boolean) ; 

Function: 

Port from which a message is to be 
received. 
Received message, if any. 
True if message was received, false 
otherwise. 

An attempt is made to receive a message from the specified 
user_port. If the receive cannot cusseed immediately, false 
be returned. Otherwise true is returned together with the 
received message. 

generic 
type user_message is private; 

type user_carrier_id is private; 

Type of message as 
specified by the user. 
Type of carrier_id as 
specified by the user. 

package Carrier_Def is 

Function: 
Definitions and operations on carriers are provided in 
this package. 

type user_carrier is private; 

function Create ( 
id: user_carrier_id; 
pri: short_ordinal:= 0; 

User_carriers can only carry 
messages of type user_message. 

Carier will have this id 
priority. 

sro: storage_resource:= null) 
return user_carrier; 

SRO used for creation 
carrier that is created. 

Function: 
A user_carrier with the specified id and priority is 
created. The SRO used for the creation defaults to the 
default_global_heap_SRO of the calling process. 

procedure Get_carrier_message( 
car: user_carrier; 

msg: out user_message) ; 

Function: 

Carrier from which we want to 
extract a message. 
Message previously received by 
the carrier. 

The message most recently received by the specified 
user_carrier is returned. This operation will null the 
message of the user_carrier. 

function Get_carrier_id( 
car: user_carrier) 

return user_carrier_id; 

Function: 

Carrier whose id is requested. 
Id of the carrier. 

The id of the specified carrier is returned. 



procedure Set_carrier_priority( 
car_id: user_carrier_id; 
pr i : short_ ordinal : = 0) ; 

Ftmction: 
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Sets priority of a carrier specified by "car_id" 
to the value given by "pri". If no value for "pri" is 
given, the default value, zero, is supplied. 

end Carr ier _Def ; 

generic 
type user_port is private; 

type user_message is private; 

type user_carrier is private; 

Port capable of handling 
user_messages. 

type user_carrier_port is private; 

TYPe of messages as 
specified by the user. 
Carrier capable of 
carrying user_messages. 
Port capable of handling 
user_carriers. 

Ftmction: 
This package contains surrogate port operations. 

Note: 
It is the programmers' responsibility when instantiating 
packages of this generic package, to provide generic 
parameters that are in correct relation to one another. 

no_send_rights: 
no_receive_rights: 
no_use_rights: 

exception; 
exception; 
exception; 

procedure Surrogate_send( 
prt: user_port; 

msg: user_message; 
car: user_carrier; 

Ftmction: 

Port to which a user_message 
is to be sent. 
Message that is to be sent. 
Carrier used in surrogate 
operation. 
Destination port where carrier 
will be sent (as a message) 
after the message is sent. 

The specified message will be sent to the specified port. 
In cxase the send cannot suceed immediately, then the 
specified carrier will block. When eventually the send 
succeeds, the carrier will be sent to the specified port. 
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procedure Surrogate_receive( 
prt : user_port; 

car: user_carrier; 

Ftmction: 

Port from which a message is 
to be received. 
Carrier used in surrogate 
operation. 
Destination port where carrier 
will be sent (a message) 
after receiving a message. 

The specified carrier will receive a message from the 
specified port. If the receive cannot succeed immediately, 
the carrier will block. When eventually the receive 
succeeds, the carrier carrying the received message will 
be sent to the specified destination port. 

end Type<l.Ports; 
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Package Extended_ Type_Manager 
of the 
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[AUTIlOR'S NaTE: When the manuscript for this book was completed, the iMAX package 
for this appendix was undergoing revision. The package given here is comparable to but 
not identical with the actual version used in iMAX.] 

with Descriptor_Definitions, iMAX_Definitions; 
package Extended~TYPerManager is 

Function: 
This pack.age provides operations for creation and manipulation 
of type_definition objects, type definition objects, 
and extended_type objects. 

use iMAX_Definitions; 

type rights is range 0 .. 1; 

no_create_rights: 
no_amplify_rights: 
type_faul t: 

exception; 
exception; 
exception; 

procedure Create_type( 
len_d: short_ordinal; 
le~a: short_ordinal; 
sro: storage_resource:= null) 
tco: out type_control; 
tdo: out type_definition) 

Function: 

TOO data part in bytes. 
TOO access part in 32-bit words. 
SRO used in creation. 
Created TYPe Control Object. 
Created TYPe Definition Object. 

A type_control object for an Extended TYPe Object is created 
containing an AD for the TYPe Definition Object also created 
in this procedure. The type_definition object is created with 
specified lengths for data (le~d) and access (len_a) parts. 
The object is created from the specified SRO which defaults 
to the default_global_heap_sro. 
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372 A Programmer's View of the Intel 432 System 

function Create_extended_type( 
len_d: short_ordinal; 
len_a: short_ordinal; 

In bytes. 
In 32-bi t words. 

tco: type_control; 
sro: storage_resource:= null) 

return type_definition; 

A TCO_AD with create rights. 
SRO used in creation. 
Created Type Definition Object. 

Function: 
An Extended Type Object is created with specified lengths 
for data (len_d) and access (len_a) parts, and with a 
specifiedAD for a Type Control Object (tco). 
The specified TCO_AD must have create_rights. 
If not, a no_create_rights exception is raised. 
The object is created from the specified 
SRO which defaults to the default_global_heap_sro. 

function Retrieve_type_definition( 
ext_type: extended_type) Extended_type object whose 

type_definition is requested. 
return type_definition; Type_definition of extended_type 

object. 

Function: 
This function returns an AD for type_definition object 
given the specified AD (ext_type) for an Extended Type 
Object. The returned type_definition object access 
descriptor has no defined type rights but does contain 
base rights. 

procedure Restrict_rights ( 
ext_type: in out 
type_right_1: 
type_right_2 : 
type_right_3: 
delete_rights: 
unchecked_ copy _r ights: 
read_rights: 
wri te_rights: 
tco: 

Function: 

extended_ type; 
rights: = 1; 
right : = 1; 
rights: = 1; 
rights: = 1; 
rights: = 1; 
rights: = 1; 
rights: = 1; 
type_control) ; 

Removes the right(s) from the specified AD for an 
Extended Type Object (ext_type). If a particular right 
is not specified, it is not removed. 

procedure Amplify_rights ( 
ext_type: in out 
tco: 

Function: 

ext ende <l. type; 
type_control) ; -- with amplify rights. 

Amplifies the right(s) from the specified AD for an 
Extended Type Object (ext_type). The specified TCO_AD (tco) 
must have amplify rights. If not, a no_create_rights 
exception is raised. If the TOO_AD in the specified TCO 
does not match the TOO_AD in the specified Extended Type Object, 
a type_fault exception is raised. 
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Package 10_ Definitions 
of the 
iMAX Operating System 

with iMAX_Definitions; 

package la_Definitions is 

Ftmction: 
This package contains definitions common to the synchronous and 
asynchronous I/O interfaces. 

use iMAX_Defini tions; 

type abstraction_description is 
record 

abstraction_name: array (1 .. 30) of character; 
abstraction_type: type_description; 

end record; 

type abstractions_.array is array (1 .. 10) of abstraction_description; 

type query_record_rep is 
record 

device_name: print_name; 
buffer_length: short_ordinal; 
fixed_length: boolean; 

device_number: short_ordinal; 
AP _number: short_ ordinal; 
abstractions: abstractions_array; 

end record; 

Printable device identifier. 
Preferred buffer length minus one. 
True if "preferred" length 
is required. 
Unique system device identifier. 
Controlling attached processor ID. 
Description of supported 
abstractions. 

type query_record is access query_record_rep; 

end la_Definitions; 
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Package Synchronous_IO_lnterfaces 
of the 
iMAX Operating System 

with Asynchronous_la_Interface, i~Definitions, 
IO_Defini tions; 

package Synchronous_la_Interfaces is 

Function: 
This package includes definitions of the standard synchronous 
I/O interfaces and related types. 

use la_Definitions; 

-- Exceptions 

end_of_file: exception; 
transformatio~not_allowed: exception; 

exception; 

transf er _ error: exception; 

No more input data. 
TransformLinterface was 
called with an unrecognized 
new interface type. 
The specified operation is 
not recognized by the driver 
or support routine. 
An I/O or protocol error 
detected during a data transfer. 

subtype xfer_range is integer range 0 .. 2**16; 
-- Up to 65,636 bytes can be transferred 
-- with one operation. 

The following set of operations is required of all synchronous I/O 
Interfaces. 

type Basic_la_Interface is access package 

Function: 
This package type defines the mInImum synchronous interface. 
It must be provided for all devices. It includes only routines 
for determining and changing device interface characteristics 
and closing the interface. 

function Interface_description 
return query_record; -- static interface description 

procedure Close; 

Function: 
This routine renders the interface unusable, after first 
flushing any buffers and completing any outstanding 
operations. Any further operations will cause an error. 
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procedure Reset; 

Function: 
This routine reintializes the interface. The effect of 
Reset is device-dependent. 

function TransformLinterface( 
new_interface_type: type_description) -- type of the new interface 

return dynamic_typed; 

Function: 
This routine returns a new, possibly expanded or restricted 
view, of this I/O interface. The transformations allowed can 
be determined by calling Get_Interface_Characteristics. 

function Get_asynchronous_interface 
return Asynchronous_10_Interface. connection; 

Function: 
This function returns a package which implements the standard 
Asynchronous device interface. 

type Source is access package 

Function: 
This package type defines the synchronous source interface 

The following functions and procedures are described in the 
Basic_10_interface package. 

function Interface_description 
return query_record; 

procedure Close; 

procedure Reset; 

function Transform_interface ( 
new_interface_type: type_description) -- type of the new interface 

return dynamic_typed; 

function Get_asynchronous_interface 
return Asynchronous_10_Interface. connection; 

-- End of basic package. 
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procedure Read ( 
data_access: i~Definitions.dynamic_typed; 

offset: 

requested_length: xf er _range; 

returned_length: out xfer_range) ; 

Function: 

Access for object 
containing buffer offset. 
Offset of buffer 
wi thin obj ect. 
Number of bytes 
to transfer. 
Number of bytes 
actually transferred. 

This routine does a device dependent read operation, controlled 
by the interface characteristics buffer_length and fixed_length. 

The number of bytes returned will be less than or equal to that 
requested when fixe~length is false. The end_of_file 
exception is raised when there is no more data (returned_length 
is zero). 

The number of bytes returned is a multiple of the preferred 
buffer length (buffer_length plus one) when fixed_length is true. 
The operation_not_allowed exception is raised if the 
requested_length is not at least as large as the preferred 
buffer length. The end_of_file exception is raised when there 
is no more data (returned_length is zero). 

end Source; 

type Sink is access package 

Function: 
This package type defines the synchronous sink interface. 

