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Chapter 24
The Internet Subsystem

A network can be defined as any communications medium that allows the AEGIS system to

page through it; that is, it allows packets to be sent through it. An internet is a group of two
or more connected networks. An internet has several advantages over a single network:

o It permits DOMAIN nodes to be connected to different types of local area networks
o It allows rings of varying speeds to be connected together

e It improves network management by using many small rings, so that a ring can be
isolated without impact on the rest of the network

Packet transmission on a ring network has been described in Section 22.1. In an internet, a
packet can be destined for a local network or a remote network. Packets destined for remote
networks must pass through one or more interim networks before they reach the target network;

these interim networks can be other ring networks, T1 bridges, or user-supplied MULTIBUS-
compabitible network devices. The process of sending a packet from one network to another is

known as routing. The node that carries out the routing procedure is called the routing node.

Figure 24-1 shows a theoretical internet.

24.1. Identification in an Internet

There are three types of identification in an internet:

o The network number, which identifies the communications line
e An internet address, which identifies a node in an internet
e A network port descriptor, which identifies a network in a device- independent way

The network number and internet addresses are readily visible to other nodes in the internet; the
network port descriptor is not.

24-1 The Internet Subsystem
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24.1.1. Network Number

Each network in the internet (there can be a maximum of 64) is assigned a 82-bit network
number that identifies the communications line. Each node stores these network numbers in a
table that the NETWORK manager maintains.

A network number of sero can mean two things:

o The network is being brought into the internet and has not yet been assigned a -
network number

o The network is local; that is, a network ID of sero is used as a "you are here* pointer.
in the internet topology, where ®“here® differs depending on the location in the
internet. :

Network numbers can also be nil; that is, there’s no network at this number. Nil networks
usually indicate an empty MULTIBUS slot.

24.1.2. Internet Address

System components that want to communicate with another node in the internet need to identify
the network on which it resides as well as identifying the node itself. Consequently, system
components that send packets to other nodes specify the node’s internet address, which consists
of the 20-bit node ID plus the network number on which the node resides. Figure 24-2 iliustrates

the internet address. ' ‘

Network ID Node ID
(32 bits) (20 bits)

Figure 24-2. Internet Address Format

The system needs an internet address to gain access to an object; consequently, the object
locating services (MST, AST and HINT) and the lock manager cache information about an
object’s internet address in their data structures. In particular, the VTOC indexes in mapped
and active segment table entries store an index into the network number table; when the system
wants to access an object on the internet, it passes that index to the NETWORK manager, which
returns the network number that corresponds to the index (network _$get_net). The system
then has an internet address to place into the packet.

Because routing nodes are members of more than one network, they have several internet

addresses; that is, the network number portion of the internet address may be the network
number of any network connected to the routing node.
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24.1.3. Network Ports

A network is linked to the AEGIS system through its port. All nodes have at least one port,
which ide:utifies the ring to which they are connected. Routing nodes have several ports;
consequently, the network’s port descriptor provides the routing software with a device-
independent way to refer to the different kinds of networks attached to it.

A network port descriptor is a small integer that the routing software assigns when it connects
the network to the internet and opens it for AEGIS paging operations. The port descriptor is the
node’s way to refer to the network hardware connected to it, and is important only to the node
that owns the hardware.

Currently, a node can support seven ports. The first port (0) is reserved to the first ring network;
the other ports can identify other rings, T1 (bridge) lines, or MULTIBUS network devices (4 ports
are reserved for user-added network devices).

The routing software uses a network’s wort descriptor as an index into the network port table,
which describes the network devices corrected to the routing node. Each entry in the table gives
the following network-specific information:

o The network device’s network number

e The kind of service the network provides; for example, whether or not the port
supports full routing

e The kind of network device that exists at that port; for example, ring, T1 or user
network

24.2. Internet Software Components

Both routing nodes and non-routing nodes run internet software that supports packet routing;
this software consists of the following components:

e A routing information protocol (RIP) table, which exists on all nodes. The routing
table provides routing information that processes use when they send packets to
destinations in the internet.

e A routing process, which runs only on nodes dedicated to the performance of internet
routing functions. The routing process forwards packets to their internet destinations
and periodically sends out the latest routing information to other nodes in the
internet.

e A routing information protocol (RIP) handler, which receives and stores the routing
information packets sent out by routing nodes.

o A device-independent network I/O manager that fields packet sends and receives to
the various networks connected to a routing node.

e Device-dependent network drivers that manipulate the network hardware attached to
a given routing node.

The Internet Subsystem 24-4
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24.2.1. The Routing Table

The routing information protocol (RIP) table is a per-node data structure that stores routes from
the node to other networks in the internet. The routing information in the table depends on the
node’s location in the network. Each entry in the RIP table corresponds to a network in the
internet. The routing information stored includes:

o The network number of the target network

e The number of hops it takes to get to that network; that is, the number of routing
nodes the message must pass through before it reaches its destination network

e The next hop towards that network
o The next network port towards that network

The RIP table entry also indicates how reliable the information within the entry is; it specifies a
time after which the entry is considered unreliable, and has a status field that indicates whether
the routing information is fresh, old, or has expired.

Routing nodes must wire their RIP table (the table consumes approximately 1 page).

24.2.2. The RIP Handler

The RIP handler is a request-response service. The client side allows processes to request routing
information from local RIP tables and from the RIP tables of other nodes in the internet. The
server side, called the RIP server, has its own well-known socket to receive incoming routing
information packets sent by routing nodes in the internet.

A node that wants to obtain a route through the internet consults the RIP handler’s client side
(rip__$find _ nexthop). The RIP handler then looks at its table to find the optimum path, given
the destination internet address, and returns the ID of the routing node that should forward the
packet and the port through which the packet should pass. The RIP manager always chooses the
most expedient path to the target, regardless of amount of traffic that path is presently incurring.
The most expedient path is the path with the smallest number of hops.

The RIP handler also provides a broadcast routine that the routing processes call to send out the
latest routing information to all the other nodes in the internet (rip_ $broadcast). A RIP
broadcast packet entry contains the network number of the target network and the number of
hops away it is. The RIP servers on each node receive these broadcasts and modify their routing
tables accordingly.

24.2.3. The Routing Process

Every routing node runs a routing process, also called a router. Whenever two or more network
ports are open for routing service, the routing software (route_ $set_ service) starts a routing
process. The routing process has two functions:

o It forwards packets through network ports

o It supplies nonrouting nodes with the information they need to maintain the most
current routing information in their routing tables

24-5 The Internet Subsystem



The network 1/O manager (net__io_ $put__socket) checks packets that arrive at a routing node
to see whether they are intended for the routing node itself or are "through traffic* to another
network. Packets for the routing node are placed into the socket specified in the packet header;
for example, a request for the routing node’s build time goes to the information socket. Packets
that should be forwarded go to the routing node’s routing process socket regardless of the socket
specified in the header.

The routing process never retries a packet forward; in addition, it will drop packets that have
been forwarded too many times and packets that have been misrouted.

24.2.4. Device-Independent Network I/0

The network I/O manager is the system’s network-device independent send and receive
component. K permits the AEGIS system to handle I/O to and from multiple network devices.
The network 1/O manager fields all higher-level transmits to the appropriate driver using the
port number specified in the call. It also sends packets that network drivers have received to the
appropriate socket.

24.2.5. Network Device Drivers

The internet supports a variety of network hardware devicess DOMAIN ring controllers, T1
hardware, and MULTIBUS-compatible network devices. The AEGIS system provides drivers for
the ring and T1 controllers; customers that wish to add their own network devices to the
MULTIBUS backplane use the user-space general purpose I/O (GPIO) facility to create the
network device driver, then make SVC calls to the routing software.

24.3. Sending a Packet on the Internet

A node in an internet sends a packet as follows:

o If the packet is addressed to a node on the local network the sender sunply transmits
the packet to the target node on the local network.

o If the packet is addressed to a node on a remote network, the sending node transmits
the packet through the local network to a routing node. The sending node consults its
routing table to determine the path to the destination node; it then sends the packet
to the first routing node on that path.

e When the routing node gets the packet, it DMAs the packet into memory and
transcieves the packet to the next node. The packet continues around the ring until it
returns to the node that originated it; this node removes the packet from the ring and
thus completes its role in the packet’s transmission.

o Meanwhile, the routing node sends the packet to the routing node on the other side.
This routing node examines the packet and either sends it to the target node, if it
resides on this second network, or forwards it to another routing node, if the
destination metwork is still remote.
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24.8.1. Determining the Routing Node

A packet sent out on the internet has two target addresses:

e "Where next®, which is a routing node ID
e "Where eventually®, which is the destination node ID

The to node ID field in the packet’s ring hardware header stores the node ID of the "next® node,
while the IDP header stores the destination node ID and the node ID that originated it. The
packet has reached its destination when the node ID in the packet hardware header matches the
node ID in the software header (when "next® equals ®eventual®).

The process determines the next node to send to by consulting its RIP table
(rip__$find _nexthop); the RIP handler returns the node ID to send the packet to and the port
through which to send it (at this point, the port is the ring controlier).

24.3.2. Sending a Packet through a Network Port

When it has obtained the routing node to send to, the process sends the packet through the
network port returned by the RIP handler by calling net_$io__send. The network 1/O manager
uses the port descriptor to index into its network device table; it then reads the port device field
to determine which network driver to call:

o If the network is a ring, it calls the ring device driver’s send operation (ring__ $sendp)
o If the network is an IIC bridge, it calls the IIC driver (iic__$sendp)

o If the network is a user-written network device, it queues the packet to that network
port (which is a buffer queue) and increments the eventcount that corresponds to the
port. The eventcount advance awakens the user network’s transmit procedure to send
the packet through the port.

24.3.3. Handling Incoming Packets on A Routing Node

The network 1/O manager (net_io_ $put_sock) on the routing node looks at the destination
node ID of all incoming packets to determine whether the sender is sending a packet to be routed
or is requesting information from the routing node itself. If the destination node ID matches the
routing node’s ID, then the packet is a request for some AEGIS service. In this case, the manager
places the packet into the appropriate socket; for example, if the sender is requesting the routing
node’s build time, the manager places the packet into the information socket, which invokes the
ASKNODE server.

If the packet’s destination is some other node ID, the packet is a routing request and is
consequently placed in the routing node’s ®"through-traffic* queue, which is the routing socket.
24.8.4. Forwarding The Packet

When it gets a packet to route, the routing process increments the hop count in the packet
header. The process then determines where to send the packet to next by consulting the RIP

handler to find out what the next hop is, given the packet’s destination network number and
node ID (rip__$find _ nexthop).
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The RIP handler, by examining the target network ID, determines whether the packet should pass
to another routing node, or to one of the networks to which the routing node is directly
connected. (If the destination is not local or directly connected, the handler must lock the RIP
table with a mutex lock to prevent any updates to the table while it is reading it.) The handler
passes back the node ID and the port number to send the packet through to the routing process,
which sends the packet out through the appropriate port (via net__io_ $send). Packets destined
for directly connected networks go to the network; packets destined for remote networks go to the
next router.

If the routing process cannot find the next hop, it decides that the packet has been misrouted and

simply drops it.

24.3.5. Maintaining Current Routing Information

The routing processes on routing nodes wait on a timer eventcount for RIP broadcast intervals;
every 30 seconds, this eventcount reaches the broadcast value, and the routers call the RIP
handler to issue RIP broadcast packets.
Each RIP broadcast packet contains:

e The standard packet header format

e The network numbers of target networks and the distances to them via this router,
where distance equals the number of passages through routing nodes (hops)

e The node ID .of the router broadcasting the RIP packet
e The network number of the port through which the RIP packet is going

The routing node builds the broadcast packet (rip_$broadcast), then calls the RIP handler to
send it out through all of its routing ports (rip__$send _ everywhere).

_ The RIP servers on the other nodes receive the RIP broadcast packets sent by routing nodes; RIP
broadcast packets arrive in the node’s RIP socket, where the RIP server unpackages them and
adds the information to the routing table. ‘

If the RIP handler does not hear from a routing node (via a RIP broadcast packet) within 90
seconds, it updates its RIP table to show that that router is unavailable.

The RIP handler also contains a module that periodically purgesk the the RIP tables of stale RIP
data (rip__$age).
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24.4. Internet Support for User Network Devices

Customers can connect their own network devices to the MULTIBUS backplane, but they must

write their own drivers to run the device. Customers create user-written network drivers as
follows:

e Write a user-space GPIO driver that contains a transmit procedure and a receive
procedure to send and receive packets through the device

e Declare the driver a network by registering it in the network I/O manager’s network

port table; currently the manager reserves four port descriptors for user-written
networks

e Call the routing software to transmit messages messages through the user network
port

A port for a user network consists of a buffer queue that stores outgoing packets and an
eventcount that advances when packets arrive at the port, activating the transmit portion of the
network driver. Although the buffer queue is actually a socket, it does not accept incoming
packets from the network; it only contains outgoing packets.

The routing process exports two functions to user-written network drivers:

e A route__$outgoing procedure, which sends packets to the user port buffer queue and
awakens the transmit procedure by advancing the buffer queue’s eventcount

e A route_ $incoming procedure, which the driver’s receive side calls to forward
incoming packets to their destinations

24-9 The Internet Subsystem
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Chapter 25
Introduction to System Initialization

System initialization is the collection of procedures that bring a node from power-on or reset
to the display manager’s login prompt. System initialization begins with the central processor’s
bootstrap PROM hardware and extends through a variety of software programs and system

P

routines. In general, initialization proceeds as follows:

1.

2.

3.

Y;;u turn the node on or press the RESET button
The bootstrap PROM initialization code begins to run.
If the node is a DNxB60 series device, the PROM loads the microcode files, which

include the writeable control store (WCS) file, the instruction decode file, and the
scratchpad file.

. The PROM loads and calls the system bootstrap utility SYSBOOT if there is a local

disk, or calls the network bootstrap utility NETBOOT if booting over the network, to
load and run the AEGIS system.

. The AEGIS cold start routine sizes memory, loads the initial memory management

unit (MMU) configuration, and calls the software system initialization procedure
os_ $init.

. The os_ 8$init routine completes the operating system initialization, including the

initialization of the AEGIS managers, device drivers, other protected supervisor-mode
system software. It then loads and passes control to the initial user-mode program,
the bootshell (SHELL). ’

. The bootshell displays the Apollo logo, then loads and runs the user environment

initialization (ENV) program.

. The ENV program initializes the first user process environment and loads and runs

one of the following processes:

e The display manager (DM)
e The single-user shell (SH)

e The server process panager (SPM)
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Chapters in this section expand upon the following system initialization procedures:

¢ Bootstrap PROM initialization

e AEGIS bootstrapping from a disk, the network, or a cartridge tape
o AEGIS system init.ia_.lization by the cold start and os__$init routines
o Establishment of the user environment by the ENV program

The chapters in this section do not describe display manager, server process, manager, or the
single-process shell initialization.
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Chapter 26
The Bootstrap PROM

The bootstrap PROM, also called the mnemonic debugger (MD), serves several purposes. It
contains the code that bootstraps a node, and also contains code to run a low-level debugger. In
addition, it contains several low-level services that are available to external routines.

The PROM type varies according to node model. This chapter provides a generalized view of the
PROM’s system initialization functions and points out any significant differences among PROM
types.

26.1. PROM Overview

System initialization begins when someone turns on a node’s power or pushes the reset button.

Either of these actions gives the PROM control from the M680x0 processor’s power-on/reset
vector.

The PROM operates in one of two modes: normal mode or service mode. The node service
switch determines the mode in which the PROM will operate when it gains control. PROM
system initialization differs significantly between normal mode and service mode. In normal
mode, initialization is a load and go operation that proceeds without human intervention up to
the point of login. In service mode, the PROM enters the mnemonic debugger command
interpreter (MD), which enables the use of the mnemonic debugger to control further operations.

26.1.1. RAM Memory Use

The PROM uses two to three pages of RAM memory. On DNx60 models, these pages are located
at addresses 200000 through 200BFF; they are located at addresses 100000 - 1007FF on the other
node models. ;

The PROM’s static data and supervisor stack area occupy the first one or two pages of this
region. On DNx60 models, both the CPU and CPIO stacks also occupy this area. The last RAM
page is reserved for the mapped-mode trap page, which is initially a copy of the PROM trap page
(0-3FF).

26.1.2. Physical and Mapped Modes

The PROM runs in either physical or mapped mode. In physical mode, the memory
management unit (MMU) is disabled. The PROM initially runs in physical mode. In mapped
mode, the MMU is enabled and loaded with the PROM’s mapping of memory and 1/O devices.
(the cold start routine enables the MMU; see Chapter 28.) When it begins to run, the PROM
determines whether the MMU is enabled by examining a flag at location 0. In physical mode, this
byte has the value 00. In mapped mode, the byte’s value is FF.
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For node models other than the DNx60, physical address space in mapped mode appears as
follows: ’ '

» The PROM initial trap page (0-3FF physical) becomes inaccessible.

» The PROM static procedure and data section (400-3FFF) is mapped one-to-one so
that mapped addresses correspond directly to physical addresses.

» I/O objects are mapped to their AEGIS locations (starting at FA0000).
o The PROM stack and variable data (100000 - 1003FF) is mapped to E00000.
e The mapped-mode trap page at 100400-1007FF is mapped to address 0.

e The rest of physical memory is mapped one-to-one to maintain direct correspondence
between mapped and physical addresses.

The PROM can run in either physical or mapped mode because all references use variables; a
PROM routine converts references to physical or virtual addresses. The service-mode MD
commands P and M switch the PROM between physical and mapped mode.

The ability to run in physical or mapped mode is most useful when using the PROM's mnemonic
debugging logic while the system is running. If you enter the PROM from AEGIS, for example
through a crash, you should be able to use the PROM without disturbing the contents of the
MMU. Therefore, the PROM code and the AEGIS system must use the same mapped locations
for all addresses that the PROM will access.

PROMs on nodes with reverse-mapped MMUs must enter mapped mode in order to access the
disk or the network. These PROMS perform disk and network 1/O in mapped mode because all
DMA goes through the I/O map (IOMAP), and, on older node models, the I/O map is inaccessible

unless the MMU is enabled. The PROMS on forward-mapped MMUs perform disk and network
I/0 in physical mode, and do not enter mapped mode unless explicitly directed to do so.

26.1.3. PROM Functions

; The PROM’s main functional units are:

e System initialization logic for hardware that the PROM references, including serial
input/output (SIO) lines, VME and MULTIBUS devices, memory, (clearing parity in
‘addresses 100000 - 1007FF), and I/O devices.

e A set of minimal device drivers for the display, SIO devices, disks, the ring, cartridge
tape, and the diagnostic LED display.

o Boot logic, including the logic to get SYSBOOT or NETBOOT into memory
e Power-up diagnostics to perform minimal hardware verification

e Logic to enter mapped or physical mode
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e Mnemonic debugger (MD) commands

e Assembler/disassembler

26.2. PROM Structure

The PROM occupies physical address space 0-8FFF on DN400, DN420, DN600, DN300, and
DN320 node models. It occupies physical addresses 0-7FFF on DNx60s. On DN550s, DSP80s,
and machines using Motorola 68020 CPUs, there is additional PROM space at physical addresses
14000 - 17FFF. These addresses are mapped to 4000 - 7FFF on DN550s and 68020-based
systems. This space is unused on DSP80s, and is mapped one-to-one on those units.

26.2.1. Initial Trap Page

Page 1 (0-3FF) of all PROMs is the initial trap page, which contains M680x0 exception vectors.
This page is only used in physical mode. In mapped mode, the PROM replaces it with the copy
in RAM memory, which enables the vector addresses to be changed. The mapped vector page is
located at physical address 100400 on most machines. (It is located at address 200800 on DNx60
nodes.) . The processor hardware assigns the actual vectors to addresses 0-FF.

