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Queue 
headers Message headers Data area 

Figure 10.17 Messages on a queue showing queue headers, a linked list of 
message headers, and pointers from the message area to a data area. 

sage queue array to locate a possible match, and allocating a new queue struc­
ture if no match is found. The msgctl system call is used to query the status of 
the message queue, set selected status fields, or to remove the queue, when 
needed. The remaining two system calls, msgsnd and msgrcv, are similar; one 
sends and the other receives a message. 

10.11.3 Shared memory 

Shared memory provides IPC capability to processes. It is unique in that it is 
the only IPC method that does not require the data to be communicated 
between processes to be copied. For large chunks of data this is ideal, as it 
eliminates severe performance problems that can arise from large data move­
ments inside the system. Although AIX protects one process from accessing the 
memory space of another process, a common memory space can be made avail­
able among multiple processes using a set of special system calls. Even though 
a shared memory capability allows data sharing under AIX, it remains the 
responsibility of the processes sharing the memory to devise a synchronization 
scheme to serialize access to it. On its own, this IPC facility does not provide 
locks or access control among the processes. Although reading from shared 
memory may be safe, writing to it can result in severe contention problems 
leading to deadlocks if proper care is not taken. A conceptual diagram of how 
shared memory works is given in Fig. 10.18. 



Process 
A 

Shared 
memory 

AIX Process Subsystem Internals 285 

Process 
B 

Figure 10.18 Data movement between two cooperating processes using shared 
memory. 

The system calls for manipulating shared memory are similar to the system 
calls for messages queues. The shmget system call creates a new region of 
shared memory or returns an existing one; the shmat system call logically 
attaches a region to the virtual address space of a process; the shmdt system 
call detaches a region from the virtual address space of a process; and the 
shmctl manipulates various parameters associated with the shared memory. 
Note that the low-level instructions to read/write to shared memory are no dif­
ferent from how processes read from and write to standard memory. 

Access to a shared memory region is gained by invoking the shmget system 
call that searches the shared memory table for a matching key and subse­
quently returns a numeric id. A per-process segment table entry provides 
access to the descriptor associated with the id. The id references entries in the 
kernel's segment information table, which, in turn, describes a segment of 
memory. Under the current implementation of AIX, a process may attach to a 
maximum of ten shared memory segments at any given time. Chapter 11 elab­
orates on the memory segments and explains how a memory of a process is 
divided into sixteen segments of which eight (segments 3 to 10) are always 
available for shared memory and two more (segments 11 and 12) can be made 
available, if needed. 

10.11.4 Semaphores 

Semaphores are a synchronization primitive. Although semaphores are not 
exactly IPC mechanisms, they can be regarded as IPC catalysts, since they 
provide a means to synchronize access to shared resources (most commonly, 
shared memory segments). Semaphores can be used by a variable number of 
unrelated processes. The semaphore facilities found in AIX have their earliest 
root going back to Dijkstra's Dekker algorithm, published in 1968, which 
described an implementation of two atomic operations which incremented and 
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decremented an integer counter, depending on the value. Being atomic in their 
operation, only one of them could succeed at any given time. The semaphores 
in AIX and UNIX are a generalization of Dijkstra's atomic operations, in which 
they are used as flags to prevent cooperating processes from using the same 
resource at the same time. 

The most common use of semaphores is in synchronizing access to shared 
memory segments. A semaphore's value can be 1 when memory is available 
and its value can toggle to 0 when the memory becomes unavailable. A process 
accessing this shared memory is required to check the availability of the 
resource (i.e., when the value is 1) prior to accessing it. Assuming the resource 
is available, the first thing the process does is to decrement the value (to 
ensure that it can retain exclusive access to the resource). After the process has 
finished modifying the shared memory, the last thing it does is to increment 
the value (to allow another process to access the resource). When a 
semaphore's value toggles between 0 and 1, as seen in the preceding example, 
the type of semaphore is ref erred to as a binary semaphore. On the other hand, 
when a semaphore takes up general values (0 or positive) to deal with situa­
tions with more than two participants, it is called a counting semaphore. 

The semaphore-related system calls are similar to the system calls for mes­
sage queues and shared memory. Allocation of and access to semaphores is based 
on possession of a key, so that processes without a common ancestry can coordi­
nate use of the same sets of semaphores. The semget system call creates and 
gains access to a semaphore set associated with the key; the system returns an 
integer that serves as the semaphore identifier (called semid) for the semaphore 
set created. Each semid points to a set of semaphores and a data structure that 
contain information about the semaphores. There is a semop system call which 
performs an atomic set of operations on the semaphores associated with the 
semid. It reads the list of semaphore operations (supplied to semop as a param­
eter), verifies that the semaphore numbers are legal, and ensures that there is 
permission to perform the operations. In case of a violation, the semop request 
fails. The third semaphore-related system call is semctl, and it controls miscel­
laneous operations on the set, such as initialization or removal of a set. The basic 
data structures for semaphores are illustrated in Fig. 10.19. 

Of the IPC mechanisms discussed so far, the message queues, shared mem­
ory, and semaphores are exceedingly similar in their implementation. Each of 
them features an equivalent set of system calls, as shown in Fig. 10.20. 

10.11.5 Sockets 

Sockets are communication channels that enable unrelated processes to 
exchange data locally or over networks. They are invoked using the socket sys­
tem call. Although they can be used for IPC on the local machine, their primary 
use has been for remote communications across hosts. 

Sockets move associated data in accordance with a referenced protocol. They 
make use of underlying drivers to transport information from a process on one 
system to a participating process on the other, as seen in Fig. 10.21. 
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Figure 10.19 Semaphore data structures. 

The kernel structure for a socket consists of a layered implementation. It has 
three layers: a socket layer which provides the interface with the system calls, a 
protocol layer containing the protocol modules for communication, and a device 
layer holding the drivers that control the network devices. Using sockets, pro­
cesses can communicate in a client-server mode: a server process listens to a 
socket from one end of a bidirectional communications path, and client processes 
communicate with the server via another socket on the other end of a communi­
cations path (which may be on a different machine). The internal connections 
and routing of data from client to the server is maintained by the kernel itself. 

10.11.6 Streams 

Streams is an adaptable suite of tools and facilities for development of AIX and 
traditional UNIX system communication services. It supports implementation 
of services ranging from networking protocol suites to device drivers. Streams 
allow one to define standard interfaces for 1/0 within the kernel and between 
the kernel and the rest of the AIX system. The key benefit is that the associa­
tion mechanism is simple and open-ended. A plethora of applications ranging 
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Operations Message queue Semaphore Shared memory 

system calls to create or open msgget semget shmget 

system call for control operations msgctl semctl shmctl 

system calls for IPC operations msgsnd semop sh mat 
msgrcv shmdt 

Figure 10.20 System calls used for message queue, semaphore, and shared memory. 

Data 

from networking protocol suites to device driver specifications are supported 
by this versatile set. 

To describe how streams work, they can be thought of as a full-duplex pro­
cessing and data transferring path between a driver in kernel space and a pro­
cess in user space. It provides a conduit by linking three components together: 
a stream head, a driver, and one or more modules in between. Figure 10.22 
shows the layout of the components. The system calls made by the user-level 
process on a stream are processed by the stream head. The stream head, in 
turn, communicates with the module(s). Modules modify the data representa­
tion and pass the information downstream to the driver, which, in turn, com­
municates with the external interface. 

Streams uses queues as a basic data structure that includes status informa­
tion and pointers for message-processing routines and stream administration. 
Queues are allocated in pairs, one with a lower address for read-side 
(upstream) and the other for write-side (downstream). Each driver, module, 
and the stream head are assigned a pair of queues, as a module is added to the 
stream. Data is passed between the driver, stream head, and modules in sets 
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Figure 10.21 Socket. 
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Figure 10.22 Structure of a simple stream. 

of data structures, called messages. A streams message consists of one or more 
message blocks, each forming a triplet consisting of a header, a data block, and 
a data buffer. Within a stream, messages are distinguished by a type indicator. 
Some message types sent upstream may induce specific action by the stream 
head, such as sending a signal to the user process, while others carry informa­
tion only within the stream. 

The basic operation of a streams driver is similar to that of a traditional 1/0 
driver. It consists of multiple associated nodes accessed by using an open system 
call. Typically, each file system node corresponds to a separate minor device for 
that driver. If one minor device is opened multiple times, subsequent open calls 
return a file descriptor referencing the stream. Processes sharing the same 
minor device share the same stream to the device driver. A user process sends 
data to the device using a write system call, and receives data from the device 
using a read system call once the device is open. These calls are compatible with 
the traditional character of the 1/0 mechanism. A close system call closes the 
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driver and dismantles the associated streams once the last open reference to the 
stream is completed. The rate of message transfer between modules, drivers, 
stream head, and the processes is controlled by a mechanism called fiow con­
trol. It is a local and voluntary process to each stream that limits the number of 
characters that can be queued for processing. This, in turn, limits buffer and 
related processing at any queue. If the stream exercises flow control on the user, 
the write call blocks until flow control is relinquished, and does not return until 
count bytes are sent to the device. Then exit is called to finish the user process, 
close open files, and dismantle the stream, if appropriate. 

The benefit of streams is that it provides a flexible, reusable, and portable 
set of tools for development. It standardizes service interfaces that are gov­
erned by a set of protocols. It creates data communication service modules and 
provides the capability to manipulate modules from user level. This allows 
interchange of modules with common service interfaces and changes the ser­
vice interface to a streams user process. Thus, user-level programs, network 
architectures, and higher-level protocols can be independent of underlying pro­
tocols and physical communication media. Further, higher-level services can 
be created by selecting and connecting lower-level services and protocols. The 
same protocol module can be used with different drivers on different machines 
by implementing compatible service interfaces. From a user's perspective, 
modules can be dynamically selected and interconnected without the hassle of 
kernel programming, assembly, or linking. 

10.12 SUMMARY 

An understanding of the concept of a program or process is only complete when 
one is able to understand not only the structure of a process but also the allied 
data structures in the user's and the kernel's world. The process life cycle 
under AIX is no different than traditional UNIX systems, but it is the presence 
of advanced context switching mechanisms, priority queue handling, and a 
preemptable kernel that makes the AIX process different in terms of process 
subsystem internals. 

The basics of UNIX process management concepts have been kept concise 
here, as that material can be found in any of the numerous textbooks on the 
UNIX operating system. Concepts that highlight the unique capabilities of the 
operating system in areas such as support for real-time computing, threads 
(also called pthreads), and support for multiprocessor platforms have been 
emphasized in this discussion. 



Chapter 

11 

AIX File, Memory, 
and 1/0 Subsystem Internals 

This chapter provides a tour of the 1/0 subsystem of AIX. Internal data struc­
tures related to file, 1/0, and memory are explained in light of their functions, 
features, and benefits. The discussion begins with a design overview of the file 
system and is followed by a detailed description of the logical file system, phys­
ical file system, mapped files, and journaled file system. The virtmµ memory 
subsystem is discussed next, with regard to its page replacement, memory load 
control, and code pinning policies. Finally, a description of the 110 management 
and its key features is presented from a systems point of view. 

11.1 AIX FILE SYSTEM 

The AIX file system can be described through a logical view of the file layout, 
as well as through a physical view of the file organization. The logical perspec­
tive is referred to as the logical file system, and the physical view of the file lay­
out is called AIX's physical file system. The logical file system includes the 
traditional inverted tree structure as seen on all UNIX systems. Directories, 
links, etc. are all considered a part of the logical file system. Three different file 
system types are supported by AIX: 

• Journaled file system 

• Network file system 

• CD-ROM file system 
291 
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The journaled file system specifies the native AIX file system. The network 
file system specifies the file system type that permits files residing on remote 
machines to be accessed as though they resided on a local machine. The CD­
ROM file system allows the contents of a CD-ROM to be accessed through the 
normal file system interface (such as open, read, and close). 

11.1.1 Physical file system 

The physical file system maintains the system's perspective of the devices. To 
interface the logical file system with the physical file system, an intermediate 
layer of abstraction is introduced, which is the virtual file system. Because of 
this abstraction, AIX is able to support foreign file and file system types. Fig­
ure 11.1 illustrates the interfacing role of the virtual file system. The virtual 
file system permits user processes to access files using a universal system call 
interface, regardless of the location or the type of the file. Figure 11.2 demon­
strates how the presence of a virtual file system changes the "standard UNIX" 
access to a file. 

Virtual 
file system 

OLJ 
Figure 11.1 Virtual file system. 

Logical 
file system 

Physical 
file systems or 
remote 
file systems 
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Figure 11.2 Virtual file system permitting 
generalization for file access. 

Access to a file begins with one of the user file descriptors pointing to the file 
table, and the file table, in turn, pointing to the vnodes. The vnode references 
an affiliated gnode in the in-core inode table and also points to a structure 
called vfs that describes the mount (for example I home or I usr) that supports 
the file in question. This vfs structure has a reference pointing to a data struc­
ture called gfs, which describes the type of the file system, and another refer­
ence pointing back to the directory vnode upon which it is mounted. The gfs 
structure states whether the file system in question is a journaled file system, 
a network file system, or a CD-ROM file system. Depending on which file sys­
tem type is being pointed to, the gfs structure indexes into two structures: a 
structure called vfsops that determines the set of operations apropos to this file 
system (such as mount, unmount, sync, etc.), and a structure named vnodeops 
that describes a set of functions (such as link, mkdir, mknod) that can be per­
formed on vnodes from this file system. Figure 11.3 represents the tour 
through the tables and structures that completes the picture. 

11.1.2 Memory mapped files 

When one opens a normal file under AIX to read from, write to, or append to, 
the file is automatically mapped to memory to provide what are called mapped 
files. That is, normal file access under AIX bypasses the buffer cache subsys­
tem that traditional UNIX systems use. By having files mapped to the system 
memory, the cost for a read-from or write-to a file is diminished to merely the 
cost for a memory write. This greatly enhances 1/0 performance. Although, 
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Figure 11.3 VFS data structures. 
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upon being opened, files get mapped implicitly by default, explicit mapping can 
also be requested using a set of special purpose system calls. 

There are two system calls, mmap and shmat, that provide the capability for 
multiple processes to map the same region of an object such that they share 
addressability to that object. As far as choosing one over the other, the shmat 
call is used when there are a few files to be mapped simultaneously to their 
entirety and memory regions need to be shared among unrelated processes. 
The mmap call, on the other hand, is used when many files are to be mapped 
simultaneously, portability of the application is vital across other UNIX plat­
forms, and there is a need to map a portion of the file. 

If mapped explicitly, the file is accessed by address rather than by read 
and/or write system calls. There could be a performance tradeoff here; while 
explicitly mapped files save on the overhead cost of the read I write system 
calls, they lose the benefit of the system write-behind feature. 

11.2 JOURNALED FILE SYSTEM 

Traditional UNIX systems could not guarantee recovery from a crash without 
loss of files. The method of recovery depended excessively on utilities and the 
savvy of the system administrator. AIX does away with the UNIX-like way of 
storing and recovering information by implementing a persistent storage man­
agement scheme. The mechanisms implemented by AIX in this area are radi­
cally different from those in traditional UNIX systems. AIX implements a level 
of abstraction on top of the physical media called logical volume. This logical 
volume not only enhances the reliability of the files in the file systems but also 
eradicates the limitations of static file system size. 

11.2.1 Logical volume manager 

The logical volume manager (referred to as LVM from here on) is a paradigm 
that addresses the concept of virtual disks (called logical volumes) to address 
the evolving need of the storage subsystem. The LVM provides a layer of 
abstraction between the logical partition perceived by the users and the actual 
physical partition viewed by the operating system (refer to Fig. 11.4). LVM con­
sists of two major subsystems: 

• LVM subroutines 

• Logical volume device driver (LVDD) 

The LVM subroutines can be accessed through the logical volume data struc­
tures and the logical volume device driver configuration routines, as seen in 
Fig. 11.5. The logical volume device driver interface is at a higher level than 
that of a physical device and allows an abstraction of device-specific dependen­
cies (refer to Fig. 11.6 for viewing the interface layout). 

The principal benefit of implementing the LVM paradigm is that it allows 
the extension of files, file systems, and raw partitions to multiple physical 
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Figure 11.4 Abstraction oflogical and physical partitions using the LVM. 
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Figure 11.6 Logical volume device driver interface. 

media, without modification to the existing system or application software. 
Since the logical volume is an abstraction, it can be made larger than the 
underlying physical volumes. Logical volumes can also be mirrored on multiple 
physical volumes to improve performance for data access and provide a greater 
reliability for sensitive data sets. The LVM supports transparent software bad­
sector remapping, which means that it has the ability to detect and relocate 
bad sectors autonomously. The size of a logical volume can be increased 
dynamically on a running system without impacting logged-on users. The only 
thing a user notices is that, before increasing the logical volume size, the file 



298 Software 

system is fuller than it is after the resizing operation. The access to logical vol­
mnes is transparent with no alteration to the interface through which users 
and system administrators communicate with the AIX file system. 