-- The following functions and procedures are described in the 
-- BasiC_la_interface package. 

function Interface_description 
return query_record; 

procedure Close; 

procedure Reset; 

function Transform_interface ( 
new_interface_type: type_description) -- type of the new interface 

return dynamic_typed; 

function Get_asynchronous_interface 
return Asynchronous_la_Interface. connection; 

-- End of basic package. 

procedure Flush; 

Function: 
This routine ensures that all previously-written data has 
reached the destination device. 



procedure write ( 
data_access: 

offset: 

length: 

Function: 

AppendIx J 3n 

i~Definitions.dynamic_typed; 
-- Access for object containing buffer. 

xfer_range; Offset of buffer 
within object. 

xfer_range); Number of bytes 
to transf er . 

This routine does a device dependent write operation. If 
. fixed_length is true, the length must be equal to the preferred 

buffer length (buffer_length plus one). (For some interfaces, 
a multiple of the preferred buffer length may be allowed.) 

end Sink; 

type Store is access package 

Function: 
This package type defines the synchronous store. 

-- The following functions and procedures are described 
-- in the Basic_IO_interface package. 

function Interface_description 
return query_record; 

procedure Close; 

procedure Reset; 

function Transform_interface ( 
new_interface_type: type_description) -- type of the new interface 

return dynamic_typed; 

function Get_asynchronous_interface 
return Asynchronous_IO_Interface.connection; 

-- end of basic package 

procedure Flush; 

Function: 
This routine ensures that all previously written data has 
reached the destination device. 
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procedure Read( 
data_access: read_buff; 
offset: xfer_range; 
requested_length: xfer_range; 
returned_length: out xfer_range) ; 

Function: 
This routine does a device dependent read operation, controlled 
by the interface characteristics buffer_length and fixed_length. 

The number of bytes returned will be less than or equal to that 
requested when fixe~length is false. The end_of_file 
exception is raised when there is no more data (returned_length 
is zero). 

The number of bytes returned is a multiple of the preferred 
buffer length (buffer_length plus one) when fixed_length is true. 
The operation_not_allowed exception is raised if the 
requested_length is not at least as large as the preferred 
buffer length. The end_of_file exception is raised when there 
is no more data (returne~length is zero). 

procedure write ( 
data_access: 
offset: 
length: 

Function: 

i~Definitions.dynamic_typed; 
xfer_range; 
xfer_range) ; 

This routine does a device dependent write operation. If 
fixed_length is true, the length must be equal to the preferred 
buffer length (buffer_length plus one). (For some interfaces, 
a multiple of the preferred buffer length may be allowed.) 

end store; 

end Synchronous_IO_Interfaces; 



Package Asynchronous_IO_lnterface 
of the 
iMAX Operating System 

with i~Definitions, la_Definitions; 

package Asynchronous_la_Interface is 

Function: 
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This package defines the asynchronous I/O protocol. This protocol 
is used between GOP processes and AP device drivers as well as 
within the GOP. 

use iMAX_Definitions, la_Definitions; 

The "connection" type, which is the primary type provided by the 
Asynchronous_la_Interface package, is an access to the following 
record type. All Asynchronous_la_Interface operators take a 
connection as one parameter. 

type connection_record is 
record 

request_port: port; 
name: print_name; 
device_description: query_record; 
reply_port: port; 

end record; 

Port for I/O request messages. 
Identifying name. 
Device-specific information. 
Port which may be used as 
a message reply port. 

type connection is access connection_record; 

The representation of an I/O transaction is an access segment with 
at least three access descriptors. the first entry is for the 
command_record which is a data segment describing the operation to be 
performed. The second entry is a reply port for the response message, 
and the third and succeeding entries are for data buffers. Since Ada 
requires that this structure be declared in reverse order, here is a 
picture of what is coming. 
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type conunand_ value is range 0 short_ordinal' last; 

type error_value is range 0 short_ordinal 'last; 

subtype buffer_range is short_ordinal range 1 .. 1; 

type buffer_description 
record 

offset: 
requested_length: 
returned_length: 

end record; 

is 

short_ ordinal; 
short_ordinal; 
short_ordinal; 

type conunand_record_rep_val is 
record 

conunand: 
message_id: 
reply_code: 
buffer_descriptions: 

end record; 

conunand_ val ue; 
short_ ordinal; 
error_value; 
array (buffer_range) of buffer_description; 

type buffer_array is array (buffer_range) of dynamic_typed; 

-- I/O conunand codes 
reset: constant conunand_value : = 1; 
read: constant conunand_value : = 2; 
wr i te: cons tan t conunand_ value : = 3; 
close: constant conunand_value : = 4; 
flush: constant conunand_value : = 5; 
set_device_characteristics: constant conunand_value := 6; 
get_device_characteristics: constant conunand_value := 7; 

-- reply codes 
,Sluccess: 
end_of_file: 
not_processed: 
reset_required: 
inval id_ conunand: 
bad_dat~buffer_size: 
invalid_request: 
hard_ 10_ error: 
interf ace_,c losed: 
reset_returned: 

cons tan t conunand_ val ue : = 0; 
cons tan t conunand_ value : = 1; 
cons tan t conunand_ val ue : = 2; 
cons tan t conunand_ val ue : = 3; 
constant conunand_value := 4; 
cons tant conunand_ value : = 5; 
constant conunand_ value : = 6; 
constant conunand_value := 7; 
constant conunand_value := 8; 
cons tan t conunand_ value : = 9; 

type IO_message_record is 
record 

conunand_record: 
reply_port: 
data_buffer: 

end record; 

conunand_record_rep; 
port; 
buffer_array; 



type la_message is access IO_message_record; 

procedure Send ( 
c: connection; 
msg: la_message); 

Function: 
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This routine sends a message to an I/O device using 
the request_port in the connection. 

procedure Receive( 
c: comlection; 
msg: out la_message); 

Function: 
This routine receives a reply to an I/O request on the 
reply_port in the connection. 

procedure Cond_send( 
c: connection; 
msg: la_message; 
success: out boolean); 

Function: 
This: routine attempts to· send an I/O request message to 
the request_port in the· connection. If the operation succeeds., 
success is assigned true. If the port is full and the operation 
fails,. success is assigned false and the request message is not 
sent. 

procedure Cond_receive( 
c: connection; 
msg: out la_message; 
success: out boolean) ; 

Function:' 
This routine attempts to receive a reply to an I/O request usimg 
a conditiona-l receive' on the reply_port in the connection. 

end Asynchronous_10_Interface; 
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Package Process_Manager _ Types 
of the 
iMAX Operating System 

with Process_Globals_Definitions, i~Definitions 
Descriptor_Definitions; 

package Process_Manager_Types is 
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microsec_per_stu: constant := 256; 
-- Length of a system time unit in microseconds. 

subtype milliseconds is integer range 0 .. max_int; 

All of the following constants and types related to time 
-- are in units of milliseconds. 

max_time_Iimit: constant := 24 * 24* 60 * 60 * 1000; 
-- Maximum time limit is 24 days in milliseconds. 

infinite_time_Iimit: constant :=max_time_Iimit + 1; 
-- The value "infinite_time_Iimit" is used to 
-- indicate that the process is to be allowed to run forever. 

subtype time_Iimit_type is milliseconds range 0 .. infinite_time_Iimit; 

max_time_slice: constant := (2**16 - 1) * microsec_per_stu / 1000; 
subtype time_slice_type is milliseconds range 0 .. max_time_slice; 

max_deadline: constant := (2**14 - 1) * microsec_per_stu / 1000; 
subtype deadline_type is milliseconds range 0 .. max_deadline; 

type scheduling_info_rec is 
record 

time_slice: time_slice_type; 
deadline: deadline_type; 
priority: short_ordinal; 

end record; 

type process~states is ( 
executing, 
just_created, 
suspended, 
exceeded_memory_limit, 
exceeded_time_Iimit, 
system_error, 
terminated, 
destroyed) ; 

in milliseconds 
in milliseconds 
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type process_micro_states is 
not_executing, 
on....processor, 

micro state of an executing process 

on....cport, 
on.... service_port , 
in....service) ; 

-- includes dispatching and delay ports 
-- being serviced by iMAX 

type process_info_rec is 
Those attributes of a process which are either constant, or 
changed only by the user, over the lifetime of the process. 

record 

The following attributes are constant over the lifetime of 
the process. 

process_id: short_ordinal; 
-- The iMAX-assigned id of the process. 
-- This is the id used when the process does any locking operations. 

process_globals: Process_Globals_Definitions.process_globals_rep; 
The iMAX-assigned process globals object of the process. 

-- Compilers generate code which uses iMAX_defined fields in this 
-- object. Users may also define their own fields in this object. 

name: string; 
-- The user-assigned text name of the process. 

-- The following attributes are defaulted when the process is 
-- created, and may be set by the user. 

notification_port: i~Definitions.port; 
The notification_msg will be conditionally sent to this 
notification_port when the process' state becomes 
exceeded_memory_limit, exceeded_time_Iimit, system_error, 
terminated, or destroyed. It is the user's responsibility 
to ensure that the conditional send will not fail; if the 
notification_port is full at the time of the conditional 
send, the notification_msg will not be sent. 

notification_msg: dynamic_typed; 
-- The message to be sent to the notification_port. 

The following attributes are defaulted when the process is created 
and may be set only in an "advisory" sense. 1. e., in setting 
them, the user is advising the Process_Manager as to how it 
should set them. Particular Process_Manager implementations 
may ignore this advice. 

time_limit: time_Iimit_type; 
-- The processor time limit for the process. 

schedul ing _ inf 0: schedul ing _ inf o_rec; 
-- The scheduling parameters for the process. 

end record; 

type process_state_rec is 
-- Those attributes of a process which are changed by the system 
-- over the lifetime of the process. 
record 

state: 
-- The current 

process_clock: 
-- The current 

end record; 

process_states; 
state of the process. 

milliseconds; 
time used by the process in milliseconds. 
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type process_micro_state_rec is 
-- Process_state_rec plus micro 
record 

state. 

state: process_states; 
-- The current 

micro_state: 
-- The current 

process_clock: 
-- The current 

end record; 

generic 
with procedure main( 

state of the process. 
process_micro_states; 

micro state of the process. 
milliseconds; 

time used by the process in milliseconds. 

params: dynamic_typed); 
package initial_proc is 

procedure main ( 
params: dynamic_typed); 

renames main; 
end initial_proc; 

type access_initial_proc is access initial_proc; 

control_rights: constant Descriptor_Definitions. rights .= 
Descriptor_Definitions.type_right_l; 

suspen~an~resume_rights: constant Descriptor_Definitions.rights .= 
Descriptor_Definitions.type_right_2; 

type Process_Manager is access package 

Function: 
All operations requiring a process as a parameter, with the 
exception of Suspend, Resume, and the Rea~. .. operations, 
require the passed process AD to have controCrights . 
The operations Suspend and Resume also require the passed 
process AD to have suspentLantLresume_rights. 

type process_rep is limited private; 

type process is access process_rep; 
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function Create_process ( 
init_proc: access_initial_proc; 

execute. -- The procedure to 
ini t_params: dynamic_typed: = null; 

init_proc. -- Parameters to 
name: string; 

job: 
The text name of the process. 