26.2.2. Machine ID

A machine ID exists at address 100 to identify the node model. Valid machine IDs are:

O = DN400O old DN420

1 = DN420, DN600O

2 = DN300, DN320, DN330
3 = DSP80, DSP90

4 = DN460, DN660, DSP160
5 = DN550, DN560

26.2.3. Auxiliary Information

PROM address 102 indicates auxiliary information. Currently, two bits within this address are
used. The first bit (1), if set, indicates that log error and crash entry points exist. Bit 2, if set,
indicates that the node uses an M68020-based processor board (DSP80, DN330, DN560).

26.2.4. Externally-Callable PROM Routines

Addresses 104 through 13F or 20F contain the addresses of several subroutines that can be called
from outside the PROM. SYSBOOT, NETBOOT, and the AEGIS system crash and dump
routines use subroutines. They are also available to any other stand-alone routine that does I/O

to the network, disks, or SIO lines.
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26.3. PROM Initialization Procedure

When the node is turned on or reset, the processor loads the stack pointer (SP) and program
counter (PC) registers from addresses 0 and 4, respectively. The initial PC points to second page
of the PROM. The SP points to the PROM’s stack at 100200 (200400 on DNx60 models).

The PROM turns off the LEDs and tests the normal/service switch. to determine whether it

should proceed in normal mode or service mode. Figure 26-1 illustrates the normal- and service-

mode PROM initialisation activities, and shows their interrelationships.

DIAGNOSTICS COMMAND Lo@
| A '

/ EX AEGIS

ERROR +

m55

DL

GET BOOT l

B 8 DLLF
EX

810
+ l Interconnect

“CALL” PROGRAM
I .
/Y o
LD
RTS

QUIET_RETURN
TRAP F

Figure 26-1. PROM Startup Activities in Normal and Service Modes

26.8.1. Normal-Mode Initialisation

" When the node is in normal mode, the PROM executes the following at startup:

1. Runs a series of diagnostic tests.

2. Loads the DNxB0 microcode if it is initializing a DNx60 node.

The Bootstrap PROM 26-4



——

O

- 3. Determines which system boot.stap program is required (SYSBOOT, NETBOOT, or
CTBOOT) and loads the appropriate program.

4. Checks the execution-requested flag to determine whether an EX command has been
issued. '

26.3.1.1. Diagnostic Testing

The PROM first runs a series of diagnostic tests. It indicates which diagnostic it is running by a

message on the display (or SIO device) screen. All nodes except the DN550 use the message
format:

Diagnostics: n

where n indicates the test completed. The DN550 uses the format.

Self Test Started n

The PROM carries out the following diagnostic tests (an asterisk indicates that the PROM does
not perform the test on DNx60 nodes):

e Checks the PROM checksum

o Checks the PFT (pattern write and verify)(*)

o Checks the PTT (pattern write and verify)(*)

o Checks the I/O map (pattern write and verify)(*)

e Tests the PFT, PTT and I/O map interaction (*)

e Tests the RAM memory (pattern write and verify)(*)

o Tests the RAM memory in mapped mode (pattern write and verify)(*)

e Returns to physical mode and verifies the results of the mapped mode test (*)
e Test the DSP80 CPU extension board functions (DSP80 or DN550)

o Performs a single node transmit test on the ring board

o Verifies the integrity of the VME interface board (DN550 only)

26.8.1.2. Loading DNX680 Microcode

If the node is a DNx60, the PROM loads the the following microcode files:
e The writeable control store microcode file (/SAU4/WCS.UC)

o Instruction decode RAM contents (/DCODE.UC)
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e Scraichpad constants and temporary varibles (/SAU4/SPAD.UC)
o A program that loads the above file into micro storage (/SAU4/ULOAD)

The PROM loads each microcode file by first loading SYSBOOT, NETBOOT, or CTBOOT and
then using the boot program to load the file into physical memory. This procedure is identical to
the procedure used to load the AEGIS system (which is detailed in the followmg steps). Once the
microcode files exist in memory, ULOAD runs to load the microcode into micro storage, and then
the microexec is started.

26.3.1.8. Determining the Bootstrap Program

The PROM next determines whether SYSBOOT, NETBOOT or CTBOOT is required by
checking the controllers on the node. If a winchester or storage module device controller exists,
the PROM will load SYSBOOT from disk. If only a ring controller exists, or if the attempt to
load SYSBOOT failed, The PROM attempts to load NETBOOT from a partner node. The
PROM will only attempt to load CTBOOT if you have set the disk type to C using the MD DI
command

If SYSBOOT is required, the PROM reads the physical volume label to get the disk parameters
(blocks per track, and so on) that describe the size and shape of the boot volume. (The PROM
initially assumes one block per track and one track per cylinder.) The PROM then loads
SYSBOOT from the first ten blocks on the disk (2 through B).

If NETBOOT is required, the PROM determines if it has a known partner node to boot from; if
no known partner exists, the PROM broadcasts a packet requesting the NETMAN program on
other nodes to respond if it is this node’s partner node. When they receive the broadcast, all
nodes in the network check their diskless lists to see if they are valid partners. The partner
node’s NETMAN sends a positive response. The PROM then requests the NETBOOT program
from the partner node and loads it into local memory.

If CTBOOT is required, the PROM loads CTBOOT f{rom the first file on the cartridge tape.

Once it has obtained and loaded the appropriate bootstrap program, the PROM calls it to load
the AEGIS system. See Chapter 27 for more details about AEGIS initialization.

28.3.1.4. Checking the Execution Flag

When the boot program returns to the PROM, it determines if £X (execution requested) flag is
true. If execution was not requested, the PROM goes into the MD command loop. If execution
was requested (by an EX command) the PROM passes control to the loaded program. In normal
mode, the EX command for AEGIS is internally generated, and AEGIS initialization proceeds
automatically.

26.3.2. Service Mode Initialization

When the PROM determines that the node is in service mode, it branches to a command
interpreter called the mnemonic debugger (MD). (Note that the entire PROM is often called
the MD.) The mnemonic debugger provides a set of low-level commands and an assembler and
disassembler. Whenever the system crashes it enters the MD. In service mode, you can enter the
MD from AEGIS by holding down the CTRL key and pressing the RETURN key.
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In service-mode system initialization, the MD tests the standard keyboard and SIO1 and SIO2
line inputs for a RETURN character. The first device to provide such a character becomes the
input/output device for the debugger. The MD will then respond to any commands from the I/O
device (including EX AEGIS to initialize the operating system).

You should not use SIO2 for the MD if you will be running AEGIS or any other stand-alone
utility (SAU) from the mnemonic debugger. These programs only scan the standard display input
and SIO1 lines, not SIO2. For example, if you put a dumb terminal on SIO2 and use it in service
mode, and then enter the EX AEGIS command, the terminal will display the boot sequence
through the HI: LOW: START: address messages. No further output is displayed, and AEGIS
will not accept input from the terminal.
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Chapter 27
SYSBOOT, NETBOOT, and CTBOOT

The system bootstrap program (SYSBOOT), the diskless node bootstrap program (NETBOOT),
and the cartridge tape bootstrap program (CTBOOT) are bootstrapping mechanisms that the
PROM loads and invokes directly to load stand-alone programs into memory. Stand-alone
programs include diagnostics, stand-alone utilities such as SALVOL and INVOL, and the AEGIS
system itself. All stand-alone programs are machine type-dependent; the boot programs load
them into fixed physical locations in memory. Each stand-alone program to be loaded must
reside in a SAUn directory (where *n* identifies the machine type) and must start with three
integer values:

o A low address at which the program is loaded
o The start address, which is the initial execution entry point

e The machine type identifier of the target machine, or 0 if the program can run on any
machine type.

The SYSBOOT and NETBOOT programs can access a disk SAUn directory and either list the
directory contents or load a specified file into memory. SYSBOOT accesses the local boot disk,
while NETBOOT accesses a partner node’s disk across the network. CTBOOT can find and load
a specified program from a cartridge tape that was written with the WBAK program, and can list
the names of the files in a SAUn directory saved on the tape.

The PROM invokes the boot program and passes it three input parameters:
e The PROM’s command buffer

e The boot logical volume number or network partner

e A set of option flags that provide informatio such as whether the service switch is in
normal mode.

When the PROM is running initialization in normal mode, the boot program loads AEGIS into
the node’s memory in response to an EX AEGIS command that the PROM issues. When the
PROM invokes the boot program in response to an MD command, the boot program either loads
the specified file or lists the SAU directory.

The boot program returns three output parameters to the PROM:

o The starting address of the loaded program
e An execute or "go” flag. The boot program sets the go flag to true if it loads a

program in response to an EX command; otherwise it is false. If the go flag is true,
the PROM will invoke the loaded program.

o For NETBOOT only, a set of UIDs from the partner node. These UIDs are the OS
paging file UID, the disk entry directory (/) UID. and the network root directory (//)
UDD.

27-1 SYSBOOT, NETBOOT, and CTBOOT



27.1. The System Bootstrap Program (SYSBOOT)

SYSBOOT runs ff the node has a local disk. It loads a file from the SAUn disk directory into
memory, or lists the contents of the SAUn directory. SYSBOOT can also automatically execute
SALVOL if the boot disk requires salvaging. However, SYSBOOT will only run SALVOL if it is
operating in response to an EX AEGIS command in normal-mode initialization.

SYSBOOT is always located in physical disk blocks 2-B of a bootable disk. These are logical
blocks 1 through A of the first logical volume on the disk. The initialize volume (INVOL)
program reserves these blocks for SYSBOOT. The copy boot (CPBOOT) program puts
SYSBOOT on the disk.

SYSBOOT performs the following operations:

1. Reads the disk physical volume label (using the PROM read disk routine) to get the
disk address of the logical volume.

2. Reads the logical volume label for the logical volume specified by the PROM (Thls is
logical volume 1 for normal mode startup).

3. Determines if SALVOL must be run. It checks two places in the logical volume label:
1) the BAT header volume trouble bit, and 2) the shutdown state word. If the volume
trouble bit is set or the shutdown state word indicates that the disk is mounted (that

is, the volume was never properly dismounted), then salvaging is required and
SYSBOOT checks if the following are true:

e It did not just attempt to salvage the disk
e It is responding to an EX command for a file beginning with AE
e The node is in normal mode.

If all three conditions are true then SYSBOOT saves the name of the original file to
be loaded, and changes the name of the file to be loaded to SALVOL..

4. Reads the logical volume’s root directory (/).

5. Gets the UID of the SAUn directory from the root directory, where:

e n = machine id if the machine id does not = 0

e n =1 if the machineid =0

o 1 = null if the machine ID is 0 or 1 and the SAU1 directory is not found.
8. Gets the VTOCX for the SAUn directory.
7. Reads the /SAUn directory.

8. If SYSBOOT is running in response to an EX or LO command:
a. Gets the UID of the file to be loaded from the SAUn directory .

b. Gets the file’s VTOC index (VTOCX).
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c. Uses the VTOCX to read the file’s VTOCE, and uses the VTOCE to read the
first record of the file into memory.

d. If SYSBOOT is running in response to an EX command, SYSBOOT checks to
see if the program has the correct machine ID.

e. Reads the entire file into memory, starting at the location specified by the
low__address value in the first word of the first record.

-f. I salvaging is required as determined in step 8, does the following:
e executes SALVOL

o Changes the file name back to the original name of the file to be loaded.
o Returns to St.eli 1.

g. Writes to the output device the following addresses for the loaded file:

e Low: lowest physical address of the file
o High: highest physical address of the file
e Start: starting entry point of the program.

If the SYSBOOT is running in response to an MD LD command:

a. Writes *//LOCAL/SAUn x* (where x is the logical volume number) to the
output device.

b. Lists the objects in the directory, 60 characters to a line.

9. Returns to the PROM.

27.2. The Diskless Node Bootstrap Program (NETBOOT)

NETBOOT loads a file or lists a directory from a disked partner node over the network.
NETBOOT communicates with the user-mode AEGIS -iskless node bootstrap procedure
NETMAN on the partner node, and then requests services through NETMAN. This section
describes NETBOOT operation on the local and diskless nodes and NETMAN and other process
support on the partner node.

27.2.1. NETBOOT Functions

When NETBOOT runs, it first requests a response from a partner node. In response to a LO or
EX command (normal-mode initialization automatically generates an EX AEGIS command)
NETBOOT does the following:

1. In response to an EX command, sets the execute flag to true; otherwise it is false.

2. Sends a boot request to the partner node that requests it to return the file to be
loaded.
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3. Reads the reply packets that constitute the file and loads them into memory, checking
to make sure that they will not overlay the boot program.

As it loads each packet (a page), it writes a period (.) to the display.

Each time it loads eight packets, it writes the total number of bytes loaded to the -
display.

4. When the it has finished loading the file, NETBOOT writes the following addresses
for the loaded file to the output device:

e Low address
e High address

o Start address

If NETBOOT has run in response to an LO command, or the file is too small to be
AEGIS, NETBOOT returns to the MD.
Otherwise, it transmits a request for the UIDs of the following:

o The OS paging file
e The network root directory (//)
o The disk entry directory (/)

In response to an LD command, NETBOOT first transmits a list directory request to the partner
node. It then receives the returned messages, which contain a list of the files in the SAUn
directory, and writes them to the terminal.

27.2.2. Partner Node Support of Diskless Nodes

NETMAN runs in the partner node and services various requests from the diskless node during
startup. It supports both the PROM’s loading of NETBOOT and NETBOOT’s loading of
AEGIS. In general, it services requests made through NETBOOT for the MD LO, LD, and EX

commands. ,

NETMAN is the user-level diskless node bootstrap server. It runs in user mode and is accessed
through a well-known socket. NETMAN provides three types of service: dump, echo, and boot.
This document only covers the boot service support of system initialization and MD operations.

NETMAN responds to a boot service request by passing the request to the boot request processor,

boot__$serv. Table 27-1 lists the kinds of boot__$serv procedure services. In addition, the
following paragraphs describe the boot__ $get__uids service in detail. .
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Table 27-1. BOOT _$SERYV Services

boot_$mult_ld

bobt_Sload

boot_$sysboot

‘boot_$volun

boot_$get_uids

returns only a single packet

List directory, sends multiple
packets to list EAUn directory

Sends the requested file from
the SAUn directory

Sends the NETBOOT file from
the SAUn directory

Checks DISKLESS LIST file to
determine if this node is a
partner to the requesting node
and sends a confirmation,
including the node-id, if true

Sends the UIDs for the 0S
paging file, network root, and
the node entry directory. it
also creates any required
supporting files

Service Description Requesting Software/Hardware
boot_$echo Not used for initialization
boot_$1d 0ld 1ist directory request, NETBOOT, in response to the MD

PL command.

NETBOOT, in response to the MD
LD command.

NETBOOT, in response to the MD
EX and LO commands, including
normal AEGIS initialization.

Diskless partner’s PROM before
it can process any MD LO, EX,
or LD request, including normal
mode startup.

Broadcast by diskless node’s
PROM as part of normal mode
startup and in response to any
LO, EX or LD command if the
partner is not yet known.

NETBOOT, following a boot_$load
request, in response to an MD
MD EX command for any file long
enough to be AEGIS, including
during normal mode &tart-up).

27.2.3. Get UIDs Service

In addition to sending the requested UIDs to the diskless node, NETMAN’s boot service routine
boot _ $get__uids carries out all the initialization and housekeeping required to enable the node to

support the diskless node. The get UIDs routine:

1. Resolves network root UID.

2. Resolves the node entry directory UID.

3. Resolves the /sys/node_ data.node_id directory, where node_id is the ID of the
diskless node, and unlocks it.

If the directory does not exist:

o Creates the directory.

o Resolves the new directory’s UID.

e Sets the default ACLs.

@
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4. Does the following to prepare the 0s paging file
(/sys/node_data.node_id/os _paging _file):

e Resolves the file UID.
e If the file does noi exist, creates it.
e Checks the file length, and if it is less than 320 blocks, extends it.

5. Does the following to prepare the bootshell file (/sys/node_ data.node_ id/shell):
(note that the boot shell is an impure object, mapped for read and write, and
therefore the diskless node needs its own copy.)

® Resolves the file UID.

o If the file exists, unlocks it and deletes it.
o Creates the file.

e Copies /sys/node_ data/shell to the file.

6. Copies the /sys/sysdev directory to /sys/mode_data.node_id/sysdev to give the
remote node its own system devices.

7. Copies the startup templates as follows:

o If the remote node is a DN300 or DN320, it copies the DM startup file templates
to /sys/node__data.node_id/startup.19] and makes sure the file contains a
KBD 2 command.

o If the remote node is a DSP80 (and therefore does not have a display), it copies
the server process manager (SPM) startup file template directory to
/sys/node__data.node__id/startup _templates.

e Otherwise, it copies the DM startup template directory to
/sys/node__data.node__id/startup _templates.

8. Sends a reply to the diskless node with the required UIDs.

27.3. The Cartridge Tape Bootstrap Program (CTBOOT)

The CTBOOT boot program enables a node to boot from a cartridge tape. For example, it
enables a partnerless or stand-alone DN550 to boot and load software on a new Winchester disk.
Like SYSBOOT and NETBOOT, CTBOOT enables the PROM to load and run stand-alone
programs and to list the contents of the SAUn directory on the tape. CTBOOT will only run in
response to an EX, LO, or LD command passed to it by the PROM.

The PROM can access a tape’s contents only if CTBOOT is at the start of the tape. The
CPBOOT utility puts the CTBOOT at the start of a cartridge tape. The remaining files on the
tape must be written in read_ backup (RBAK) format, for example, using the write_backup
utility (WBAK).
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To run CTBOOT, you must first specify the cartridge tape as the boot device. To do so, enter
the MD and enter the following command line:

DIc
You can then enter an MD command to list the SAUn directory from tape or to load or run any
stand-alone program on the WBAKed tape, including AEGIS or INVOL. When the PROM
requires the boot program, for example in order to invoke the EX AEGIS command, it reads the
first file from tape. The PROM then invokes this file identically to SYSBOOT to load the
requested file or list the tape contents. :

CTBOOT performs the following operations:

1. Sets up the name of the SAU directory as SAUn, where n is the machine ID.

2. Parses and saves the command line passed to it by the PROM.

3. Scans the first logical file on the tape to find the directory name //.../SAUn. Note
that that any directory names to the left of SAUn are ignored, so the SAUn directory

can be located at any depth in the directory tree structure.

4. If CTBOOT is running in response to an EX or LO command:

a. If CTBOOT is running in response to an EX command, checks to see if the
program has the correct machine ID.

b. Reads the entire file into memory, starting at the location specified by the
low__address value in the first word of the first record.

¢. Writes to the output device the following addresses for the loaded file:

o Low: lowest physical address of the file
e high: highest physical address of the file
e Start: starting entry point of the program.

If the CTBOOT is running in response to an MD LD command:

a. Writes the directory pathname to the output device.
b. Lists the objects in the directory, 60 characters to a line.
5. Rewinds the tape.

6. Returns to the PROM.
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Chapter 28
AFEGIS Initialization

After SYSBOOT, NETBOOT or CTBOOT loads AEGIS, the PROM passes control to the newly
loaded program, and OS initialization begins. Two procedures within the AEGIS kernel — the

cold start routine (COLD__START) and the os_ $init routine — are responsible for AEGIS
initialization. The cold start routine contains the initial entry point for AEGIS and is given
control directly from the PROM. When it completes its operations the cold start routine calls the
os__$init routine. '

28.1. The Cold Start Routine

The cold start routine occupies a single page of memory starting at physical address 100800. The
data space for the cold start routine and its associated data occupies one page starting at physical
address 101000; these pages are mapped one-to-one in virtual memory. The os_ $init routine
frees this memory after cold initialization completes and AEGIS is running. ‘

The cold start routine carries out the following operations:
1. Reads the following machine definition arguments passed by the PROM:

e The boot device type (network, winchester, etc.), unit number, and logical
volume number

e The node ID

e If the node is running diskless: the UIDs of the OS paging file, network root
directory, and node directory.