Before delving into the details of the LVM, there are some terms that need 
explaining. 

• Physical volume. Physical volume (PV) refers to a physical disk. 

• Logical volume. The term logical volume (LV) refers to a logically grouped 
area. This area appears as if it were a device to the applications, and as a 
disk to the users. A logical volume, in actuality, is simply a mapping to areas 
of physical volume(s). Since a logical volume can map to multiple physical 
volumes, its size can be larger than any one physical volume. The most com­
mon use of a logical volmne is for a file system. 

• Volume group. As the name suggests, a volume group (VG) is a collection of 
physical volumes. A volmne group may contain different disk types. 

• Physical partition. For the LVM, a physical partition (PP) is the smallest 
unit of disk space allocation. 

• Logical partition. A single logical partition (LP) points to one or more phys­
ical partitions 

Figure 11. 7 maps the newly introduced terms to an illustration to further 
explain the positioning each of these components. As shown, the physical vol­
ume is the primary system storage device. The information pertinent to the 
physical volume and the volume group to which it belongs are organized within 
selected data areas within the physical volume. The areas are referred to as 
the physical volume reserved area and the volume group reserved area. LVM 
uses the information stored in these reserved areas to orchestrate its tasks. 
Note that the size of these areas needed to describe a physical volume may 
vary from system to system, since its description depends upon the nmnber of 
physical volumes and logical volumes constituting the storage space. Following 
the contents of these two essential reserved areas, a small fraction of the space 
is used to store the bad sector relocation pool. The remainder of the space on 
the physical volmne stores the user data. Figure 11.8 shows the organization of 
the data area, bad-sector relocation pool, volume group reserved area, and 
physical volmne reserved area on a physical volume. 

The LVM acts as a device driver. It receives requests like open, read, write, 
ioctl, and close, and performs the necessary tasks to complete the operations. 
For example, a read call to a logical volume is converted to the appropriate 
operation on physical volmnes, and is subsequently passed to the physical 
device driver. The LVM synchronizes the 1/0 and, in turn, responds to the ini­
tial logical request for that read operation. 

In general, applications use the logical volume device nodes as a "normal 
device" and access it using standard read, write, and ioctl system calls. The 
flow of block as well as character (raw) 1/0 are handled by the LVDD's strategy 
routine. The driver strategy entry point then translates the logical address to a 
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Figure 11.7 Mapping of physical and logical volumes. 

physical address (handling bad-sector relocation and mirroring) and calls the 
appropriate physical disk device drivers. Once the 1/0 has completed, the phys­
ical device driver calls a routine named biodone, which, in turn, invokes the LV 
110 completion handling routine. Once this has been completed, biodone is 
called upon again to notify the requester that the 1/0 is now completed. 

Like any regular device driver, the LVM driver is split into two parts, the top 
half and the bottom half. The top half contains the open, close, read, write, and 
ioctl entry points. The bottom half contains the strategy entry point-block 
read and write code. 

The code in the top half of the LVM device driver runs in the context of a user 
process address space. When commands like ioctl are used to manipulate a vol-
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Figure 11.8 Physical volume organization. 

ume group and its associated logical and physical volumes, the ioctl call passes 
through an entry point called lv_ioctl (an abstraction for the logical volume 
layer) A complete set of I/O entry point routines like this one is provided. The 
entry points are: 

lv_open 

lv_close 

lv_read 

lv_write 

lv_ioctl 

Called by the file system when a device is opened or a logical volume is 
mounted 

Called by the file system when a logical volume is unmounted or 
when the last close has occurred on the open file corresponding to 
the device 

Called by the read system call to translate character 1/0 to block 1/0 
requests 

Called by the write system call to translate character 1/0 to block 1/0 
requests 

Serves as an entry point for the ioctl call and also implements most of 
the driver programming interface 

The bottom half of the LVM device driver features several layers, including 
the device strategy entry point. This strategy routine is a code that is called to 
process all logical block requests. This part of the LVM, the bottom half, vali­
dates I/O requests, translates logical addresses to physical addresses, handles 
mirroring and bad-sector relocation, and actually starts the I/O. Unlike the top 
half of the LVM device driver, this part runs in the interrupt context and is not 
permitted to block. 
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The different layers of the bottom half of the LVM device driver are: 

• Strategy. Performs logical request validation, initialization, termination, 
and serialization oflogical requests (when block ranges overlap). 

• Mirror consistency manager. Ensures integrity of the mirrored data (i.e., if 
mirroring is enabled on the system). 

• Scheduler. Schedules physical requests for logical operations. 

• Status area manager. Tracks availability of physical volumes and the state 
of physical extents. 

11.2.2 Disk mirroring 

Mirroring refers to the replication of data stored in a logical block. The LVM 
controls mirroring through the use of ioctl system call, as seen in Fig. 11.9. AIX 
can be singly mirrored, i.e., configured to maintain two copies of a data. Ifthere 

Logical view 

Physical view 

Physical volumes 

Figure 11.9 Disk mirroring (singly mirrored). 

Logical partitions 

Physical partitions 
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are three copies, then data is said to be doubly mirrored. As implied from its 
definition, mirroring, if enabled, requires double the disk space (at a mini­
mum) for the mirrored data. This feature remains disabled by default. If 
required, mirroring may be enabled using the smit tool. Data may be mirrored 
for high availability or for higher performance. 

Mirroring for high availability is done to deal with situations when or if data 
becomes unavailable owing to media defects, a catastrophic drive failure, con­
troller malfunction, etc. By mirroring data, the LVM is able to transparently 
recover from the loss of one copy of the data. When access to one copy of data is 
denied, the LVM redirects 1/0 intended for the missing data to the secondary 
or tertiary copy. Although this is a very useful feature for handling critical 
data, careful planning is a prerequisite when setting up the volume group for 
mirroring. Consider an example, where a configuration of two physical vol­
umes is being used with a file system that has been singly mirrored for a total 
of two separate copies of the file system. If the two copies of the file system are 
housed on separate disks, then one disk's failure would still mean retaining 
access to an alternate copy of the data. But had only one disk maintained both 
physical volumes, a disk failure would have resulted in a complete loss of data, 
thereby defeating the purpose of mirroring for high availability. 

Mirroring for higher performance is carried out if there are data blocks that 
are subjected to intensive 1/0, primarily owing to excessively frequent read 
operations. Having multiple copies of a data block which can be accessed in 
parallel by concurrent read requests renders quicker data access than one 
without disk mirroring. If implemented, the mirrored copies should be dis­
tributed across multiple physical disks for optimal performance. On systems 
equipped with sufficient hard drives and disk space to spread the mirrored 
blocks, performance for read access is achieved by the system by scheduling to 
access the copy of the mirrored block that costs the least to retrieve. For write 
operations, copies of a mirrored block get scheduled to be written whenever 
feasible, meaning that the block is not considered written until the last copy of 
its associated mirrored block has been updated. Usually the total time 
required to write the copies of a mirrored block approximates the time it takes 
to write the slowest copy of a mirrored block. Note that lack of careful configu­
ration planning to ensure proper distribution of mirror copies across disjoint 
physical disks can result in performance degradation instead of performance 
enhancement. In conclusion, mirroring is not always the best way to achieve 
high performance. Its gain is significant when data is mirrored for the pur­
poses of frequent read access, rather than for frequent write access. 

11.2.3 Bad block relocation 

This is another configurable feature that can be enabled or disabled based on 
the need. There are two kinds of errors that may be encountered by the LVM: 
(1) soft errors and (2) hard errors. Based on the type of error encountered, the 
LVM takes the appropriate actions. 

When the LVM detects a soft (correctable) read error, it attempts to rewrite 
the data, with write verification to the physical drive, potentially correcting 
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the error. Either of two things can happen. If there is no support for write ver­
ification on the disk drive and the LVM rewrite fails, the soft error gets treated 
as a hard error. On the other hand, ifthe disk drive supports write verification, 
the read succeeds; this is followed by the LVM performing a write operation to 
the relocated area and relocating the sector. 

When the LVM detects a hard (uncorrectable) error, it relocates the sector. 
The operation is performed using a pool of data sectors that is maintained for 
this purpose. All subsequent I/O is then directed to the new sector. If the data 
is mirrored, then LVM redirects the failed read to another copy of the data and 
subsequently relocates and rewrites the relocated bad sector. When no mirror­
ing of the data is available, the LVM returns an error. Later, when the sector is 
updated, it gets relocated and is again capable of storing data. 

11.3 MEMORY SUBSYSTEM 

The memory subsystem internals of AIX is one of the areas that differs funda­
mentally from traditional UNIX operating systems. The memory management 
scheme of the operating system was rearchitected to make the best use of the 
processor's architectural features. In regard to the storage space, there are 
three fundamental objects that form the infrastructure of the memory subsys­
tem: (1) real memory, (2) virtual memory, and (3) disk space. The real memory 
frames and the virtual memory pages are divided up into basic units, each of 
which is 4 KB in size. The disk space is also partitioned into basic units called 
blocks, each of which is 4 KB. 

real memory~ frames (each 4 KB in size) 

virtual memory ~ pages (each 4 KB in size) 

page space ~ blocks (each 4 KB in size) 

From the system's perspective, virtual memory encompasses both real mem­
ory and disk (the file system and the paging space). A virtual memory address 
may point to a page on disk or to a page in real memory, depending on whether 
the reference is being made to an active or an inactive portion of the program. 
A road map of the general page mapping concept is illustrated in Fig. 11.10, 
where a virtual page number from the virtual address space indexes into a 
table called the external page table (XPT) to resolve whether to go to the pag­
ing area or to go to the real memory. If the address is meant for the paging 
space, then it directly points to the location on the paging space. But if the 
address were to point to the real memory, it must derive its real page number 
prior to accessing the real memory. This real page number is generated from a 
structure called the page frame table (PFT). 

11.3.1 Memory addressability 

As far as addressability goes, the AIX kernel, in conjunction with the processor, 
provides a per-process address space of 4 GB (232) and a total system address 
space of 4 PB (252). Note that the upper limit on real memory supported by the 
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Figure 11.10 Road map of the general page mapping mechanism. 

32-bit implementation of the POWER and PowerPC architectures is 4 GB, 
whereas the upper limit on real memory supported by the 64-bit implementa­
tion of the Power PC architecture is 16 EB. Think about the total systemwide 
virtual address space consisting of 252 bytes that is divided into approximately 
224 segments for a 32-bit implementation. In the future, when AIX offers a 
64-bit implementation, the total systemwide virtual address space will consist 
of 280 bytes that is divided into 252 segments. To understand the hardware 
architectural dependencies on memory addressability, refer to Sec. 3.3.3.4 and 
Fig. 3.8. 

11.3.2 Segmented memory 

Associated with each process is an array that holds the addresses of 16 seg­
ments, which happen to be the range of virtual memory addressable by that 
process. For a running process, its array containing the addresses of the 16 seg­
ments addressable by the process itself are held in the 16 segment registers. 
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Figure 11.11 Segmented memory. 

Access to segments is regulated by the mode (i.e., kernel mode versus user 
mode) in which the process is serving at that instant. For kernel processes, this 
is not a problem, as they always run in kernel mode. But processes executing 
in user mode have access to a limited number of segments; they have 
read/write access to segment 2 and any shared data segments that the process 
may have attached, and read access to segments 1 and 13. The remaining seg­
ments cannot be accessed by user-mode processes directly.* This description of 
the process address space is better understood with the help of a diagram; the 
layout of the segments is illustrated in Fig. 11.11. 

From the kernel's perspective, text and data in segments 0 and 11 through 
15 serve all processes, while the other segments are process-specific. Segment 
0 houses the text and data for the base kernel along with kernel extensions (if 
any). Segments 1and2 are private for each process and remain protected from 
being accessed by other processes. Segments 3 through 10 are shared data seg­
ments and can be used to hold explicitly mapped files, or as shared memory for 
processes that have requested access via a shared memory system call (refer to 
Sec. 11.1.2). Segments 11 and 12 are used to manage the kernel structures 
used by the virtual memory manager (VMM). Segment 13 is the shared text 
segment and holds text loaded from shared objects, such as libc.a. Segment 14 
serves as the kernel data segment, which holds kernel structures, data, and, 
most important of all, the proc table. Last, segment 15 is reserved for I/O 

* In order to access an area other than what is referenced by segments 1, 2, 13, and shared data 
segments (if attached), a user process has to either be in kernel mode or access an address in the 
virtual memory address space indirectly by opening a pseudodevice called kmem, located in the 
I dev directory. 
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addresses. Figure 11.12 is a graphical depiction of where each of the sixteen 
segments points to. 

Segments which point to additional data structures require some more 
explanation. Segment 0, which contains the kernel text and data, includes the 
heap and its allied control structures. Segment 1 contains the user process 
text-i.e., the code. Segment 2 is the process private segment and it includes 
the initialized data, uninitialized data (bss), user heap, user stack, system call 
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Figure 11.12 Segmented memory of the AIX kernel. 
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error code variable errno, *kernel mode stack (used by auto variables in kernel 
extensions), user block, and kernel mode heap. Segment 11 is allocated for use 
by the VMM to refer to kernel structures such as the page frame table, hash 
anchor table, page device table, and segment control block. The page frame 
table (PFT) is a structure that is allocated at boot time with one entry for each 
frame of physical memory. This PFT is referenced whenever the cache and the 
TLBt has failed to provide a real address. The PFT is actually two parallel non­
pageable tables with a hash anchor table to hold the hashed list of pages and 
to refer back to a segment information table. This segment information table 
contains entries (each of which is called a segment control block) to describe 
each segment in the system. The different kinds of segments recognized by the 
VMM are discussed later in this section. 

Continuing with the description of subsequent segments, segment 12 is allo­
cated for use by the VMM to reference the page table area containing the exter­
nal page table and area page map. The external page table (XPT) is a collection 
of structures that is used to construct an external page table for every working 
segment by having each of its entries describe the location of that page, pri­
marily pointing out whether the page in question is in real memory or on the 
paging space. References made by the remaining segments are straightfor­
ward and has been discussed in the previous paragraph. 

11.3.3 Virtual memory management 

As described earlier, virtual memory segments are partitioned into fixed-size 
units called pages. Each page's size is 4 KB. A page can be in real memory or 
on disk until needed. Similarly, real memory is divided into fixed-sized units 
called page frames. The role of the virtual memory manager (VMM) is to man­
age the allocation of real memory page frames and to resolve process refer­
ences to virtual memory pages that are not currently in real memory. Figure 
11.13 shows how a 4-bit index into the segment registers is used and a page off­
set into the virtual segment table is derived from an effective address, to access 
an element. 

There are several subcomponents within the VMM. They are: 

• Segment manager 

• Virtual page manager 

• Page frame manager 

• Page fault handler 

• Persistent storage manager 

* It is a global variable that holds an error code to indicate why a system call failed. 

t TLB is an acronym for translation lookaside buffer, a hardware structure which is responsible 
for translating virtual page numbers to real page numbers. 



308 Software 

Segment 
index Virtual page offset 

Effective address 

Byte offset 

4-bit 1 16-bit 12-bit 

I 
ByteO I 

I PageO I 
I Byte 1 

I 
I 

0 Page 1 I 
I 

I 
I 

I 
I 

' 
I 

~ n ' I 

' I 
' ' I 

' ' I L+l Byten ' ', I 
' ' ' 

15 
',~ Pagen 

' 
' Segment ' ' register ' ' ' ' ' Page 65535 ' ' ' Byte 4095 

' Virtual se gm ent ' 
Figure 11.13 Accessing an element in virtual memory using the 16 segment 
registers, virtual segment, and byte offset. 

The segment manager provides functions to create, modify, copy, and destroy 
virtual memory segments. The virtual page manager manages the mapping of 
virtual memory pages to disk slots on external storage. The page frame man­
ager orchestrates the allocation and deallocation of physical memory page 
frames to virtual pages, and the lists of free page frames, mapped page frames, 
and page frames in use, for I/O operations. The page fault handler is responsi­
ble for handling the page faults which occur when a referenced virtual address 
is not mapped within the PFT. The persistent storage manager providesa­
tabase memory, transaction processing, locking, and logging services for the 
physical file system. 

The VMM distinguishes between types of segments based upon the function 
performed by them and the way they are backed to external storage when 
paging occurs. There are three kinds of segments that are recognized by the 
VMM: 
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Figure 11.14 Different segment types supported by AIX. 

• Working storage segments. These include dynamically allocated structures 
and variables, and copy-on-write mapped pages* that do not have a perma­
nent backing storage. 

• Persistent storage segments. AIX accesses all files as mapped files. This 
means that program and/or file access begins with a few initial pages getting 
copied into virtual storage segments. Subsequent pages are "page-faulted in" 
on demand. 