Jobs_Manager_Types.job :=null; 
The job in which the caller is executing, i.e., the job 
in the caller "s process globals. 

heap_sro: i~Definitions.storage_resource :=null; 
The sro from which to create the process. This determines 

-- the scope of the process and whether the process is frozen or 
-- normal. Default is the global heap sro in the caller's 
-- process globals. 

init_stac~objtab_size: integer := 0; 
Initial size of the process stack object table. This is an 

-- advisory parameter, and may be ignored by particular 
-- Process_Manager implementations. 

ini t_stac~size: integer : = 0; 
-- Initial size of the process stack allocation block. This is an 
-- advisory parameter, and may be ignored by particular 
-- Process_Manager implementations. 

call_stack_depth: integer: = 0; 
Number of contexts to be pre-allocated for this process. 

-- This is an advisory parameter, and may be ignored by particular 
-- Process_Manager implementations. 

return process; -- Has controCrights. 

Function: 
A new process is created and returned. The parameter list 
includes only those process attributes which can be set only 
at process creation time. Default values are provided for 
all process attributes except the procedure to execute 
(init_proc); this is the only parameter which MUST be specified. 
Attributes for which there are no parameters may be changed after 
a process has been created (and before it is started, if desired) 
by calling one of the Set_ ... operations below. 

procedure Start ( 
prcs: process); 

Function: 
This procedure serves two purposes: to initially start a newly 
created process, and to restart a process which has entered 
a state in which it can not execute (for example, when it has 
exceeded its memory or processor time limit, or has encountered 
an error.) The passed process must be in a state other than 
executing, suspended, or destroyed. 

procedure Suspend( 
prcs: process); -- Must have suspend_and_resume_rights. 

Function: 
The passed process is prevented from executing on a processor 
until Resume is called on it. The effect of this call may 
be asynchronous, i.e., the process may continue to execute 
for a time after Suspend is called. 
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procedure Resume( 
prcs: process); -- Must have suspend_and_resume_rights. 

Function: 
The passed process is continued executing after having had 
Suspend called on it. 

procedure Destroy( 
prcs: process); 

Function: 
The passed process is destroyed. The effect of this call may 
be asynchronous, i.e., the process may continue to execute for 
a time after Destroy is called and before it is actually 
destroyed. 

procedure Delay_caller ( 
time: milliseconds); 

Function: 
The calling process is delayed for at least the specified 
length of time. 

procedure Raise_exception( 
prcs: process; 
e: System. exception) ; 

Function: 
The specified exception is raised in the passed process. 
The effect of this call may be asynchronous, i.e., the 
exception may not be raised until some time after 
Raise_exception is called. 

procedure Wait_for_process_termination; 
prcs: process); 

Function: 
This procedure is provided for users who do not need the 
full generality of the notification port mechanism. 
If the notification message and port have already been set, 
an exception will be raised. Otherwise, a notification port 
will be created, set, and received from, resulting in the 
caller blocking until the passed process' state becomes 
exceededLmemory_limit, exceededLtime_Iimit, system-error, 
terminated, or destroyed. 

functian ReadLprocess_info( 
prcs: process) 

return process_info_rec; 

Function: 
Returns the "unchanging" attributes of the passed process. 



function Readlprocess_state( 
prcs: process) 

return process_state_rec; 

Function: 
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Returns the "changing" attributes of the passed process. 

function Readlprocess_micro_state( 
prcs: process) 

return process_micro_state_rep; 

Function: 
Returns the "changing" attributes of the passed process, 
including the micro state. 

procedure Set_notification_port_and_message; 
prcs: process: 
port: i~_Definitions.port; 
msg: dynamic_typed); 

Function: 
The notification port and message of the passed process are set. 
An exception is raised if a call to Wai t_for_process_ termination 
is currently outstanding on the process. 

procedure Set_time_limit( 
prcs: process; 
lim: time __ limi t_ type) ; -- in milliseconds 

Function: 
Since time_limit is an advisory parameter, the time limit of 
the passed process mayor may not be set. 

procedure Set_scheduling_info ( 
prcs: process; 
svc: schedul ing _ inf o_rec) ; 

Function: 
Since scheduling_info is an advisory parameter, the scheduling 
parameters of the passed process mayor may not be set. 

end Process_Manager; 



Appendix L 
Package SRO_Manager 
of the 
iMAX Operating System 

Real Memory Only version 

[Author's note: The actual iMAX version for this package specifies four additional 
operations, not given in this appendix. These are: 

Create_system_ objecCfrom_heap, 
Create_system_ objecC from_stack , 
Deallocate_heap_object, and 
Read_storage_ claim. 
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with i~Definitions; 

package SRO_Manager is 

Ftmction: 
This package provides a low_level interface to memory management. 
All but the Create_Iocal_heap function are implemented as 
432 instructions. The "heap" allocation instructions take an 
optional parameter, i.e., a default SRO. At compile time this 
parameter defaults to null, but at run time will default to 
the default global heap SRO in the process globals object of 
the the executing process. The "stack" allocation intructions 
do not need an SRO parameter since the stack SRO is referenced 
implici tly. 

use iMAX_Definitions; 

-- Type Rights for SRO Access Descriptors: 

create_rights: constant Descriptor_Definitions. rights 
Descriptor_Definitions.type_right_l; 

procedure Create_object( 
d_Iength: short_ordinal; Length of object data part 

(in bytes) - l. 
a_length: 

obj: 
SRO: 

Ftmction: 

out 

short_ ordinal Length of object access part 
(number of AD slots) 

object; created object. 
storage_resource := null); 

-- SRO for create. 

A heap data object of the specified size(s) is created. 
If the SRO parameter is defaulted, then the default global 
heap SRO in process globals is used for the create. 
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procedure Create_generic_refinement( 
obj: dynamic_typed; Object to be refined. 
d-offset: short_ordinal; Data part offset of the 

refinement in bytes. 
d-Iength: short_ordinal; Data part length of the 

refinement (in bytes) - 1. 
a-offset: short_ordinal; Access part offset of the 

refinement in bytes. 
a-length: short_ordinal; Access part length of the 

refinement (number of AD slots) . 
rtn: out dynamic_typed; The resulting refinement. 
sro: storage_resource_wi th_create : = null) ; 

-- SRO for create. 

Function: 
A heap refinement is created from the specified object, 
with data and access parts at specified offsets, each with 
with specified lengths. The base type of the created 
refinement will be the same as the base type of the 
original object. Its system type will be generic. 

procedure Create __ stack_obj ect ( 
d_Iength: short_ordinal; 

a_length: short_ordinal 

obj: out obj ect) ; 

-- Function: 

Length of object data part 
(in bytes) - l. 
Length of object access part 
(number of AD slots) . 
Created object. 

A stack object of the specified size(s) is created. 

procedure Create_stac~generic_refinement( 
obj: dynamic_yped; Object to be refined. 
d-offset: short_ordinal; Data part offset of the 

refinement in bytes. 
d-Iength: short_ordinal; Data part length of the 

refinement (in bytes) - 1. 
a-offset: short_ordinal; Access part offset of the 

refinement in bytes. 
a-length: short_ordinal; Access part length of the 

refinement (number of AD slots) . 
rtn: out dynamic_typed; The resulting refinement. 

Function: 
A stack refinement is created from the specified object, 
with data and access parts at specified offsets, each with 
with specified lengths. The base type of the created 
refinement will be the same as the base type of the 
original object. Its system type will be generic. 

function Create_Iocal_heap 
return storage_resource; 

Function: 
This function creates a local heap SRO. 
The lifetime of the local heap SRO is that of the current 
context Object of the caller. 

end SRO_Manager; 
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Package MOO_Manager 
of the 
iMAX Operating System 

with Descriptor_Definitions, i~Definitions; 

package MCa_Manager is 

Function: 
This package provides operations for creating and destroying 
MCas, reading and adjusting the parameters associated with each 
MCa, and reading the usage statistics for each Mca. 
The private section for this package is not shown. 

type memory_control_obj ect_rep is limited private; 
type memory_control_object is access memory_control_object_rep; 

asap: constant:= 0; 
never: constant := 0; 

type scan_rate_type is (asap, 1 .. 14, never); 

The scan rate determines how often the objects of the Mca are 
considered for swapping. This rate in terms of passes through all 
Mcas in the system. For each pass only some of the Mcas are 
considered. 

Scan Rate Value 
o 
1 
2 
3 

N 
never 

type MCa_parameters_ type is 
record 

allocation_limit: ordinal; 

When Mca Is Scanned 
As soon as possible. 
Every pass. 
Every other pass. 
Every third pass. 

Every Nth pass. 
Never. The Mca is non-swappable. 

frozen: 
scan_rate: 

boolean; 
sCaD.-rate_ type; 

Bytes this Mca can 
allocate without 
software intervention. 
Frozen or normal memory. 
Rate objects Mca are 
considered for swapping. 

end record; 



type MCa_statistics_type is 
record 

storage_claim: ordinal; 

secondary: ordinal; 

number_of_stac~SROs: 
number_of_heap_SROs: 
number_of_object_tables: 

fault rate: 
end record; 

ordinal 
ordinal 
ordinal 

ordinal; 
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Total virtual memory exposed 
to hardware allocation. 
Total virtual memory residing 
on disk. 

-- Fault rate of this Mca 

-- Software-defined Type Rights for Mca access descriptors: 

control_rights: constant Descriptor_Definitions.rights 
: = Descriptor_Definitions. type_right_l; 

function Create ( 
MCa_parameters: MCa_parameters_type) 

return memory_.control_obj ect; 

Function: 

With control rights. 