2. If the node is a DN300, DN320, DSP80, or DN550, determines whether the processor

is a 68010 or 68020. If it is a 68020, enables the on-chip instruction cache and
relocates the following in virtual memory:

¢ AEGIS from E00000 to 3D00000
e The page translation table from 700000 to 400000
e The i/o definitions from FA0000 to SFA0000.

8. Copies the trap page from physical address 0 - 400 to physical addresses 100400 -
100800. ' .

4. Initializes the MMU in mapped mode with memory mapped one-to-one. If the node is
a DNx60, the routine does not initialize the MMU, but instead relocates the trap
vectors using the vector base register (VBR).

5. Scans (reads and rewrites) physical memory to initialize the memory map (MMAP)
(by marking free and missing pages) and to eliminate ECCC or parity errors.
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6. If the node has a VME bus, sets up the VME memory size register. This register
informs the VME interface which addresses refer to memory and which should be
passed to the VME bus. '

7. If the node is a DN550 or DSP80 with a MULTIBUS, then enables the MULTIBUS.
Enables the second second half of the MULTIBUS only if physical memory does not
-exist at address 380000.

8. Enables the MMU with the initial virtual to physical address mappings. (The virtual
and physical address spaces are defined in detail in Appendix B.)

9. If this node has a 68020 with 68221 coprocessor, enables the coprocessor; if the node
has a 68020 but no coprocessor, enables the floating point emulator.

10. Turns on memory ECCC or parity operations.

11. Calls the os__$init routine to complete the AEGIS initialization process.

28.2. The OS_ $INIT Routine

The os__$init routine completes the supervisor-level initialization of AEGIS. When it completes
" its operations, it calls the bootshell. The os__$init routine does the following:

1. If the node has a 68020 processor, calls the routine mmu_ $init to adjust the MMU
operations for the larger PTT and as__$init to adjust the address space.

2. Initializes the trap page with the addresses of the appropriate fault interceptor module
entry points.

3. Removes the virtual-to-physical association between the cold start routine and
associated data pages from the MMU. This frees the physical memory so that the the
memory map manager, when initialized, can record these pages as available.

4, Initializes the managers listed in table 28-1, as required by the node configuration.
The table lists the initialization call, its function and additional information that
describes the operation. To track the structure of the os_ $init procedure, this table
also describes some operations that do not strictly initialize managers but are included
within this section of the code. '
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Table 28-1.

Managers Initialised by OS_ $INIT

Procedure Manager Comments
MMAP_$INIT REmMOTy Bap Required by dbuf, pbu_$init, makes &
1list of present but unused pages.

PBU_SINIT peripheral bus unit |Must precede IO_$INIT
I0_$INIT Winchester, Floppy. |For storage module, only reserves

Ring xmit, Ring rcv, |I/0 map pages, does not wire the

Cart tape, Stor mod |procedure.
LPR_$INIT Parallel line printer
PEB_$INIT PEB (Floating point accelerator module)
MEM_SINIT Menory ECCC logic Must be done inhibited
TERM_$INIT Dumb terminal driver |Initializes all four SIO lines
TIME_$INIT Timer Crashes if should bave calendar on

disk controller and do not
UID_$INIT UID Generator Needs the node number and time
none Sets up the null process stack
PROC1_$INIT | level 1 process mgr. [Caller becomes process 1
SMD_$INIT screen mgr. driver Inits the display driver
TPAD_$INIT touchpad data mgr.’ Inits. touchpad mode settings/mouse
DTTY_$INIT dumb TTY handler Can be initialized for display
’ or for a real dumb terminal

EC2_$INIT_S | level 2 eventcounts |[Inits. freelist of wait 1list entries

PRINT_BUILD
_TIME

none
none
DBUF_$INIT

SM_$CINIT

Parity
DNx60 floating pt.
Disk buffer manager

Storage module
controller

prints the system build time

Sets parity error trap to its fim
Sets floating point traps to fims
Inits. disk buffers used by bat/vtoc

Only if SM is boot device.; do not
wire. Call is in an internal proc.
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5. If the node is not diskless, mounts the boot volume as follows:

a.

Mounts the boot physical volume, initializing the volume table entry with
information from the physical volume label.

Gets the UID of the first logical volume on the drive.
Mounts this logical volume.

Verifies the clock time against the boot volume shut__down time. If the shut-
down time is later than the clock time or is over three days before the clock
time, asks if you wish to update clock. This is done by the cal_ $verify
procedure of the os__cal__unwired module.

. Mounts the VTOC. If salvaging is required, issues a message to the display.

If the node is in normal mode, crashes the system.

If the node is in service mode, it displays the message: * Proceed to bring up OS

(and risk volume)? If the response is yes, it mounts the VTOC; otherwise, it

crashes the system.

6. Initializes the virtual memory managers. This is done by the mapped segment table
initialization (mst__$init) procedure, which operates as follows:

a.

b.

Initializes the access control list manager (ACL) using acl_$init.

Initializes the active segment table manager and AST (ast_ $init) using
ast__$init.

Initializes the address space ID (ASID) allocation list (for ASIDS 1 -25).
Allocates ASID 0, which maps global address space.
Sets up the MST for ASID 0.

On Dnx60 nodes, sets up the segment map tables (SMAPS) and region registers.

. Sets the MST wired page limits, the maximum allowable number of wired MST

pages. This is determined by a ratio of one page of MST entries per ten pages
of pageable physical memory, so that approximately 200 megabytes of virtual
memory can be mapped in one megabyte of physical memory.
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7. Establishes the OS mappings to the OS paging file and initializes virtual memory
mechanisms as follows:

e Maps the segments required for AEGIS by running the mst_ $maps procedure
for each of the following areas, in turn. Each area is mapped to offset 0 in the
OS paging file:

a. The non-pageable OS procedures and data
b. The pageable OS procedures and initialized data

c. The non-pageable whole cloth pages to be used for page-aligned data such
as the file lock table, ACL lock data tables, and PROC2 database.

It is possible to map three different areas of virtual address space starting at the

_ same location in the OS paging file because the two wired areas will never
require space in the file. Thus, this technique reserves the virtual address space
used by the wired procedures and wired pre-aligned data. It ensures that the
mapped segment manager will not map the anything over them, yet it does not
waste file space that will never be used.

o Wires the AEGIS procedure section pages that must always remain in memory
by setting their memory map entry .inuse bits as false (not in use). This
eliminates the use of backing store.

e Activates (adds to the AST) and associates the pageable AEGIS procedure pages
and the initialized data areas.

e Wires the non-pageable whole cloth uninitialized area pages by setting their
memory map entry .inuse bits as false (not in use). This eliminates the use of
backing store.

e Frees any unused memory map pages, such as those that would be used for a
nonexistent second display or MULTIBUS device and pages that mmap _ $init
has determined to be unused. This procedure both removes the page association
from the MMU (mmu_ $remove) and frees the page in the memory map
(mmap _ $free).

8. If the storage module is the boot volume, wires the SM manager.

9. Maps and activates the display memory and the memory for a second display, if it

10. Creates the following special level 1 processes:
e The clock process (PID 3)

e The purifier process (PID 4)
e The wired and unwired DXM process
11. Makes the current process (PID 1) a level 2 process by allocating an address space ID

(ASID 1) and assigning it to the process, and by sets the process type to the initial
system process.
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12.

13.
14.
15.

16.

17.

18.

19.
20.

21.

22.
23.

24.

25.

Starts the network packet receive process (PID 6), using the network_ $init
procedure. This procedure also starts the first network paging server process (PID 7)
and the first network request server (PID 8).

If this node does not have a clock, gets the current time from the partner node.
Initializes the lock manager database, using the file_ $lock _init procedure.

Initialize the naming server, using the name__$init procedure.

Checks that the PROM node number and the boot volume node number are identical.
If they are not the same and the node is in service mode, writes a message asking if
you want to proceed. If the answer is not yes, or the IDs do not match and the node
is in normal mode, initiates os shutdown.

Makes the disk entry directory (/) the working directory.

Initializes the PROC2 manager using proc2_ $init, which does the following:
o Initializes the PROC2 UID array to newly generated UIDs.
o Initializes the PROC2 information record that describes process 1 (this process).

The initialization operation creates and maps the ‘node_data/stack object,
which is the stack object for this process.

e Checks if AEGIS is being booted from tape. If so, runs the tape_ $boot
procedure to find and load /bscom/rbak_ shell (the cartridge tape bootshell)

and returns.

Otherwise, resolves the bootshell ‘node__ data/shell, locks it for cowriters, maps
it, and returns with the bootshell start address.

Initializes the UID location hint manager using hint_ $init.
Initializes the event logging manger using log__ $init.

If the node has a color display, initializes the color debug module using
color __$cold _ init.

If the node is diskless, gets the calendar information from the partner.
Makes the trap page read-only.

Recalculates the maximum number of pages allowed for the mapped segment table to
reflect the pages that have been freed.

If the node has a PEB (performance enhancement board), loads the PEB writable
control store.

If the node has a 68881 coprocessor, allocates and maps an area in which per-process
68881 state information will be saved.
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26.

27.

28.

29.

If the node is diskless, initializes the MST so that it can print the PARTNER NOT
RESPONDING message, if necessary.

Frees the pages used by the initialization code. the os_ $init routine and all other
initialization code called only during system initialization are located in separate
named sections that are loaded at the the end ot the OS wired area. They have
therefore been wired up to this point. However, they will never be needed again and
can now be freed. As a result, the length of the paging file does not have to reflect
the length of the initialization logic.

The os__$init routine exits by calling proc2_ $startup using the bootshell address
returned by the proc2__$init routine.

The proc2__ $startup routine changes mode to user and invokes the bootshell.
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Chapter 29
User Mode Initialization

The last task in system initialization is the initialization of the user interface. This process is
completed by three modules:

e The bootshell (SHELL)
o The user environment initialization program (ENV)
e The normal user interface process; DM, SH, or SPM.

The bootshell is a transition point between AEGIS initialization and the definition of the user
environment. The bootshell provides a variety of commands that are available when the node is
in service mode, including debugging, virtual memory, and file system management commands.

The user environment initialization program (ENV) initializes the first process user environment
and loads the display manager, the server process manager, or the shell program. It sets up the
address space used by the first user-mode process, which is typically the DM.

The display manager (DM) is the normal user interface. The DM can only be used on nodes with
a full bit-mapped display. It is the DM that presents the normal login message.

The server process manager (SPM) runs on server nodes, which are usually DSP80 and DSP160
systems without display interfaces. The SPM manages the node’s response to create remote
process (CRP) commands from other nodes. It also handles certain houskeeping functions, such
as starting the MBX helper and monitoring the shutdown switch.

The shell pfogram (SH) is the single-process shell. It can provide a user interface over an SIO
line, where the full display capabilities are not available. This program is the same as the shell
program invoked by the DM SH command.

29.1. The Bootshell

Like AEGIS, the bootshell is a program that has been processed by the run file converter (*an
RFCed program"). The executable file is located in ‘NODE_ DATA/SHELL. A second version
of the bootshell, RBAK _ SHELL, is loaded and used when the node boots from a cartridge tape.
This version can manipulate and read the tape, and provides an additional command, RBAK,
which reloads the system software from the cartridge tape.

Except when running the DM, RBAK, SPM, SH or GO command, the bootshell runs as
user.none.none, and therefore its access to objects can be limited by ACL restrictions. As a
result, it is in some ways a vestigial resting point. It is useful for such operations as debugging
library-level code.
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29.1.1. Bootshell Initializsation Operations

In a normal-mode system initialization, the bootshell carries out some preparatory operations and
then loads and calls ENV to set up the initial user process environment. In service-mode
initialization, the bootshell enters a command processor and displays the bootshell prompt. You
can then enter any of the bootshell commands.

In a normal mode initialization, the bootshell:

¢ Displays the Apollo logo (/SYS/APOLLO_LOGO).

¢ Invokes the bootshell command file located at ‘NODE_ DATA/STARTUP _ SHELL,
if one exists. (This file is not required.)

o Determines which program should be invoked by ENV. If the node has a display, DM

~ (/SYS/DM/DM) will be invoked; otherwise, SPM (/SYS/SPM/SPM) will be invoked.
The single process shell (/SYS/BOOT) can only be invoked explicitly by entering the
SH command when in the bootshell.

e Loads and runs ENV (/SYS/ENV)

If the node is being initialized from cartridge tape (that is, the bootshell is RBAK _ SHELL), the

bootshell automatically runs its RBAK procedure. This procedure prints a message that asks if

you wish to replace the system software on your disk. If your answer is yes, it copies the first

WBAK file from the cartridge tape to the system disk and returns to the bootshell command

processor described below.

29.1.2. Bootshell Commands : “\
The bootshell provides a command processor that appears automatically during initialization in

service mode {that is, as a result of an MD EX AEGIS command). You can enter the bootshell
command processor in normal mode by exiting the last user process as follows:

o Entering the EX command to the DM

o Pressing the CTRL/Z key combination when in the single process shell, but only if it
was invaked by an SH command to the bootshell

¢ Entering the Quit command or pressing the CTRL/Z key combination to the SPM.

In these cases, exiting the program returns the process to ENV, which returns to the bootshell.

o
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Bootshell commands can be divided into two categories: standard commands and BSCOM
commands.

The standard bootshell commands are listed in Table 20-1. In addition, the bootshell commands
include copies of the the MD debugging commands, including the assembler/disassembler. The

debugging commands, like the other BS commands, are part of the bootshell code, and do not
rely on the PROM.

The BSCOM commands are located in the /BSCOM dir'ect,ory. You invoke them by using the
bootshell LO command. The BSCOM commands are:

e CPT.BS - Copy Tree

e CPBOOT.BS -- Copy Boot

e DLT.BS — Delete Tree

o LAS BS - List Address Space

These commands are similar, but not identical, in operation to their DM counterparts. For
example, the CPT and DLT commands do not take arguments, but initiate an interpreter that
requests input; they also provide online Help. Like most other bootshell commands, the BSCOM
facilities are limited by the fact that the bootshell executes as USER.none.none.

The BSCOM directory has two additional files, LIB.BS and RBAK__SHELL. LIB.BS is the
library used by the BSCOM commands. RBAK _ SHELL is a copy of the bootshell that is loaded
when AEGIS is booted from a cartridge tape. It is located in the BSCOM directory for
distribution purposes only.

29.2. The User Environment Initialization Program (ENYV)

The ENV program initializes the first process user environment, including the user global space
that is shared by all user processes. It then loads the DM, SPM, or the single process shell (SH).
ENV is bound to a private copy of the process manager (PM) and uses the manager’s

- pm__$init_first procedure to carry out nearly all the initialization operations. The ENV

program deletes the ‘NODE_DATA/STREAM__ $SFCBS files and calls the pm_ $init_first

routine.

The pm_ $init_ first routine performs the initializations that are unique to the first user-level
process. It initializes user-level managers and user global space, including the global libraries and .
known global table, in addition to performing process-specific tasks. See Chapter 9 for an
explanation of user-global and process-private address space.
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Table 29-1.

Bootshell Command Summary

CF [<pathname> | -E] run/end command file
CHN <pathname> <compname> change name
CRD <pathname> create directory
CRF <pathname> create file
CRL <pathname> <linkname> add 1link
CTNODE <leaf> <node_id> 2dd node to local copy of root
CTOB <pathname> <uidhi> <uidlo> catalog name with specified uid
DEBUG <value> enable/disable debug mode
DLF <pathname> delete file
DLL <linkname> drop linkname
DM load display manager
DMTVOL <{WISIF} <lvno> [<pathrame>] dismount a logical volume
GLOB ' ' list installed globals
GO load a5 if in normal mode
H , prints help text
IN <pathname> [-D] [-S | -NS] :nvoke loader to install named file
LD {<pathname>] [-A [-D]] [-Uj list directory
LI <address> set display lites address
LO <pathname> [-D] [-S | -NS] invoke the loader v/ the given RFC file
MA <pathname> [<1> <g2>] [-E] map file
MTVOL  {WIS|F} <lvno> [<pathname>] mount a logical volume
ND <pathname> - set naming directory
RBAK Restore contents of a cartridge tape *
REL [-A] release proc-mgr assigned storage
SH load single process shell
SHUT shutdown the system
SPM load the server process manager
STCODE <status-code> print textual definition of status code
B stack trace back
TI {-ON | -OFF} enable/disable the timer
TR <pathname> <s2z> truncate raw data file to given size (hex)
UCTNODE <leaf> drop node from local copy of root
UCTOB  <pathname> un-catalog pathname from namespace
UMA {<pathname> | <1> <s2>} unmap file by name or addr/size
WD <pathname> set working directory
Key: <1> := low address
<h>" := high address
<s> := start address
<sz> = size
<type> := { nil, rec, hdru, ob) dev, pad, undef, uasc, mt, boot }
Note * - The RBAK command is only provided by RBAK SHELL, the cartridge tape

bootshell, and can be executed only if AEGIS was booted from a
cartridge tape.
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The pm__$init__first routine does the following:

1.

10.

11.

12.

Initializes the user global space read/write storage (RWS) by creating a backing file
for the storage (‘node_data/global _data). If such a file already exists, it is deleted
first. The new file is made permanent and locked for multiple readers or one writer
(or_xor_1w).

. Maps and allocates the global space storage used by the global information record at

the base of user global address space.

. Initializes the user-private read/write space manager to use the private impure data

area.

. Allocates the space in the private read/write space for the process fault manager error

mask. . :

. Builds private read/write scratch space to be used in building the global space KGT

to check for duplicate entries. In doing so, it resolves the process 1 stack object
pathname (‘node_ data/stack) and initializes the read/write storage manager.

. Initializes the global-space known global table (KGT) manager. This procedure

allocates the space required by the pure (read only) KGT.

. Defines entries in the pure KGT for the PFM and FPU masks and for various creation

record variables.

. Allocates global space for, and defines a pointer to, the first entry in the global library

section information list. Defines an entry in the pure KGT that points to the list.

. Builds a dumxhy impure KGT by determining the KGT’s address and setting the

number of entries, free entries, and maximum entries to 0.
Directs the AEGIS kernel to pool stack objects when processes are deleted.

Determines the node machine type ID and the type of floating point hardware, if any.
(These are used by the library installation code, to determine whether the PEB library
must be loaded.) '

Installs the global libraries in global space. To do so it first sets the working
directory to /lib. It then loads each of the libraries specified by pm__$libnames and
adds their defined globals to the pure KGT. Note that each global library is either
required or optional. If an optional library’s name or UID can not be found, it is not
installed and no error occurs.

Also note that the syslib file in the /lib directory should match the type of PEB or
floating point hardware that is installed on the node. There are five versions of
syslib:

syslibd -- for systems with no floating point hardware
syslib.peb -- for systems with a Performance Enhancement Board
sys1lib.460 -~ for DNx60 systems

syslib.881 -- for systems with the Motorola 68881 coprocessor
syslib.020 -- for systems with the M68020 processor
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The pm__$init_ first routine attempts to load the correct library, based upon the TN
machine type ID and the PEB kind ID. If it fails to find the correct library then it ‘
writes an error message and tries to install the syslib library. -

13. Completes the building of the global KGT, and truncates and unmaps the scratch
area (in private Read/write space) that was used to build it.

14. Searches the KGT for the the addresses of externals required by the pm_ $init
routine.

15. Builds a creation record for the user-space boot program. To do so it:

® Resolves, maps, and locks (for cowriters) the ACL  cache
(‘node__data/acl_ cache) that the DOMAIN/IX environment uses.

e Resolves the user-level boot file pathname passed to it by the bootshell
(/sys/dm/dm, /sys/spm/spm, or /sys/boot).

e Assigns various creation record variables

16. Initializes the following by calling the appropriate PM initialization procedure:

o The global static data in the process manager library.
e The streams manager
e The C library

17. Resolves the private address space user library (/lib/userlib.private), if any, and sets >
an indicator in the global information record if it is found.