• Client segments. This type of segment includes pages that are brought in 
via NFS or any other type of remote file system. 

Figure 11.14 shows the different segment types supported by AIX. 

11.3.4 Page replacement 

The VMM maintains a list of free page frames that it uses to accommodate 
pages that must be brought into memory. Unless a virtual memory page is 
pinned, it may become paged out when extra memory frames are needed. In a 
memory-constrained environment, the VMM occasionally replenishes the free 
list (number of empty page frames in memory) by removing some of the current 
data from real memory, effectively "stealing" the real memory frames. The vir-

* Mapped files may be read-only, read-write, or copy-on-write. The phrase "copy-on-write" refers 
to the fact that any changes made to the data are stored in the paging area and not written back 
to the original file. Only an {sync system call will cause the pages to be written back to disk. 
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tual memory pages, whose page frames are to be stolen, are selected using an 
algorithm called the page replacement algorithm. 

The page replacement algorithm is governed by two key artifacts. The first 
one is the use of repaging statistics. A repage fault differs from a new page 
fault in the sense that the page in question, which is known to have been ref­
erenced recently, is referenced again and is not found in memory because the 
page has been replaced since it was last accessed. A perfect page replacement 
scheme would eliminate repage faults entirely (excluding memory-size con­
straints) by always stealing frames from pages that are not going to be refer­
enced again. This is not feasible to implement, as it requires knowledge of 
future page references. However, it is possible to reduce the effect of the repag­
ing phenomenon by using statistics of its past behavior. The second criterion 
used is the distinction between computational memory and file memory among 
the memory-resident pages. A computational memory differs from file memory 
in the sense that the former consists of the pages belonging to working storage 
segments or program text segments and the latter consists of the remaining 
pages. 

The technique used to select pages to be replaced is based on one of the 
generic page replacement algorithms known as the clock hand algorithm. It 
makes use of a referenced bit for each page to determine what pages have been 
used, or referenced recently. When the page replacement routine is invoked, it 
cycles through the page frame table, examining each page's referenced bit. If a 
page is found unreferenced and is replaceable, it is placed on the free list. If a 
selected page is found modified since it was last written to the disk (file system 
space or the page space), the page is written out prior to being placed on the 
free list. If a page was referenced, it is not selected for page out; instead, its ref­
erence bit is reset. Additional intelligence, added to the page replacement pol­
icy under ADC, ensures that the computational pages get fair treatment. What 
this means is that, if a huge data file was to be read into memory sequentially, 
it ought not to page out text pages which are likely to be reused soon. The 
VMM attempts to keep the size of the free list around a fixed range. If page 
faults or system demands cause the free list size to fall below the low thresh­
old, the page replacement algorithm frees up enough pages to make the free 
list larger than the high threshold, thus maintaining a consistent size for the 
free list. 

11.3.5 Memory load control 

When a process references virtual memory pages that are on disk, the refer­
enced page must be paged in. This creates 1/0 traffic and delay. If the main 
memory is fully occupied and there aren't any free pages left, thrashing may 
happen. Thrashing is the result of incessant I/O to the paging disk, wherein 
processes encounter page faults almost as soon as they are dispatched. To erad­
icate this phenomenon, a load control algorithm is implemented that detects 
when the system is beginning to thrash, and consequently suspends active pro-
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cesses (by putting them to sleep and freeing up all the memory they are using) 
until the system has recovered from thrashing. 

This load control feature is settable as well as tunable. This means that one 
can disable the memory load control feature of the operating system if no sus­
pension of active processes owing to detection of thrashing is desired, or if com­
patibility with earlier versions of AIX, which lacked this load control feature, 
is needed. As far as tuning goes, the memory load control feature can be fine­
tuned to best meet the requirements of an individual system and its workload. 

The memory load control mechanism works by attempting to determine if 
there is a scarcity of memory frames for the set of active processes on the sys­
tem. This inference is made by the scheduler once every second. Based on an 
analysis of the previous second's snapshot, the scheduler determines if pro­
cesses are to be suspended or activated. lfit is to suspend processes, the nom­
inated processes are marked up and are consequently suspended at the 
earliest opportunity that the system gets to have the processes in user mode. 

11.3.6 Code pinning 

When code and data associated with a device driver is pinned in real memory­
that is, it is exempt from being paged out to disk-response time for that device 
improves dramatically, as there is no time lost to page faults. If not used prop­
erly, pinning can result in serious performance problems on the system 
throughput. 

11.4 1/0 SUBSYSTEM 

1/0 management under AIX has two characteristic traits, namely an asyn­
chronous 1/0 facility and a page-hiding property. Other functionalities are no 
different than on traditional UNIX systems. 

11.4.1 Asynchronous 1/0 

The term synchronous I I 0 alludes to the notion that 1/0 occurs while one waits 
for it to complete. In contrast, asynchronous 1/0 does not cause applications to 
wait. This, in general, improves performance, since the 1/0 operations and the 
applications can both progress at the same time. Transaction-processing appli­
cations like databases are able to take generous advantage of this feature for 
performing overlapped compute tasks and 1/0. 

This facility is an implementation of the POSIX Asynchronous Input and 
Output Interface 1003.4 document. The functions provided by the asyn­
chronous 1/0 facilities are (1) nonblocking 1/0, (2) cancellation of 1/0 requests, 
and (3) notification of 1/0 event completions. The nonblocking 1/0 facility 
allows the applications to proceed with their execution without being blocked; 
it does so, by queuing the requests and allowing the application to continue 
execution. Cancellation of 1/0 requests works only if the request is still in the 
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queue and its 110 operations have not yet started. Notification of 1/0 event 
completions are handled by either having the application poll for the status of 
that 1/0 operation periodically, or by sending an asynchronous notification sta­
tus to the application. 

Multiple asynchronous 1/0 requests may be issued on the same device by one 
or more applications. But remember that, since the operations are performed 
asynchronously, the order in which the 1/0 calls are handled may not be the 
order in which they were issued. 

11.4.2 1/0 pacing 

Interactive processes on the system occasionally suffer from long response 
times when used in environments with heavy 1/0 on a moderately loaded sys­
tem. Although this is quite normal in multiuser time-sliced environments, the 
interactive applications in particular are noticed by the user community. The 
reason for this symptom should be evident: it has to do with pending 1/0 
requests being the bottleneck. I I 0 pacing is a feature of the memory manager 
that can put an upper limit on the number of 1/0 requests that can be out­
standing against a file at any given time. When this limit is exceeded, the pro­
cess with pending 1/0 requests is suspended (by putting it to sleep) long 
enough so that the outstanding requests can be processed and a lower thresh­
old level is reached. In traditional UNIX systems, including previous releases 
of AIX, users occasionally encountered a multiple-second delay when another 
application was performing a large number of writes to disk. As most writes 
are asynchronous, long queues can build up, which cause several seconds 
worth of delay. The disk 1/0 pacing feature eliminates this problem. However, 
there may be instances with real-time computing requirements where this fea­
ture can hurt processes performing intensive 1/0. Keeping in mind the diverse 
requirements for response time, this feature has been made a selectable option 
rather than hard-coded. 

By default, pacing remains disabled. One may enable pacing in AIX using 
smit and specifying the number of pages for upper and lower limits to suitable 
values, if large 1/0-intensive jobs on the system inhibit interactive response 
time. 

11.5 DEVICE SUBSYSTEM 

The device 1/0 subsystem allows a process to communicate with devices such 
as disks, tapes, terminals, printers, and networks. Its low-level modules, which 
actually control these devices, are referred to as device drivers. In its simplest 
form, a device driver moves data between hardware devices and user applica­
tions, where the user applications supply and consume information. In gen­
eral, there is a one-to-one correspondence between device drivers and device 
types: systems may contain one disk driver to control all disk drives, one ter­
minal driver to control all terminals, etc. But note that installations that have 
devices from more than one manufacturer-for example, two brands of 4-mm 
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tape drives-may treat the devices as two different device types and have two 
separate drivers, because such devices may require different command 
sequences to operate properly. The system also supports software devices that 
have no associated physical device. For instance, the kernel treats the physical 
memory as a device to allow a process access to physical memory outside its 
address space, even though memory is not a physical device. 

11.5.1 Device drivers overview 

Device drivers run in a privileged state as kernel extensions. This implicitly 
indicates that device drivers have access to a number of functions or services 
that are not available to normal application programs. 

11.5.2 Major and minor numbers 

Devices are identified in the kernel through major and minor numbers. Usu­
ally a major number identifies a particular device driver. A minor number 
identifies various device instances known to the device driver. Note that a 
device driver may be assigned multiple major numbers. Also, minor numbers 
can be used to identify different modes of operation for a device as well as dif­
ferent device instances. 

11.5.3 Character and block device drivers 

There are two types of devices: block devices and character devices. Devices 
such as disk that appear like random-access storage are denoted as block 
devices, whereas devices like terminals and network interfaces are referred to 
as character (or raw) devices. Note that those which act as block devices may 
have a separate character device interface, too. 

11.5.4 Device switch table 

The kernel-to-driver interface is described by a structure called the device 
switch table. Each device type has entries in that table that direct the kernel to 
the appropriate driver interfaces for the system calls. 

11.5.5 Device head and device handler 

A device driver consists of a device head and a device handler. A device head is 
the portion of a driver that provides interfaces to application programs 
through the standard open, close, read, write, and related system calls. The 
device head accepts 1/0 requests from application programs and communicates 
them to a device handler. The interface between application programs and a 
device head is rigidly defined by the kernel. Its prime functions are converting 
requests from the form of a file 1/0 function call to a form that is recognizable 
by the device handler, performing 1/0 blocking and data buffering, handling 
error recovery, and managing the 1/0 request queues. 
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Device handler is the portion of a device driver that communicates with the 
actual device and/or adapter. It takes requests from a device head and imple­
ments the requests on actual hardware. It should be noted that the interface 
between a device head and a device handler is not defined, though the operat­
ing system provides a large number of primitives to assist in constructing an 
interface. The details are always device-driver-specific, and are mostly left up 
to the preference of the device driver author. 

Device driver routines providing support for physical devices typically run in 
two different types of environments. The top half of the driver always runs in 
the environment of the calling process. This is normally pageable. The bottom 
part of the device driver runs in the process or interrupt environment. This 
performs the actual 1/0 and needs to be pinned so that page faults are not 
taken in the interrupt execution environment. 

11.6 OBJECT DATA MANAGER 

ODM (object data manager) is an object-oriented database. It is sort oflike an 
unsung hero, as it maintains all the metadata on a running system in the back­
ground at all times, but no one directly sees its contribution. 

The ODM fully supports the concepts of object classes and objects. An object 
class is a group of objects with the same definition. An object, a member of a 
defined object class, is an entity that needs storage and management of data. 
In fact, an object class is conceptually similar to an array of structures, with 
each object being a structure that is an element of the array. A given object 
class is also associated with a set of descriptor(s). These descriptors take up 
values when the object is added to an object class. 

Although ODM's configuration information in its entirety is complex, it can 
be viewed as a set of predefined and customized information. The predefined 
information pertains to all the possible devices (and their default configura­
tions) that AIX supports, while the customized information includes the 
actually installed devices along with their current configurations. In other 
words, the predefined object class defines what can be there, while the cus­
tomized object class describes what is actually there. Unlike traditional 
UNIX, AIX categorizes devices hierarchically, allowing for structured device 
management. Not only are similar devices clustered under the same func­
tional class, but their dependencies with allied devices are also mapped out. 
The benefit of this is in the degree of control that devices have with one 
another. This scheme guarantees that a higher-level device such as a SCSI 
adapter always retains a cohesive bond with all its lower-level members such 
as disk drives and tape drives, and does not get reconfigured or unconfigured 
by accident. In order to store these device-to-device mappings, the location of 
devices is also stored by ODM. As a result, the location code becomes handy 
for identifying the paths and dependencies of each device. A typical location 
code looks as follows: 

DD-SS-CC-PP 
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Figure 11.15 Device-state transition diagram. 

In it, PP gives the port number,* CC points out the connector location, SS rep­
resents the slot in which the adapter is installed, and DD indicates the drawer 
number. 

While using smit (system management interface tool) to install and/or con­
figure devices, one may find that devices are either "available" or "defined" in 
the ODM database of the system. There is a subtle difference between the two 
states which is often confusing. Overall, a device may be either usable or unus­
able on the system, based on its state. This state is a function of the object 
classes of the ODM. As seen in the device state transition diagram in Fig. 
11.15, a state can be defined, configured, reconfigured (changed), undefined, or 
unconfigured. When undefined, a device implicates that the entry is in the pre­
defined object class of the ODM, but it is not resident in the customized object 

*This convention has a slight exception for SCSI devices. The two digits of the PP field identify 
the SCSI id number and logical unit number (LUN). 
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class. An unconfigured state means that a device's definition has been moved 
from the available to the defined state in the customized devices object class. A 
device becomes defined upon detection, and this happens when the ODM's 
device-specific define method is invoked to load a device driver into the run­
ning kernel. This is a very powerful statement, since it describes the automatic 
device definition property of the ODM along with the dynamic binding feature 
of the AIX kernel. This ability of the base kernel to dynamically load kernel 
extensions sets AIX apart from the other variants of UNIX. 

11.7 SUMMARY 

The three key concepts used in the evolution of the augmented 1/0 storage 
facility of AIX are derivatives of some of the well-known early computer sys­
tems. The large virtual memory of this machine and the integration of file sub­
system with logical volumes and virtual memory were evolved from computer 
systems like the IBM System/38 and the earlier operating system, MULTICS, 
which is regarded as the ancestor of the present-day UNIX. The innovation of 
database memory was derived from the IBM 801, an experimental machine 
developed at the Thomas J. Watson Research Center. All of these traits were 
combined and first implemented in an integrated manner on the IBM RT. 
Later, the concepts were improved upon and incorporated in the POWER and 
PowerPC architectures. This made it possible to deliver AIX as the only imple­
mentation of the UNIX operating system with unique 1/0 and storage features 
that stand out above and beyond the traditional UNIX based systems. 



Chapter 

12 

What You Need to Build a PowerPC 

This chapter provides a description of the devices, interfaces, and data formats 
required to design and build a PowerPC based industry standard computer 
system. The hardware standard, when coupled with the hardware abstraction 
software of operating systems, enables one to build PowerPC systems which 
run compliant operating systems and shrink-wrapped applications for those 
operating environments. 

Today's diverse base of computer systems limits the system designer's ability 
to add new features without jeopardizing compatibility and interoperability. To 
sustain and continue to grow, one has to be able to construct computer archi­
tectures that are modular in nature and provided scalable scope of growth, 
expansion, and upgrade. 

Any computer system has a set of key subsystems like the memory, connec­
tivity, storage, expansion, and human interface, which are independent of the 
processor type and can be characterized on their own accord. There is always a 
variety of options available as to how to implement these subsystems. For 
example, the requirements for the system expansion bus subsystem can be met 
using a VME, EISA, ISA, NUBUS, or MCA bus. However, what kind of bus is 
to be used is left up to the vendor or integrator. 

The guidelines provided here are intended to make the reader's choices eas­
ier regarding the selections of each of the subsystems. Note that this informa­
tion can also be found in the PowerPC Reference Platform Specification Guide. 
This chapter includes excerpts that provide an overview of what it would take 
to build a PowerPC based computer system. 
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Dataflow through the computer emphasizes a hierarchical pyramid of 
resources (depicted in Fig. 12.1). The highest level resource is the processor. It 
is followed by the cache subsystem, and, subsequently, the memory subsystem. 
Beyond that, there is the connectivity subsystem, followed by the storage and 
expansion subsystems. As stated before, there can be a choice for implement­
ing each of the levels in the hierarchical pyramid. To understand the position­
ing of the various types of buses that link the different subsystems in the 
computer with one another, refer to Fig. 12.2. 

12.1 MEMORY SUBSYSTEMS 

The memory subsystems are broken down into the subcomponents discussed 
in the following subsections. 

Cache 

Memory 

Connectivity 

Storage 

Figure 12.1 Hierarchical pyramid of resources. 
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Figure 12.2 Positioning of various buses in a typical system. Hierarchical layout of the processor 
bus, memory bus, PCI bus, SCSI bus, and the system expansion buses (e.g., ISA or PCMCIA). 