This function creates a new Mca and returns an AD 
with control rights for this object. The MCa parameters 
determine how much virtual memory can be allocated from 
the Mca without software intervention, whether the memory 
is frozen or normal, and what scan rate should be used 
for objects allocated from this Mca. 

procedure Destroy( 
mco: memory_control_object); 

Function: 

AD with control rights for 
the Mca to be destroyed. 

This procedure destroys the Mca specified. It calls Low_Level 
Process_Management to destroy any processes living in the Mca 
and nulls all Access Descriptors which link the SRas in the 
Mca together. 

Note: no globally allocated objects are destroyed. 

function Retrieve_global_heap( 
mco: memory_control_object) 

return iMAX_Definitions.storage_resource; 

Function: 

AD with control rights 
for an Mca. 

AD for the root SRO. 

This function returns an Access Descriptor for the global heap 
SRO which is the root of the SRa tree associated with the Mca. 
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function Read_MCO_parameters( 
mco: memory_control_object) 

return MCO_parameters_ type; 

Ftmction: 
This function returns the parameters associated with a MCO. 

procedure Adjust_MCO_allocation_limit{ 
mco: memory_control_object; 

adjustment: ordinal; 

increment: boolean) 

Ftmction: 

AD with control rights 
for MCO to be adjusted. 
Amount MCO's allocation 
limit is to be adjusted. 
true => increment, 
false => decrement 

This procedure adjusts a MCO's allocation limit up or down by 
the specified amount. 

procedure Adjust_MCO_scan_rate{ 
mco: memory control object; 

Ftmction: 

AD with control rights 
for MCO to be adjusted. 
New scan rate. 

This procedure sets the MCO's scan rate to that specified. 

function Read_MCO_statistics{ 
mco: memory_control_object) 

return MCO_statistics_type; 

Ftmction: 
This function returns the statistics associated with a MCO. 

end MCO_Manager; 
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Package Transaction_Manager 
of the 
iMAX Operating System 

package Transaction_.Manager is 

Function: 
This package manages transactions. These are used to synchronize 
access to passive-objects in a manner that maintains 
the consistency of a collection of objects. 

When a user wants to access one or more passive objects, 
she will first start a transaction. This transaction will then be used 
in the Open and Update operations for the passive objects that 
she wants to access. When she has completed all operations, she will 
issue a Commit operation on the transaction. This commits all the 
changes she has made, thereby committing new versions for the passive 
objects that have been changed. The "commit" operation is 
is indivisible, i.e., all changes made or none (e.g., in case of a 
system crash). If the user issues an Abon operation, all changes 
are forgotten. A time out is associated with a transaction. If this 
time expires before the transaction is committed, the transaction 
manager will abort the transaction. 

The private section for this package is not supplied here. 

type transaction_rec is private; 

type transaction is access transactionLrec; 

type transaction_state is( 
active, 
committed, 
aborted) ; 

Initial state of transaction. 
state after transaction is committed. 
state after transaction is aborted. 

subtype milliseconds is integer range -1 .. integer' last; 
-- An instance of this type indicates a number of milliseconds. 

393 
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type transactio~info_rec is 
-- Returned by Transaction_info. 
record 

pname: print_name; 
state: transactio~state; 
time_left: milliseconds; 

num_items: ordinal; 

blocked: boolean; 

end record; 

Print name for this transaction. 
Its state. 
Time left until Transactio~Manager 
will cause an abort. 
Number of passive object definitions 
associated with this transaction. 
True if transaction is blocked 
waiting for an open operation. 

default_time_out: constant milliseconds := 1000; 

-- EXCEPTIONS 

Default value used in 
start_transaction operation. 

transactio~not_active: exception; 
-- The specified transaction is not in the active state. 

transaction_already_committed: exception; 
The specified transaction has already been committed; abort is 

-- not possible. 

-- OPERATIONS 

procedure Start_transaction( 
t: out transaction; The created transaction. 
time_out: milliseconds: = 0; After this time, the transaction 

will be aborted. 
pname: 

Function: 

(others => ' '); 
Name to be associated with this 

-- transaction. 

A new transaction is created. 
If the specified real-time elapses before a 
Commit operation is done on this transaction, the transaction will 
be aborted. If the user does not specify a value for time_out, 
the system default value is used. 

procedure Commit_transaction( 
t: transaction) ; -- The transaction to be committed. 

Function: 
The specified transaction is committed and all changes made under 
this transaction become commited. The passive object definitions 
associated with this transaction must already be closed when 
Commit_transaction is called, or the Commit will fail. If the 
transaction is in the "abort" state, the exception "transaction_not 
active" will be raised. This operation changes the state of the 
transaction from "active" to "committed". If the state was already 
committed, this operation is a no-op. 
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procedure Abort_transaction ( 
t: transaction) ; -- The transaction to be aborted. 

Function: 
The specified operation is aborted. This implies that the passive 
object definitions associated with this transaction resort to their 
original state, i.e., the new versions that are being created are 
destroyed. If the transaction is in the "committed" state, the 
exception "transaction_already_committed" will be raised. This 
operation changes the state of the transaction from "active" to 
"aborted". If the state was already aborted, this operation is 
a no-op. 

function Transaction_info ( 
t: transaction) 

Function: 

The transaction whose state is to 
be reported on. 

Transaction information. 

The information associated with a transaction is returned. 
This includes its print_name, state, time remaining, whether it 
is blocked, and the number of passive object definitions 
associated with the transaction. 

end Transaction_Manager; 
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Package Passive_Store_Manager 
of the 
iMAX Operating System 

with Transaction_Manager; 
package Passive_Store_Manager is; 

Function: 
This package provides the interface between Object Filing and 
the outside world. It includes the facilities to define, store, 
and retrieve passive objects. The operations can be grouped as follows 

ACTIVE-VERSION OPERATIONS 

These provide the simplest interface to Object Filing, and include 
the Update and Reset_active_version procedures. 
These routines take an AD for some active object and change 
the correspondence between the current active and passive versions 
of the obj ect. These routines can be used without referencing any 
of the other facilities provided by this package. 

"Update" makes the passive version of the object look like the 
current active version of the object. 
"Reset_active_version" removes the object from the active 
space, but does not change its passive definition; subsequent 
references to the object will cause its active version to be restore 
from a previously saved passive version. 

OPEN and CLOSE 

These routines (and the remainder of this package) are provided for 
the user or type manager who needs to directly manipulate the passive 
representation of an object. This may be desirable either for 
efficiency, or (more importantly) because the object cannot be 
represented in the active space. 

"Open" is used to make the passive definition of an object available 
to the user. Further operations (see below) can then be used to 
read/write portions of the object. If the object was opened in 
write or update mode, "Close" must be used to indicate that the 
object is in a consistent state before the stored version of the 
passive object is actually changed. 
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GET, PUT, and DELETE 

These operations are used to actually manipulate the passive 
definitions of objects. Such objects must already have been Opened. 

Get operations are used to transfer data or Access Descriptors 
from passive objects to active objects. Put operations are used to 
transfer data or Access Descriptors from active objects to passive 
objects. The Delete operation allows the user to delete an Access 
Descriptor from the passive representation of an object. 

MISCELLANEOUS 

The routines in this section allow the user to examine and set 
various attributes pertaining to a particular passive object. 

The private section of this package is not given. 

subtype transaction is Transactio~Manager.transaction; 

subtype milliseconds is integer range -1 .. integer' last; 

type passive_definition_rec is private; 

type passive_definition is access passive_defini tion_rec; 

type open_mode is 
-- The type of access requested in doing an Open operation. 

(read, Only read requests will be permitted on passive definition. 
write, Read and write requests permitted on passive definition. 

A new version is created ab initio. 
update); Read and write requests permitted on passive definition. 

The -1 lower bound in the next two subtypes is used by Get/Put 
data/Access_Descriptor to specify that the size of the passed buffer 
is to be used. 

subtype access_segment_size is integer range -1 ., 2 ** 14; 

subtype active_data_segment_size is integer range -1 2 ** 16; 

subtype passive_data_segment_size is 
integer range 0 .. integer 'last; 

subtype access_segMent_displacement is 
integer range 0 .. 2 ** 14 - 1; 

subtype active_data~segment_displacement is 
integer range 0 .. 2 ** 16 - 1; 

subtype passive_data_segment_displacement is 
integer range 0 .. integer'last - 1; 
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type passive_definition-info is 
record 

open_mode: 
copyable: 
activatable: 
lirik....associated: 

lin1e 
auto_copy: 

sys_type: 
psor_type: 
access_length: 
data_length: 

end record; 

type put_acLaction is 

access_mode; 
boolean; 
boolean; 
boolean; 

boolean; 
boolean; 

If true, object can be copied. 
If false, object cannot be activated. 
If true, object has an associated 
link object. 
If true, object is a "link" object. 
Applicable only to "link" objects. 
If true, storing a passive AD will 
cause automatic copy of link object. 

systeIJL types; 
processor_types; 
access_segment_size; 
passive_data_segment_size; 

In Access Descriptors. 
In bytes. 

-- Action taken when Access 
(plain, 

Descriptor is stored in a passive definition. 
No action. AD for object with owner 
rights must already exist in some passive 
object. 

owner_if_none, 

owner, 
component, 

EXCEPTIONS 

Give AD owner rights if no passive 
descriptor for the object has owner 
rights. 
Give AD owner rights. 
Store referenced object as a component of 
passive object being defined. 
Copy referenced composite as a 
distinct object. 
Copy referenced composite as well as 
composites referenced 
with owner rights. This is applied 
recursively. 
Same as "copy_as_owner" except referenced 
composite is made a component of the 
passive definition being defined. 
Same as "full_copy_as_owner" except 
referenced composites are made components 
of the passive definition being defined. 

transaction-not_active: exception 
renames Transaction-Manager.transaction_not_active; 

-- Specified transaction is not in the active state. 

open_timed_out: exception; 
-- Open operation timed out thereby cancelling the requested operation. 

no_version_available: exception; 
-- The specified object version is not available. 

object_inaccessible: exception; 
-- The specified object cannot be accessed, e.g., structure not mounted 

object_unknown: exception; 
The specified object is unknown; usually, due to the object having 

-- been destroyed. 
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object_lacks_owner: exception; 
-- No passive object has an AD with owner rights for the object. 

rea~rights_missing: exception; 
-- Specified AD for an object lacks read rights. 

write_rights_missing: exception; 
-- Specified AD for an object lacks write rights. 

update_illogical: exception; 
Open specified "update" access mode for an object with no passive 

-- definition. 

more_owners_not_allowed: exception; 
-- More passive ADs with owner rights are not permitted. 

cannot_be_component: exception; 
-- The specified object cannot be made a component of the specified 
-- passive definition. 

copy_of_object_not_allowed: exception; 
-- The specified object may not be copied. 

bounds_error_on_passive_object: exception; 
-- The supplied displacement or length would cause an access beyond 
-- the end of the passive object. 

bounds_error_on_active_object: exception; 
-- The supplied displacement or length would cause an access beyond 
-- the end of the active object. 

passive_definition_not_open: exception; 
-- Due to the state of the associated transaction, the specified passive 
-- definition can no longer be used. 

delete_rights_missing: exception; 
-- Specified AD lacks delete rights. 