18. Determines the high address of the private read/write storage space and saves it in the
global information record.

19. Makes the global data section read-only.

20. Calls the process initialization procedure pm__$init to initialize this level 2 process
and invoke the user-level boot program (DM, SPM or SH). (The pm_ $init procedure
is called whenever a new level 2 process is initialized; be.ause it is a user-space
routine, it is not covered in detail in this document.)

When system initialization completes, the address space of the first level 2 process will appear as

it does in Figure 9-1 and Figure 9-2 in Chapter 9. When a user logs in, the login procedure maps
the working and and naming directories to supervisor private addresss space.
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Appendix A
Boot LED Codes

Some nodes (and probably all future ones) have four or more LEDs on the CPU board and/or
visible from the front panel. MD and AEGIS use these lights to indicate the status of the system.
They are particularly useful on server nodes (like the DSP80, where they were first introduced)
that do not have a display or other means of communicating with a user.

A complete listing of the various LED codes can be found in the Engineering Handbook. This
appendix only covers the codes that can appear during initial power up and reset.

A set of steady state codes or unchanging values are loaded into the LEDS as the PROM is
initializing the system from power-up or a reset. If the system hangs before running the
diagnostics or printing a prompt character on the display (and dumb terminal), the code in the
LEDs will indicate that last operation that MD has successfully performed.

Note: if the system hangs, you should try a reset while watching the LEDs. Don’t worry if you
don’t notice all values; some go by very quickly. Note also that one value — F —~ has two
meanings.

F - Power-on value

When a machine is turned on, the initial state of the LEDS will be
F (all on). They will also show F as long as the reset switch is depressed.

0 - First instruction at “init"

The very first instruction executed by the PROM (i.e., the one
pointed to by location 4) sets the LEDS to 0. If this fails to

happen, there is probably no clock signal to the CPU. Alternatively,
the physical location of the LEDS is wrong, and you are getting an
immediate bus error.

1 - Memory passed tests at init

After turning off the LEDs, MD pushes and pops various data patterns
to and from the stack to provide a minimal existence test for a path
to real memory. If you don’t get to this point, there is something
wrong with memory or the address bus.

2 - State saved

At this point MD has successfully saved the registers, determined

whether it is running physical or mapped, and established the appropriate
stack base register. If you don’t get here, there may be a problem

with the stack operations BSR/RTS.

3 - Parity cleared in first 2 pages

MD next clears out any bad parity in the first two pages of memory
(MD’s data page and the mapped trap page. A hang here could indicate
the the parity logic is ignoring the fact that it hasn’t been enabled yet.
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(The next few codes are loaded in the init__sys routine, which initializes the I/O devices used by

MD.}

4 - VME address modifiers set, ring __id loaded, SIOs initialized, speaker off

MD is prepared to accept bus errors referencing the ring or the VME
interface, but not the SIOs. A hang before this value is shown could
indicate a misbehaving VME or ring board, a non-responding SIO chip,
or an error in the bus error handling logic.

5 - IOMAP cieared, multibus initialized, display (if any) cleared

Again, bus errors on the IOMAP and multibus are tolerated, as it a bus
error accessing the display. But if a display is present but not working
right, MD may hang trying to clear it.

6 - Disp__init called, returned

This value indicates that a display is present, and it was initialized
without error.

7 - Display init got bus error

This value indicates that the display initialization logic got a bus
error accessing the display.

(This is the end of the init_sys routine. You should now see a prompt character (>) on the
display and/or dumb terminal.)

8 - We’re in service mode, waiting for keyboard input

This value is displayed when MD determines that it is running in
service mode (or on a reset command in normal mode). If the system
is running correctly, this may be first really observable LED value.
At this point, MD is waiting for you to enter a return or two from
the input device you are using (display keyboard or dumb terminal).

9 - Character received from keyboard
A - Character received from line 1

B - Character received from line 2

These values are displayed when a character has been received from
the indicated device. If you do not get one of these responses to

a carriage return, check the keyboard (unplug and plug in), check
your SIO cabling, suspect a bad SIO chip or associated hardware.

C - Just printed MD’s banner message

As soon as MD has determined the input device, it prints its banner

(*MD REV...") and displays this value. (You probably won’t see the

LED value, since MD immediately enters the command loop -- see below).

If you don’t see the banner, check the display/terminal hardware, brightness
level, display memory functioning. '
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D - PTT enabled (map routine)
E - MMU initialized (map routine)

F - MMU enabled (map routine)

These 3 values are displayed by the map routine, which

is used whenever mapped mode is to be entered — the 'M’ command,

in certain diagnostics, or, on some models, when disk or ring

I/O is to be performed. *D* indicates that the PTT was just enabled

into the address space. If you don’t get this value, there is a problem
enabling the PTT. “E* indicates that the MMU has been completely loaded
with MD’s mapping. "F*® indicates that the MMU was actually enabled.

(If you entered the *M" command, the *F* will immediately be replaced

After MD enters the command loop, starts running diagnostics, or initiates program execution, it
uses a short-long two-digit sequence to indicate what’s occurring.
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Appendix B
Address Space

The following figures show the memory layouts of the various nodes that are presently available.
These figures show both the physical layout of memory and the mapped memory address
assignments.
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3F
40-4F
50-57
58-5B
5C-5F
60-7F
80-FF
100-17F
180~-1BF
1CO-1FF

Figure B-1.

Physical Memory Layout

Address Space

ADDRESS  APOLLO T  APOLLO 2 APOLLO 3 APOLLO 4 APOLLO 5§
DN420/600 DN3XX DSP80/90  DNX60 DNSXX
0 PROM PROM PROM PROM PROM
4000 pft pft pft PROM2 pft
8000 MMU MMU MMU MMU MMU
8400 sio0 sio sio sio sio
8800 tmrs.cal timers timers tors,.cal tors
8C00  floppy - - floppy -
9000 - dma dma iomap -
9400 - displ - - chameleon
9800 - ring ring - ring
9coo - disks,cal - - dsktape,cal
AOCOO - - calendar - manf 't disk
A400 - - pdbu ctl - pbu ctl
ABOO - - lpr - -
ACO0O  diags diags diags diags diags
BOOO  ped ctl fpu ctl fpu ctl useqncer  fpu ctl
B400 fpu cmd fpu cmd fpu cmd dcode ram fpu cmd
B800 ringi fpu cs fpu cs ringi fpu cs
BCOO . ring2 - - ring2 vme ctl
C000 fpu cs - - wcs ctl uvmeO
€400 cache wO - - - uvmel
C800 cache wi - - - uvme2
ccoo -~ - - - uvme3
DooO - - - i_cache0 uvme4d
D400 - - - i_cachel uvmeb
D800 - - - i_cache2 uvmeb
DCoo - - - i_cache3 uvme7
EOOO0  color_sup - - color_sup color_sup
E400 color_usr - - color_usr color_usr
EBOO color_wcs - - color_wcs color_wcs
ECOO - - - - -
FO00 aispi - - disp1l displ_sup
F400 disp2 - - disp2 displ_user
F800 - - - - dispi_wcs
FCOO mem ctl - - mem ctl -
10000 pbu mem - . iomap(4K) pbu mem iomap (4K)
14000 - - PROM2 - PROM2
16000 - - PROM2 - PROM2
17000 - - PROM2 - PROM2
18000 pdu i/o - - pbu i/o new dt(32k)
20000 dispi mem dispil mem - displ mem dispi mem
40000 disp2 mem - - disp2 mem co0lor mem
60000 - - - - NGC ctl
70000 - - pdbu i/0 - pbu i/0
B-2
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Figure B-2. Physical Memory Layout, Continued

APOLLO &

PPN ADDRESS APOLLO 1  APOLLO 2 APOLLO 3 APOLLO 4
DN420/600 DN3XX DSP80/90  DNX60 DN5XX
200-38FF 80000 phys mem phys mem pbu mem - pbu mem
400 100000 md data md dats md data - Bd data
401 100400 trap pg trap pg trap pg - trap pg
402-7FF 100800 phys mem phys mem phys mem -~ phys mem
800 200000 . . . md data -
801 200400 . . . md data2 .
802 200800 . . . trap pg .
803-804  200C00 . - . smaps .
805-824 201400 . . . pmaps .
825 209400 . . . pmaps_sp .
826 209800 . . . rars *
827-DFF  209C00 . . . phys mem .
EOO-FFF 880000 . . pdbu mem2 . pbu mem2
1000-1BFF 400000 - ptt(020) ptt(020) - ptt(020)
1CO0-1FFF 700000  ptt ptt ptt . ptt
2000-3FFF 800000 - - - . -
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sio

timers
calendar
chameleon
floppy
cart. tape
ond cache
pbu ctl
lpr

peb ctl
fpu cmd
useqncr ctl
dcode ram
dma

ringl
ring2

vme ctl
vwin

fpu cs
cache w0
cache wi
wcs ctl
inst cached
inst cachel
inst cache2
inst cache3
color_sup
color_user
color_wcs
disp1

disp2
displ_user
displ_wcs
mem ctl
iomap

pdbu mem
pbu i/o
dispi mem
disp2 mem
color mem
MD data
ptt

~ Address Space

Figure B-3. Object Locations
APOLLO 1 APOLLO 2 APOLLO 3 APOLLO 4 APOLLO 5
(o] (o] o] 0 (o]

- - 14000 4000 14000

4000 4000 4000 - 4000

8000 8000 8000 8000 - 8000

8400 8400 8400 8400 8400

8800 8800 8800 8800 8800

8880 8880 A00O 8880 9C00

- - - - 9400

8C00 9C00 - 8C00 -

- - - - 9CO0

- - A400 - A400

- - AB0O - -

B0O0OO B0O0O BO0OO - BO0O

B400 B400 B400 - B400

- - - BOOO -

- - - B400 -

- 9000 9000 - -

B80O - - B800 -

BCOO 9800 9800 BCOO 9800

- - - - BCOO

- 9C00 - - 9C00

Coo00 B80OO B80OO - B80O

C400 - - - -

€800 - - - -

- - - C000 -

- - - D000 -

- - - D400 -

- - - D800 -

- - - DCOO -

EO0O - - E000 EO00

E400 - - E400 E400

E800 - - EB00 E800

FOO00 9400 9400 FO00  elele)

F400 - - F400 -

- - - - F400

- - - - F800

FCOO - - FC00 -

- _ 10000 9000-91FF 10000
10000 - 80000 10000 80000
18000 - 70000 18000 70000
20000 20000 20000 20000 20000
40000 - - 40000 40000
40000 - - 40000 40000

100000 100000 100000 200000 100000
700000 700000 700000 - 700000
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Figure B-4. YVirtual Memory Allocation for 18MB Systems

DN420/600 DN300/320 DEP80O DN550
VIRTJAL APOLLO 1 APQOLLO 2 APOLLO 3 APOLLO 5
0 trap page trap page trap page trap page
400-3FFF PROM 'PROM PROM PROM
4000-7FFF - - PROM2 PROM2
7000 fpu_cmd fpu_cmd fpu_cmd fpu_cmd
8000~1FFFFF GLOBAL ADLRESSE SPACE
200000~AFFFFF PRIVATE ADDRESS SPACE
700000-7FFFFF  ptt ptt ptt ptt

BOOOOO-BBFFFF
. BCOOOO-BFFFFF

CO0000-DFFFFF
EOOOOO-EFFFFF
FO0000-F68000
F70000-F8FFFF
F90000-F9FFFF
FAOOOC-FBFFFF
FCOOOO-FDFFFF
FEOOOO-FE7FFF
FE6800
FE6C00
FE7800
FEB000-FEFFFF
FEEBO0O
FEECOO
FEF800
FEFCOO
FFOOOO~FF4FFF
FF5000-FFSFFF
FF6000
FF6400
FF6800
FF6C00
FF7000
FF7400
FF7800
FF7C00
FF8000
FF8400
FF8800
FF8C00
FF9000
FF9400
FF9800
FF9CO00
FFAOQ0O
FFA400
FFAB00
FFACOO
FFBOOO
FFB400
FFBBOO-FFF7FF
FFF800-FFFOFF

PRIVATE PROTECTED ADDRESS EPACE

05 PROC AND DATA
08 BUFFERS ,

disp2_mem - -
displ_mem displ_mem -
pbu_mem (32K) - pbu_i/o
- - pbu_sm_c_page
- - pbu_sm_page
- - pbu_mt_page
pbu_i/o (82K) - pbu_1i/o
pbu_sm_c_page - -
pbu_sm_page - -
pbu_mt_page - -
pbu_npa_page - -
- - iomap (4K)
color_sup - -
color_user - -
color_wcs - -
peb_ctl fpu_ctl fpu_ctl
fpu_cmd fpu_cmd fpu_cmd
fpu_cs fpu_cs fpu_cs
cache_wo0 - pbu_ctl
cache_wl - lpr
chk_buff chk_buff chk_buff
zbuff zbuff Zbuff
mem ctl par_buff par_buff
disp2 - N -
dispi displ -
ring2 ring ring
ringil dma dma
- - calendar
flop flop.win,cal -
timr, cal timr timr
sio sio sio
MMU MMU MMU
pft (16K) pft pft
iomap - -

NGC ctl
color_mem
displ_mem
pdu_i/o
pbu_sm c_pg
pbu_sm_page
pbu_mt_page
pbu_i/o

iomap (4K)
color_sup
color_user
color_wcs
fpu_ctl
fpu_cmd
fpu_cs
pbu_ctl
chameleon
chk_buff
zbuff
par_buff
vme_ctl
dispi_sup
ring
dispi_user
displ_wcs
win, tape.cal
timr

sio

MMU

pft

Address Space



Figure B-5. Virtual Memory Allocation for M68020 Systems

DN330 DSP90
VIRTUAL APOLLO 2 APOLLO 3
0 trap page trap page
400~3FFF PROM PROM
4000-7FFF PROM2 PROM2
8000-1FFFFF GLOBAL ADDRESS

200000-3BBFFFF
3BCO000-3CFFFFF
3D00000-3EFFFFF
3F00000-3F 68000
3F70000-3F8FFFF
3F90000~-8F9FFFF
3FAQ0000-3FBFFFF
3FCO000-3FDFFFF
3FEOQQOO-BFE7FFF
3FE6800
3FE6C00
3FE7800
3FEB00Q0-3FEFFFF
3FFO0000-3FF4FFF
3FF5000-3FF5FFF
3FF6000
3FF6400
3FF6800
3FF6C00
3FF7000
3FF7400
3FF7800
3FF7C00
3FF8C00
3FF8400
3FF8800
3FF8C00
3FF9000
3FF9400
3FF9800
3FFSCO0
3FFAO00
3FFA400
3FFAB00
3FFACO0
3FFBO00
3FFB400
3FFB800-3FFF7FF

Address Space

PRIVATE ADDRESS
PRIVATE PROTECTED ADDRESS SPACE
05 PROC AND DATA

dispi_mem

chk_buff
zbuff
par_buf{f
dispi
ring
dma
flop.win,cal
timr
sio

MMU

pft

"BUFFERS

pdbu_i/o0
pbu_sm_c_page
pbu_sm_page
pbu_mt_page
pbu_i/o

iomap (4K)

fpu_ctl
fpu_cmd
fpu cs
pbu_ctl
lpr
chk_buff
zbuff
par_buff

ring

dma
calendar
timr

sio

MMU

pft

DN560
APOLLO 5
trap page
PROM
PROM2

SPACE

SPACE

NGC ctl
color_mem
displ_mem
pbu_i/o
pdbu_sm_c_pg
pbu_sm_page
pbu_mt_page
pdu_i/o

iomap (4K)
color_sup
color_user
color_wcs
fpu_ctl
fpu_cmd
fpu_cs
fou_ctl
chameleon
chk buff
zbuff
par_buff
vme_ctl
displ_sup
ring
displ_user
displ_wcs
win, tape,cal
timr

sio

MMU

pft

C



Figure B-6. Virtual Memory Allocation for 256MB Systems

VIRTUAL

o
400-3FFF
4000-7FFF
8000-7FFFFF

800000-F77FFFF -

F780000-F7FFFFF
F800000-FEFFFFF
FF00000-FF68000
FF70000-FF9FFFF
FFAOCOO-FFBFFFF
FFCOOOO-FFDFFFF
FFEOOOO-FFE7FFF
FFESOOO-FFEFFFF
FFEES800
FFEECO00
FFEF800
FFEFCOO
FFFOOOO-FFFSFFF
FFF6000
FFF6400
FFF6800
FFF6COO-FFF87FF
FFF8800
FFF8C00
FFF9000
FFF9400
FFF9800
FFF9C00
FFFAO00
FFFA400
FFFA8B00
FFFACO0
FFFBOOO
FFFB400
FFFB800-FFFF7FF
FFFF800-FFFF9FF

DN160/460/660
APOLLO 4

trap page

PROM

PROM2

User Global

User Private
Protected Private
0S Proc and data
05 Buffers
disp2_memory
displ_memory
pbu_memory (32K)
pbu_i/o (82K)
pbu_sm_c_page
pbu_sm_page
pbu_mt_page
pbu_npa_page

color_supervisor
color_user
color_wcs
check_buff
zbuff
memory_ctl
display2
displayl

ring2

ringl

floppy disk
timer, calendar
sio

MMU

iomap
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Appendix C
O Canned UlIDs

This appendix lists the system entities that are assigned canned UlDs.

C-1 Canned UIDs



'Figure C-1. Canned UIDs

Canned ACL UIDs (file ACLs) -- 0001.XXXX series
Object Explanation
acl_$nil All access (file or directory)

acl_$fnil
acl_$£fndwrx
acl_$file_nwrx

Canned ACL UlDs (directory

acl_$dnil
acl_$dndcal
acl_$dir_ncal

Disk structure canned UIDs

pv_label_$uid
1v_label_$uid
vtoc_$uid
bat_$uid

Canned object type UIDs --

uid_$nil
records_$uid
hdr_undef_$uid
object_file_$uid
UNDEF_$uid
pad_$uid
input_pad_$uid
sio_$uid
ddf_$uid
mbx_$uid
nulldev_$uid
d3m_area_$uid
d3m_sch_$uid
pipe_$uid
uasc_$uid
directory_$uid
unix_directory_s$uid
mt_$uid
sysboot_$uid

No access (file)
All access (file)
File creation ACL used by INVOL

ACLs) -- 0002.xxxx series

No access (directory)
All access (directory)
System creation ACL used by INVOL

== 0000.02xx series

UID of the physical volume label
UID of logical volume label

UID of the VTOC

UID of the BAT

0000.03xx series

Nil uid

File type of record structured files
No record structure, but has headers
Object module type

Completely undefined objects type
Stream/display manager transcript pad
Stream/display manager input pad

SI0 descriptor file type

Device descriptor file (DDF) file type
IPC mailbox file (MBX) file type

Null device (/dev/null)

Area files (D3M)

Object (sub)schema files (D3M)

IPC pipe file type

DOMAIN ASCII file type

Directory - for use with streams only
Directory - for use with streams only
Magtape type uid

Type uid for sysboot file
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Figure C-2. Canned UlDs, Continued

Canned object UIDs -- 0000.04xx series

displayl $uid
display2_$uid

name_$canned_root_uid Father pointer in node root directory
special seg_$uid Place holder in MST for special segment
diskless_$uid Used by naming server

name_$canned rep_root_uid Canned replicated root uid

Canned PPO and subsystem UIDs -- O05xx series

acl_$sys_user_uid AEGIS user (user.%.%)
acl_$sys_proj uid AEGIS project (%.AEGIS.%)
acl_$login_uid Login manager project (%.login.%)
acl_$locksmith_uid Locksmith

acl_$sys_org_uid AEGIS organization (%.%.aegis)
acl_$nil_subs_uid Nil subsystem

Canned ACL type UIDs --- the kinds of objects ACL protects

acl_$file_acl
acl_$dir_acl
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GLOSSARY

*When I use a word," Humpty Dumpty said, in rather
a scornful tone, "it means just what I choose it to
mean -- neither more nor less.*

Lewis Carroll, Through the Looking Glass

absolute pathname

An ordered list of component names that gives the path to an object starting from the network
root directory (//). Because it begins at the root of the tree, the absolute pathname is valid
throughout the entire network. '

access control list (ACL)

A type of object that defines who is permitted access to one or more objects and also how those
objects can be accessed.

access violation
An attempt to write to read-only memory.
acknowledge (ACK) byte

A byte in the packet header that indicates whether or not the target node received the packet or
if an error occurred during its circulation through the ring.

active object
An object that has been recently used.
activating a segment

The AST manager operation that copies information about an object from its volume table of
contents entry (VTOCE) to an active segment table entry (ASTE).

active segment table (AST)

The wired, per-system table that caches the locations and attributes of active (recently used) local
and remote objects.

active segment table entry (ASTE)
An entry in the AST that caches information about one object segment.
active segment table entry index (ASTEX)

The index to a specific active segment table entry (ASTE).
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address space identifier (ASID)

An integer from 0 to 25 that identifies the virtual address space allocated to a process. User and
supervisor global address spaces are assigned ASID 0. The first process created at system
initialization uses ASID 1; thereafter, the display manager uses ASID 1. Level 2 processes are
allocated ASIDs 2 through 25.

address translation

The hardware operation that generates a physical address from a virtual address.