12.1.1 System memory 

PowerPC Reference Platform (PReP) system configurations require a mini­
mum of 8 MB of system memory with at least 8 MB of expansion capability. It 
is recommended that a minimum of at least 16 MB of memory be supplied on a 
system which is to support any of the operating systems. In addition, at least 
24 MB of system memory expansion capability is advised beyond the minimum 
of 8 MB that is implemented. Expansions to system memory are added directly 
to the same bus on which the base system memory exists. System memory and 
expansions to system memory may be located elsewhere as long as coherency 
is maintained. The systems processor must be able to read and write system 
memory. The state of this memory must be valid as long as power is applied to 
the memory subsystem. The system memory must also support cache line 
burst operations from the target processor. 
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12.1.2 System ROM 

System ROM contains the firmware required by the system. Typically, system 
ROM is implemented using ROM, EPROM, or flash ROM. It is strongly rec­
ommended that system ROM be writable by the system processor. This mem­
ory must be readable by the system processors, but it may not be accessible to 
the system 1/0 processors. The size of this memory is dictated by the size 
required to implement the systems firmware. Normally, system ROM is not 
cached. If system ROM is cached, then system ROM must support burst trans­
fers to the target processor. 

12.1.3 Nonvolatile memory 

Non volatile memory is required to maintain the system in the absence of sys­
tem power. This memory must be readable and writable by the system proces­
sor. A minimum of 4 KB of nonvolatile memory is required for the PReP system 
configuration. 

12.1.4 1/0 memory 

1/0 memory can exist on the system expansion bus and is part of the 1/0 sub­
systems. It is typically not cached. If an implementor chooses to cache 1/0 
memory, then software must manage the coherence. 1/0 memory may also be 
located on the primary processor bus. If it is located on the primary processor 
bus, the 1/0 memory will participate in the hardware managed coherency pro­
tocol. 1/0 memory is configured separately from the system memory in the 
memory map. Candidates for 1/0 memory include graphics buffers, communi­
cations buffers, and 1/0 processor memory. 

12.1.5 Memory mapped system 1/0 

Part of the memory subsystem is the addressing and communications with 
diverse 1/0 devices. Within the PowerPC architecture, 1/0 is performed by 
loads and stores to or from areas of the memory space, which are mapped to the 
1/0 addresses. To communicate with 1/0 on a secondary bus, PReP systems are 
required to generate 1/0 addresses. Addresses in the memory space must be 
converted by the bus bridges to the addresses of the 1/0 on the bus. These 1/0 
addresses must be compatible with existing adaptors and be configurable at 
boot time. 

12.1.6 Secondary cache 

A secondary (also referred to as L2) cache may be included as an optional part 
of the system. 

12.2 STORAGE SUBSYSTEMS 

The following components are included in the storage subsystems. 
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12.2.1 Interface 

The storage subsystem should use a fast SCSI-2 interface to support hardfiles 
and CD-ROMs. This interface will also support scanners, tapes, optical stor­
age, and RAID based storage systems. 

12.2.2 Hardfile 

PReP system configurations should have either a hardfile or hardfile capabil­
ity (which is storage provided remotely via a network). In either case, the 
minimum size for this storage is 80 MB. Systems requiring hardfile capability 
can achieve this by direct connection through SCSI or IDE, networking, or 
an expansion adapter. It is strongly recommended that PReP systems capable 
of containing a hardfile have one with a capacity greater than 200 MBs. This 
size will be sufficient to support any of the operating systems in their basic 
configurations. 

12.2.3 Diskette 

Diskette drives must support 3.5-in, 1.44-MB MFM format diskettes achieved 
through direct connection to a floppy drive. Optional features of the floppy 
drive include autoeject, which allows the software to control ejection of the 
media and media presence detection. 

12.2.4 CD-ROM 

The CD-ROM device should support, at a minimum, the ISO 9660 standard 
which is achieved through direct connection, such as SCSI or IDE. It may also 
be achieved through networking or expansion adaptor connection. 

12.3 HUMAN INTERFACE SUBSYSTEMS 

The human interface subsystem consists of an alphanumeric input device, 
pointing device, audio capability, and graphics options as discussed in the fol­
lowing subsections. 

12.3.1 Alphanumeric input device 

PReP system configurations require an alphanumeric input device, typically a 
keyboard. Even though no particular keyboard interface is specified, it is essen­
tial that the input device be capable of generating at least 101 scan codes that 
can be interpreted by the machine-specific layer of the device driver. Typically, 
most system environments require a direct attached keyboard; those that do not 
include servers or multiuser systems with terminals attached. 

12.3.2 Pointer device 

Some of the system configurations such as workstations, which have directly 
attached keyboards, typically require a pointing device, like a mouse, tablet, or 
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touch screen. The pointing device is required to provide two-dimensional posi­
tioning as well as the capability of generating at least mouse up and down 
events. Some operating systems may require additional scan codes. The point­
ing device should be able to report the positioning information with at least the 
pixel resolution of the largest display supported by that system. 

12.3.3 Audio 

PReP compliant configurations require audio capability. Audio must be capa­
ble of analog audio in and out. The audio capability should provide 16-bit 
stereo samples at sample rates of 44.lKHz and 22.05 KHz. 

12.3.4 Graphics 

Configurations in an operating environment that requires directly attached 
graphics subsystems must support at least a 640 x 480, direct-mapped, 8-bit­
per-pixel display device. The software interface to the graphics subsystem is 
accomplished through an implementation-bus-interface-specific device driver. 
Most systems require directly attached graphics systems. An example of a sys­
tem that does not require a directly attached graphics device is a server (data 
server or a computer screen). 

For the colors and resolution capabilities, the graphics subsystem should 
support color depth of 16 or 24 bits and higher resolutions of at least 1024 x 768 
pixels. Note that these graphics resolution specification requirements apply to 
the graphics adapter and frame buffer, and not to the graphics mode or display 
requirements. It is also recommended that the graphics subsystem support 
Big-Endian operations to allow the Endianness of the graphics frame buffer 
and registers to be set independently of the Endian mode of the processor. 

12.4 REAL-TIME CLOCK 

PReP compliant configurations require a real-time clock (RTC). The RTC must 
operate in the absence of external power via a battery power source. It is 
required that the RTC provide the necessary information to determine year, 
month, day, hour, minutes, and seconds. The recommended day accuracy of the 
RTC should be at least +/- .001 percent, which is about one second per day. 

12.5 CONNECTIVITY SUBSYSTEMS 

The following components are included in the connectivity subsystems. 

12.5.1 Serial 

All configurations require at least one serial port. Compliant systems should 
implement this serial port using EIA-232C signal compatibility. This serial port 
must support asynchronous protocol with Baud rates up to at least 19.2 K. Con­
sole functionality via an ASCII terminal may be provided by this serial port. 
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12.5.2 Parallel 

A minimum of one parallel port is required on the compliant systems. The par­
allel port should use the Centronics 8-bit bidirectional protocol. However, it is 
recommended that the Extended Capability Port (ECP) protocol be used if pos­
sible instead of the Centronics protocol. 

12.5.3 Network 

LocalTalk (EIA-422) is a direct network connection recommended for low-end 
connections. LocalTalk is compatible with the SCC 8530 controller and is 
defined by interface standards and protocols. A LAN connectivity option is rec­
ommended for high-performance environments, preferably Ethernet or Token 
Ring. Additional options for network connections include ATM, ISDN, FDDI, 
and Isochronous Ethernet. 

12.6 EXPANSION BUS OPTIONS 

No particular expansion bus is mandatory. It is recommended that systems 
implementing an expansion bus should probably use PCI, PCMCIA, and/or an 
ISA bus. These buses are supported by the current operating system ports to 
PReP systems. Other buses which could be used with modifications to the 
abstraction software of each hosted operating system include VME, EISA, 
NUBUS, VL, and MCA. 

12.7 INTERFACE STANDARDS 

This sections lists and describes standards applicable to the PowerPC Refer­
ence Platform subsystems. Implementation recommendations for these stan­
dards are also provided. 

12.7.1 SCSI 

Small computer system interface (SCSI) is an ANSI standard specification for 
a peripheral bus. PowerPC based systems that implement SCSI must comply 
with the ANSI standard X3.131-1990 (Revision lOc) for SCSI-2 (Fast SCSI). 
This standard specifies the electrical interface as well as the internal system 
connector. It is recommended that SCSI implementations use nondifferential 
signaling with active termination. Use of this standard provides a convenient 
method for accessing CD-ROM, tape, hardfile, scanner, optical, and floptical 
drives. 

12.7.2 IDE 

IDE is an optional interface for hardfiles. IDE implementations should comply 
with the X3.221 AT Attachment: Proposed American National Standards. A 
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local-bus, enhanced-IDE standard has been developed for PowerPC systems 
using IDE. 

12. 7 .3 Ethernet 

If Ethernet is implemented, it must adhere to the Ethernet and IEEE 802.3 
standards. This specification covers both the electrical interface and the con­
nectors. Refer to Fig. 12.2 to understand the positioning of the Ethernet net­
work adapter. 

12.7.4 Token ring 

If Token Ring is implemented, it must adhere to IEEE 802.5 standards. This 
specification covers both the electrical interface and the connector. Refer to 
Fig. 12.2 to understand the positioning of the token-ring adapter. 

12.7.5 Serial 

The EIA-232C standard for computer serial port connectors should be used. It 
is recommended that compliant systems implement EIA-232C using a 9-pin 
D-shell male connector and pin assignments as defined in Fig. 12.3. 

12.7.6 LocalTalk 

LocalTalk is the standard Macintosh serial port. It is recommended that com­
pliant systems implement EIA-422 using the 9-pin connector and the pin-out, 
as shown in Fig. 12.4. 

12.7.7 Parallel port 

This port is specified by IEEE P1284, Standard Signaling Method for a Bi­
directional Parallel Peripheral Interface for Personal Computers. P1284 is the 
formalized and enhanced version of the popular Centronics interface. 

12.7.8 PCI bus 

The PCI (peripheral component interconnect) bus is a system board-resident 
bus that can be populated with adapters requiring fast accesses to each other 
and/or system memory. Refer to Fig. 12.2 to understand the positioning of a PCI 
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Figure 12.3 9-pin D-shell serial connector. Figure 12.4 9-pin LocalTalk connector. 
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with respect to other buses in a system. One of the characteristic features of this 
bus is that all its read/write transfers are burst transfers and the variable-size 
length of the bursts are negotiated between the initiator and target devices. 

The PCI bus, if implemented, must adhere to its standards developed by 
Intel Corporation, and now managed by a consortium known as the PCI Spe­
cial Interest Group. 

12.7.9 PCMCIA bus 

The PCMCIA standard defines the physical requirements, electrical specifica­
tions, and software architecture for the 68-pin cards and their sockets. Release 
1.0 cards and sockets of the PCMCIA supported only memory operations and 
had no I/O capabilities. Release 2.0 and later releases of the specification allow 
the full range of I/O capabilities. The PReP compliant systems should support 
the sockets that are Release 2.0 and beyond compatible. 

The PCMCIA software architecture has two key elements: Socket Services 
and Card Services. Socket Services is a hardware-dependent interface that 
masks the socket's actual hardware implementation from higher-level soft­
ware components that utilize it. Card Services is a software layer that sits 
above the Socket Services, coordinating access among the cards, the sockets, 
and system resources, such as interrupts and memory map. Card Services 
accesses cards via Socket Services. The card drivers interact with the car via 
Card Services. Card Services is generally operating-system-dependent. 

For maximum compatibility and interoperability, PowerPC system platform 
vendors should provide Socket Services and the operating system vendors 
should provide the Card Services extension. For PowerPC Reference Platform 
compliant systems, both Socket Services and Card Services should be provided 
in the system abstraction layer. 

12.7.10 ISA bus 

The ISA (Industry Standard Architecture) bus is the most widely used system 
bus in the PC industry. Originally, the ISA bus was referred to as the PC-AT 
bus, and there were no official definition or standards for it. Later on, its spec­
ifications were defined by the IEEE standards group. The ISA bus, if imple­
mented, allows a transfer rate of up to 8.3 MB/s. Transfers over the ISA bus are 
synchronized around 8 MHz, and they usually take a minimum of two cycles of 
the bus clock to perform a data transfer. As the data path of an ISA bus is 16 
bits wide, up to 2 bytes may be transferred during each transaction. 

The IEEE definition of ISA is used to implement ISA buses for the PReP 
systems. 

12.7.11 Input device interface 

This is the interface for the alphanumeric and pointing devices; for example, 
the ADB standard as used in Apple computers or the PC/AT, PS/2 interface as 
used in an Intel 8042AH chip. 
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12.8 SYSTEM CONFIGURATIONS 

Configurations of Power PC Reference Platform systems include: 

Portable System 

Medialess System 

Desktop System 

Technical Workstation 
System 

Server System 

12.9 SUMMARY 

A PowerPC compliant machine that is capable of bat­
tery operation. 

A PowerPC compliant medialess system that relies 
on network connections for storage. Boot is from the 
network; software, data, and paging space are 
attained from the network. 

A PowerPC compliant desktop system that is an 
entry level system for commercial or technical 
applications. 

A PowerPC compliant technical workstation con­
figuration that specifies a technical user's desktop or 
deskside machine. 

A PowerPC compliant server configuration specifies a 
machine that serves multiple users and does not 
required a locally attached keyboard and display. 

The information included in this chapter provides an introduction to the 
aspects to be considered when building a PowerPC system. The memory sub­
system, storage subsystem, and computer-human interface subsystem that 
form the infrastructure of any nascent system are addressed. The discussion of 
the connectivity subsystem and expansion buses form the next level of building 
a system, where one decides on the choices of expandability (networking and 
interfacing with exiting bases). The information on storage subsystem 
addresses the industry-standard interfaces. Together, the discussion on differ­
ent subsystems provides a thorough and comprehensive overview of what it 
would take for you to build your own PowerPC. 



Appendix 

A 

PowerPC Models 

The PowerPC microprocessor has been used to build a wide array of computer 
systems by a diverse number of companies. Apple and IBM are among the first 
companies to have built complete computer systems using the PowerPC 601 
processor as the core of the computer system. Existing models of complete com­
puter systems, such as the RISC System/6000 200 series and the Macintosh 
series are described here. 

A.1 CHIP VERSUS SYSTEM 

Recognize that Power PC is an architecture and the 601 processor is one of its 
many implementations that can be manufactured to run at varying clock 
speeds to deliver optimal performance with multifarious 110 subsystems 
(buses). Therefore, it makes sense to keep the discussion of PowerPC-based 
computer systems separate from discussions of the PowerPC chip's concepts, 
facilities, and architecture, which has been the main premise of this book. 

A.2 IBM IMPLEMENTATIONS 

The 7011 RISC System/6000 POWERstation/POWERserver 200 series is a set 
oflow-priced, entry-level desktop workstations or servers with multiuser, com­
mercial applicability. They are binary-compatible with the other RISC System/ 
6000 POWERstation/POWERserver family of systems and the AIX/6000 oper­
ating system, with support for paging over LAN s and remote boot. In the 200 
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series, some models are based on the POWER RSC processor (the predecessor 
to the PowerPC), while others are based on the PowerPC 601 processor. 

The 220 and 230 feature the POWER RSC processor with 16-MB to 64-MB 
memory, optional internal fixed disk up to 2 GB, two Micro Channel slots, one 
Gtl graphics card slot, one integrated SCSI controller, one Ethernet controller, 
one diskette drive bay, and standard device ports/connectors. The 230 series 
offers an additional 128-KB level-2 cache. (Note that the level-2 cache is also 
referred to as a secondary cache.) 

The 250 series offers a range of models featuring the Power PC 601 processor, 
along with some additional features, including 16-MB to 256-MB memory 
and provision for a GXT graphics card and integrated SCSI-2 controller (over 
SCSI-1 controller). Each model can be enhanced to include more features in 
place of the standard ones. With an optional diskette drive and fixed disk, 
these systems can operate stand-alone or can be attached to a LAN for diskless 
or dataless configurations. In terms of connecting the computer to different 
Ethernet media, one can use any of the thick (10Base5), thin (10Base2), or 
twisted pair (lOBaseT) interfaces. 

Highlights of the POWERstation/POWERserver 200 series include: 

• The introduction of the PowerPC 601 microprocessor and the first imple­
mentation of the PowerPC architecture in the System/6000 product line 

• High-performance graphics adapters which connect directly to the PowerPC 
601 local processor bus and provide accelerated 2-D performance 

• Binary compatibility with the current family of RISC System/6000 systems 
and the latest version of AIX 

• Industry-standard memory and SCSI-2 and Ethernet controllers for addi­
tional growth capability 

• The ability to function as LAN-dependent, LAN-attached, or stand-alone 
workstations 

A.2.1 RISC System/6000 POWERstation N40 

The RISC System/6000 N40 is the industry's first PowerPC-based notebook 
workstation. It combines the power of the PowerPC 601 microprocessor and 
the AIX operating system in a lightweight color notebook computer. Running 
at 50 MHz, the N40 achieves an exceedingly high level of performance, making 
it more powerful than not only any notebook computer but also many desktop 
workstations. 