-- OPERATIONS THAT MANIPULATE ACTIVE OBJECT VERSIONS 

procedure Update( 
obj: dynamic_typed; 

t: transaction : = null) ; 

Function: 

Reference to object that is to be 
updated in the passive store. 
Transaction that will be associated 
with updated object version. 

This is the "generic" update procedure for object filing. It is 
the standard update procedure for untyped objects. It may also 
be called by the type manager for typed objects if no special 
semantics are required for object update. 

Obj must be "known" to the passive space; either a passive AD 
wi th owner rights must already exist for obj, or obj may 
be a component of a composite that has been opened in either write 
or update mode using the same transaction. Obj must contain both 
read and write rights. 

The procedure causes the given object's passive version to agree 
with its current active version. The object's passive version that 
is produced as a result of the update will not become "committed" 
until the specified transaction is committed. 
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procedure Reset_active_version( 
obj: dynamic_typed; 

t: transaction := null); 

Function: 

Object affected. 

Transaction associated with the 
action. 

This procedure is used to return an object to a previously-saved 
state. Obj must be "mown" to the passive space. 
The current active version of the object is deleted so that the next 
reference to the object will cause it to be restored from its last 
passive version. Obj must contain both read and write rights. 

OPEN AND CLOSE OPERATIONS 

func ti on Open ( 
obj: dynamic_typed; 

mode: 
t: 

access_mode; 
transaction : = null; 

time_out: milliseconds : = -1) ; 

return passive_definition; 

Function: 

Reference to the object whose passive 
definition will be opened. 
Read, write, or update. 
Transaction that will be associated 
with the returned passive definition. 
Amount of time Open should block 
until Open is aborted. 

The passive definition of the referenced object is opened. 
The caller's AD must have read and write rights if the specified 
access mode is "write" or "update"; otherwise, read rights are 
sufficient. If "time_out" is not specified, the system default 
is used. Specifying a 0 for "time_out" is a conditional Open. 

procedure Close ( 
psv_def: passive_definition); Passive definition to be closed. 

Function: 
Closes the given passive object definition. 
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-- PUT AND DELETE OPERATIONS 

procedure Put_data( 
psv_def: 
act_buf: 
psv_disp: 

passive_definition; -- An object's passive definition. 
dynamic_typed; -- Active object containing data. 
passive_data_segment_displacemment : = 0; 

sz: 
-- Displacement into "psv_def". 

active_data_segment_size := -1; 
-- Number of bytes to transfer from "act_buf" 
-- to "psv_def". (Default means copy all of 
-- "act_buf".) 

active_data_segment_displacement := 0); 
Displacement into "act_buf". 

Function: 
Data is transferred from an active object to a passive object. 

procedure Put_access_descriptor( 
psv_def: passive_defini tion; 
AD: dynamic_ typed; 

A passive definition for an obj. 
An AD that is to be stored in 
"psv_def" . 

action: in out put_ad_action; Action to be taken in "psv_def". 
disp: access_segment_displacement := 0); 

-- Slot in "psv_def" to store "obj". 

Function: 
The specified AD is stored in the passive object referenced by 
"psv_def" using the specified action. If the put_ad_action is 
"owner_if_none" , then "action" is set either to "plain" or to 
"owner" on output. 

procedure Put_Iist_of_access_descriptors( 
psv_def: passive_definition; -- A passive definition for an object. 
list: dynamic_typed; -- An active object. 
action: put_ad_action := owner_if_none; 

-- Action to be taken with respect 
-- to the AD's. 

psv_disp: passive_access_segment_displacement := 0; 
-- The starting slot to store the 
-- specified ADs. 

num_of_ads: access_segment_size: = -1; 
-- Number of ADs to Put in "psv_def". 
-- (Default means store all the ADs.) 

act_disp: access_segment_displacement := 0); 

Function: 

The starting slot to get the ADs 
-- to store in "psv_def". 

The specified ADs are stored in the specified passive object. 
This operation is equivalent to doing a sequence of 
Put_access_descriptor operations. This operation is provided 
as a convenience to the user. 
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procedure Delete_access_descriptor( 
psv_def: passive_definition; -- Passive definition for an object. 
disp: access_segment_displacement) ; 

-- AD to be deleted. 

Function: 
The selected AD is deleted from "psv_def". The selected AD 
must have delete rights. 

procedure Copy_access_descriptor( 
from_psv_def: passive_definition; -- Passive definition for an object. 
fromLdisp: access_segment_displacement; 

-- slot in "fromLPsv_def" 
-- containing the AD to be copied. 

to_psv_def: 
to_disp: 

passive_definition; -- Passive definition for an object. 
access_segment_displacement) ; 

action: 

Function: 

slot in "to_psv_def" where AD 
should be copied. 
Action to be taken with 
respect to the copied AD. 

An AD is copied from one passive definition to the other 
using the specified action. 

-- GET OPERATIONS 

procedure Get_data( 
psv_def: passive_definition; -- An object's passive definition. 
act_buf: dynamic_typed; -- Active object containing data. 
psv_disp: passive_data_segment_displacement : = 0; 

-- Displacement into passive definition. 
sz: active_dat8..-segment_size : = -1; 

-- Number of bytes to transfer to 
-- "act_buf" from "psv_def" . (Default is 
-- size of "act_buf".) 

act_disp: active_dat8..-segment_displacement : = 0) ; 
Displacement into "act_buf". 

Function: 
Data is transferred from a passive object to an active object. 

function Get_access_descriptor( 
psv_def: passive_definition; 

disp: active_segment_displacement) 
return dynamic_typed; 

Function: 

Passive definition for ani 
object. 
Selects an AD. 

The AD at displacement "disp" in the passive object 
referenced by "psv_def" is returned. 
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-- MISCELLANEOUS: INFORMATION AND SET A'ITRIBU'IE OPERATIONS: 

function Get_passive_definition-info( 
psv_def: passive_definition) 

return passive_definition_info; 

Function: 

Passive definition for some 
object. 

Information about the object's passive definition is returned. 

procedure Associate_link( 
psv_def: passive_definition; 

link: dynamic_typed; 
action: in out put_ad_action) ; 

Function: 

Passive definition for some 
object. 
Reference to a link object. 
Action taken with respect to 
"link". 

The specified link object is associated with the passive object 
referenced by "psv_def". To do this association, the passive 
object must be opened in "update" or "write" mode. 
If put_ad_action is "owner_if_none" , then "action" 
is set either to "plain" or to "owner" on output. 

procedure Set_a.uto_copy( 
psv_def: passive_definition; 

boolean) ; 

Function: 

Passive definition for some 
object. 
Value to set to. 

The "autocopy" attribute of the referenced composite link object 
is changed. Psv_def must be open for "write" or "update". 

procedure Set_not_copyable( 
psv_def: passive_definition); 

Function: 

Passive definition for some 
object. 

The "copyable" attribute of the referenced composite link object 
is changed to false. Psv_def must be open for "write" or "update". 

procedure Set_not_activatable( 
psv_def: passive_defini tion) ; 

Function: 

Passive definition for some 
object. 

The "activatable" attribute of the referenced composite link object 
is changed to false. Psv_def must be open for "write" or "update". 
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INDEX 

Abort statement, 75 
Abort transaction operation, 308 
Accept alternative statement sequel, 79 
Accept statement (see Ada, accept state-

ment) 
Accepts nested in select statement, 76-77 
Access to Domain Object, 104 
Access authorization, 94 
Access control, 183 

hardware support for, 187-199 
inner layer, 192-194 
using dynamic packages, 211-215 

Access Descriptor (see AD) 
Access Environment ADs, 113 
Access part of object, 96 
Access rights, 93 

dispensable, 187 
Access selector, 113 
Accessing and addressing elements in ob­

jects, 98 
Accessing mechanism, low-level view of, 

96 
Activating a composite, 313 
Activating passive version objects, 313 
Activation record, 110-111 
Active address space, 14 
Active object(s), 264 

making them passive, 303-304 
space, 264-265, 295 

Active Object Directory, 303 
AD (Access Descriptor), 15, 94-103, 191 

Context Message AD, 116 
Context Object processor-defined ADs, 

152 
Current Context AD slot, 112 
Current Processor Carrier AD, 147 
Defining Domain AD slot, 114, 123 
deletion of, 98 
Dispatching Port AD slot, 149 
Fault Port AD slot, 149 
Global Constants AD slot, 115 

AD (Access Descriptor) (Cont.): 
IIL-Message_AD, 142 
integrity and authenticity, 94 
Interprocess Message AD slot, 116 
Local Constants AD, 115, 124 
OULMessage_AD, 151 
Passive (see Passive Access Descriptor) 
Pre created Message AD, 116 
Predecessor Context AD slot, 114 
Private_AD for Domain Object, 123-125 
Process Carrier AD'slot, 149 
Process Object, processor-defined AD 

slots, 148 
Public_AD for Domain Object, 122-124 
Scheduling Port AD, 149 
Second Port AD, 152 
Static Link AD slot, 115 
TCO_AD,191 
TDO_AD, 189, 190 
Top of Descriptor Stack AD, 117 
Top of Storage Stack lAD, 116-117 
type rights field of, 192 
unchecked copy rights bit in, 276 

Ada, 16-18, 21-24 
abort statement, 75 
accept alternative statement sequel, 79 
accept statement, 73-79 

guard clause, 78 
implementation of, 153 

accepts nested in selected statement, 76-
77 

accepts types, implementation and use 
of, 202-204 

case statement, 52 
delay alternatives, 78 
delay statement, 75 
else clause, 78 
exception handler, 52 
extensions, 184-186, 214 

package type, 185-186 
(See also 432-Ada language extension) 
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Ada (Cont.): 

is separate phrase, 50 
limited private type, 203 
and object-based programming, 17-18, 