AEGIS kernel

The protected operating system software that runs in supervisor mode and exists in supervisor
global address space. :

ASKNODE service

See node status inquiry service.

alternate logical volume label

A copy of the logical volume label that INVOL creates when it initializes a logical volume. The
alternate logical volume label makes it possible for SALVOL to reconstruct the logical volume
label should the original be destroyed.

AST. replacement

The procedure that locates and deactivates least recently used ASTEs.

asynchronous fault

A software—defined fault condition that occurs independently of a program’s instruction execution.

atomic transaction

A transaction that is completely "enclosed" such that either all subtransactions (steps) occur or
none of them occur. An atomic transaction is guaranteed to complete or perform no operation at
all.

back segment table (BST)

The per-process table that links togehter the processes that are'current.ly sharing the same object
segment. This table only exists on forward-mapped systems.

badspot
A media defect on a disk that renders one or more blocks unusable for data storage.
badspot cylinder

The physical disk structure that records the physical badspots (unusable blocks) that exist on the
volume. The badspot cylinder is usually one of the last two cylinders on a disk.
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bat step

A field that controls how the BAT manager allocates blocks when it lays out an object. For
example, a bat step of 2 tells the BAT manager to allocate the next block at block n+2. Users
set the bat step, via INVOL, to optimize disk seeks; the correct bat step for a given volume is the
value that allows the disk to capture as many consecutive blocks in a single revolution as
possible.

binding a process

The operation that creates a level 1 process and starts it running at a specified procedure entry.
biphase error

An error that occurs when a node receives an electrical signal and cannot regenerate it.

bit BLT

Bit block transfer. Process by which display hardware moves arbitrary rectangular areas at high
speeds.

block availability table (BAT)

A table in the logical volume (a bitmap) that describes how the disk blocks on the logical volume

- are currently allocated.

block availability table (BAT) manager
The manager that allocates and frees disk blocks using the BAT.
bootshell

The system initialization program that displays the Apollo logo and runs the user environment
initialization (ENV) program.

bootstrap PROM
The portion of a node’s PROM that initializes the node. The bootstrap PROM’s system

initialization functions include logic that initializes hardware that the PROM references, a set of
minimal device drivers for the 1/O devices connected to a node, and logic to load SYSBOOT or

NETBOOT into memory. See also mnemonic debugger and PROM.
broadcast
A message that all nodes on the network will receive and process.

cached object storage system (OSS)

The managers that handle the per-node cache of recently used local and remote objects. Also
called the virtual memory management subsystem.
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canned UID

A pre-defined UID that identifies an object across multiple AEGIS systems. A canned UID is
guaranteed to be the same on each AEGIS system, rather than the usual UID, which is always
unique. Examples of objects assigned canned UIDs are I/O devices and disk data structures
(VTOC, BAT).

cartridge tape bootstrap program (CTBOOT)

The program that initializes the AEGIS system on.nodes configured with a cartridge tape as the
boot device. '

client process

A process that calls a network support software’s client side to carry out a remote request on its
behalf. :

client-server protocol
See request-response protocol.
client side

The portion of the network support software that sends out requests chosen from its menu of
remote services.

cold start routine (cold _start)

The system initialization routine that the PROM calls to initialize the AEGIS kernel. The cold
start routine initializes the memory management unit and the memory map and enables VME
and MULTIBUS devices, if they exist.

common fault handler

The fault interceptor module routine that handles all faults.

concurrency control

The object attribute that controls simultaneous access to the object among several processes.
Concurrency control can be:

o None, where no concurrency control is applied. The system applies no concurrency
control to temporary, uncatalogued objects.

e Shared reading or exclusive writing, (file_$nr_xor_1w), where any number of
processes can read the object at the same time, but only one process at a time is
allowed to write the object.

e Shared writing, (file__ $cowriters), where any number of processes can write the object
at the same time. The system limits shared writing to processes running on one node,
although these processes do not have to be on the same node as the object they are

referencing.

The lock manager enforces the object’s concurrency control attribute.

Glossary=-4

N



O

context
See process context.
context switch

The operation that makes a process the current process. Also called process exchange and
dispatching. :

current process

The process that is currently using the processor.

data structure

A structure on which many separate operations are performed, for example, a window or a pad.
demand paging

The system process that dynamically transfers 1024-byte pages of an object residing on local disk
or remote node to the requestor, be it on the local node or on another node in the network.

device driver

A collection of system-level commands to device-dependent control/status register bits.

device volume table (DVT)

The table that lists the logical volumes on a server node.

diagnostic frame

The data structure that describes a fault to the user-mode fault handler. The fault interceptor
module’s common fault handling routine builds the diagnostic frame and places it on the process’s
supervisor stack.

diagnostics cylindei-

A disk cylinder that is reserved for disk diagnostic or controller diagnostic operations, and for use
by the on-line TESTVOL program (usually the last or next-to-last cylinder on the disk).

directory

An object that contains a set of associations between pathname component names and UIDs.
directory manager (DIR)

The manager that creates, deletes and manages the use of directories.

disk address (DADDR)

A disk block’s sequence number relative to the start of the physical or logical volume.
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disk address space
The 1024-byte disk blocks on a disk, identified by disk addresses (DADDRs).
disk block

1024 bytes of data plus a 32-byte disk block header. Floppy disk blocks do not have disk block
headers.

disk buffer manager (DBUF)

The mechanism that the VTOC and BAT managers use to cache obJect file maps (their disk
addresses on the logical volume).

disk entry directory (/)

The first directory level on a node’s boot volume. Also called the local root directory or the node
entry directory. .

diskless node

A node that is not configured with a disk boot volume. The backing disk storage for a diskless
node exists on other nodes on the network.

diskless node bootstrap program (NETBOOT)

The program that initializes the AEGIS system on nodes that are not configured with a system
bootstrap device (cartridge tape or disk volume). NETBOOT works in conjunction with the
AEGIS user-mode diskless node bootstrap server NETMAN, which runs on the partner node.
diskless node bootstrap server (NETMAN)

The AEGIS user-mode server that waits for dump, echo and boot service requests at its well-
known socket. NETMAN works in conjunction with NETBOOT to bootstrap a diskless node.
NETMAN runs on the diskless node’s partner while NETBOOT runs on the diskless node.

disk structure

The data structures that define how objects are stored on disk volumes attached to a node. The
AEGIS system separates disk structures into logical and physical sections.

dispatcher
The level 1 process manager operation that locates the highest ready process and dispatches it.
dispatching

The operation that switches the processor from one process to another. Dispatching makes the
context of the first process on the ready list current and saves the context of the previous current

process. Also called context switch and process exchange.
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display manager

The software process that manages the screen environment in each node. The display manager
allows the user to view and control separate activities both concurrently and independently by
dividing the screen into windows whose size, shape, and placement are under user control.
dynamic reference

A references to a system service that is resolved at load time.

early acknowledge (EACK) byte

A field within the ring hardware header that the ring hardware on a node uses indicate that it
intends to copy the message passing through it. Because the EACK byte arrives before the ACK
byte, the ring hardware that transmitted the message can use this field to determine whether or
not to continue a message transmit.

elastic store buffer

The buffer that takes up the slack between a node’s input and output ports. An elastic store
buffer error occurs when a node’s elastic store buffer overflows.

eventcount

An object that keeps a count of the number of events within a particular class that have occurred
so far in the execution of the system. Eventcounts are used for process synchronization.

exception

An event detected detected by the hardware that changes the normal flow of instruction
execution.

exception error stack frame

The frame of information built by the central processor as the result of a hardware exception.
Also called a fault frame.

fault

An exception that is generated by processor hardware or system or program software. The fault
interceptor manager (FIM) handles hardware-generated faults. User-mode fault handlers service
software-generated faults. Hardware-generated faults restart the instruction that caused the
fault. Resumption of execution after a software fault depends on how the user fault handler is
designed.

file manager (FILE)

The AEGIS kernel manager that provides location-independent access to an object’s attributes
and allows user-mode programs to create and delete objects.

file map

The disk volume data structure that provides a road map to the disk blocks that contain an
object’s pages.
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file system object | S
A named collection of bits. N
flushing the cache

The ‘process that removes an object’s obsolete pages from the active segment table.

flushing

The operation that writes modified pages to disk and also breaks the object-to-physical page
association. ,

force~write
The process of writing the modified pages of an object to its home disk on demand.
forking a process

The operation that creates a new process and copies the parent process’s context — stack contents,
locks, mapped objects — into the forked process’s address space.

forward-mapped MMU

The memory management unit that DNx60 models use. The Forward-mapped MMU organizes its
hardware tables into a 3-level tree structure.

global libraries

Libraries that exist in the address space of all processes. The process manager automatically
installs these libraries into user global address space as part of its initialization process when a
node is bootstrapped (when the DM or SPM is first invoked.)

growth fault

The type of page fault that occurs when a process is adding a new page to an object.

guard fault

The type of fault that occurs when a program tries to reference a guard segment.

guard segment

A segment to which no access at all is allowed. The system sutrounds important system resources
with guard segments to protect them from accidental corruption or destruction.

hashing

The process by which large, complex numbers are mapped to smaller, more manageable numbers.
Hashing reduces the area of data that system has to search because it reduces a large range of
numbers to a smaller range. The object storage system hashes UIDS to an index into a volume
table of contents (VTOC) entry. The naming server hashes pathname components into an index
into the directory’s hash thread table.
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heap management

A read/write storage management technique that divides the storage into free areas and areas in
use. Heap management allows storage to be allocated and freed in any order. In contrast, a
stack allocates and frees storage on a last-in/first-out basis.

hint

The node ID portion of an object’s UID and an internet address at which the object corresponding
to this UID was last located.

hint manager
The AEGIS service that aids in determining an object’s location in the network.
home disk

The logical volume that contains an object’s permanent storage (its VTOCE entry and its file
map). .

home node

The node to which an object’s home disk is attached.
hop

One passage through a routing node.

immutable object

An object that cannot ever be modified. An access control list is an example of an immutable
object.

impure data

Data that changes during execution, for example, program variables. Also called read/write data.
internet

A group of two or more networks connected by communications hardware.

internet address |

A 32-bit network number and a 20-bit node ID.

internet datgram protocol (IDP) header

The part of a packet header that contains source and destination information used by the internet
routing software and AEGIS low-level IPC during message transfer.

internet routing software

The AEGIS kernel managers that provide the ability to pass messages to other networks through
routing nodes.
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interprocess communications (IPC) header

The portion of a packet header that contains source and destination information used by the
user-mode IPC _$ system services.

interrupt

A hardware-generated event that takes the processor away from the currently running process.
Interrupts vector through the trap page directly to driver interrupt service routines.

1/0O address space

The region of address space that contains the status registers and data structures for the memory
management unit and for the I/O devices connected to a node.

kernel
See AEGIS kernel.

known global table (KGT)

The system table that stores the entry points of all the libraries installed in user global address
space. ,

leaf component
The last component in a pathname.

level 1 process

A process that runs supervisor-mode code and thus runs exclusively in M680x0 supervisor

operating mode. All processes are level 1 processes. Some processes remain level 1 processes, and
some are augmented (bound) to level 2 processes. A level 1-only process does not possess its own
virtual address space. Instead, it uses supervisor global address space. Also called kernel process,
supervisor process, and supervisor-mode process.

level 1 process (PROC1) manager

The AEGIS kernel mandger that creates and deletes level 1 processes and provides scheduling,
interrupt handling, and dispatching operations.

level 2 process

A process that is bound to a level 1 process and which possesses its own per-process virtual
address space. The user-mode portion of a level 2 process is its pageable virtual address space.
The supervisor-mode portion of a level 2 process is the level 1 process underneath it.

level 2 process (PROC2) manager

The AEGIS kernel manager that creates and deletes level 2 processes, manages level 2 process
context and UID namespace, and handles asynchronous fault posting and delivery.

Glossary-10



TN
(\
/

linchpin ASTE

The ASTE that describes the object’s highest numbered active segment.

link

A pathname component that causes a jump from one point in the naming tree to another. Links
are commonly used to refer indirectly to an object whose absolute pathname may change over
time, and as shorthand notation for frequently used pathnames.

local object storage system (OSS)

The managers that handle the storage of objects on disk volumes attached to the local node.
location-independence

A property of AEGIS system architecture that separates object identification from object
location. In the AEGIS system, an object’s UID uniquely identifies the object no matter where it
resides, but it does not specify the object’s location.

lock key

The object attribute that enforces the higher-level concurrency control that the lock manager has
assigned to the object. An object’s lock key reflects how an object is currently locked; it can be
any access, all readers, or the node ID of the writer. The paging server on an object’s home node

checks the lock key to ensure the requested access is compatible with the lock on the object.

lock manager

The AEGIS kernel manager that synchronizes process access to objects in the network. The lock
manager enforces object concurrency rules and supports the distributed system.

logical volume

The disk structure that the local object storage system uses to record the storage of objects on the
disk. One physical volume can contain a maximum of 10 logical volumes.

low=level interprocess communication (IPC) software

The AEGIS software that provides the ability to send messages to and from other nodes in the
network. . This software is composed of the socket datagram service, the packet protocol, and the
network buffer pool.

mailbox facility (MBX)

The user-mode AEGIS message facility.

manager

A collection of modules that provide the means for external users to access and manipulate
objects.
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mapped mode

The PROM mode of operation in which the memory management unit is enabled and loaded with
the PROM’s mapping of memory and I/O devices.

mapped section manager (MS)

The manager that caches pieces of object work space by calling on the MST manager (SLS) an
the lock manager. .

mapped segment table (MST)

A per-process table that lists the segments of process virtual address space and the object
segments to which they refer. The system indexes into an array of MSTs by ASID and virtual
. segment number.

mapped segment table manager (MST)

The manager that provides location-independent access to an object’s pages. The MST manager

carries out object address to virtual address mapping and unmapping requests and participates in
page fault resolution. Also called the single-level store manager.

mapping

The system procedure that sets up an association between a local or remote object and a process’s
virtual address space so that the process can refer to the object directly by referencing addresses
in its virtual memory. Also called single-level store.

memory management unit (MMU)

The hardware that carries out virtual address to physical address translation.

memory map (MMAP)

The per-system data structures that keeps track of each physical page and its availability for use.

memory map manager (MMAP)

The manager that finds an available physical page to hold an object page during object
page/physical page association.

message interface (MSG)

The AEGIS kernel manager that provides user-mode AEGIS services and user programs with
access to the socket datagram service.

mnemonic debugger (MD)
The portion of the node’s PROM that implements the low-level debugging facility. The

mnemonic debugger provides a set of debugging commands and an assembler/disassembler.
Whenever the system crashes, it automatically enters the MD.
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module
A collection of subroutines that carries out a single operation.

MST back thread

A field within an ASTE that points to all the processes that have mapped the active segment to
their virtual address spaces.

multita_.sking

Running multiple programs and/or multiple processes using the mutex as the synchronization
mechanism.

mutex lock (ML)
The lock that synchronizes acess to level 1 process resource locks.
naming server

The AEGIS manager that links user level text-string naming to system-level UID naming. The
naming server is a kernel-space type manager.

naming server helper (NS_ HELPER)

“The user-mode server program that manages a master copy of the network root directory. It

works in conjunction with the naming server, the directory manager, and the supervisor mode
NS_ HELPER client software to manage each node’s network root (//) directory automatically as
nodes are added to the internet, moved from one network to another, and removed from the
internet.

network

Any communications medium that allows the AEGIS system to send packets through it.
network buffer pool

The pool of virtual pages available to clients of sockets to hold incoming or outgoing packets.
network buffer pool manager (NETBUF)

The manager that maintains the network buffer pool.

network I/O manager (NET _10)

The AEGIS kernel manager that fields packet sends and receives to the various networks
connected to a routing node.

network manager (NETWORK)
The manager that provides remote access to the attributes and pages of existing objects, exports

the ring hardware type mask to AEGIS software, and initializes network-related databases and
servers during system initialization.
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network number

The number that identifies the communcations line to which a node is connected.

network port

The mechanism that links a network to the AEGIS system on a node. A node can support seven
ports. All nodes have one port that identifies the ring network to which they are connected.
Routing nodes have several ports that identify the other rings, T1 (bridge) lines, or MULTIBUS
network devices connected to the node.

network port descriptor

A small integer that the internet routing software assigns to a network when it connects it to the
internet and opens it for AEGIS low-level IPC operations. The port descriptor is the node’s way
to refer to the network hardware connected to it, and is important only to the node that owns the
hardware.

network port table

The table that describes the network devices connected to a node. Each entry in the table gives
the network device’s network number, the kind of service the network provides, and the kmd of
network device that exists at that port for example, ring, T1 or user network.

network root directory (//)

The network-wide root directory that is replicated on every node. The network root directory
exists in the logical volume label; no other data structure either catalogues it or points to it.

network support software

The kernel and user-mode AEGIS software that offers a variety of network services such as a
remote file system, node status inquiry, internet routing, and remote naming.

network-wide namespace

The database that stores object pathnames and which is structured as a multilevel directory tree.
The base of the tree is a network-wide root directory that catalogues each node; branches of the
tree represent directory objects; leaves on the tree represent particular objects.

node status inquiry service (ASKNODE)

The AEGIS kernel manager that allows clients to request and receive miscellaneous information
about other nodes on the network, such as network statistics, software and hardware
performance, and a node’s hardware configuration.

normal mode ‘ -

The mode of system initialization that proceeds automatically from power-on or reset to the point
of login.

null page

A physical page whose corresponding disk storage contains invalid data.
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null process

A special level 1 process that is always ready and always has the lowest priority. The dispatcher
runs the null process when no other processes are ready to run.

orphan process

A process that has no parent process.