The 6.9-lb N40 features a 9.4-in TFT (thin-film transistor) active matrix 
color screen that offers wide-angle viewing in 256 colors. The N40's video mem­
ory supports up to a 1280 x 1024 image, which can be viewed via a pan-and­
zoom feature on the TFT display or via an externally connected monitor. Also 
featured is a pointing device, which is located in the center of the keyboard and 
eliminates the need for a separate mouse. The N40 operates from an external 
battery pack that has a battery life of up to four hours. 
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Highlights of the N40 include: 

• 50-MHz PowerPC 601 processor 

• Main memory support from 16 MB to 64 MB 

• SCSI-2 diskette drive support 

•Removable disk drive with a 340-MB capacity 

• Ethernet network support 

• Support for PCMCIA adapters providing token-ring network support 

• An external display port supporting 1280 x 1024 resolution and up to 256 
colors 

• Ports for an external mouse, keyboard, and Appletalk printers, and a built-
in speaker and microphone 

The N40 also features Tadpole's Nomadic Computing Environment, providing 
users with a rapid save-and-resume, power management, portability tools, and 
other UNIX mobile computing innovations. 

A.2.2 RISC System/6000 POWERstatlon/POWERserver 25S 

The RISC System/6000 POWERserver 25S is an entry server model with 16 
MB of memory, 1 GB of internal fixed disk, and an 8-port EIA-232 adapter with 
fan-out cable. This entry-level configuration can function without a fixed disk 
in a LAN environment or, with a fixed disk and diskette drive added, in a 
stand-alone environment. Customers can upgrade memory and add features to 
enhance the system, making the system ideal for attaching multiple async ter­
minals such as in retail, data entry, small office, banking, and insurance envi­
ronments. 

Highlights of the 25S include: 

• 66-MHz PowerPC 601 processor 

• 16-MB memory 

• One integrated SCSl-2 controller 

• One integrated Ethernet controller 

• Standard device ports/connectors: 

Keyboard/speaker port 
Mouse port 
Tablet port 
Two serial ports 
Parallel port 
SCSI-2 port 
Ethernet port 

• Two Micro Channel card slots (form factor 3) for expansion 
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• One PowerPC 601 local processor bus slot for an optional graphics adapter 

• 1-GB SCSI-2 disk drive 

• 2-GB SCSI-2 disk drive select option 

• 8-port async adapter with the multiport interface cable 

• Async select options for 16- and 128-port configurations 

A.2.3 RISC System/6000 POWERstation/POWERserver 25W 

The RISC System/6000 POWERstation 25W is a midrange graphics worksta­
tion in the 250 series that offers the same base function as the 250, as well as 
the POWER GXTlOO graphics adapter, 16 MB of memory, 540 MB of internal 
fixed disk, keyboard, and mouse. 

Highlights of the 25W include: 

• 66-MHz PowerPC 601 processor 

• POWERGXTlOO graphics adapter 

• Keyboard and mouse 

• Graphics select options-POWER GXT150 graphics adapter, POWERGt4e 
or GTO accelerator 

• 540-MB SCSI-2 disk drive 

•Disk drive select options-1 GB, 2 GB 

• Eight slots for SIMM memory cards 

• 16-MB memory 

• One integrated SCSI-2 controller 

• One integrated Ethernet controller 

• Standard device ports/connectors: 

Keyboard/speaker port 
Mouse port 
Tablet port 
Two serial ports 
Parallel port 
SCSI-2 port 
Ethernet port 

• Two Micro Channel card slots (form factor 3) for expansion 

• One PowerPC 601 local processor bus slot for an optional graphics adapter 

A.2.4 RISC System/6000 POWERstation/POWERserver 250 

The RISC System/6000 POWERstation/POWERserver 250 has a 66-MHz 
PowerPC 601 processor which offers the highest performance of the 200 series 
family. It has extensive expansion capability from 16 MB up to 256 MB of 
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memory, optional internal fixed disk up to 2 GB, up to a maximum of seven 
SCSI devices on the SCSI bus, an optional 2.88-MB diskette drive, an optional 
graphics adapter, and two 32-bit Micro Channel card slots. 

Highlights of the 250 include: 

• 66-MHz PowerPC 601 processor 

• 16-MB memory 

• Eight slots for SIMM memory cards 

• One integrated SCSI-2 controller 

• One integrated Ethernet controller 

• Standard device ports/connectors: 

Keyboard/speaker port 
Mouse port 
Tablet port 
Two serial ports 
Parallel port 
SCSI-2 port 
Ethernet port 

• Two Micro Channel card slots (form factor 3) for expansion 

• One PowerPC 601 local processor bus slot for an optional graphics adapter 

A.2.5 RISC System/6000 POWERstation/POWERserver 25T 

The IBM RISC System/6000 POWERstation 25T is a high-performance 
graphics workstation that offers the same base function as the POWERstation/ 
POWERserver 250, as well as the POWER GXT150 graphics adapter with 
appropriate cable, 16 MB of memory, 540 MB of internal fixed disk, keyboard, 
mouse, and 17-in display. 

Highlights of the 25T include: 

• 66-MHz PowerPC 601 processor 

• 16-MB memory 

• Eight slots for SIMM memory cards 

• One integrated SCSI-2 controller 

• One integrated Ethernet controller 

• Standard device ports/connectors: 

Keyboard/speaker port 
Mouse port 
Tablet port 
Two serial ports 
Parallel printer port 
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SCSI-2 port 
Ethernet port 

• Two Micro Channel card slots (form factor 3) for expansion 

• One PowerPC 601 local processor bus slot for an optional graphics adapter 

• POWER GXT150 graphics adapter and cable that attaches to the display 

• POWERdisplay 17 (17-in display) 

• Graphics select options-POWER Gt4e or GTO accelerator 

• 540-MB SCSI-2 disk drive 

•Display select option POWERdisplay 19 

•Disk drive select options-I GB, 2 GB 

A.3 APPLE IMPLEMENTATIONS 

Power PC based systems offered by Apple consist of the following: 

A.3.1 Power Macintosh 6100/60 

The Apple Power Macintosh 6100/60 is an entry-level workstation that offers 
the performance of a 601 processor in Apple's System 7 environment. 

Highlights of the 6100/60 include: 

• 60-MHz PowerPC 601 processor 

• 8 MB of memory, expandable to 72 MB 

• 2 SIMM slots 

• 17-in Nu-Bus expansion slot 

• On-board Ethernet controller 

• Integrated SCSI controller 

• Disk drive select options-160 to 250 MB 

• Standard video support 

A.3.2 Power Macintosh 7100/66 

The Apple Power Macintosh 7100/66 is a midrange workstation that offers the 
performance of a 601 processor under Apple's System 7 environment. 

Highlights of the 7100/66 include: 

• 66-MHz PowerPC 601 processor 

• 8 MB of memory, expandable to 136 MB 

• 4 SIMM slots 

• 3 full-size Nu-Bus expansion slots 

• On-board Ethernet controller 



• Integrated SCSI controller 

• Disk drive select options-250 to 500 MB 

•Standard video support with 1 MB ofVRAM 

A.3.3 Power Macintosh 8100/80 
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The Apple Power Macintosh 8100/80 is a high-end workstation that offers the 
performance of a 601 processor under Apple's System 7 environment. 

Highlights of the 8100/80 include: 

• 80-MHz PowerPC 601 processor 

• 256-KB secondary cache 

• 8 MB of memory, expandable to 256 MB 

• 8 SIMM slots 

• 3 full-size Nu-Bus expansion slots 

• On-board Ethernet controller 

• Integrated SCSI controller 

• Disk drive select options-250 MB to 1 GB 

• Standard video support with 2 MB of VRAM 
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Acronyms Used in This Book 

The following acronyms have been referred to in this book: 

Acronym 

AA 
AADU 
AIX 

ABI 

ACL 

AES 

AES/OS 

AFS 

AIC 

AIX 
ALU 

ANSI 
API 

ASCII 

ASIC 

ATM 

BAT 
BE 

Definition 

Absolute Address 

AIX Access for DOS Users 

Advanced Interactive Executive 

Application Binary Interface 

Access Control List 

Application Environment Specifications 

Application Environment Specifications 

Andrew File System 

AIXwindows Interface Composer 

Advanced Interactive Executive 

Arithmetic Logic Unit 
American National Standards Institute 

Application Programming Interface 

American National Standard Code for Information Interchange 

Application Specific Integrated Circuit 

Asynchronous Transfer Mode 

Block Address Translation 

Big-Endian 

335 



336 AppendlxB 

Acronym 

BI CMOS 

BCD 

BIST 

BNU 

BPU 

BSC 

BSI 

CAE 

CAR 

CC ITT 

CDE 

CDS 

CICS 

CISC 

CMOS 

COP 

COSE 

CPI 

CPU 

CR 

CRC 

CSMA 

CSMA/CD 

CTR 

CUA 

DCE 

DCEAES 

DDE 

DEC 

DES 

DFT 

DIN 

DMA 

DRAM 

DSSC 

Definition 

Bipolar Complementary Metal-oxide Semiconductor 

Binary Coded Decimal 

Built-in Self-test 

Basic Network Utilities 

Branch Processing Unit 

Bisync 
Binary Synchronous Communications 

British Standards Institute 

Common Applications Environment 

Cache Address Register 

Comite Consultatif Internationale de Telegraphique et Telephonique 

Common Desktop Environment 

DCE Cell Directory Service 

Customer Information Control System 

Complex Instruction Set Computer 

Complementary Metal-oxide Semiconductor 

Common On-chip Processor 

Common Open Software Environment 

Cycles Per Instruction 

Central Process Unit 

Condition Register 

Cyclic Redundancy Check 

Carrier Sense Multiple Access 

Carrier Sense Multiple Access with Collision Detection 

Count Register 

Common User Access 

Distributed Computing Environment 
Data Circuit-terminating Equipment 

Distributed Computing Environment Application Environment 
Specifications 

Dynamic Data Exchange 

Digital Equipment Corporation 

Data Encryption Standard 

Distributed Function Terminal 

Deutches Institut fiir Normung 

Direct Memory Access 

Dynamic Random Access Memory 

Distributed Services Steering Committee 
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EB 

EBCDIC 

ECC 

EIA 

EM78 

EPROM 

EEPROM 

EISA 

EPOST 

FAL 
FDDI 

FIFO 

FIPS 

FPR 

FPU 

FXU 

GDA 

GDS 

GL 

GPR 

GUI 

HAL 

HANFS 
HAS 

HCON 

HIA 

HLLAPI 

HP 

I/O 

IBM 

ICCCM 

IDE 

IEC 

IEEE 

IEEE-CS 

IPI 

Data Terminal Equipment 

Exabyte 
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Extended Binary Coded Decimal Interchange Code 

Error Checking and Correcting 

External Interface Adapter 
Electronic Interface Adapter 
Electronics Industries Association 

3278179 Emulation 

Erasable Programmable Read Only Memory 

Electrically Erasable Programmable Read-Only Memory 

Extension to Industry Standard Architecture 

Extended Power-on Self-test 

Firmware Abstraction Layer 

Fiber Distributed Data Interface 

First-In First-Out 

Federal Information Processing Standard 

Floating-point Register 

Floating-point Unit 

Fixed-point Unit 

DCE Global Directory Agent 

DCE Global Directory Service 

Graphics Library 

General Purpose Register 

Graphical User Interface 

Hardware Abstraction Layer 

High Availability for Network File System 

Hardware Abstraction Software 

Host Connection Program 

Host Interface Adapter 

High-Level Language Application Programming Interface 

Hewlett-Packard 

Input/Output 

International Business Machines 

Inter-Client Communication Conventions Manual. 

Integrated Device Electronics 

International Electrotechnical Commission 

Institute of Electrical and Electronics Engineers 

IEEE Computer Society 

Initial Program Load 
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Acronym Definition 

ISA Industry Standard Architecture 
Instrument Society of America 
Initial Storage Area 
Invalid Storage Address 

ISDN Integrated-Services Digital Network 

ISE Instruction Set Emulator 

ISO International Organization for Standards 

ISP Internationalized Standardized Profiles 

ISV Independent Software Vendor 

KB Kilobyte 

Ll First-level Cache 

L2 Second-level Cache 

LAN Local Area Network 

LE Little-Endian 

LED Light-emitting Diode 

LEN Low Entry Networking 

LRU Least Recently Used 

LU Logical Units 

LVM Logical Volume Manager 

MB Megabyte 

MBCS Multibyte Character Set 

MCA Micro Channel Architecture 
Machine Check Analysis 
Machine Configuration Analysis 
Machine Check Adapter 

MESI Modified-exclusive-shared-invalid Protocol 

MFM Modified Frequency Modulation (Recording) 

MHz Megahertz 

MIB Management Information Base 

MIPS Millions of Instructions per Second 

MMIO Memory Mapped Input/Output 

MMU Memory Management Unit 

MP Multiprocessing 
Massively Parallel 

MS-DOS Microsoft Disk Operating System 

NCK Network Computing Kernel 

NCS Network Computing System 

NFS Network File System 

NIC Numerically Intensive Computing 
Network Information Center 



NIDL 

NIS 

NIST 

NLS 
NVRAM 

ODM 

OEM 

OLE 

OLTP 

ONC 

OS 

OSF 

OSI 

PAD 

PAL 

PASC 

PB 
PCD 

PCI 

PCM CIA 

PMC 

POE 

POSIX 

POST 

POWER 

PSC 

PVC 
QIC 
QLLC 

RAID 
REX 

RFT 

RISC 

ROM 
RPC 

RSC 

RT 
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Network Interface Definition Language 
Network Information Service 

National Institute for Standards and Technology 
National Language Support 

Non-Volatile Random Access Memory 

Object Data Manager 

Original Equipment Manufacturer 

Object-linking and Embedding Operations 

On-line Transaction Processing 

Open Network Computing 

Operating System 

Open Software Foundation 

Open Systems Interconnect 

Packet Assembler/Disassembler 

Portability Assist Layer 

Portable Applications Standards Committee 

Petabyte 

POSIX Conformance Document 

Program Controlled Interrupt 
Peripheral Component Interconnect 

Personal Computer Memory Card Interface Association 

Project Management Committee 

PowerOpen Environment 

Portable Operating System Interface 

Power-on Self-test 

Performance Optimized With Enhanced RISC 

Profiles Steering Committee 

Permanent Virtual Circuit 
Quarter Inch Cartridge 
Qualified Logical Link Control 
Redundant Array of Independent Disks 

Remote Execution Service 
Request for Technology 

Reduced Instruction Set Computer 
Read Only Memory 
Remote Procedure Call 
Remote Service Console 
Remote Support Center 
RISC Technology/Model of the PC (PC/RT) 
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Acronym 

RTC 

SAA 

SANE 

SCCS 

SCCT 

SCSI 

SCWUI 

SDN 

SDO 

SDT 

SEC 

SGFS 

SICC 

SIG 

SMP 

SNA 

SNMP 

SPRG 

SRAM 

SVC 

TAG 

TCB 

TCF 

TCOS 

TCP/IP 
TEA 

TFA 
TLB 

TP 

TPWG 

UART 

UDP 

ULSI 

UMCU 
UUCP 

Definition 

Real Time Clock 
Real Time Controller 

System Application Arc~tecture 

Standard Apple Numerics Environment 

Source Code Control System 

Steering Committee on Conformance Testing 

Small Computer System Interface 

Steering Committee on Windowing User Interfaces 

Software Defined Network 
System Defined Network 
Software Designed Network (AT&T) 

Standards Development Organization 

Static Debugger Program Traps 

Sponsor Executive Committee 

Special Group on Functional Standards 

Systems Interface Coordination Committee 

Special Interest Group 

System Modification Program 
Symmetric Multiprocessor 

System Network Architecture 

Simple Network Management Protocol 

Special Purpose Register Group 

Static Random Access Memory 

Switched Virtual Circuit 
Supervisory Call 

Technical Advisory Group 

Trusted Computing Base 

Transparent Computing Facility 

Technical Committee on Operating Systems 

Transmission Control Protocol/Internet Protocol 
Transaction Error Acknowledgment 

Transparent File Access 

Translation Lookaside Buffer 

Trusted Programs 

Transaction Processing Working Group 

Universal Asynchronous Receiverfl'ransmitter 
User Datagram Protocol 

Ultra Large-scale Integration 
Universal Micro Control Unit 
UNIX-to-UNIX Copy Program 



VESA 

VL 

VLSI 

VMD 
VME 
VMM 
VPD 

VUE 

WAN 

wow 
x 
XDR 

XDS 

XNFS 
XPG 

X11R5 
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Video Electronics Standards Association 