27 
package, 16-17, 24-26, 257 
pragma Enable_Dynamic_ Typing, 203 
pragma inline, 57 
private clause, 44 
program structures in, 16-17, 21-37 
renames declaration, 59 
renames feature, 52 
rendezvous and iMAX Typed_Ports 

equivalence, 176-177 
rendezvous semantics, 176-177 
select statement, 73 

implementation model, 158 
semantics of, 78 

separate prefix, 52 
separate procedure declaration, 50-52 
task. 17, 79-80 
task structures in [see Task(s)] 
terminate alternative, 78 
terminate statement, 73 
use list, 58 
while loop, 52 
with list, 25, 34-35 

Address space management, 92-103 
AlarID-Port, 147 
Allocated bit of Object Descriptor, 265, 

290 
Allocation of storage space for a process, 

105 
Allocation block, 268 
Allocation limit, 292 
Allocator expression, 69, 273 
ALTER MAP AND SELECT DATA 

SEGMENT order, 228 
Altered bit of Object Descriptor, 266 
Amplification of access environment, 123 
AMPLIFY RIGHTS instruction, 191, 196-

197 
AP (see Attached Processor) 
Architecture: 

computer (see Computer architecture> 
language-directed,92 

Asynchronous communication, modelling 
in standard Ada, 161 

Asynchronous device interface: 
structure of, 240-244 
synchronous and, choosing between, 

244-245 

Asynchronous interface, 233-235 
operations, 234 
package, connection record, 234 

Asynchronous intertask communication, 68 
Asynchronous modes of communication, 

165-166 
Asynchronous send and receive opera­

tions, 150 
Asynchronous send operation, simulation 

of, 162 
Asynchronous_la_Interface package, 235, 

240, 242, 379-381 
Atomic Action(s), 15, 305-308 

on portfolio objects, 315 
Attach Table, 246 
Attached Processor (AP), 220-228 

file server process, 237 
mechanisms of the PSI, 225 
multitasking software, 226 
processes, 228 
Read or Write instructions, 222 

Base rights, 187, 192 
Basic_IO_Interface paradigm, 235 
Binding modes for parameters, 43 
Block and random transfer modes, 223 
Block transfers at high speed, 222 
Blocking connotation of send and receive 

operations, 150-154 
Body part, 21 

CALL instruction, 106, 113, 116, 122-124 
CALL THROUGH DOMAIN instruction, 

122-124 
Capability, 12,93 
Carrier Object(s), 140-144, 161 

logical view of, 143 
schematic of, 142, 143 
structure of, 142 
surrogate, 165-166 

Carrier pool management, 174 
CarrieLDef generic package, 167, 172-176 
Case statement, 52 
Claim Object, 108 

component or SRO, 271 
master, 292 

Claim value, 271 
underflow, 283 

CLOSE MESSAGE order, 223, 224, 228 
Close operation, 233-235, 310, 312 



Closed accept alternative, 78 
Club_Portfolio: 

creation of, 55 
creating multiple instances of, 55 

as dynamic package, 212 
initialization sequence for, 55 
package, 29, 53-54, 326-330 
PrinLclub_ valuation function body, 

335-336 
public operations of, 53 
selected bodies, 335-336 
(See also Portfoli<LMgr) 

Commit operation, 306 
CommiLtransaction operation, 308 
Communication Port, 140, 144-145 

distinguished from Dispatching Port, 145 
Communication structures, 135 
Compaction algorithm, 281 
Compaction process, 270 
Composite(s) 301, 313 

details on, 302-303 
how referenced, 301 
object, 264 
for solving the "small object problem," 

300-304 
Computational Subsystem, 6, 219 

interaction with Peripheral Subsystem, 
219 

Computer architecture: 
multiprocessing and, 2 
object-based, 11-13, 94 

Conditional entry statement, 155 
CONDITIONAL RECEIVE instruction, 

154-155 
CONDITIONAL SEND and RECEIVE 

orders, 223 
CONDITIONAL SEND instruction, 154-

155 
Connection record, 235 
Connectio~record, definition of, 240 
Context Fault Area, 110 
Context level, 109 

fault repair, 110 
Context Message AD, 116 
Context Object(s), 105-107, 110-120 

automatic allocation, 106 
data part, 118-120 
details of, 112 
preallocated list of, 105 
processor-defined ADs, 152 

Context Object Register, 111 
Context predecessor, 128 
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Context Status, 118 
Contours, 110 
Control, thread of, 22 
Control-based programming, 8 
Control operations for processes, 253 
ControLrights rights, 257, 258 
Copied bit of Object Descriptor, 287 
CREATE OBJECT instruction, 106, 190-

192, 195, 196 
Create object operation, 95 
Create rights, 190, 191,285 
CREATE TYPED OBJECT instruction, 

190, 195, 196 
Create_generic_refinement operation, 285 
Create_locaLheap operation, 286 
Create_object operation, 285 
Create_process operation, 256-258, 260 
Create_stacLobject operation, 285 
Create_typed_object operation, 285 
Current Context AD slot, 112-113 
Current Domain Register, 114, 123, 125 
Current Instruction Object Index, 119, 124 
Current level number, 110 
Current Processor Carrier AD, 147 

Dangling reference prevention, 109, 275-
276 

Data abstraction, 8, 9, 13 
Data part of an object, 96 
Data-transmission operations of Asyn-

chronous_IO_lnterface, 240 
Data Window, 221 
Data.-file objects, 313 
Deadline value, 146 
Debugging, software, 119 
Default global heap SRO, 277 
Defining Domain AD slot, 114, 124 
Delay alternatives, 78 
DELAY instruction, 146 
Delay Port, 146 
Delay statement, 75 
Delete rights, 97 
Derived types, 205 
Descriptor, 92 

Access (see AD) 
Object (see Object Descriptor) 

Refinement, 102. 108, 117 
Descriptor-based addressing, 92 
Destroy process operation, 259 
Device abstraction: 

allocation and deallocation, 243 
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Device abstraction (Cont.): 

defined Open and Close operations, 244 
Device driver process, 226 
Device Interface module (DIM), 245-246 
Device interface objects as separate pro-

tection domains, 245 
Diagnostic_Port, 147 
Directed graph, 91, 103 
DISPATCH order, 225 
Dispatching, 137, 142 

mix, 138, 252 
and scheduling of processes at lowest 

level,259 
Dispatching Port(s), 4, 105, 145, 146, 252 

AD slot, 149 
of the IP, 225 
preassigned set, 147 
of a processor, 147-148 

Dispatchin~Port, normal and alternative, 
147 

Displacement component of data operand, 
99 

Domain(s), 13, 120 
access to public part, 142;-124 
independent, 10 

Domain-based operating system, 8 
Domain Object(s), 104, 105, 120-125 

for Ada library level packages, 104 
private and public parts, 121 

Dynamic allocation of objects, 106 
Dynamic binding semantics, I 15 
Dynamic chain, 128 

length,274 
Dynamic link, 114 
Dynamic (symbolic) linking, 300 
Dynamic package(s), 56, 211-215 

facility, 213-214 
implementation of, 214 

used for passing function argument, 213 
Dynamic scheduling, 136 
Dynamic Typed Object, 184 
Dynamic unlinking, 300 
Dynamic_typed type, 205 

Else clause, 78 
ENTER ACCESS ENVIRONMENT in­

struction, 113, 114, 122 
ENTER GLOBAL instruction, 113 
Entry call(s), 22, 180 

chain of, 80 
Entry declaration, 65, 81 

Entry Register, 113, 114 
Environment registers, 113 
Exception handler, 52 
Exposed accept statement, 73 
Extended type, 12 
Extended Type Object(s), 184, 188-189 

as instances of Ada access types, 184 
Extended __ Type_Manager: 

operations of, 200 
package, 199-202, 371-372 

External symbolic names for objects, 299-
300 

Fault code, 110 
Fault Information Object, 121 
Fault Port AD slot, 149 
Fault state, 118 
FIFO (first-in, first-out): 

mode of port service, 145 
queueing discipline, 145, 161 

File open operation, 236 
File_Manager package, 236 
Files, traditional, 264 
Filing. 263 

object (see Object filing) 
First-in. first-out (see FIFO) 
FirsLport Object, 156, 157 
432-Ada language extension, 56 
Free List, 270 

state, 281 
Frozen global heap SRO, 268, 276-277, 290 
Function Request Area, 221, 224 
Function State field, 224 

Garbage collection and Ada, 271 
Garbage collector (GCOL), 270-273 

algorithm in conventional systems, 266 
process, 194, 270, 281 

details, 285-288 
General Data Processor (GDP), 6, 194 
Generic abstraction, 234 
Generic clause, 40 
Generic package, 31, 40, 55 
Generic parameter, 40 
Generic Queue_Mgr package, 40, 320-322 
Generic_Sink abstraction, 233, 234 
Generic_Source abstraction, 233, 234 
Get operations, 308, 310 
GeLaccess_descriptor operation, 314 



GeLasynchronous_interface operation, 
233, 234 

GeLfile_interface operation, 236 
GeLterminaLcharacteristics operation, 

234 
GeLterminaLinterface operation, 236 
Global Constants AD slot, 115 
Global heap SRO, 106,272 

frozen, 268, 276-277, 290 
normal, 268, 276-277 

Global heap storage space, 268 

Hardware support for access control and 
type management, 187-199 

HYDRA system, 12, 15 

I/O (Input/Output), 217-250 
architectural support for, 219-225 
buffering, 231 
channel, 234 
device abstraction, 231-233 

forming a hierarchy, 232 
generic, 232 

device interfaces, 233 
synchronous, 235-237 

devices, logical, implementation of, 
231 

higher-level view of, 225-230 
operations: generic, 234 

via message-based communication, 
223 

request message, 231 
I/O Control Program, 245-246 
I/O Control Systems, 217 
I/O Subsystem, 6, 218 
I/O_message_record definition, 240 
iAPX 432: 

Published Papers, 317 
Titles of Manuals and Booklets, 318 

i432: 
address-space structures, 92-103 
instruction, 99 
interprocess communication, 149-164 
object details, 100-101 
Object Filing Subsystem, 14, 295 
object space, 263-266 
port operations, 176-177 
process and processor state transitions, 

138 
security strategy, 194-198 

i432 (Cont.): 
system topology, 6 

iMAX: 
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Asynchronous_la_Interface package, 
379-381 

Extende<LType_Manager package, 199-
202, 371-372 

interface as type manager, 251 
I/O Interface, 230-235 
la_Definitions package, 373 
MCO_Manager package, 390-392 
Passive_Store_Manager package, 308-

314, 396-403 
Process_Manager interface, 251-262 
Process_ManageL Types, 382-387 
SRO_Manager package, 284-285. 388-

389 
Support for interprocess communication. 

166-177 
Synchronous_la_Interfaces package. 

374-378 
Transactio"----.Manager package, 308. 