OS paging file

An uncatalogued, permanent object that must exist on any logical volume to be used as the boot .
device for AEGIS. The paging file is the backing storage for the pageable parts of the AEGIS

operating system.

object

1. Sealed data and the operations that observe and manipulate the data (the computer
science definition).

2. A storage container that is defined by its set of operations (the AEGIS system
definition). An object in the AEGIS system is an abstraction of system entities such
as files, directories, bitmaps, and processes.

object address space

The network wide object name space identified by 96-bit object addresses. Object address space
refers to the total object storage available in the network.

object attributes

Fields in the object’s volume table of contents entry (VTOCE) that describe the object to the
object storage system and other AEGIS kernel and user-space managers. Object attributes
include the date and time last modified; the kind of concurrency control applied; whether or not
the object is permanent, temporary, or immutable; the UIDs of its type manager, its associated
access contro) list, and the directory in which it is catalogued; a count of the references made to
it.

object locating service

The parts of the AEGIS system that locate an object in the network given its UID.

object locking

The procedure that controls how many processes can simultaneously reference an object page.
object storage system (OSS)

The AEGIS components that carry out object management; also called the file system. The

object storage system consists of local, remote and cached subsystems plus an object locating
service and a higher-level, location-independent object management service,.
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object work space

The set of objects that are mapped into a single process’s address space.

odd address error

A fault that occurs when a process generates an address that does not lie on a word boundary.
packet

A message on the ring. A- packet is divided into a header section and an oj)tional data section.
packet exchange protocol (PEP)

The portion of a packet header that contains control information used by the network support
software that implements the request-response protocol; for example, the remote file system.

page
1024 bytes of object address space, virtual address space, or physical address space.
page fault

The hardware exception that occurs when a process references a virtual address that has no
corresponding physical address association in the memory management unit tables.

page frame table (PFT)

The reverse-mapped MMU hardware table that describes, for each page in physical memory, the
association between the physical page and a virtual page.

page-in request

A request to read multiple object pages from a remote home disk into the requesting node’s
physical memory.

page map (PMAP)

The data structure that stores the file map for one segment of an object and contains the
locations in physical memory of any segment pages that have been referenced.

page map manager (PMAP)

The manager that associates object pages with physical pages and brings in the object pages from
disk or from the network if necessary.

page-out request

A request to write out the modifications made to an object page at a remote site to the object’s
home node for eventual storage on the home disk.

page replacement

The operation that takes away a physical page that one process is using so that another process
can use it to hold and object-to-physical page association.
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page translation table (PTT)
The reverse-mapped MMU hardware translation buffer. The page translation table contains
entries for 1023 physical page numbers, which allows the system to map 1 megabyte of virtual

memory to physical memory at any given time. Each PTT entry points to a page frame table
entry.

paging

The process that moves pages of virtual memory in and out of physical memory (unless those
pages are wired). ‘

paging file

See OS paging file.

paging server

See remote paging server.

paging system

The mapped segment table manager, the active segment table manager, the page map manager,
memory map manager, and remote paging server. Also called the virtual memory management
subsystem.

partner node

A node that is set up to handle diskless node bootstrap requests from one or more diskless nodes
on the network.

pathname

A text string that identifies an object. The pathname gives the full route through the directory
tree name space to the object.

pathname component

The part of a pathname that provides a portion of the route through the directory tree to an
object. '

permanent object

An object that cannot be deleted by the system during a shutdown or crash and which can be
catalogued in the directory subsystem. . .

physical address space
The main memory that exists in each node and which is identified by physical addresses.
physical mode

The PROM mode of operation in which the memory management unit is disabled.

Glossary-17



physical page number (PPN)

The number that identifies a page in physical memory.

physical volume

A collection of disk blocks. One physical volume can contain several logical volumes.
physical volume label |

The data structure (a single disk block) that describes the physical disk and locates the loglcal
volumes on the disk.

posting an asynchronous fault
The operation that sends an asynchronous fault to a level 2 process.
private known global table (KGT)

The table that contains the entry points to livraries mstalled dynamically mto user private
address space with the INLIB program.

PROC1 manager
See level 1 process manager.
PROC2 manager
See level 2 process manager.

process

1. An abstract machine available to each user.

2. A thread of execution.

3. The basic schedulable entity in the operating system. A maximum of 16 processes can
exist at one time (per node). (Note: limit is due to need for wired memory. If PROC2
bind/unbind rewritten to stop the need to wire memory, unlimited number of
processes will be possible.)

4. A program’s "computer* that runs on the behalf of a user.’

See also level 1 process and level 2 process.
process blocking
The procedure in which a process blocks itself from being runnable by waiting on an eventcount.

process context

M680x0 processor state and, optionally, a process virtual address space. Ohly level 2 processes
acquire their own process address space. See also level 1 process and level 2 process.
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process control block (PCB)

The data structure that stores level 1 context.

process cxfeation record

The segment of a user stack that contains all the information that the user-mode process manager

needs to carry out its operations. The process creation record identifies the streams and
arguments passed to the process and identifies any p.-ograms to be invoked.

process exchange

~ The AEGIS system operation that switches a process’s context in and out of the processor. Also

called context switch and dispatching.

process manager

The user-mode AEGIS manager that manages program invocation and execution.

process priority

An integer value from 1 to 16 that determines the process’s scheduling priority. Priority 16 is the
highest priority. The scheduler decrements a process’s priority each time it exhausts its time slice
and increments a process’s priority each time it awakens after an eventcount wait.

processor access modes

Bits maintained by processor and memory management hardware that define the kind of access
permitted to an object page. Processor access modes specify whether the page can be read,
written, or executed, and in what hardware access mode (supervisor or user) these types of access
are permitted. The processor checks the access mode during virtual-to-physical address
translation and issues an access violation if the requested access does not match the processor
access mode specified in its tables.

private libraries

Libraries that exist only in the address space of processes in which they have been installed.
Users install private libraries with the INLIB program. The program loads the libraries and also
places their externally callable entry points into the known global table.

PROM

The part of a node that contains code to bootstrap a node and code to run a low-level debugger.
Also called the mnemonic debugger (MD) and the bootstrap PROM.

pure data
Read-only data; that is, data that does not change during program execution, for example,

instructions and constants. Since pure data does not change, the loader can map it read-only into
process address space and use the object module as backing storage.
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purification

The system operation that writes modlficatlons to an object page from physical memory to the
object’s home disk volume for storage.

read/write data
See impure data.
ready process

A process that runnable. A runnable process is bound, not suspended and not waiting on an
eventcount.

ready list

A doubly linked list of ready process’s control blocks that is ordered by scheduling priority from
highest ready process to lowest ready process.

region

A 256-segment section of virtual memory. The DNx60 machine partitions virtual memory into 31
regions.

registering an eventcount

The operation that records an exported level 1 eventcount in the level 2 eventcount manager’s
database so that user-mode processes can wait on the level 1 eventcount.

relative pathname

An abbreviated absolute pathname that is "relative" to one of a number of points in the naming
tree: the node entry directory, the working directory, or the naming directory.

relocation table

remote file (REMFILE) manager

The manager that handles remote requests for location-indpendent object management, directory
maintenance, and lock requests. The manager consists of a client side and server side called the
remote file server.

remote file server

The portion of the remote file manager that handles remote file client side requests from remote
nodes. The remote file server calls the local FILE manager, AST manager, or lock manager to
handle the request, then passes back the answer to the client in a reply packet. -

remote file system

See remote object storage system.
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remote object storage system

The collection of managers that provide access to objects on remote nodes. The remote object
storage system is layered on top of the socket datagram service and uses this service to send and
receive messages over the network. Also called the remote file system.

remote paging server

The special level 1 process that services all requests from remote nodes to read or write pages and
attributes of objects on the local node. ’

replicated data

Multiple copies of files, directories, and other objects.

reply socket

The socket that a process allocates to receive responses to requests that it has generated.
request-response protocol

The protocol that the network support software uses to handle the requesting and servicing of
remote operations. Also called client-server protocol.

request server

A special level 1 process that waits on the remote file server socket, the information socket, and
the routing information protocol (RIP) socket for incoming packets to the remote file server, the
ASKNODE server, and the RIP server, respectively. When a packet arrives at one of the sockets,
the request server invokes the appropriate server to process the packet.

resource lock

The locks that processes use to synchronize access to protected system resources. A process can
only hold a resource lock while it is running in supervisor mode.

reverse-mapped MMU

The memory management unit present on all node models except the DN160, DN460, and DN660.
The reverse-mapped MMU does not use forward-referenced hardware tables.

router

See routing process,

routing

The AEGIS internet software procedure that sends packets from one network to another.
routing node

A node that is configured to support internet packet routing.
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routing process
TN

A special level 1 process that runs only on routing nodes. The routing process forwards packets
to their internet destinations and periodically sends out the latest routing information to all nodes
in the internet. '

routing information protocol (RIP) handler

The AEGIS kernel manager that receives and stores in the RIP table the routing information
packets sent out by routing nodes. The RIP handler is divided into client and server sides. The
client side allows processes to request information from the local RIP table and from RIP tables
on other nodes. The server side (the RIP server) receives incoming routing information packets.
routing information protcol (RIP) table

A per-node data structure that stores routes from the node to other networks in the internet.
Each entry in the table corresponds to a network in the internet. The information stored about
each network includes its network number, the number of routing nodes the message must pass
through to get to the network, and the next network port and hop towards that network.

run file converter (RFC)

The system initialization utility' that takes the compiled and bound version of the AEGIS source
code (aegis.bin) and makes it an absolute bootable image. The AEGIS RFC image (aegis.rfc) is
compiled and bound, but run-time initialization of global variables has not yet occurred.
salvaged flag

. . . : . N
A bit in an object’s VTOCE that acts as a warning flag to the system that the object may be /

corrupted. Also called the trouble bit. N
salvage volume utility (SALVOL)

The stand-alone utility that attempts to salvage a corrupted disk volume.

scheduling

The level 1 process manager operation that removes compute-bound processes from the processor.

segment

Thirty-two (32) consecutive pages. The virtual memory management subsystem divides both

object address space and virtual address space into segments, and maps between these spaces in

units of segments.

service mode

The mode of system initialization that invokes the mnemonic debugger command interpreter
(MD).

a
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Server process

A level 1 or level 2 process that is devoted to managing a certain function. Examples of level 1
server processes are the remote paging server, the routing process, and the remote file server.
Examples of level 2 server processes include the mailbox helper (MBX_HELPER)and the naming

server helper (NS__ HELPER). '

server side

The portion of the request-response protocol that receives remote requests, handles them, and
passes back the requested information to the client side.

. shared object

An object that exists in the address space of more than one process.

sharing fault

- The type of page fault that occurs to install the correct virtual page association into the page

frame table entry in the case where several virtual pages are associated with a single physical
page. A sharing fault occurs only on reverse-mapped systems.

single-level store

The part of the AEGIS file system that permits the user to view the entire network as his own
mass storage area. The mapped segment table manager implements the single-level store.

socket

A queue of incoming messages; each socket is identified by a small number such as socket 1 and
socket 5.

software control header

. The portion of the packet header that contains source and destination information used by pre-

internet versions of the AEGIS system and by the bootstrap PROM.

stack object

The object that provides the backing storage for the user process’s pageable stack. The stack
object contains the process creation record and an area for private read/write storage and the
procedure call stack.

stack pointer

The M680x0 processor register (A7) that points to the current process’s supervisor stack and, if
the process has level 2 context, to the process’s user stack.

stream

A channel that contains data. A stream connects a process to a node, a serial 1/O (SIO) line, and
other devices.

Glossary-23



supervisor

1. The collection of AEGIS kernel modules that user-mode programs can run.

2. The AEGIS operating system code that runs only in supervisor mode. Also called the
kernel and the nucleus.

supervisor address space

Protected virtual address space. Supervisor space refers to per-process supervisor private address
space and to supervisor global address space. Objects mapped to supervisor address space can
only be accessed with supervisor access rights.

supervisor bit

A bit in the processor status register (SR) that the processor hardware sets on a change from user
mode to supervisor mode. '

supervisor global address space

The protected, shared virtual address space that contains supervisor-mode code. The AEGIS
supervisor, level 1 processes, and protected system data structures such as the active segment
table exist in this address space. Also called Global B address space.

supervisor mode

The privilegéd, protected mode of operation on an M680x0 processor. Certain M680x0
intructions can only be executed when the processor is operating in supervisor mode. AEGIS
kernel software uses this mode of operation.

supervisor-mode code

Software that runs in MB680x0 supervisor operating mode. Supervisor-mode code contains
privileged instructions that can only be executed in supervisor mode. The AEGIS kernel is
composed of supervisor-mode code. Also called kernel code and supervisor code.
supervisor-mode process

A process that is using a supervisor stack and thus has an active supervisor stack pointer (SSP).
supervisor private address space

Protected, per-process virtual memory that can only be accessed when the process is running in
supervisor mode. Level 2 processes must call AEGIS kernel services through an SVC trap to gain
access to the information stored in supervisor private space. Also called per-process supervisor
space.

supervisor process

A level 1 process that runs entirely and solely in sunervisor mode. ‘A supervisor process does not

possess its own process address space. Instead, it uses supervisor global address space. Also
called kernel process.
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supervisor stack

The stack that a process uses when it runs in supervisor mode. Per-process supervisor stacks
exist in supervisor global address space.

supervisor stack pointer (SSP)

The M680x0 processor register that points to a per-process supervisor stack.
suspending a process

The opel_'ation that makes a ready or waiting process non-dispatchable.

SVC ecatcher

" The trap handlers that field user-mode calls to AEGIS supervisor-mode services. The SVC

catcher takes the user program’s call and arguments, changes from user mode to supervisor mode,
and dispatches the call to the appropriate AEGIS kernel service. When the target kernel service
completes its operation, it passes control back to the user program.

SVC trap

A trap instruction that changes processor operating mode from user to supervisor mode.

synchronous fault

A processor-defined fault condition that occurs as a direct result of a program’s instruction
execution.

system bootstrap program (SYSBOOT)

The program that initializes the AEGIS operating system on nodes that are configured with a
disk volume as their system bootstrap device.

system initialization

The collection of hardware and software procedures that bring a node from power-on or reset to

_ the display manager’s login prompt. The procedure begins with the bootstrap PROM and

extends through a variety of programs and routines.
system services |

The extended machine instruction set.

temporary object

An object that can be deleted by the system when it shuts down or fails. A display manager
transcript pads is an example of a temporary object.

time slice

The length of process virtual time during which a process has exclusive use of the processor. The
higher a process’s priority, the smaller the time slice allotted to it.
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touch-ahead count

The number of successive segment pages to be brought into physical memory at a time. The

touch-ahead count is an argument to the mst__$touch routine. 2

touching a page

The operation that brings the object pages mapped to pages in process virtual address space from
their home disk into physical memory.

trait

A set of operations of a generic type associated with a particular object. For example, all stream
objects are associated with get, put, open, and close operations. Managers handle traits; for
example, the stream manager handles the stream trait.

transaction ID

A field within the IDP (or software control) headers of a packet that request-response software
uses to match up request packets with response packets. The correct reply to a request will
contain the same transaction ID value as the request packet.

transceiving

The ring hardware procedure that transmits messages to nodes on the ring network.

trap

An M680x0 instruction that generates a hardware exception which changes the normal flow of
program execution. Traps include SVC traps and traps to the PROM (MD). P

trap page N~

The main memory page that contains the vector addresses that the processor hardware uses to
handle hardware exceptions and interrupts.

trouble bit
See salvaged flag.
type

The set of operations that can be performed on an object. An object’s type defines how users
relate to the object. Two objects are of the same type if they share the same operations.

type manager

bThe manager that is responsible for interpreting the bits within an object.

typed objects

Objects that are stamped with a file type identifier that declares the writer’s intention for the

file. In the AEGIS system, it is the type identifier, not the object’s name, the determinec how the
file is to be used.
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unbinding a process

The operation that deletes level 1 process context. Any time that a level 2 process is deleted, its
level 1 context is deleted as well.

unique identifier (UID)

A 64-bit string that uniquely identifies an object. The UID is the AEGIS system’s internal name

for an object.

user address space

The per-process virtual address space assigned to a process. The AEGIS system separates user
address space into unprotected and protected portions called user private address space and
supervisor private address space respectively. Also called per-process address space.

user environment

The collection of programs, referred to as commands, that make up the DOMAIN command line
interpreter (the shell).

user environment initialization program (ENV)

The system initialization program that initializes the first process user environment and loads the
display manager, the server process manager, or the single-user shell to run in that process.

user mode
The unprotected operating mode of an M680x0 processor.
user-mode code

Software that runs in M680x0 user operating mode. User-mode code refers both to user-written
programs and to the unprotected portions of the AEGIS system.

user-mode process
A process that is using a user stack and thus has an active user stack pointer (USP).
user global address space

The unprotected virtual address space that is shared among all the user-mode processes on the
system. User global address space contains global libraries and unprotected shared data. Also
called Global A.

user private address space

The region of virtual memory that is assigned to a user process when it is created and which
contains the process’s private programs and data. Also called per-process private address space.

user socket

A socket that a user program allocates for its exclusive use by calling the IPC_ $ interface. The
IPC_ $interface calls the message interface (MSG) to allocate the socket.
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user stack

The stack that a procéss uses when it runs in user mode.

user stack pointer (USP)

The M680x0 processor register that points to a per-process user stack.
virtual address space

The virtual memory that level 1 and 2 processes use to map objects, store data, and run
programs.

virtual memory

The simultaneous sharing of main memory among many users and the treatment of disk storage
as a direct extension of main memory.

volume initialization utility (INVOL)

The AEGIS program that builds the physical and logical disk structures onto a disk volume.
volume mount/dismount manager (VOLX)

The manager that handles removable private storage volumes.

volume table of contents (VTOC)

The table on each logical volume that describes the objects that exist on that volume. The
volume table of contents provides all the information the system needs to locate the disk blocks of
an object given its UID.

volume table of contents block (VTOC block)

A hash bucket of five volume table of contents entries (VTOCEs). Each VTOC block represents
one value of hash; that is, an object’s UID hashes to a particular VTOC block. If an object is
created and its UID hashes to a VTOC block whose VTOCEs are already full, the VTOC
manager handles the overflow by creating a VTOC extension block and chaining it to the original
VTOC block.

volume table of contents entry (VTOCE)

The disk volume data structure that describes a single object. The VTOCE stores the object’s
attributes and provides a “road map* to the disk blocks that contain the object’s pages.

volume table of contents extent (VTOC extent)

A range of contiguous VTOC blocks. The volume initialization utility splits the VTOC into 1 to
8 extents which the VTOC map subsequently describes.

volume table of contents header (VTOC header)

Thevstructure in the logical volume lable that describes the VTOC.
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volume table of contents index (VTOCX)

The field in a mapped segment table entry (MSTE) or an active segment table entry (ASTE) that
points directly to an object’s VTOCE.

volume table of contents (VTOC) manager
The AEGIS manager that maintains the volume table of contents for the disk volume.
volume table of contents map (VITOC map)

The part of the VTOC header that provides the information needed to locate all the VTOC
blocks. The VTOC map describes all the VTOC extents on a logical volume.

waiter node

The data stucture that the level 1 eventcount manager places on a process’s supervisor stack
when it initiates a wait for an eventcount. The waiter node contains the value for which the
process is waiting, a pointer to the process’s PCB, and links to other processes waiting on the
same eventcount.

well-known socket

A socket that the system allocates at initialization to the higher-level network support servers
available in every node. The socket ID for a well-known socket is the same on every node.

whole cloth page

A wired portion of virtual address space that has no disk storage behind it. Many of the system
data structures occupy whole cloth pages; for example, the AST.

wired memory

Virtual address space that cannot be paged out of physical memory and thus needs no backing
storage. Portions of the AEGIS kernel are wired; this wired code and data resides in the first
section of the OS paging file.

wired RFC page

A page that contains the code and data brought into physical memory from the RFC file during
the system bootstrap sequence.

wiring a page

The operation that touches object pages and also makes them permanently resident in physical
memory.
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Kernel process managers 14=2
Kernel services 2=2
Known global table (KGT) 2=12
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Trace bit flag 18=9
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Chapter | 2

Memory Organization
and Management

Introduction and Overview

This chapter describes the hardware architectures of the memory organization and
memory management schemes, as they are implemented in DN330, DN560, and DSP90
nodes. For information regarding the Motorola 68020 microprocessor, refer to the
Motorola M68020 32-bit Microprocessor User’s Manual (©1984, Motorola Inc).