Volume License 

Very Large Scale Integration 

Vector Memory Display 

VERSA Module Eurocard 

Virtual Memory Manager 

Vital Product Data 

Visual User Environment 

Wide Area Network 

Windows-16 on Windows-32 

X Window System 

External Data Representation 

X/Open Directory Service 

Network File System for X Windows System 

X/Open Portability Guide 

X Windows Release 5 
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c 

PowerPC and POWER Instruction Sets 

PowerPC Instruction Set 

Add 
Add carrying 
Add extended 
Add immediate 

Instruction 

Add immediate carrying 
Add immediate carrying and record 
Add immediate shifted 
Add to minus one extended 
Add to zero extended 
AND 
AND with complement 
AND immediate 
AND immediate shifted 
Branch 
Branch conditional 
Branch conditional to count register 
Branch conditional to link register 
Compare 
Compare immediate 
Compare logical 
Compare logical immediate 
Count leading zeros doubleword 
Count leading zeros word 
Condition register AND 
Condition register AND with complement 
Condition register equivalent 
Condition register NAND 

Mnemonic 

add[o][-] 
addc[o][-] 
adde[o)[-) 
addi 
addic 
addic. 
ad dis 
addme[o][-] 
addze[o][-] 
and[-] 
andc[-) 
an di. 
andis. 
b[l][a] 
bc[l][a] 
bcctr[l] 
bclr[l] 
cmp 
cm pi 
cm pl 
cmpli 
cntlzd[-] 
cntlzw[-] 
crand 
crandc 
creqv 
crnand 
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PowerPC Instruction Set (Continued) 

Instruction 

Condition register NOR 
Condition register OR 
Condition register OR with complement 
Condition register XOR 
Data cache block flush 
Data cache block invalidate 
Data cache block store 
Data cache block touch 
Data cache block touch for store 
Data cache block set to zero 
Divide doubleword 
Divide doubleword unsigned 
Divide word 
Divide word unsigned 
External control in word indexed 
External control out word indexed 
Enforce in-order execution of 1/0 
Equivalent 
Extend sign byte 
Extend sign halfword 
Extend sign word 
Floating absolute value 
Floating add 
Floating add single 
Floating convert from integer doubleword 
Floating compare ordered 
Floating compare unordered 
Floating convert to integer doubleword 
Floating convert to integer doubleword with round 

toward Zero 
Floating convert to integer word 
Floating convert to integer word with round toward 

zero 
Floating divide 
Floating divide single 
Floating multiply-add 
Floating multiply-add single 
Floating move register 
Floating multiply-subtract 
Floating multiply-subtract single 
Floating multiply 
Floating multiply single 
Floating negative absolute value 
Floating negate 
Floating negative multiply-add 
Floating negative multiply-add single 
Floating negative multiply-subtract 
Floating negative multiply-subtract single 
Floating reciprocal estimate single 
Floating round to single-precision 
Floating reciprocal square root estimate 
Floating select 
Floating square root 
Floating square root single 
Floating subtract 

Mnemonic 

crnor 
cror 
crorc 
crxor 
dcbf 
dcbi 
deb st 
debt 
dcbtst 
dcbz 
divd[o][-] 
divdu[o][-] 
divw[o][-] 
divwu[o][-] 
eciwx 
ecowx 
eieio 
eqv[-] 
extsb[-] 
extsh[-] 
extsw[-] 
fabs[-] 
fadd[-] 
fadds[-] 
fetid[-] 
fem po 
fcmpu 
fetid[-] 
fctidz[-] 

fctiw[-] 
fctiwz[-] 

fdiv[-] 
fdivs[-] 
fmadd[-] 
fmadds[-] 
fmr[-] 
fmsub[-] 
fmsubs[-] 
fmul[-] 
fmuls[-] 
fnabs[-] 
fneg[-] 
fnmadd[-] 
fnmadds[-] 
fnmsub[-] 
fnmsubs[-] 
fres[-] 
frsp[-] 
frsqrte[-] 
fsel[-] 
fsqrt[-] 
fsqrts[-] 
fsub[-] 
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Instruction 

Floating subtract single 
Instruction cache block invalidate 
Instruction synchronize 
Load byte and zero 
Load byte and zero with update 
Load byte and zero with update indexed 
Load byte and zero indexed 
Load doubleword 
Load doubleword and reserve indexed 
Load doubleword with update 
Load doubleword with update indexed 
Load doubleword indexed 
Load floating-point double 
Load floating-point double with update 
Load floating-point double with update indexed 
Load floating-point double indexed 
Load floating-point single 
Load floating-point single with update 
Load floating-point single with update indexed 
Load floating-point single indexed 
Load halfword algebraic 
Load halfword algebraic with update 
Load halfword algebraic with update indexed 
Load halfword algebraic indexed 
Load halfword byte-reverse indexed 
Load halfword and zero 
Load halfword and zero with update 
Load halfword and zero with update indexed 
Load halfword and zero indexed 
Load multiple word 
Load string word immediate 
Load string word indexed 
Load word algebraic 
Load word and reserve indexed 
Load word algebraic with update indexed 
Load word algebraic indexed 
Load word byte-reverse indexed 
Load word and zero 
Load word and zero with update 
Load word and zero with update indexed 
Load word and zero indexed 
Move condition register field 
Move to condition register from FPSCR 
Move to condition register from XER 
Move from condition register 
Move from FPSCR 
Move from machine state register 
Move from special purpose register 
Move from segment register 
Move from segment register indirect 
Move from time base 
Move to condition register fields 
Move to FPSCR bit 0 
Move to FPSCR bit 1 
Move to FPSCR fields 
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Mnemonic 

fsubs[-] 
icbi 
isync 
lbz 
lbzu 
lbzux 
lbzx 
ld 
ldarx 
ldu 
ldux 
ldx 
lfd 
lfdu 
lfdux 
lfdx 
Ifs 
lfsu 
lfsux 
lfsx 
Iha 
lhau 
lhaux 
lhax 
lhbrx 
lhz 
lhzu 
lhzux 
lhzx 
lmw 
lswi 
lswx 

· lwa 
lwarx 
lwaux 
lwax 
lwbrx 
lwz 
lwzu 
lwzux 
lwzx 
mcrf 
mcrfs 
mcrxr 
mfcr 
mffs[-] 
mfmsr 
mfspr 
mfsr 
mfsrin 
mftb 
mtcrf 
mtfsbO[-] 
mtfsbl[-] 
mtfsfH 
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PowerPC Instruction Set (Continued) 

Instruction 

Move to FPSCR field immediate 
Move to machine state register 
Move to special purpose register 
Move to segment register 
Move to segment register indirect 
Multiply high doubleword 
Multiply high doubleword unsigned 
Multiply high word 
Multiply high word unsigned 
Multiply low doubleword 
Multiply low immediate 
Multiply low word 
NAND 
Negate 
NOR 
OR 
OR with complement 
OR immediate 
OR immediate shifted 
Return from interrupt 
Rotate left doubleword then clear left 
Rotate left doubleword then clear right 
Rotate left doubleword immediate then clear 
Rotate left doubleword immediate then clear left 
Rotate left doubleword immediate then clear right 
Rotate left doubleword immediate then mask insert 
Rotate left word immediate then mask insert 
Rotate left word immediate then AND with mask 
Rotate left word then AND with mask 
System call 
SLB invalidate all 
SLB invalidate entry 
Shift left doubleword 
Shift left word 
Shift right algebraic doubleword 
Shift right algebraic doubleword immediate 
Shift right algebraic word 
Shift right algebraic word immediate 
Shift right doubleword 
Shift right word 
Store byte 
Store byte with update 
Store byte with update indexed 
Store byte indexed 
Store doubleword 
Store doubleword conditional indexed 
Store doubleword with update 
Store doubleword indexed with update 
Store doubleword indexed 
Store floating-point double 
Store floating-point double with update 
Store floating-point double with update indexed 
Store floating-point double indexed 
Store floating-point as integer word indexed 
Store floating-point single 

Mnemonic 

mtfsfi[-] 
mtmsr 
mtspr 
mtsr 
mtsrin 
mulhd[-] 
mulhdu[-] 
mulhw[-] 
mulhwu[-] 
mulld[o][-] 
mulli 
mullw[o][-] 
nand[-] 
neg[o][-] 
nor[-] 
or[-] 
ore[-] 
ori 
oris 
rfi 
rldcl[-] 
rider[-] 
rldic[-] 
rldicl[-] 
rldicr[-] 
rldimi[-] 
rlwimi[-] 
rlwinm[-] 
rlwnm[-] 
SC 

slbia 
slbie 
sld[-] 
slw[-] 
srad[-] 
sradi[-] 
sraw[-] 
srawi[-] 
srd[-] 
srw[-] 
stb 
stbu 
stbux 
stbx 
std 
std ex. 
stdu 
stdux 
stdx 
stfd 
stfdu 
stfdux 
stfdx 
stfiwx 
stfs 



PowerPC Instruction Set (Continued) 

Instruction 

Store floating-point single with update 
Store floating-point single with update indexed 
Store floating-point single indexed 
Store halfword 
Store halfword byte-reverse indexed 
Store halfword with update 
Store halfword with update indexed 
Store halfword indexed 
Store multiple word 
Store string word immediate 
Store string word indexed 
Store word 
Store word byte-reverse indexed 
Store word conditional indexed 
Store word with update 
Store word with update indexed 
Store word indexed 
Subtract from 
Subtract from carrying 
Subtract from extended 
Subtract from immediate carrying 
Subtract from minus one extended 
Subtract from zero extended 
Synchronize 
Trap doubleword 
Trap doubleword immediate 
TLB invalidate all 
TLB invalidate entry 
TLB synchronize 
Trap word 
Trap word immediate 
XOR 
XOR immediate 
XOR immediate shifted 
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Mnemonic 

stfsu 
stfsux 
stfsx 
sth 
sthbrx 
sthu 
sthux 
sthx 
stmw 
stswi 
stswx 
stw 
stwbrx 
stwcx. 
stwu 
stwux 
stwx 
subflo][-] 
subfc[o][-] 
subfe[ o ][-] 
subfic 
subfme[o][-] 
subfze[o][-] 
sync 
td 
tdi 
tlbia 
tlbie 
tlbsync 
tw 
twi 
xor[-] 
xori 
xoris 
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POWER Instruction Set 

Add 
Absolute 
Add extended 
Add immediate 

Command 

Add immediate and record 
Add to minus one extended 
AND 
AND with complement 
AND immediate lower 
AND immediate upper 
Add to zero extended 
Branch 
Branch conditional 
Branch conditional to count register 
Branch conditional register 
Compute address lower 
Compute address upper 
Compute address 
Cache line compute size 
Cache line flush 
Cache line invalidate 
Compare 
Compare immediate 
Compare logical 
Compare logical immediate 
Count leading zeroes 
Condition register AND 
Condition register AND with complement 
Condition register equivalent 
Condition register NAND 
Condition register NOR 
Condition register OR 
Condition register OR with complement 
Condition register XOR 
Data cache line store 
Data cache line set to zero 
Data cache synchronize 
Divide 
Divide short 
Difference or zero 
Difference or zero immediate 
Equivalent 
Extend sign 
Floating add 
Floating absolute value 
Floating compare ordered 
Floating compare unordered 
Floating divide 
Floating multiply 
Floating multiply add 
Floating move register 
Floating multiply subtract 
Negative absolute value 
Floating negate 

Mnemonic 

a 
abs 
ae 
ai 
ai. 
ame 
and 
andc 
andil. 
andiu. 
aze 
b 
be 
bee 
her 
cal 
cau 
cax 
cl cs 
elf 
cli 
cmp 
cm pi 
cm pl 
cmpli 
cntlz 
crand 
er an de 
creqv 
cm and 
cm or 
cror 
crorc 
crxor 
deist 
dclz 
des 
div 
divs 
doz 
dozi 
eqv 
exts 
fa 
fabs 
fem po 
fcmpu 
fd 
fm 
fma 
fmr 
fms 
fnabs 
fneg 



POWER Instruction Set (Continued) 

Command 

Floating negative multiply add 
Floating negative multiply subtract 
Floating round to single precision 
Floating subtract 
Instruction cache synchronize 
Load 
Load byte reverse indexed 
Load byte and zero 
Load byte and zero with update 
Load byte and zero with update indexed 
Load byte and zero indexed 
Load floating-point double 
Load floating-point double with update 
Load floating-point double with update indexed 
Load floating-point double indexed 
Load floating-point single 
Load floating-point single with update 
Load floating-point single with update indexed 
Load floating-point single indexed 
Load half algebraic 
Load half algebraic with update 
Load half algebraic with update indexed 
Load half algebraic indexed 
Load half byte reverse indexed 
Load half and zero 
Load half and zero with update 
Load half and zero with update indexed 
Load half and zero indexed 
Load multiple 
Load string and compare bytes indexed 
Load string immediate 
Load string indexed 
Load with update 
Load with update indexed 
Load indexed 
Mask generate 
Mask insert from register 
Move condition register field 
Move to condition register from FPSCR 
Move to condition register from XER 
Move from condition register from XER 
Move from FPSCR 
Move from machine state register 
Move from special purpose register 
Move from segment register 
Move from segment register indirect 
Move to condition register fields 
Move to FPSCR bit 0 
Move to FPSCR bit 1 
Move to FPSCR fields 
Move to FPSCR field immediate 
Move to machine state register 
Move to special purpose register 
Move to segment register 
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Mnemonic 

fnma 
fnms 
frsp 
fs 
ics 
1 
lbrx 
lbz 
lbzu 
lbzux 
lbzx 
lfd 
lfdu 
lfdux 
lfdx 
lfs 
lfsu 
lfsux 
lfsx 
lha 
lhau 
lhaux 
lhax 
lhbrxO 
lhz 
lhzu 
lhzux 
lhzx 
Im 
lscbx 
lsi 
Isx 
lu 
lux 
lx 
maskq 
maskir 
mcrf 
mcrfs 
mcrxr 
mfcr 
mffs 
mfmsr 
mfspr 
mfsr 
mfsri 
mtcrf 
mtfsbO 
mtfsbl 
mtfsf 
mtfsfi 
mtmsr 
mtspr 
mtsr 
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POWER Instruction Set (Continued) 

Command 

Move t.o segment register indirect 
Multiply 
Multiply immediate 
Multiply short 
Negative absolute 
NAND 
Negate 
NOR 
OR 
OR with complement 
OR immediate lower 
OR immediate upper 
Real address compute 
Return from interrupt 
Return from SVC 
Rotate left immediate then mask insert 
Rotate left immediate then AND with mask 
Rotate left then mask insert 
Rotate left then AND with mask 
Rotate right and insert bit 
Subtract from 
Subtract from extended 
Subtract from immediate 
Subtract from minus one extended 
Subtract from zero extended 
Shift left 
Shift left extended 
Shift left extended with MQ 
Shift left immediate with MQ 
Shift left long immediate with MQ 
Shift left long with MQ 
Shift left with MQ 
Shift right 
Shift right algebraic 
Shift right algebraic immediate 
Shift right algebraic immediate with MQ 
Shift right algebraic with MQ 
Shift right extended 
Shift right extended algebraic 
Shift right extended with MQ 
Shift right immediate with MQ 
Shift right long immediate with MQ 
Shift right long with MQ . 
Shift right with MQ 
St.ore 
St.ore byte 
St.ore byte reverse indexed 
Store byte with update 
St.ore byte with update indexed 
St.ore byte indexed 
St.ore floating-point double 
St.ore floating-point double with update 
St.ore floating-point double with update indexed 
St.ore floating-point double indexed 
St.ore floating-point single 

Mnemonic 

mtsri 
mul 
mull 
mule 
nabs 
nand 
neg 
nor 
or 
ore 
oril 
oriu 
rac 
iii 
rfsvc 
rlimi 
rlinmlux 
rlini 
rinmq 
rrib 
sf 
sfe 
sfi 
sfme 
sfze 
sl 
sle 
sleq 
sliq 
slliq 
sllq 
slq 
er 
era 
srai 
sraiq 
sraq 
ere 
srea 
sreq 
sriq 
srliq 
srlq 
srq 
st 
stb 
stbrx 
stbu 
stbux 
stbx 
stfd 
stfdu 
stfdux 
stfdx 
stfs 



POWER Instruction Set (Continued) 

Command 

Store floating-point single with update 
Store floating-point single with update indexed 
Store floating-point single indexed 
Store half 
Store half byte reverse indexed 
Store half with update 
Store half with update indexed 
Store half indexed 
Store multiple 
Store string immediate 
Store string indexed 
Store with update 
Store with update indexed 
Store indexed 
Supervisor call 
Trap 
Trap immediate 
TLB invalidate entry 
XOR 
XOR immediate lower 
XOR immediate upper 

Mnemonic 

stfsu 
stfsux 
stfsx 
sth 
sthbrx 
sthu 
sthux 
sthx 
stm 
stsi 
stsx 
stu 
stux 
stx 
SVC 

t 
ti 
tlbi 
xor 
xoril 
xoriu 

Architectural Definition 351 



Bibliography 

Adkins, A., and M. Dean, PowerPC Reference Platform: Specifications Guide (beta version), IBM 
Corporation, Mar. 1994. 