393-395 
Type<LPorts package, 176-177. 366-370 

iMALDefinitions package. 167 
In-bound Message AD, 142 
INDIVISIBLY INSERT SHORT ORDI-

NAL order, 230 
Initial run-time object structure. 105 
IniLproc parameter of Create_process. 

257 
Input/Output (see I/O) 
InpuLOutput, library package, 244 
Instruction data operand. 99 
Instruction formats for expression evalua-

tion. 120 . 
Instruction Object, 119, 120 
Instruction Object Index, 124 

Current, 119, 124 
Instruction Object Register, 124 
Instruction Pointer (IP). 119, 124 
Instruction Pointer Register, 125 
Interdomain call, 122 
Interdomain link. 121 
Interface Processor (IP), 6, 194, 220-230 

orders for, 221 
process re-use by the AP, 224 
process selection, 224 
response to function requests, 221 
Window Mapping. 221 
window opening and closing. 222 

Interface Processor Controller, 228 
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Interface_description operation. 233. 235 
Intermediary tasks for modelling asynchro­

nous communication. 162 
Internal names. generating unique. 299 
Interprocess communication. 135 

iMAX support for, 166-177 
Interprocess Message AD slot, 116 
Interprocessor communications (lPC), 146 

message, 226 
Interprocessor wakeup signal, 146 
Interrupt signal. 224 
Intradomain call, 116. 122 
Investment club program: 

execution snapshots. 125-133 
implemented with message-based com­

munication. 177-181 
message flow graph, 178 
(See also Club_Portfolio) 

Investment portfolio manager, 26-27 
(See also Portfolio_Mgr) 

la_Definitions package. 235, 373 
IP (see Instruction Pointer; Interface Pro­

cessor) 
IPC (see Interprocessor communications) 
Is separate phrase. 50 

Job, 136, 260 
ordering of, in workstream, 136 
parameter to Create process, 260 

Level: 
compatibility check, 276 
context, 109, 110 
number for a created object, 109 
number attribute, 274 
number counter, 274 
violations, avoiding, when sending mes­

sages, 283 
Library packages InpuLOutput and TexL 

10,244 
Lifetime of created object, 109 
Lifetime-violation fault. 275 
Limited private type, 203 
Link Objects, 300 
Local Constants AD, 115, 124 
Local heap SRO, 106, 273 
LOCK OBJECT instruction, 192 
Logical disk structures, per disk, 302 
Logical names for objects, 299-300 
Long-term scheduling. 138, 144-145, 149 

parameters, 146-147 

Long-term scheduling (Cont.): 
viewed as communication. 144-145 

Mailboxes, Print Order and Print Re-
sponse.230 

Main memory management. 263, 267-288 
Main subprogram. 22 
Mapping table entry, 93, 94 
Masters_Helper task, 210 
MCO (see Memory Controller Object) 
Member task, 33-37, 71. 247-248 

command loop, 248 
MembeLOps package, 33-35, 56-60 

version I, 337-339 
version 2, 339-340 

Membership roster protection, 208 
Membership __ Roster package, 37, 208-211, 

341-342 
specification part, 82, 83 

Memory. normal and frozen, 276-277 
Memory compaction algorithm, 266 
Memory Controller Object (MCO), 291-293 

MCO_Manager package, 291-293, 390-
392 

operating statistics, dynamic and static, 
292 

parameters, 291 
performance statistics, 292 
representation. 293 

Memory management, 263-293 
main. 267-288 
and process management. 267 
virtual, 288-293 

Memory Management Subsystem, 265, 
268 

Memory mapped 1/0 subsystem, 220 
Memory space, two-space model of, 265 
Memory type, 291 
Message Object. 116 

pool of. 226 
Precreated, 126 

Message priority system, 160, 171-172 
Message_type, definition of, 179 
Mix, 136 

dispatching, 138, 252 
Module, 21 
MPM (minimal process management imple-

mentation), 259-260 
Multicomputer, 5 
Multiple wait paradigm, 160 
Multiple waiting, 174 



Multiprocessing, 2 
transparent, 7 

Multiprocessing model, 3-4 
Multiprocessor: 

interconnect, 6 
memory organization, 5-6 

Multiprocessor system, 2-3, 5 
organization, 6-7 

Multiprogramming models, 136 

Names, logical, for objects, 299-300 
Non-faulting processor (NFP), 147 
Non-owner package, 24 
Normal and frozen memory, 276 
Normal global heap SRO, 268, 276-277 

Object(s), 94 
auto-activation, 301 
composite, 264 
consistency across updates, 305-308 
creation instructions, 190-192 
definition of, 8 
detailed view of, 99, 100 
fully private, 202 
having unbounded lifetimes, 106 
as independent address spaces, 91 
non-relocatable and non-swappable, 291 
processor-defined part, 101 
sealed, 202, 208 
software-defined extension, 100 
trademark,202 
of type dat3--file, 313 

Object-based architecture, 11-13, 94 
Object-based design, 7-8 
Object-based operating systems, 9-11 
Object-based program design methodology 

27 
Object-based programming, 8-9, 17-18 
Object Descriptor, 94-96, 99, 101-102, 

116-117, 265-266 
accessed bit, 266 
altered bit, 266 
principal component s of, 193 
valid bit, 313 

Object filing, 263-264, 295-316 
design challenges for, 298-308 
system for, 13-16 

Object Filing Subsystem, 33, 104, 295 
Object identifier, unique, 298-299, 301 
Object lifetime strategies, 272-275 
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Object Lock, 110 
Object manager, 12 
Object-oriented architecture, 11 
Object partition, 96 
Object selector component of data oper­

and,99 
Object space in which object resides, 295 
Object Table, 95, 108, 109, 117 

handling overflow, 282 
Object type, 97 

management, 183 
One-space store, 302 
Open, implementation of, 311 
Open and Close operations, 308, 310 
Open accept alternative, 78 
OPEN MESSAGE order, 222-224, 228 
Open parameter, 311 
Open Window order, 223, 228 
OpeILmode parameter for Open, 311 
Opening a passive object, 311 
Operand Stack, 120 
Operating system: 

application-specific, 251 
model based on objects and domains, 8 
organization, 7 

Orders for Interface Processor, 221 
Out-bound Message AD, 151 
Owner package, 24-25, 296 
Ownership right in a PAD, 304-305 

Package(s), 22, 24-26 
owner, 24, 25, 296 
public and private parts of, 25 
public part of, 22 
transformer, 24 
visible and invisible parts of, 25 

Package instance, dynamic selection of, 
211 

Package refinement: 
access type, 214, 218, 233, 238, 252 
specifying, 214 

Package type extension to Ada, 184 
Package value, 213 . 
Package variable, 211, 214 

assigning package instance to, 211 
uses of, 213 

PAD (see Passive Access Descriptor) 
Parallel flow, 62 
Parallel garbage collection, architectural 

support for, 266 
Parameter binding modes, 43 
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Passivating a Typed Object, 303 
Passivation filter, 303, 304 
Passive Access Descriptor (PAD), 302-

305 
owner right, 305 

requirement for Update or Passivate, 
309 

storing via a "component" action, 302 
Passive address space, 14 
Passive object, 264, 301-303 

space, 264, 295 
efficient management of, 305 

Passive Object Directory, 301 
Passive_definition, 311 
Passive_Store_Manager package, 308-314, 

396-403 
active-version operators, 309 
passive space manipulation operations, 

310 
Peripheral Subsystem, 219, 250 
Peripheral Subsystem Interface (PSI), 219, 

225,237 
details for, 228 
role of, 226 
structure of, 228 

PGO (Process Globals Object), 109, 277 
Physical devices: 

allocation and deallocation of, 244 
simulated, 245 

Physical storage, state diagram, 281 
Physical Storage Object (PSO), 108, 268-

269,289 
Pipeline flow, 62 
Pkg-ref (see Package refinement) 
PM (see Process_Manager) 
POD (Passive Object Directory), 301 
Policy and mechanism separation, 140 
Pool of message objects, 226 
Port(s): 

abstract view of, 140 
concrete view of, 140 
dispatching (see Dispatching Ports) 
hardware-sensed service modes, 145 

Port Object, 140-141 
Port service disciplines, 145-146 
Portfolio details, 32 
Portfolio management information system, 

I/O operations, 246-250 
Portfolio management system, final inspec­

tion of, 314-316 
Portfolio_Mgr: 

Create function body, 331 

Portfolio_Mgr (Cont.): 
package, 27-32, 47-52, 322-326 
public operations of, 47, 48 
RecorcLbuy procedure body, 331 
RecorcLsell procedure body, 332 
SearclLfoLstocLcode function body, 

333 
separate bodies, 331-335 
Shares_ancLav~cost procedure body, 

334-335 
StocLlist procedure body, 334 
(See also Club_Portfolio) 

Portfolio_Server task. 37, 64, 67, 
178-181. 208, 209, 315 

body part, 350-356, 361-365 
entries, 81-82 
for use with Figure 2-5 structure, 345-

350 
for use with Figure 3-2 structure, 358-

361 
Pragma Enable_Dynamic_ Typing, 203 
Pragma inline, 57 
Precreated Message AD, 116 
Precreated Message Object, 126 
Predecessor Context AD slot, 114 
Priority/Deadline port service mode, 

146 
Priority-mode of port service, 175 
Priority queueing discipline, 161 
Private access type, 203 
Private clause, 44 
Private_AD for Domain Object, 123-125 
Procedure call classes, 122-124 
Procedures as parameters, prohibition of, 

186 
Process: 

as scheduleable and dispatchable job, 
140-149 

surrogate, 156 
Process Carrier AD slot, 144, 149 
Process Carrier Object, 143 
Process clock, 110 
Process Control Area, 110 
Process Fault Access Area slots, 149 
Process Fault Area, 110 
Process Globals Object (PGO), 109, 277 
Process ID, 108 
Process lifecycle, 252, 254 
Process macro-state, 252, 254 
Process management, 251-262 

functions of, 252 
minimal implementation, 259-260 



Process Manager Support package, 260 
Process Object(s), 65, 107-110, 128, 140, 

141 
access part, 107 
allocation of, 284 
creation of, 146 
data part, 109-110 
management of, 251 
processor-defined AD slots, 148 
structure of, 148-] 49 