Memory Organization

Besides mapping virtual-to—physical addresses, the memory management unit manages
data and program storage in DN330, DN560, and DSP90 nodes. In order to understand
the memory management unit’s hardware architecture, you must first understand how vir-
tual and physical space are organized within these nodes.
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Virtual Space

See Figure 2-1. It depicts virtual address space allocation in DN330, DN560, and
DSP90 nodes.

omB

User
Global
(Global A)

} User Mode

User
Private
(per-process)

Supervisor Private }
(per-process)

t Supervisor Mode

64MB

Figure 2-1. Virtual Address Space in DN330, DN560 and DSP90 Nodes
Once you are familiar with the Figure, refer to Table 2-1, Table 2-2, and Table 2-3.

These tables provide listings of virtual addresses for devices that are used by the operating
system.
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Table 2-1. A Virtual Memory Map for DN330 Nodes (Running the AEGIS
Operating System)

Location in Virtual
Space Virtual Address Name
(Global or User)

Global A 400 Boot PROM
3fc0000 Displayl Memory
3ff9c00 Ring
3ff9800 Display1 Control

Global B 3ffa000 DMA
3ffa800 Floppy
3ffac00 Timers
3ffb000 SIO
3ffb400 MMU
3ffb800 PFT
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Operating System)

Table 2-2. A Virtual Memory VMap for DN560 Nodes (Running the AEGIS

Location in Virtual
Space Virtual Address Name
(Global or User)

cobara | 50, Boot PRON,
3fa0000 Color Memory
3fc0000 Displayl Memory

Global B 3fe0000 PBU I/O
3ff5000 1/0 Map
3ff6000 Color Superv.
3ff7¢00 PBU Control
3ff9400 VME
3ff9a00 Display1 User
3ff9800 Display1 Superv.
3ff9¢c00 Ring2
3ffa800 Disk/Tape Cal
3ffb000 Sio
3ffb400 MMU
3ffb800 PFT
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Table 2-3. A Virtual Memory Map for DSPS0A Nodes (Running the AEGIS
( ) Operating System)

Location in Virtual
Space Virtual Address Name
(Global or User)

Global A 400 Boot PROM
3fe0000 PBU I/0
3ff5000 110 Map
3ff7c00 PBU Control

Global B 3f{8000 Line Printer
3ff9¢00 Ring
3ffb000 SIO
3ffb400 MMU
3ffb800 PFT

Physical Space

See Figure 2-2. It depicts physical space allocation in DN330, DN560, and DSP90
nodes. '

)
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Figure 2-2. Physical Address Space in DN330, DN560 and DSP30 Nodes

Once you are familiar with the Figure, refer to Table 2-4, Table 2-5, and Table 2-6.
These tables provide listings of physical addresses for main memory and devices resident
in physical space.
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Table 2-4. A Physical Memory Map for DN330 Nodes (Running the AEGIS

Physical Address Name

400 Boot PROM
20000 Displayl Memory
9800 Ring

9000 DMA

9¢00 Floppy

8800 Timers

8400 SIO

8000 MMU

4000 PFT
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Table 2-5. A Physical Memory Map for DN560 Nodes (Running the AEGIS
Operating System)

Physical Address Name

400 Boot PROM
14000 Boot PROM2
40000 Color Memory
20000 Displaylt Memory
70000 PBU I/0

10000 110 Map

€000 Color

a400 PBU Control
bc00 VME

fooo Displayl User
f400 Display1 Superv.
9800 Ring2

9¢00 Disk/Tape Cal
8800 Timers

8400 sio

8000 MMU

4000 PFT
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Table 2-6. A Physical Memory Map for DSP90 Nodes (Running the AEGIS

O Operating System)
/

Physical Address Name
400 Boot PROM
70000 PBU 1/0
10000 /0 Map -
a400 PBU Control
a800 Line Printer
bec00 VME

9800 Ring

9000 DMA

a000 Calendar
9c00 Disk/Tape Cal
8400 SIO

8800 Timers
8000 MMU

4000 PFT

Q The Memory Subsystem

Refer to Table 2-7. It describes those physical memory configurations that are available
for DN330, DN560, and DSP90 nodes.

1-9 Memory Organization and Management

’



Table 2-7. Physical Memory Configurations Available for DN330, DN560, and

DSP90 Nodes

NODE CPU ‘MAIN MEMORY EXPANSION MEMORY AVAILABLE

DN330 2.0 MB (256K RAMS) 1.0 MB (64K RAMS)

DNS560 2.0 MB (256K RAMS) 1.0 MB (64K RAMS)

DSP90 2.0 MB (256K RAMS) 1.0 MB (64K RAMS)

Actual address space size is 4MB; 3MB are used for main memory,
and 1MB is used (reserved) for I/0O space.

The Memory Control/Status Register

See Figure 2-3. It shows and describes the contents of the memory control/status regis-

ter.
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Failing (Physical)
Address

Upper or
H Lower Word
# (of Longword)

B Port Access

y DMA Access

Parity Interrupt Enable

Y vy v vy Write Bad Parity
So—pf——

) Byte Parity
Failing Address < 31:12> Error Flags

This field contains the physical address of the location where a parity error has occurred.

Byte Parity Error Flags < 11:8>

1 = set, 0 = clear.

Write Bad Parity < 7 >

This bit forces any memory write to generate a bad parity bit in memory.

Parity Interrupt Enable < 6 >

This bit enables an MC68020 level-7 interrupt, when a memory parlty error occurs.

DMA Access < 5 > -

This bit Is set if a DMA access was In progress at the time a memory parity error occurred.

B-Port Access < 4 >

This bit Is set If a B-Port access (a memory access from a VMEbus device) was In progress
at the time a memory parity error occured.

Upper or Lower Word < 3 >

This bit designates bit 1 In the address bus when a parity error has occurred. It Is valid only
for B-Port accesses, since the B-Port Interface bus Is only 16 bits wide.

Figure 2-3. The Memory Control/Status Register
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Memory Parity Checking

The memory subsystem calculates parity on each byte written; on memory reads, it
checks all four parity bits. When a memory parity error occurs, the memory cycle com-
pletes, the longword address where the parity error occurred is frozen in the memory con-
trol/status register, and a level 7 (the highest priority) interrupt is generated. Refer to the
Motorola M68020 32-bit Microprocessor User’s Manual (©1984, Motorola Inc) for in-
formation regarding interrupts. To see the memory control/status register, refer back to
Figure 2-3.

The Memory Management Unit

The memory management unit’s hardware functionality is closely tied with that of
software. Consequently, we often need to discuss software (and, sometimes, implementa-
tion) issues, in order to provide you with a cohesive picture of the MMU. Remember that
this is a reverse— (rather than forward-) mapped memory management unit. Reverse-
mapping means that the MMU’s dynamic address translation (DAT) hardware checks
virtual addresses against the way physical memory is (currently) mapped, in order to per-
form each virtual-to—physical address translation.

Memory Cycles

During a memory cycle, the Motorola 68020 microprocessor presents a 26-bit address to
the MMU. The microprocessor also emits one of eight 3-bit function codes (five of
which are used) and a read/write signal; these explain what type of memory access (user
or supervisor read, write, or execute) the CPU is attempting to perform. Memory
management hardware can then respond in one of two modes. These modes are:

*  mapped (where virtual-to-physical address translation takes place), and
=  unmapped (where virtual addresses are equivalent to physical addresses; this
mode is neccessary for bootstrapping, and useful for debugging and diagnostics

applications).

Refer to Figure 2-4 to see the format for a virtual address as it is passed from the 68020
to the MMU.
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Virtual Page Number

25:22 21:10 9:0
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Byte Offset

!

10-Bit Offset
12-Bit Hashed
Virtual Page Number

4-Bit Excess
Virtual Page Number

Figure 2-4. A Virtual Address

The MMU in Mapped (“Virtual”) Mode

In mapped (MMU enabled) mode, the MMU translates the 26-bit virtual address into a
22-bit physical byte address. The CPU can then access physical memory or device regis-
ters. In mapped mode, the MMU performs address space and access permissions check-
ing.

The MMU in Unmapped (“Physical’’) Mode

In unmapped (MMU disabled) mode, the MMU passes the 22 least significant bits from
the address directly to the physical address bus. The CPU can then access physical
memory or device registers. In unmapped mode, the MMU does not perform address
space or access permissions checking.

Figure 2-5 shows the path of an address through the MMU, where the MMU is in both
mapped and unmapped modes.
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Figure 2-5. A Virtual Address’ Path through the MMU (where the MMU is in
Mapped and Unmapped Modes)

Before Address Translation Occurs

A virtual address divides into two sections. These are: the Virtual Page Number (VPN)
and the Offset. The Virtual Page Number comprises two fields. These are: the Hashed
Virtual Page Number (HVPN), and the Extended Virtual Page Number (XVPN). When
the MMU is in mapped mode, it must “look at” the virtual page number (i.e., at the
XVPN and the HVPN fields). Refer again to Figure 2-4, to examine the fields within a
virtual address.

Besides the virtual page number, the MMU must also “look at” the Address Space IDen-
tifier for the current process (from the ASID register, discussed in next section). Without
these elements, the MMU cannot begin translating a virtual-to—-physical address for any
process. '
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Memory Management Tables and Registers

In order to understand the hardware architecture of the reverse-mapped MMU, it’s im-
portant to understand how its individual registers and tables function. These registers and
tables are:

= The Page Frame Table (PFT)

= The Page Translation Table (PTT)

= The MMU ASID Register

= The MMU Control Register

= The MMU Status Register

The MMU Parity Register

In the text that follows, we show and describe each table and register in detail. When you
finish reading the descriptions, see Figure 2-16. It provides a flowchart, illustrating how
the MMU, along with its registers and tables, operates.

The Page Frame Table

The Page Frame Table contains 4096 32-bit physical page descriptors, or entries. Entries
in the PFT are indexed (pointed to) by physical page number (PPN). Each PFT entry
corresponds to a single 1K, or 1024 byte physical page (i.e., one page frame). Those
PFT entries that share a common hashed virtual page number are threaded (linked)
together. Software sets a “link mark,” or End-Of-List bit, in one (any, arbitrary) entry
per linked list.

Whenever the operating system brings new pages into physical memory, or, whenever it
takes existing pages out, it modifies (re—- “maps”) the contents of the PFT. Conse-
quently, the table always presents an accurate snapshot of the way physical memory is
currently mapped.

Refer to Figure 2-6; it shows the Page Frame Table, and the format of a PFT entry
(PFTE). While you are looking at Figure 2-6, notice the way in which some PFT entries
are linked.
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?an access the page described in this en—
ry. .

Note: If the Global SG) bit (bit 12) is

set in the PFTE, it disables this com-
parison.

Supervisor <24>

The operating system sets this bit if
the PFTE describes a ?age that can
be referenced only by the Super—
visor (and not by the User).

31:25 24 23222120 19:16 15141312 11:0
E
ASID Field S|DIW|R|X] XVPN (B MJUIG Link Field (A PPN)

1
2
3
[ ] /h/\/\/\,\/\/\/_\/\
u
- ASID<31:25> XVPN <19:16>

if this field matches the contents of the These are the remalning (excess) bits

4096 MMU ASID field (loaded by the o?eratlng from the Virtual Page Number in the
system at context switch), then the CP virtual address being requested. If the

VPN from the virtual address matches
the XVPN In this PFTE, then the PFTE
describes the requeste& page.

End-of-list (EOL) <15>

This bit marks an arbitrary point in each
linked list within the PFT. During a search
through the PFT, hardware looks for an
address match OR to see the end-of-list
bit twice. If a match has not been found
by the time hardware sees the bit twice,
a bus error occurs.

DOMAIN <23> Modified <14>

This bit 1s unused, The MMU sets this bit to tell the operating
system that an access has occurred to the

Write <22> page described by this PFTE.

The operating system sets this bit if
the current process can write to the
page that this PFTE describes.

-Read <21>

The operating system sets this bit if
the current process can have read
access to the page that this PFTE
describes.

eXecute <20>

The operating system sets this bit If
the current process Is allowed to ex—
ecute instructions from the page that
this PFTE describes.

Accessed <13>

The MMU sets this bit to tell the operating
system that an access has occurred to the
page described by this PFTE.

Global <12>

The operaﬂntg s¥stem sets this bit in the
PFTE so that ditferent processes can
reference the same ("global”) page in
virtual memory.

Note: when set, this bit precludes the
need for an ASID check. -

Link <11:0>

This field serves as a pointer to the next
entry in a linked (but not neccesarily
contiguous) list of entries; It contains the
physical page number of the next entr
whose hashed virtual page number is the
same as Its own.

Figure 2-6. The Page Frame Table (with th7 Format of a Page Frame Table Entry
"~ Shown,
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Once you are familiar with Figure 2-6, refer to Figure 2-7. It shows a PFT entry again,
but this time, notice that we have re-arranged the entry into logical blocks. The logical
C\ ) blocks within each PFT entry provide:

= MMU hash management information, via the XVPN and LINK fields,

=  MMU address space checking information, via the ASID field and the Global
bit,

= MMU access permissions information, via the Write, Read, eXecute, and Su-
pervisor bits, and

= O/S page statistics information, via the Modified, and Used bits. (Software will
use these statistics bits for the page replacement algorithm that keeps the most
recently used pages resident in main memory, and for other page management
tasks.)

24 23222120 19:16 15141312 11:0

e

PFTE’s
Physical
Blocks

| PFTE's
Logical
Blocks

R

[EINK] [E=ozi]

Figure 2-7. A Page Frame Table Entry, Re-arranged into Logical Blocks

The Page Translation Table

The Page Translation Table contains 4096 12-bit entries. It is a cache; it provides a
speedy (hashed) lookup into the PFT. Each Page Translation Table entry (PTTE) com-
prises a 12-bit PPN. This PPN points to one entry in a circular, linked list of PFT entries.

All of the linked PFT entries hash to a common PTT entry (i.e., their hashed virtual
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page numbers are the same). Refer to Figure 2-8; it shows the Page Translation Table
and the format of each PTT entry (PTTE).

15:13 12:0

Unused | Physical Page Number (PPN)

-—-\/\/\/.\/\/

4096 Entries

Figure 2-8. The Page Translation Table (with the Format of a Page Translation
Table Entry Shown)

Refer to Figure 2-9. It depicts the relationship between the Page Frame Table (the
descriptor file), and the Page Translation Table (an index to the descriptor file).
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() Virtual Page Number

—— —

XVPN HVPN Offset Virtual
(Bits 25:22) (Bits 21:10) (Bits 9:0) Address
Index to ::> Physical Page
PFT descriptors
4096 4096
entries entries
The Page The Page
Translation Frame
Table Table U
Physical Physical Page Offset
from Virtual
Q Address Number Address

Figure 2-9. The Relationship of the Page Translation Table to the Page Frame Table

The PTT must be dynamically updated, so that it will provide a current index to the PFT.
In order to update or initialize the PTT, the operating system —- or the bootstrap loader
-~ must be able to access (write to) it. Since the PTT cannot be used to access itself via
normal, virtual-to-physical address translation, the PTT is assigned a fixed address range
($400000 - $800000).

The PTT is enabled via the PTT access enable bit (bit 1) in the MMU control register.
When this bit is set, software can access (write to, and update) the PTT. When the bit is
not set, however, software cannot access the PTT. Only when the PTT is enabled, and a
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reference is made to address space range $400000 — $800000, can the PTT can be ac-
cessed by the operating system.

If the MMU is enabled (in mapped mode), and the PTT is disabled, address space range
$400000 — $800000 is treated as part of per—process virtual address space. If the MMU
is disabled, and the PTT is disabled, address space range $400000 — $800000 is not used.

This is because in the unmapped mode, the MMU is simply passing the 22 least sig-

nificant bits of each virtual address directly to the physical address bus. Refer to Table
2-8. It shows the relationship of an adddress to the MMU and PTT. Then, refer to
Figure 2-10. It depicts the PTT, enabled and disabled (for the operating system's, or for
the bootstrap loader’s purposes) within virtual address space.

Table 2-8. The Relationship of an Address to the MMU and PTT

gocation | mmuon | mMmuoOn | MMU Off MMU Off
Address PTT On PTT Off PTT Off PTT On
400000 - “Address PTT"| “Translate “Physical “Address PTT”
800000 Xdlré?gss" Address”
(Within (A PTT (Perf (Virtual (A PTT
ccess erform rtua ccess
PTT Range) | jnstead of normal Address instead of
memory, Virtual-to- Is the same memoQ/,
using V.A.) Physical as Physical using V.A.)
translation, Address)
and access
memory)
0 - 3FFFFC “Translate “Translate “Physical “Physical
or A\ggyeass" panual Address” Address”
800000 -
3FFFFFC (Perform (Perform (Virtual (Virtual
Not withi normal normal Address Address
(Not within Virtual-to- Virtual-to- Is the same is the same
PTT Range) Physical Physical as Physical as Physical
translation, translation, Address) Address)
and access and access
memory) memory)
Virtual Mode Physical Mode
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omB

400000

800000

O

16MB

Virtual Address Space

User
Global
(Global A)

User-Private
Mapped Area #1

User-Private
Mapped Area #2

User-Private
Mapped Area #3

User-Private
Mapped Area #4

User-Private
Mapped Area #5

Supervisor
Private
(per-process)

Supervisor
Global
{Global B)

MMU ENABLED AND
PTT DISABLED

omMB

400000

800000

16MB

Virtual Address Space

User
Global
(Global A)

User-Private
Mapped Area #1

User-Private
#2

f;

User-Private
Mapped Area #4

User-Private
Mapped Area #5

Supervisor
Private
(per-process)

Supervisor
Global
(Global B)

MMU ENABLED AND
PTT ENABLED

Figure 2-10. The PTT (Enabled and Disabled) within Virtual Address Space

The ASID Register

One binary number (of 128) is assigned to each per-process address space as each new
process is created; this number is the ASID for the current process. At process (or “con-
text”) switch, the ASID is loaded into the ASID register, and presented to the MMU.

See Figure 2-11; it is designed to help you understand the concept of Address Space
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IDentification. Then, see Figure 2-12. It shows and describes the contents of the ASID
register.

ASID 0

Global A
Same for all processes
(Always belongs to O/S)

Process-
Private

Global B
Same for all processes
(Always belongs to O/S)

Figure 2-11. Address Space Identification
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SRS RORAONORILI R

AR,

ASID

FPU
Trap Enable

FPU Trap Enable < 7 >
0 = trap next FPU chip access
1 = allow FPU chip access

ASID < 6:0 >

This field Identifies the process that is currently ruhnlng.

Figure 2-12. The ASID Register

The MMU Control Register

CPU writes to this register control MMU operations.
describes the functions of the MMU control register.

1-23

See Figure 2-13; it shows and
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R/O R/W

: MU Enable
R 7T Access Enable
‘Domain" Bit

: PU Trap

Reserved

MMU Enable < 0 >

When this bit is set, physical addresses are formed using the contents of Page Translation
and Page Frame tables. This bit also enables access rights checking, page fauit traps, and
page statistics updates. When reset (to MMU disable), this bit causes the low-order bits of
the virtual address to be passed to the physical address bus, unchanged.

PTT Access Enable < 1 >

When this bit Is set, references to those addresses within virtual address range $4000000-
$8000000 a software to read or write to (update) the PTT.

DOMAIN Bit < 2 >
This bit Is presently unused.

FPU Trap < 3 >
This bit Is presently unused.

Reserved < 7:4 >

These bits are reserved.

Figure 2-13. The MMU Control Register
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Q The MMU Status Register

The CPU reads the MMU status register in order to monitor MMU operations. - Refer to
Figure 2-14; it shows and describes the functions of the MMU status register.
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R/IO R/W

76543210'

RO LR

0 if Stingray 020 Board
PTT Access Enable

Orderly Shutdown (toggle)

& MMU Error

L, Service Switch

Bus/MMU Timeout or MMU Parity Error

E

& Page Fault
Access Violation
Access Violation < 7 >

When this bit Is set, It indicates that although the MMU has found a PFT entry with the correct
A|SID {rYPglltblts ‘the entry has failed to pass an access protection check. Writes to this register
clear the

Page Fault < 6 >

This bit indicates that the MMU has passed the end-of-list bit twice, in Its search for a "correct”
PFTE. Writes to this register clear the bit.