Agarwal, A., J. Hennessy, and M. Horowitz, "Cache Performance of Operating Systems and Multi-
programming Workloads," ACM Transactions on Computer Systems, 6(4):393-431 (Nov. 1988). 

AlX ~rsion 3.1 RISC System/ 6000 As A Real Time System, IBM Corporation, 1991. 
AlX ~rsion 3.2 Commands Reference, IBM Corporation, 1994. 
AlX ~rsion 3.2 for RISC System I 6000: Assembly Language Reference, IBM Corporation, 1992. 
AlX ~rsion 3.2 for RISC System I 6000: Thchnical Reference: Kernel and Subsystems, Volume 4, 

IBM Corporation, 1992. 
AlX ~rsion 3.2 Performance Monitoring and Tuning Guide, IBM Corporation, 1993. 
AlX ~rsion 3.2 Problem Solving Guide and Reference, IBM Corporation, 1994. 
AlX ~rsion 3.2 System Management Guide: Communications and Networks, IBM Corporation, 

1993. 
Allen, M., and M. Becker, "Multiprocessing Aspects of the PowerPC 601 Microprocessor," Proceed­

ings of COMPCON 1993, Feb. 1993 
Alpert, D., "Memory Hierarchies for Directly Executed Language Microprocessors," Ph.D. thesis, 

Stanford University, 1984. 
Anderson, D., and T. Shanley, Pentium Processor System Architecture, MindShare, Inc., Richard­

son, TX, 1993. 
Appel, A. W., and K. Li, "Virtual Memory Primitives for User Programs," Proceedings of ACM 

Fourth Symposium on Architectural Support for Programming Languages and Operating Sys­
tems (ASPLOS IV), Apr. 1991, pp. 96-107. 

Auslander, M. A., "Managing Programs and Libraries in AIX Version 3 for RISC System/6000 Pro­
cessors," IBM Journal of Research and Technology 34 (Jan. 1990). 

Bach, M. J., The Design of the UNIX Operating System, Prentice-Hall, Englewood Cliffs, N.J., 
1986. 

Boykin, J., D. Kirschen, A. Langerman, and S. LoVerso, Programming Under Mach, Addison­
Wesley, Reading, 1993. 

Cannon, C., and D. Chakravarty, "PowerPC-Architecture and Design," Worldwide Software 
Development Conference, San Jose, 1994. 

Chakravarty, D., "The AIX Process Structure," AIXpert, Nov. 1993. 
Chakravarty, D., "Automation in Clinical Biochemistry and Laboratory: Computer Applications in 

Medicine," in K. L. Mukherjee (ed.), Medical Laboratory Thchnology: Procedure Manual for Rou­
tine Diagnostic Thsts, Tata-McGraw-Hill, vol. 3, chap. 32, pp. 960-984, 1988. 

Chakravarty, D., "Benchmarking Under AIX," Focus J, 1 (4) (1989). 
Chakravarty, D., POWER RISC System/ 6000 Concepts, Facilities, and Architecture, McGraw-Hill, 

New York, 1993. 
Chakravarty, D., and A. Chakravarty, "Architectural Dependencies Related to Performance Mea­

surements Under UNIX," Computer Measurements Group Transactions, Summer 1992. Repub­
lished in International CMG Conference Proceedings, Dec. 1992. 

Cocke, J., and V. Markstein, "The Evolution of RISC Technology at IBM," IBM Journal of Research 
and Technology 34 (Jan. 1990). 

Common Desktop Environment: Getting Started Using ToolTalk Messaging, Sun Microsystems, 
Inc., 1994. 

Diefendorff, K., and M. Allen, "Organization of the Motorola 88110 Superscalar RISC Micropro­
cessor," IEEE Micro, 12(2):40-63 (Apr. 1992). 

353 



354 Blbllography 

Guide to OSF I 1: A Technical Synopsis, O'Reilly & Associates, Inc., Sebastopol, Calif., 1991. 
Handy, J., The Cache Memory Handbook, Academic Press, San Diego, 1993. 
Hennessy, J. L., and D. A. Patterson, Computer Architecture: A Quantitative Approach, Morgan 

Kaufmann Publishers, Palo Alto, 1990. 
P. D. Hester, "RISC System 6000 Hardware Background and Philosophies," IBM RISC System/ 

6000 Technology, IBM Corporation, Austin, Texas, 1990. 
Hester, P. D., J. T. Hollaway, and F. T. May, "Hardware Description," RT Personal Computer Tech­

nology, IBM Corporation, 1986. 
Hill, M. D., "Aspects of Cache Memory and Instruction Buffer Performance," Ph.D. thesis, Univer­

sity of California, Berkeley, 1989. 
Hill, M. D., and A. J. Smith, "Evaluating Associativity in CPU Caches," IEEE Transactions on 

Computers 38(12):1612-1630 (Dec. 1989). 
Host Connection Program I 6000 Guide and Reference, IBM Corporation, 1993. 
Hwang, K, Advanced Computer Architecture: Parallelism Scalability, Programmability, McGraw­

Hill, New York, 1993. 
Hwang, K, and F. Briggs, Computer Architecture and Parallel Processing, McGraw-Hill, New 

York, 1984. 
Jain, R., The Art of Computer Systems Performance Analysis, John Wiley & Sons, New York, 1991. 
Kahle, J. A., and D. Ogden, "PowerPC 603 Microprocessor," IBM RISC System/6000 Technology: 

Volume II, Prentice-Hall, Englewood Cliffs, N.J., 1994. 
Keller, T. W., "AfX 3.2 Memory Load Control," A!Xpert, pp. 17-25, Feb. 1992 
Lewis, E., "Performance Tuning: Theory and Practice," ADitra, Mar. 1993, pp. 48-56. 
McKusick, M. K, and M. Karels, "Performance Improvements and Functional Enhancements in 

4.3BSD," Computer System Research Group, Dept. of CS and EE, University of California at 
Berkeley, Calif. 

Microsoft Windows NT Resource Guide, Microsoft Press, Redmond, Wash., 1993. 
Montoye, R. K, E. Hokenek, and S. L. Runyon, "Design of the IBM RISC System/6000 Floating 

Point Execution Unit," IBM Journal of Research and Technology 34 (Jan. 1990). 
Moore, C. R., "PowerPC 601 Microprocessor," IBM RISC System/6000 Technology: Volume II, 

Prentice-Hall, Englewood Cliffs, N.J., 1994. 
Moore, C. R., D. M. Balser, J. S. Muhich, and R. E. East, "IBM Single Chip RISC Microprocessor 

(RSC)," Proceedings of the 1992 International Conference on Computer Design, 1992 
Patterson, D. A., and J. L. Hennessy, Computer Organization and Design: The Hardware I Soft-

ware Interface, Morgan Kaufmann Publishers, Palo Alto, 1994. 
Patterson, D. A., and C. N. Sequin, "A VLSI RISC," Computer 15(9):8-21 (Sep. 1982). 
PowerPC Architecture, IBM Corporation, 1993. 
PowerPC 601 RISC Microprocessor User's Manual, Motorola Press, 1993. 
Przybylski, S. A., Cache and Memory Hierarchy Design: A Performance-Directed Approach, Mor­

gan Kaufmann Publishers, 1990. 
Przybylski, S. A., "Performance-Directed Memory Hierarchy Design," Ph.D. thesis, Stanford Uni­

versity, 1988. 
Puzak, T. R., "Cache Memory Design," Ph.D. diss., University of Massachusetts, 1985. 
Rashid, R. F., et al., "Mach-A Foundation for Open Systems," Proceedings of Second IEEE Com-

puter Society Workshop on Workstation Operating Systems (WWOS-11), Sep. 1989, pp. 109-113. 
Ritchie, D. M., and K Thompson, "UNIX Timesharing," CACM 57 (6) part 2:1931-1946 (Jul. 1978). 
SCSI-Architecture and Implementation, IBM Corporation, 1990. 
SCSI-Understanding the Small Computer System Interface, NCR Corporation, Prentice-Hall, 

Englewood Cliffs, N.J., 1990. 
Silha, E., and G. Paap, "Power PC: A High-Performance Architecture," Proceedings of COMPCON 

1993, Feb. 1993. 
Special Issue on Software Performance Engineering of CMG Transactions, No. 60, Spring 1988. 
Stone, H. S., High-Performance Computer Architecture, Addison-Wesley Series in Electrical and 

Computer Engineering, 1987. 
Tims, S., and M. Chow, "Apple's Macintosh Application Services: A Component of the PowerOpen 

Environment," AIJ[tra, Mar. 1994, pp. 51-58. 
UNIX Programmer's Reference Manual (PRM), 4.3 Berkeley Software Distribution, Computer Sys­

tems Research Group, Computer Science Division, University of California, Berkeley, 1986. 
Wabi 1.1 for AIX: User's Guide, IBM Corporation, 1994. 
Writing Applications for the Solaris Environment: A Guide for Windows Programmers, Volume II, 

Sun Microsystems, Inc., Addison Wesley, 1992. 



32-bit applications, 5, 156 
32-bit implementation, 33 
32-bit operating systems, 14, 133, 134 
32/64-bit mode switch, 5 
3270 host connection program (HCON), 225, 

226 
3278/79 emulation, 225, 227 
403 microprocessor (embedded processor), 101 
601microprocessor,1, 7, 8, 9, 13, 33, 84 
603 microprocessor, 7, 8, 9, 10, 33, 92 
604 microprocessor, 7, 9, 11, 33, 98 
620 microprocessor, 7, 10, 12, 33 
64-bit implementation, 33, 60 
64-bit kernel, 5 
64-bit model, 6 
801,4, 19,316 
88110,84,90 

AADU,229 
Access control lists (ACLs), 210, 214 
Accredited Standards Committees (ASCs), 204 
acctcms command, 190 
acctcom command, 188, 189, 190 
accton command, 190 
ACLs, 210, 214 
adb debugger, 167 
Address aliasing, 45 
admin command, 180 
AEP,205 
AES,207 
AFS, 213 
AIX Access for DOS Users (AADU), 229 
AIX Personal Productivity Client, 135-136 
AIX, 2, 3, 14, 132, 133, 135-147, 231-316 
AIXwindows customizing tool, 127 
AIXwindows Environment/6000, 126 
AIXwindows interface composer, 127 
AIXwindows national language support, 127 
AIXwindows style guide, 127 
AIXwindows 3-D, 127 

Index 

Alignment interrupt, 46 
alter command, 172 
AMERICA, 4, 20 
American National Standards Institute 

(ANSI), 204 
Andrew File System (AFS), 213 
ANSl,204 
Application Environment Profiles (AEPs), 205 
Application Environment Specifications (AES), 

207 
Application environment system (AES), 149 
Application groups, 116 
Application manager, 116, 120 
as command, 166 
ASC, 204 
Assembler, 166 
Asynchronous 1/0, 244, 311 
Atomic updates, 44 
attchq call, 241 
awk, 163, 176-177 

Bad sector relocation pool, 298 
Basic Network Utilities Programs (BNU), 223 
Binary compatibility, 135 
Bit-field instruction, 6 
Block address translation, 50, 51 
Block device, 313 
BNU,223 
bosbootcommand, 172 
Bourne shell (sh), 138 
Branch-and-count instruction, 27 
Branch instructions, 34, 55, 84 
Branch prediction, 25, 82, 88 
Branch processing unit (BPU), 54, 70, 77, 80, 

87,93 
break command, 172 
breaks command, 172 
Bridge platform, 84 
Buffer cache, 258 
Built-in self-test (BIST), 90 

355 



356 Index 

Cache model, 41 
Cache organization, 41 
Cache size, 41 
C compiler, 163 
C Set++ compiler, 165 
C shell (csh), 138 
C++ browser, 165 
cc command, 165 
cdc command, 180 
CD-ROM, 256 
CD-ROM file system, 291 
cfiow, 175 
cfiow command, 175 
Character device, 313 
CISC, 28 
classes, 148 
Client segment, 309 
Clock cycle, 23, 24, 28 
close call, 235, 289, 298 
CMOS, 10 
Code pinning, 311 
Coherence blocks, 45, 58 
comb command, 180 
Common CPU model, 69 
Common Desktop Environment (CDE), 107, 

108, 132 
Common on-chip processor (COP), 70, 87, 95 
Common open software environment (COSE), 

107, 135 
Common user access model (CUA), 131, 152 
Communications device handler interface, 239 
Compare-byte instruction, 5 
Completion/exception unit, 96 
Computational memory, 310 
Condition register, 39, 55 
Configuration functions, 119 
Configuration manager, 120 
Context switch, 268, 270 
Cost-versus-performance ratio, 29 
Count register, 39, 55 
CPI, 29 
cpp command, 175 
crash command, 277 
creatp call, 236 
csa, 281 
curtime call, 239 
cxref command, 175 
Cycles per instruction (CPI), 29 
c89 command, 165 

Data address register, 46, 73 
Data cache, 31, 41, 72, 77 
Data pacing, 244 
Data storage interrupt, 46, 48 
Data storage interrupt status register, 46, 59 

Data terminal equipment (DTE), 218 
dbx debugger, 167, 170 
dbx subcommands, 170 
dbx symbolic debugger, 165 
DCE,220 
Defunct, 265 
delay call, 239 
Delayed branching, 24 
delta command, 180 
Demand paging, 266 
deque call, 241 
DeskSet productivity applications, 151 
DeskSet productivity tools, 131 
detchq call, 241 
Device and ring queue kernel services, 240 
Device driver, 141 
Device driver management, 241 
Device handler, 313 
Device head, 313 
Device switch table, 313 
devswadd call, 241 
devswdel call, 241 
Dispatcher, 266, 268, 271 
Dispatcher unit, 94, 96 
Display postscript, 126 
Distributed Computing Environment (DCE), 

220 
DMA management services, 240 
d_move call, 240 
domainname command, 213 
dosdel command, 142 
dosdir command, 142 
dosformat command, 142 
dosread command, 142 
doswrite command, 142 
DO/WHILE statements, 27 
Double-precision computation, 34 
drivers command, 17 4 
DTE,218 
dup call, 235 
Dynamic data exchange (DDE), 119 
Dynamic load, 241 
Dynamically linked libraries (dlls), 118, 132 

ed editor, 143 
emacs editor, 143 
Engineering support processor (ESP) port, 

75 
enque call, 241 
e_post call, 236 
e_wait, 236 
errsave call, 238 
Exception register, 39, 55 
ex editor, 143 
exec call, 235, 247 



Execution units, 70 
exit call, 235, 290 
Exponent, 75 
exportfs command, 211 
External data representation (XDR) protocol, 

152,210 
External page table (XPT), 303 

Federal Information Processing Standards 
(FIPS), 206 

File, 231, 252 
File allocation table (FAT), 154 
File links, 253 
File manager, 113 
File memory, 310 
File viewer, 122 
filemon command, 191 
fileplace command, 192 
find command, 17 4 
Finder(l\1acintosh), 129 
finger command, 215 
FIPS,206 
Fixed-length instructions, 5 
Fixed-point instructions, 34, 55 
Fixed-point unit (FXU), 34, 54, 70, 77, 80, 83, 

93 
Flat memory model, 134 
Floating-point assist interrupt, 49 
Floating-point status and control register, 41, 

46,55 
Floating-point instructions, 34, 55 
Floating-point unavailable interrupt, 49 
Floating-point unit (FPU), 34, 54, 70, 77, 80, 

83,93 
Flow control, 290 
FOR statements, 27 
fork call, 186, 188, 247, 261 
Forward branch, 27 
fp _access call, 236 
fp _close call, 236 
fp _{stat call, 236 
fp_ioctl call, 236 
fp_open call, 236 
fp_opendev call, 236 
fp _read call, 236 
fp_write call, 236 
Fragments, 244 
fs copyacl command, 214 
fs listacl command, 214 
fs setacl command, 214 
fs setacl-dir command, 214 
fs whereis command, 214 
fsdbcommand,168-169 
ftp command, 215 
Fused instructions, 21 

General purpose registers, 5 
get command, 180 
gfs structure, 293 
Gnode, 257 
go command, 172 
gprofcommand, 192-193 
grep, 163, 177 

Hard link, 254 

Index 357 

Hardware abstraction layer, 159 
Harvard architectural model, 43, 56 
HCON,226 
help command, 174 
Help manager icon, 115 
Help volumes, 115 
HelpView debugger, 165 
High-performance file system (HPFS), 154 
High-resolution timer, 239 
hostcommand,215 