Process Object Register, 107 
Process preemption, 138, 148 
Process status, 110 
Process trees, 277-281, 289 
Processes as scheduleable and dispatchable 

units of work, 141-149 
Process-level fault recovery, 110 
Process_Globals_Definitions interface 

package, 276 
Process_Manager, 251-262 

access package, 382-387 
implementation for multi-user time­

shared operating system, 260 
instance, 251 
interface, 252-258 

implementations, 251-252, 259 
Process_ManageL Types package, 257, 

258, 382-387 
Processor Carrier of the IP, 225 
Processor Carrier Object(s), 142 

precreated set, 147 
Processor class, 193-194 
Processor control codes, 119 
Processor dispatching mode, 147-148 
Processor Object, 98, 140, 142 

creation of, 147 
Processor registers for domain access, 125 
Processor switch to another workstream, 

148 
Processors, special-function, 194 
Program structure, directed graph repre-

sentation, 91 
Program units, 21 
Protection domains, 93, 94 
Protection problem, 94 
Pseudo-temporal environment (PTE), 306, 

307 
Pseudo time, 307 
PSI (see Peripheral Subsystem Interface) 
PSO (see Physical Storage Object) 
PTE (pseudo-temporal environment), 306, 

307 
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Public_AD for Domain Object, 122-124 
Purchase_Queue_Mgr package, 31, 43, 

125, 322 
Put and Delete operations, 308, 310 
Put and Get operations, 312 
PuLdata and PULaccess_descriptor oper­

ations, 312 
PuLdat~file operation, 312 

Query record for device interface, 235 
Queue: 

of Available Processors, 4 
of Ready Program Units, 4 

Queueing discipline, 145 
Queue_Mgr package, 31, 39-47, 320-322 

Raise_exception operation, 259 
Read rights, 97, 192, 257 
Rea<LMCO_statistics operation, 292 
RECEIVE and SEND order implementa-

tion, 224 
RECEIVE instruction, 116, 152-154 

conditional, 154-155 
surrogate, 155-158, 160 

RECEIVE order, 224, 243 
Receive rights, 171 
Reclamation bit of Object Descriptor, 287 
Reconfiguratio"--Port, 147 
Refinement Descriptor, 102, 108, 117 
Refinement Object, 102 
Refinements: 

creation of, 285 
of Domain Objects, 104, 218 

Related types, 205 
Relocation-in-process state, 291 
Renames declaration, 59 
Renames feature, 52 
Rendezvous, 22-23, 67, 176-177 

early acknowledge for, 79 
hardware support for, 74 
mechanism, 162, 210 
minimizing delay for, 79, 80 
suspension, 73 

Reply_port, 240 
Representation rights, 192 
Request/acknowledge protocol, 79 
Request queue, 145 

fixed-length, 150, 151 
overflow, 143, 145 

extension, 150 
Request/server model, 138-140, 165 
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RequesLport, 240 
Reset operation, 233-235 
ReseLactive_ version operation, 309 
Resource control parameter, 291-292 
RESTRICT RIGHTS instruction, 191, 196, 

197 
Resume process operation, 259 
RETRIEVE TYPE DEFINITION instruc­

tion, 198 
RETURN instruction, 106, 113-114, 273 

deallocation semantics, 274 
fault, 114 

Return rights, 114, 128, 273 
Root Context Object, 125 
Root Domain Object, 105, 125 
Root node for program, 103 
RosteLServer task, 37, 64, 67, 178-181, 

315 
entries for, 83, 84 
for use with Figure 2-5 structure, 343-

345 
for use with Figure 3-2 structure, 357-

358 
RosteL TypeLAncLConstants package. 

83,341 
Rotate-first fit algorithm. 268 
Run-time program structures. 103-107 

Scan rate, 293 
Scheduling, 137-147, 259 

and dispatching of i432 processes, 135 
long-term (see Long-term scheduling) 
short-term (see Short-term scheduling) 
viewed as communication, 146-147 

Scheduling Port AD slot, 149 
Sealed object, 202, 208 
Sealed reference, 203 
Second Port AD, 152 
Second port mechanism. 146, 151, 225 
SeconcLport Object, 156. 157 
Secretary task, 209-210 
Secy_Treas task, 29-31 
Segments. 92-95 

relocation, 93 
Select alternative, 73 
Select statement (see Ada, select statement) 
Selective wait loop, 77 
Selective wait statement, 77 
Semantic model of program structure, 8 
SEND and RECEIVE instructions, appli-

cations for, 153. 158 

SEND instructions, 150-153 
conditional, 154-155 
surrogate, 155-158, 160, 161 

SEND order, 224, 243 
Send rights. 171 
Separate compilation unit. 50 
Separate prefix, 52 
Separate procedure declaration. 50-52 
Server queue, 145 
Server task. 37 

general form, 79 
Service count, 110, 259 
Service period, 110. 147 
SET MODE instruction. 118 
SeLschedulin~parameters operation, 259 
SeLterminaLcharacteristics operation. 

234 
Short-term scheduling. 137. 144, 145 

hardware support. 140 
parameters. 146-147 
viewed as communication, 144 

SIGOPS (Special Interest Group on Oper-
ating Systems), IOn. 

Simple_PorLDef package. 169-172 
Simula class construct. 9 
Single-owner-only rule for PADs, 305 
Software debugging, 119 
Software-defined type rights, 257 
SP (see Stack Pointer) 
Specification part, 21, 53 
Specification stub, 50 
SRO (see Storage Resource Object) 
Stack frames, 110 
Stack Pointer (SP), 118, 124 

entry, 118 
register, 118 

Stack SRO, 106, 272 
allocation strategy, 268 
handling overflow, 282 

Starter task, 22, 29 
StarLtransaction operation, 308, 309 
Static Link AD slot, 115 
StocLMkLInfo: 

on-line connection for, 249-250 
package, 30 

StoclLsummary, 48-50 
StocLTypes_AncLConstants package, 

37, 38, 41, 319 
Storage block specifier, 269 
Storage claim underflow fault, 292 
Storage Resource Objects (SRO), 65, 106, 

108, 109, 268-275 



Storage Resource Objects (SRO) (ConI.): 
global heap (see Global heap SRO) 
stack (see Stack SRO) 
state, 281 
structure of, 268 
three kinds of, 272 
tree(s): controlled by MCO, 292 

logical relationships among nodes, 278 
and matching process trees, 277-281 
physical relationships among nodes, 

278 
structures of, 272 

(See also iMax, SRO_Manager package) 
Surrogate Carriers, 156, 163 

pool of, 172 
Surrogate process, 156, 165 
SURROGATE RECEIVE application, 158 
SURROGATE RECEIVE instruction, 155-

158 
SURROGATE SEND and SURROGATE 

RECEIVE orders, 223 
SURROGATE SEND application, 158 
SURROGATE SEND instruction, 155-158, 

160,161 
Surrogate_PorLDef generic package, 167, 

172-176 
Suspend process operation, 259 
Suspend_ancLresume_rights rights, 257, 

258 
Swapped-out state, 291 
Swapping store, 263 
Symbolic names for objects, 299-300 
Synchronous and asynchronous device in-

terfaces, choosing between, 244-245 
Synchronous device interface, 233-240 

acquisition of, 235-237 
examples of, 237-240 
refinement, 233 

Synchronous I/O call, 231 
Synchronous I/O device interfaces, 235-

237 
Synchronous interface(s), 231 

for use with standard Ada, 244 
Synchronous_IO_Interfaces package, 374-

378 
System crashes, protecting against, 265 
System objects, 96, 184, 196 
System type, 188, 193 

generic, 193 
subfield, 193 

Table of Object Tables, 282 
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Task(s), 22-23 
dynamic creation of, 64, 69-71 
non-server/non-requestor form, 64, 73 
Process Object for representing, 65 
pure requestor form, 64, 73 
pure server form, 64, 73 
server/requestor form, 64 
starter, 22, 29 
static creation of, 64-69 
viewed as machines, 61-64 

Task activation, 65 
Task body, 71-81 

skeletal structure of, 72 
Task elaboration, 64-65 
Task entry call, 65 
Task forms, 64 
Task identifier, 65 
Task roles, 63 
Task spawned, 22, 64 
Task structures [see Task(s)] 
Task type, 69, 71 

new instance of, 71 
TasLMaster and terminal communication, 

247-248 
TasLMaster task, 35-37, 64-66, 69, 71, 

209-211 
TCO (see Type Control Object) 
TCO_AD,191 
TDO (see Type Definition Object) 
TDO_AD, 189, 190 
Terminal operations, 247-249 
Terminal sink, 233 
TerminaLManager package, 236 
TerminaLSink, 237-239, 247 
Terminate alternative, 78 
Terminate statement, 73 
Text_IO package, 31, 244 
Thread of control, 22 
Time slice, 146 
Time slicing, 136 
Top of Descriptor Stack AD, 117 
Top of Storage Stack AD, 116-117 
Trace Event Code, 120 
Trace Information Object, 121 
Trace Mode Data Area, 119-120 
Trace rights, 120 
Tracing, 120 
Transaction(s), 306-308 

performing, 308 
TransactiolLinfo operation, 308 
TransactiolLManager package, 308, 393-

395 



418 Index 

TransforllLinterface application, 239 
TransforllLinterface operation, 233-235 
Transformer package, 24, 297 
Transparent multiprocessing, 7 
Two-space model of memory space, 265 
Type of an object, 96 
Type checking, compile-time and run-time, 

204-207 
Type Control Object (TCO), 190-191, 196-

197 
creation of, 196 
for system objects, 196 
TCO_AD,191 

Type conversion, 204-205 
Type definition mechanism, hardware sup­

port for, 188 
Type Definition Object (TDO), 184, 189-

190, 198-202, 302, 304 
AD,190 
content, 198 

Type dynamic_typed, 204-206 
Type management, hardware support for, 

187-199 
Type manager, 12, 304 

package, how programmed, 200 
Type rights, 187, 192 

field of AD, 192 
Typed Object(s), 184 

passivation decisions and actions, 303-
304 

verifying its type, 202 
Typed_Ports: 

implemented by rendezvous, 174 
package, 166-167, 174, 366-370 
structure of, 167-169 

Type_value attribute, 184 

UID (unique object identifier), 298-299, 
301 

Unchecked copy rights bit in AD, 276 
Unchecke<LConversion generic function, 

206-207 
Unique object identifier (UID), 298-299, 

301 
UNLOCK OBJECT instruction, 192 
Untype<LPorts package, 166 
Update operation, 308, 309 
Use list, 58 

Valid bit of Object Descriptor, 313 
Virtual memory, 265 

facility, 270 
management of, 288-293 

WaiLfoLprocess_termination operation, 
258 

While loop, 52 
Windowing overhead reduction, 223 
With list, 25, 34-35 
Working Storage, 120 
Workstream, computer, 135-137 
Work stream alternative, 147 
Write rights, 97, 192 