IBJ.\1 RT, 316 
IBJ.\1 801, 4, 19, 316 
IEEE, 46, 204 
imake, 163, 179, 180 
In-core inode table, 257 
inetd daemon, 210 
info command, 145 
InfoExplorer, 144 
InfoExplorer books listing, 144 
InfoExplorer topic and task index, 146 
Inheritance, 148 
init_heap call, 238 
initp call, 236 
Inode, 253 
Institute of Electrical and Electronic Engi-

neers (IEEE), 204 
Instruction cache, 41, 72, 77 
Instruction-caused interrupts, 46 
Instruction decode, 23 
Instruction execute, 23 
Instruction execution, 22 
Instruction fetch, 23 
Instruction fetch unit, 82, 87, 94 
Instruction processing, 23 
Instruction queue, 83, 87 
Instruction set architecture, 33, 34 
Instruction storage interrupt, 48 
Instruction unit, 34 
Inter-client Communication Conventions l\1an-

ual (ICCCJ.\1), 112 
Interprocess communication (IPC), 233 
International language support, 14 
International Organization for Standardiza-

tion (ISO), 203 
Interrupt,248,251,270,271,280 



358 Index 

Interrupt handler, 46, 281 
Interrupt handler priority, 267 
ioctl call, 298-301 
1/0 kernel services, 239 
1/0 pacing, 312 
iostat command, 181, 186 
ISA bus, 325 
ISO, 203 

Journaled file system, 291, 292 

Kernel debug program, 167, 172-17 4 
Kerneldebugge~167, 172-174 
Kernel extension, 245 
Kernelmode,233,235 
kill call, 250 
killpg call, 250 
kmem, 305 
kmsgctl call, 238 
kmsgget call, 238 
kmsgrcv call, 238 
kmsgsnd call, 238 
Korn shell (ksh), 138, 140 
kpasswd command, 214 

Layered architectural definition, 31, 133 
lex, 163, 175, 176 
libc.a, 305 
libd command, 217 
Link register, 39, 55 
lint, 175 
Little-endian addressing, 6 
Load-store architecture, 5, 20, 39 
Load/store unit, 92, 97 
Load-string instruction, 5 
Local procedure call (LPC), 159 
LocalTalk, 323 
lockl call, 236 
Logical file system (LFS), 236, 291 
Logical partition, 298 
Logical volume, 244, 295, 298 
Logical volume device driver (LVDD), 295, 

298 
Logical volume manager (LVM), 293-301 
lookupvp call, 238 
Loop closing branch, 27 
loop command, 172 
lsattr command, 193-194 
lv_close call, 300 
lvedit command, 199 
lv_ioctl call, 300 
LVM,295 
lv_open call, 300 
lv_read call, 300 
lv_write call, 300 

Mach microkernel, 148, 207 
Machine check, 48 
Machine state register, 45, 59 
Macintosh application engine, 129, 130 
Macintosh application services, 2, 107, 128, 

130, 132 
Macintosh desktop graphics user interface, 

129 
Macintosh desktop services, 129 
Macintosh system services, 129, 131 
Macintosh toolbox APis, 128 
Major device number, 313 
make, 163, 178, 180 
makedbm command, 212, 213 
man command, 143 
Man pages, 124, 143 
Management information base (MIB), 219 
Mapped file, 244, 259, 293 
mbufs, 147, 184 
mcount command, 193 
Memory buffer, 240 
Memory bus, 31, 70 
Memory-coherence-not-required mode, 45, 58 
Memory-coherence-required mode, 44, 56 
Memory coherency, 91 
Memory interface unit, 84 
Memory kernel service, 238 
Memory management, 134 
Memory model, 44 
MESI cache coherency protocol, 89, 91, 95 
Message queue, 283 
Message queue kernel service, 238 
MIB, 219 
Microkernel, 148, 160 
Minor device number, 313 
Mirror consistency manager, 301 
Mirroring, 302 
mmap call, 295 
Mode control bits, 50 
Mode switch, 233, 235 
Motorola 88110, 84, 90 
mount command, 211 
msgctl call, 284 
msgget call, 283 
msgrcv call, 284 
msgsnd call, 284 
mst structure, 276 
Multibyte character set (MBCS) characters, 

180 
Multiple personalities, 160 
Multiply-add logic, 21 
Multiply-quotient register, 6, 74, 79 
Multiprocessor, 90 
Multithreading, 134 
m4, 178 



National Institute for Standards and Technol-
ogy (NIST), 206 

National language support (NLS), 155 
NCS,216 
net_attach call, 240 
net_detach call, 240 
netpmon command, 195, 196 
netstat command, 182 
Network Computing System (NCS), 216 
Network file system (NFS), 151, 210, 291 
Network Information Service (NIS), 212 
Network Interface Definition Language 

(NIDL) compiler, 216 
Network kernel services, 239 
newproc call, 24 7 
NeWS Toolkit (TNT), 152 
NFS,210 
nfsstat command, 183, 211 
nice command, 199, 200 
nidlcommand,217 
NIDL compiler, 216 
NIS, 212 
NIST, 206 
nocommand,147,184,199 
Nonsequential execution, 24 
nrglbd command, 217 
nulladm command, 195 

Object data manager (ODM), 314, 315 
Object-linking and embedding (OLE), 119 
Objects, 128, 148 
ODM,314 
OLTP, 222 
on command, 211 
On-card sequencer (OCS), 75 
On-line help topics, 115 
On-line transaction processing (OLTP), 222 
open call, 289 
OPEN LOOK GUI, 152 
OPEN LOOK intrinsic toolkit (OLIT), 152 
OPEN LOOK standard, 152 
OPEN LOOK window manager (OLWM), 152 
Open network computing (ONC), 151 
Open Software Foundation (OSF), 206 
Open Systems Interconnect (OSI), 222 
Open Windows architecture, 152 
Operating environment architecture, 33, 45, 

59 
Operating environment layers (Taligent), 149 
Operating environment system (OES), 149 
Operational functions, 119 
Optimizing compiler, 25 
origin command, 172 
OSF,206 
OSI, 222 

Page hiding, 311 
Page fault, 280, 310 
Page fault handler, 307, 311 
Page frame manager, 307 

Index 359 

Page frame table (PFT), 303, 307, 308 
Page replacement, 309 
Page replacement algorithm, 310 
Page space, 303 
panic call, 238 
PASC, 204 
PCibus, 325 
PCMCIA bus, 325 
p_cpu,266,267,269,271 
Pentium, 11-13 
Performance metrics, 28 
Performance tuning (A!X), 145 
Persistent storage manager, 307 
Persistent storage segment, 309 
Personality neutral services, 160 
Physical file system, 291 
Physical partition, 298 
pid, 275 
pin call, 238 
ping command, 215 
pio_assist call, 241 
Pipe,252,282 
Pipelines, 85, 93 
Pipelining, 19,22 
Polymorphism, 148 
Portable Applications Standards Committee 

(PASC), 204 
Portable Operating System Interface (POSIX), 

204 
POSIX, 204, 311 
POSIX. l, 204 
POWER architecture, 5, 8, 163 
POWER-based architecture, 5, 8, 163 
PowerOpen, 133 
PowerOpen ABI, 134 
PowerOpen API, 134 
PowerOpen association, 133 
PowerOpen environment standard, 4 
PowerOpen 890 system verification test suite, 

4 
PowerOpen application verification test suite, 

4 
PowerOpen cross platform technical support, 

4, 14 
PowerOpen cross platform support center, 4, 

14 
PowerOpen environment, 134 
PowerPC alliance, 1, 15 
PowerPC Reference Platform Specification 

Guide, 317-326 
PowerPC system information library, 4 



360 Index 

Precise interrupts, 88 
Preemptable kernel, 268 
Preemptive multitasking, 134 
Prepaging,244 
PReP specification, 317-326 
PReP system configurations, 326 
Privileged registers, 45 
proc command, 174 
procstructure,247,263,264,271,277,305 
procdup call, 24 7 
Procedure call manager, 159 
Process, 231, 248, 261 
Process and exception management, 236 
process group, 248 
Process objects, 158 
Processor version register, 45 
Program counter, 22 
Program execution time, 29 
Programinterrupt,47,48 
ps command, 184, 235 
pstat command, 235 
Pthreads,261 

QLLC,219 
Qualified logical link control (QLLC), 219 
quit command, 174 

read call, 295, 298 
Real memory, 303 
Real-time clock (RTC), 322 
Real-time priority, 267 
Real-time processing, 241 
Register renaming scheme, 88 
Reliability-availability-serviceability (RAS) 

services, 238 
Remote access service (RAS), 154 
Remote execution service (REX), 151 
Remote procedure call (RPC), 151, 152, 159 
renice command, 200 
reorgvg command, 200 
rep command, 216 
Repage fault, 310 
rexeccommand,216 
RIOS,4 
RISC, 1,2,4,8,20,29, 153 
rlogin command, 216 
rmap command, 196 
rmdel command, 180 
rmsscommand,196-197 
Round robin, 269 
RPC run-time library, 216 
rpcgen command, 212 
rpcinfo command, 212 
RR architecture, 20 
RS 1, 31, 70 

RS .9, 31, 76 
RSC,32, 80 
rsh command, 216 
Run queue pointer array, 268 
rup command, 212 
rusers command, 212 
rwall command, 212 
rwhocommand,216 

sadc command, 185 
sarcommand,185,198 
Save/restore registers, 45, 46 
secs command, 180 
schedtune command, 186 
Scheduler, 266 
SCSI, 314 
sed editor, 143, 163, 177 
Segment lookaside buffer (SLB), 66 
Segment manager, 307 
Segment registers, 49, 73, 79 
Segment table, 285 
Segmented address translation, 50, 51 
Segmented memory, 304 
Semaphore, 285 
semctl call, 286 
semget call, 286 
semop call, 286 
Sequencer unit, 84 
Session manager, 112 
setjmpx call, 236 
Shared-instruction cache reload bus, 31 
Shared memory, 284, 286 
shmat call, 285, 293 
shmctl call, 285 
shmdt call, 285 
shmget call, 285 
showmount command, 212 
Shrink-wrapped applications, 108, 128 
Signal, 248, 250 
Significand, 75 
Simple Network Management Protocol 

(SNMP), 219 
smit, 302 
SNA,226 
SNMP,219 
Socket, 286 
Soft link, 254 
Solaris Open Windows architecture, 153 
Solaria, 14, 133, 150-153 
Solaria 1.0, 150 
Solaria 2.3, 150 
Source code control system (SCCS), 180 
Special purpose registers, 46 
sregs command, 17 4 
SS architecture, 20 



stack command, 17 4 
Standard Apple Numerics Environment 

(SANE), 150 
Start-up dialog, 112 
stderr, 257 
stdin, 257 
stdout, 257 
step command, 172 
Storage access ordering, 45 
Strategy call, 298-300 
Stream, 287 
Style manager, 114 
SunSoft ONC, 153 
Superscalar, 5, 27, 28 
SVC,218 
svmon command, 197-198 
SVR4 standard, 151 
Swapper, 266 
Switched virtual circuit (SVC), 218 
Symmetrical multiprocessing, 134 
sysconfig, 246 
System application architecture (SAA), 152 
System calls, 232 
System 1/0 (SIO) bus, 77 
System management interface tool (SMIT), 

135 
System network architecture (SNA), 226 
System reset, 48 
System 7, 128, 129 
Systems programming interface (SPI), 149 
System unit, 92, 98 

Taligent,14,133,147-150 
Taligent document, 150 
Taligent workspace, 150 
talloc call, 239 
TCB,209 
TCP/IP, 215 
telnet command, 216 
tfree call, 239 
tftp command, 216 
Thrashing,266,310,311 
Thread objects, 158 
Threads,134,244,271 
Throughput,22,23 
Thunking, 157 
tid (thread identifier), 275 
Time base, 67 
Timer facilities, 67, 68 
timex command, 198 
Timing kernel services, 238 
TLB, 307 
TModel, 150 
tn command, 216 
'lbolTalk, 117, 131, 150, 152, 153 

1bolTalk API, 118, 153 
1bolTalk libraries, 117 
tprofcommand, 198-199 
trace command, 17 4 
trace daemon, 192 
trace facility, 17 4 
Trace interrupt, 49 
trace log file, 17 4 

Index 361 

Transaction identifier (TID) register, 74 
Transistors, 84, 91, 98 
Translation lookaside buffer (TLB), 66, 307 
Transmission Control Protocol/Internet Proto-

col (TCP/IP), 215 
Trap,248 
trcdead command, 174 
trcon command, 195 
trcrpt command, 174, 191 
trcstop command, 17 4 
trcupdate command, 174 
Trusted Computing Base (TCB), 209 
tstart call, 239 
tstop call, 239 
tty command, 174 

u_block, 262 
Unconditional branch, 27 
Unified cache, 89 
UNIX, 244, 246, 247, 258, 261, 292 
/unix, 260 
unlockl call, 236 
unpin call, 238 
User file descriptor table, 257 
User-level registers, 55 
User mode, 233, 235 
User-mode domain (Wmdows NT), 156 
User process priority, 267 
user structure, 263 
USL C++ Language System, 165 
uthread structure, 272 
UUCP,223 

vfs structure, 293 
vfsrele call, 238 
vi editor, 143 
Virtual DOS machines (VDMs), 154 
Virtual environment architecture, 33, 41, 56 
Virtual file system (VFS), 236, 292 
Virtual memory, 303 
Virtual memory manager (VMM), 158, 186, 

305,307 
Virtual page manager, 307 
Visual user environment (VUE), 131 
vmstat command, 186 
vmtunecommand,187 
vn_get call, 238 



362 Index 

vn_free call, 238 
vnode, 236, 257 
Volume group, 298 
Von Neumann machine model, 43 

Wabi, 13, 107 
wait call, 235, 247 
waitcfree call, 240 
waitq call,waitq call, 241 
wait3 call, 24 7 
wakeup call, 236 
Watchdog timer, 239 
who command, 143 
whois command, 216 
Windows NT, 14, 133, 153-160 
Windows NT advanced server, 154 
Windows NT file system (NTFS), 154 
Windows NT executive, 155, 157 
Windows NT kernel layer, 159 
Windows NT protected subsystems, 155 
Windows NT workstation, 154 
Windows 3.1, 123 
Windows 3.1 control panel color function, 

123 
Win16 subsystem, 157 
Win32 subsystem, 156-157 
Working storage, 263, 309 
Workplace OS, 14, 133, 160-161 
Workspace, 113 
wow, 157 
write call, 289, 295, 298 

X consortium, 124 
X environment, 125 
X terminals, 145 
X window calls, 118 
X window system, 207 
X windows, 4, 107, 108, 124, 131, 135 
X.25 communications, 218 
X/Open, 206 
XCOFF, 135 

xcomms command, 219 
xde debugger, 167, 171 
XL C compiler, 136 
XL C optimizing compiler, 163 
XL FORTRAN compiler, 165 
XL Pascal compiler, 166 
xlate command, 172 
xlc command, 165 
Xlib, 208 
Xlib interface library (Xlib), 125, 126 
xmalloc call, 238 
xmanage command, 219 
xmfree call, 238 
xmkmf, 180 
xmonitor command, 219 
XNFS,2, 14 
XPG4, 2, 14 
xroute command, 219 
xtalk, 219 
XTI, 2, 14 
XView, 152 
Xll/NeWS window system, 152 
X11R5, 14 

yac~ 163, 175,176 
Yellow Pages, 212 
ypbind command, 213 
ypcat command, 213 
ypinit command, 213 
ypmatch command, 213 
yppasswd command, 213 
yppoll command, 213 
yppush command, 213 
ypserv command, 213 
ypset command, 213 
ypwhich command, 213 
ypxfr command, 213 

Zero-cycle branches, 88 
Zombie state, 265 
Zombie process, 265 



ABOUT THE AUTHOR 

DIPTo CHAKRAVARTY has been a developer and an instructor of AIX 
and POWER architectures for the IBM Advanced Workstation 
Division and worldwide. His prior experience includes expert 
consulting with Bellcore, DEC, HP, Intel, Motorola, OSF, Sun, and 
several other organizations. A recognized expert in performance 
tuning of Unix on RISC architectures, he is the author of POWER 
RISC System I 6000: Concepts, Facilities, and Architecture, also 
available from McGraw-Hill. His research interests include 
performance monitoring of massively parallel systems, 
microarchitectures, and VLSI. 

CASEY CANNON is in AIX and RISC System/6000 information design 
and development. She is the project lead for Wabi, RAS architecture, 
multimedia, and 3D graphics as well as the lead IBM writer for the 
Common Desktop Environment. She has authored multiple 
publications on topics ranging from multimedia and object-oriented 
applications to problem solving and system recovery. Ms. Cannon is 
also a faculty member at Austin Community College. 

ABOUT THE SERIES 

The J. Ranade Workstations Series is McGraw-Hill's primary vehicle 
for providing professionals with timely concepts, solutions, and 
applications. Jay Ranade is also Series Editor in Chief of more than 
100 books in the J. Ranade IBM and DEC Series and Series Advisor 
to the McGraw-Hill Series on Computer Communications. 

Jay Ranade, Series Editor in Chief and best-selling computer author, 
is a Senior Systems Architect and Assistant V.P. at Merrill Lynch. 