Bus/MMU Timeout or MMU Parity Error < 5 >

This bit is set when the MMU times out, the bus times out, or an MMU parlty error occurs.
Writes to this register clear the bit.

Service Switch < 4 >
This bit indicates the state of the node's service switch. 1 = Normal Mode; 0 = Service Mode.

MMU Error < 3 >
This bit Is set when a fault in the MMU causes a bus error.

Orderly Shutdown < 2 >

This bit indicates the state of the orderly shutdown switch. The bit Is normally a “1,” but it goes
to “0” when a shutdown Is requested.

PTT Access Enable <1 > ,
This bit reflects the state of the PTT Access Enable bit (bit 1) In the MMU Status Register.

020 Board < 0 >

This bit is wired low (“0”) so that the O/S can distlngulsh an MC68020~-based CPU board
from an MC68010-based one.

Figure 2-14. The MMU Status Register
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The MMU Parity Register

The MMU checks for parity in the Page Frame and Page Translation Tables. Even parity
is always used to detect the failure of memory outputs going to a high (logical 1) value.
The MMU updates the two page statistics bits in each PFT entry whenever an access is
made to the corresponding physical page. These are the Used bit (bit 13) and the
Modified bit (bit 14). As a result, these bits are not used in parity calculation, and parity
is calculated only over the remaining 30 bits. See Figure 2-15; it shows and describes
the functions of the MMU parity register.
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R/O R/W - RIO N
| | |
4 L] L]

1614 1312 11:0

PFT Error or PTT Index

PFT Parity Error
PTT Parity Error
| MMU Parity Fault Enable (MMU PFE)

Write Wrong MMU Parity (Both PFT and PTT)

Write Wrong MMU Parity < 15 >

Diagnostics use this bit to test the MMU's error detection hardware. When the bit is set, any
data written to the Page Translation Table or the Page Frame Table Is written with odd parity
Instead of even, and parity errors will occur.

MMU Parity Fault Enable < 14 >
When this bit Is cleared, MMU parity errors are ignored.

PTT Parity Error < 13 > SN
This bit Is set when a parity error Is detected within the PTT.

PFT Parity Error < 12 >
This bit Is set when a parity error Is detected within the PFT.

PFT Error or PTT Index < 11:0 >

This field designates the location where a parity error has occurred. If the error was in the
PFT, this field contains the partial contents (a PPN) of the faulty entry. If the error was in
the PTT, this field contains the index (a PPN) of the faulty entry.

Figure 2-15. The MMU Parity Register
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MMU Operations

In the text that follows, we discuss MMU processes, and we explain how each of the
previously described registers and tables are utilized within the MMU, when it is in
mapped mode. Refer at this time to Figure 2-16. It provides a flowchart of MMU
mapped mode operations. When you have familiarized yourself thoroughly with the flow-
chart, go on to the text that follows it.
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Figure 2-16. MMU OQperations (in Mapped Mode)
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‘Successful Translations

Every memory (CPU) cycle results in one of two occurances, either of which can result in
a successful translation. These are:

= a PTT hit, or

» a PTT miss.

A PTT Hit

The fields within the virtual page number and the contents of the ASID register must be
checked against the contents of specific Page Frame Table entries, pointed to by the Page
Translation Table. A PTT hit occurs when:

1. The XVPN field, located in the PFT entry pointed to by the PTT, matches the
XVPN field that resides within the virtual page number (see Figure 2-17), and

2a. The ASID field, located in the PFT entry pointed to by the PTT, matches the
ASID field that resides within the MMU'’s ASID register, for the current process
(see Figure 2-18),

or

2b. The Global bit is set in the PFTE. Refer again to Figure 2-6 in order to see the
. address space control (ASID and Global bit) fields in the PFTE.
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- ASID field. The Global bit set indicates that the address space in
which this data (or program) resides is global; data (or programs) in
this space are shared by all processes (regardless of their respective
ASIDs).

O NOTE: When the Global bit is set, it obviates the need for checking the

25:22 21:10 9:0

SOOI

Virtual

Byte Offset Address

B e e e e e e i e

ASID Field

O

31:25 24 23222120 19:16 15141312 11:0

Figure 2-17. Comparing the XVPN Fields
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Link Field (A PPN) PFTE

31:25 24 23222120 19:16 15141312 11:0

Figure 2-18. Comparing the ASID Fields

Once a PTT hit has occurred, the MMU checks the function code emitted by the 68020
against the way the access permissions bits (Read, Write, eXecute, Supervisor) have been
set in the PFT entry pointed to by the PTT. Refer again to Figure 2-6 in order to see the
access permissions bits in the PFT. Then, refer to Figure 2-19 to see the function code
and access permissions bits comparison.
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Figure 2-19. Comparing the Function Co_de and the Access Permissions Bits

If the permissions agree, the CPU can access the memory location described in the PFTE;
the MMU will update the page statistics (Modified and Used) bits appropriately in the
PFTE. Refer back to Figure 2-6 in order to see the page statistics bits.

If the permissions do not agree, the CPU cannot access the memory location described in
the PFTE, and the MMU generates a bus error.
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A PTT Miss

The fields within the virtual page number and the contents of the ASID register must be
checked against the contents of specific Page Frame Table entries, pointed to by the Page
Translation Table. A PTT miss occurs when the first PFTE pointed to by the PTT is not
the correct one (i.e., when steps 1 and 2a or 2b, above, do not occur). In the event of a
PTT miss, the MMU proceeds around the linked list of PFT entries, searching to resolve
the virtual page number. Two possibilities then exist:

3a. Steps'l and 2a or 2b, above, occur in a PFTE other than the one first pointed to
by the PTT; remember that this is a reverse-mapped MMU. One of its charac-

teristics is that if the page exists in physical memory, a descriptor for it will reside .

in the PFT, :
or

3b. Steps 1 and 2a or 2b, above, do not occur at all; if the page does not exist in
physical memory, a descriptor for it will not reside in the PFT.

Completing Translation

If the access is permitted, and the first PFTE pointed to by the PTT provided a successful
translation (i.e., if a PTT hit occurs), the MMU updates the page statistics (Modified and
Used) bits appropriately in the PFTE. Refer again to Figure 2-6 in order to see the page
statistics bits in the PFTE.

If the access is permitted, and a PFTE linked to the first PFTE pointed to by the PTT
provided a successful translation (i.e., if a PTT miss occurs, but a translation is subse-
quently found), the MMU updates the page statistics (Modified and Used) bits ap-
propriately in the PFTE. It also writes back the correct PPN (from the correct PFTE) to
the PTT (i.e. the MMU “updates” the PTT). This increases the probablity that a PTT hit
will occur on the next access to the same virtual page.

In either case, the MMU will concatenate the 12-bit PPN, yielded by a successful transla-
tion, with the offset from the virtual address. This forms a physical address. Refer to
Figure 2-20; it shows the format of a physical address that is ready to be sent over the
physical address bus.
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Number (PP?\I) Byte Offset

Figure 2-20. A Physical Address (note the PPN and Offset Fields)

Unsuccessful Translations

When translation is unsuccessful, a bus error (one of four types) is generated. The four
types of bus errors are:

1. | Page Faults,

2. Access Violations,

3. MMU Parity Errors, and
4. MMU Timeouts.

We describe each type of bus error in the text that follows.

Page Faults

If the MMU encounters the “end-of-linked-list” bit twice, there is no match (and it can
be inferred that the page does not reside in physical memory). The MMU sets the page
fault bit (bit 6) in the MMU control register, so that the operating system can bring the
requested page into physical memory.

Access Violations

When the current process does not have the appropriate permissions (R, W, X, or S) to
perform the function that the CPU is trying to perform, the MMU sets the access viola-
tion bit (bit 7) in the MMU control register.

MMU Parity Errors

When hardware detects a parity error in either the PTT or the PFT, the MMU sets the
bus timeout or MMU parity error bit (bit 5) and the MMU error bit (bit 3) in the
MMU status register. The MMU also sets the PFT error bit (bit 12) or the PTT error
bit (bit 13) in the MMU parity register. Additionally, the MMU loads the PPN from that
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location where the fault has occurred into the MMU parity register’s PFT index or PTT
contents field.

MMU Timeouts

At most, the MMU needs .68ms to completely search the PFT for a valid translation.

When a memory error in the PFT occurs, the link mark bit may be inappropriately
cleared. If a search is not completed (a match is not found, nor is a page fault generated)
within 12.8ms, the MMU sets the bus timeout or MMU parity error bit (bit 5), and the
MMU error bit (bit 3) in the MMU status register.
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Appendix A

Floating Point Process-
ing

Introduction

This chapter describes the architecture of floating-point units used in DN3XX and
DN5XX nodes (the DSPXXA does not incorporate floating—point capabilities). If you
have a DN320 or DN550 node, floating-point operations are controlled by the Perfor-
mance Enhancement Board (PEB, or floating—point accelerator). If you have a DN330
or DN560 node, floating-point operations are performed by the MC68881 coprocessor.
Refer to Chapter 1, and see Figures XXX and XXX. These figures show the system ar-
chitectures of DN3XX and DN5XX nodes. Notice where the PEB, or the MC68881, is
located within each figure.
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The Performance Enhancement Board

The PEB is a 32-bit microprogrammed computer, capable of executing 255 different in-
structions. User-visible elements of the PEB include the accumulator, temporary, and
constant (or “x") registers; an integer 32-bit accumulator, and the PEB control page.
Supervisor-visible elements of the PEB include user-visible elements, along with its
writable control store (WCS), and a control register. '

PEB Registers

The PEB control page contains those registers re‘quired for control of the PEB floating—
point unit. These registers are intended for supervisor processes only.

The PEB Control Register

CPU writes to this register control PEB operations.  See Figure A-1; it shows and
describes the functions of the PEB control register.
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Unused
FPU Enable < 0 >

0 = clock able to be single-stepped;
control store accessible.

1 = clock running;

control store inaccessible.

FPU Step < 1 >

FPU Enable
FPU Step

| FPU Reset

FPU Exception Interrupt Enable

Upper FPU Control Store Address (CSA11 — CSA07)

If FPU Enable = 0 then toggling FPU Step (0 to 1 and back to 0) will advance

the FPU through one microinstruction.
FPU Reset < 2 >

0 = reset FPU, start microprogram.
1 = allow FPU to run.

FPU Exception Interrupt Enable < 3 >

0 = do not allow interrupts.
1 = allow interrupts.

Upper FPU Control Store Address < 8:4 >

4 = Halt.
5 = Run.
6 = Step.

Unused < 15:9 >
These bits are presently unused.

Figure A-1. The PEB Control Register
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The PEB Status Register

The CPU reads the PEB status register in order to monitor PEB operations.
Figure A-2; it shows and describes the functions of the PEB status register.
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MSB

FPU Control Store Parity Error

Unused

v FPU Exception Interrupt Pending
FPU Micropc

FPU Busy
MSB <0 >

(Bit 11) of micropc.

FPU Control Store Parity Error < 1 >

0 = FPU WCS ok.

= FPU error.
This bit is cleared by FPU Enable (bit 0) in the control register.
Unused < 2 >

This bit is unused.

FPU Exception Interrupt Pending < 3 >

0 = Not interrupting.
1 = Interrupt pending.
This bit is cleared when an interrupt occurs, or FPU reset in the control register.

FPU MicroPC < 14:4 >
These bits are the current micropc (bit 4 is Isb; bit 14 is msb).

FPU Busy < 15 >

0 = FPU not busy
1 = FPU busy.

Figure A-2. The PEB Status Register
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The PEB Diagnostics Registerv
See Figure A-3. It shows and describes the functions of the PEB diagnostics register.
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15:8

Unused
FPU Disable- < 0 >
0 = halted; r/w WCS.
1= clock on; can’t read WCS.
Step+ <1 >
0 = clock running.
1 = clock stepping.
FPU Reset- < 2 >

0 = FPU is reset;, clear parity error.
1 = FPU can be running.

FPU Intent+ < 3 >

0 = do not allow interrupt to occur.
1 = allow interrupt to occur.

Halt- < 4 >

0 = FPU is halted.
1 = FPU is running.

Freeze- <5 >

0 = FPU has hit a clock freeze and
is halted.

1 = no freeze encountered.

Full- < 6 >

0 = microstack is full and micropc is
unable to increment.

1 = microstack is ok.

Rev-X

0 = hardware Rev 0 1k WCS.
1 = hardware Rev 1 4k WCS.

Rev-X
These bits are unused.

Figure A-3. The PEB Diagnostics Register
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PEB Floating-Point Formats

Floating—point formats for the PEB are as follows (where s = sign, e = exponent, and m =

mantissa):

Single Precision seee eeee emmm mmmm mmmm mmmm mmmm mmmm (an
8-bit exponent, a 23-bit mantissa + 1 hidden bit; eeeeeeee —>
actual exponent + 127)

Double Precision seee eeee eeee mMmmm mMmmnm mMMmMmmMm mmmm mmmm mmmm

mmmm mmmm mmmm mmmm mmmm mmmm mmmm (an
11-bit exponent, 52-bit mantissa + 1 hidden bit; eeeeeeeeceee —>
actual exponent + 2047)

Floating-Point Operations

There are 6 types of floating-point operations. These are:

5.

6.

Single precision dyadic operations
Double precision dyadic operations

Single precision monadic operations

Double precision monadic operations

Regular monadic operations

Special operations

A physical address within the FPU page represents each flotating-point operation.
Mnemonics for floating—point operations are constructed from abbreviations. Abbrevia-
tions are as follows: :

DA Double Precision Add

DS Double Precision Subtract

RD Double Precision Reverse Subtract
Floating Point Processing A-8



DM Double Precision Multiply

(\> DMA Double Precision Multiply and Accumulate
- DD Double Precision Divide
RD Double Precision Reverse Divide
XCP EXcePtion Status and Interrupt Enable
FA Floating Accumulator
FAL Floating Accumulator Low
FAH Floating Aécumulator High
FT Floating Temporary
LFT Load Floating Temporary
LIT Load Integer Temporary
SA Single Precision Add
SS Single Precision Subtract
RS Single Precision Reverse Subtract
SM Single Precision Multiply
Q SMA Single Precision Multiply and Accumulate
SD Single Precision Divide
RDS Single Precision Reverse Divide

Refer to Table A1, Table A-2, and Table A-3. These tables provide listings of floating-
point operations, by type. The tables also provide those FPU page address assigned to
every operation. :
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Table A-1.

Single Precision Dyadic Floating-Point Operations

Single Precision Dyadic Operations

Mnemonic Address and Meaning
BUS_FA_SA $7004
LFT FA'SA_FT $7008 single precision add
FA_BUS_SA $700C
BUS FA_SS $7010 '
LFT FA'SS_FT $7014 single precision subtract
FA_BUS_SS $7018
BUS_FA RS $701C
LFT'FA'SS FA $7020 single precision reverse subtract
FA_BUS_RS $7024
BUS_FA_SM $7028
LFT FA'SM FT $702C single precision multiply
FA_BUS_SM" $7030
BUS_FA_SD $7034
LFT FA'SD_FT $7038 single precision divide
FA_BUS_SD $703C o
BUS_FA_RDS $7040
LFT FA'RDS_FA $7044 single precision reverse divide
FA_BUS_RDS $7048

Single Precision (Dyadic) Operations continue on the next page
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- Table A-1 (continued). Single Precision Dyadic Floating-Point Operations and
Q their Addresses within the FPU Page

Single Precision Dyadic Operations
Mnemonic Address and Meaning
LFT_SMIN $7138  Min (FA, FT) -> FA
FA_BUS_SMIN $713C Condition Codes ~> IAC high word
LFT_SMAX $7150 Min (FA, FT) -> FA
FA_BUS_SMAX $7154 Condition Codes > IAC high word
LFA SAX $7168 FA + FX -> FA (single precision)
FA_BUS_SAX $716A
LFA SMX $717C FA * FX -> FA (single precision)
FA_BUS_SMX $7180
BUS_FA_SP $71A4 write sp “x” register for sp polynomial
LFT_FA_RDS_FA $71A8 load FA for SP polynomial operation
FA_BUS_RDS $71AC (FA * FX) + FT -> FA
W_IAC_SP $7214 load integer accumulator, float to sp
. BUS_FA_SMA $7234 sp multiply and accumulate

o Y LFT SMA $7238 (FA * FT) + FX => FA, FX

\_/ FA_BUS_SMA $723C
LFT_PWR $7260 FA ** FT —> FA
IAC_SP_PWR - $726C FA ** IAC -> FA
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Table A-2. Double Precision Dyadic Floating-Point Operations

Double Precision Dyadic Operations
Mnemonic Address and Meaning
BUS_FAH_RDS $704C
BUS_FAL DA $7050
BuS FaDA $7054 double precision add
FAH_BUS DA $705C .
FAL_BUS_DA $7060
BUS_FAH_DS $7064
BUS_FAL DS $7068
E":J-?E-FJA%DSS FT :_77'8_618 double precision subtract
FAH_BUS_ DS $7074
FAL_BUS DS $7078
BUS_FAH_RD $707C
BUS_FAL_RD $7080
EI'EJ?EFJHSD EA g;’ggg double precision reverse subtract
FAH_BUS_RD $708C
FAL_BUS_RD $7090
BUS_FAH_DM $7094
BUS_FAL DM $7098
Eé’?CFI;rH)N'YI FT g;g%% double precision multiply
FAH_BUS DM $70A4
FAL_BUS_ DM $70A8
BUS_FAH_DD $70AC
BUS_FAL DD $70B0 :
BUS FTH.DD AL double precision divide
FAH_BUS_ DD $70BC
FAL_BUS_DD $70C0
BUS_FAH_RDD $70C4
BUS_FAL_RDD $70C8
EILJ?EFJTH_DRDD%A g;ggoc double precision reverse divide
FAH_BUS_RDD $70D4
FAL_BUS_RDD $70D8
Double Precision (Dyadic) Operations continue on the next page
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Table A-2 (continued).

Double Precision Dyadic Floating~Point Operations

Double Precision Dyadic Operations

Mnemonic Address and Meaning
BUS FTH_DMIN $7140 Min (DFA, DFT) -> DFA
LFTC DMIN $7144 Condition Codes -> IAC high word
FAH_BUS_DMIN $7148
FAL_BUS_DMIN $714C
BUS_FTH_DMAX $7158 Max (DFA, DFT) -> DFA
LFTC DMAX $715C Condition Codes -> IAC high word
FAH_BUS_DMAX $7160
FAL_BUS_DMAX $7164
BUS FAH DAX $716C FA + FX => FA (double precision)
LFAC DAX $7070
FAH_BUS_DAX $7174
FAL_BUS _DAX $7178
BUS FAH DMX $7184 FA * FX ->FA (double precision)
LFAC DMX $7088
FAH BUS_DMX $718C
FAL_BUS_DMX $7190
BUS_FXH $71B0 write dp “x” register for dp polynomial
BUS_FXL $71B4
BUS_FAH_DP $71B8 dp polynomial
BUS_FAL_DP $71BC (DFA * DFX) + DFT -> DFA
BUS_FTH_DP $71C0
LFTL_DP $71C4
FAH_BUS_DP $71C8
FAL_BUS_DP $71CcC
W_IAC_DP $7218 load integer accumulator, float to dp
BUS_FAH_DMA $721C dp multiply and accumulate
BUS_FAL DMA $7220 (DFA * DFT) + DFX -> DFA, FFX
BUS_FTH_DMA $7224
LFTC_DMA $7228
FAH_BUS_DMA $722C
FAL_BUS_DMA $7230
BUS_FTH_PWR $7264 FA* *FT —>FA
LFTL_PWR $7268
IAC_DP_PWR $7270

FA * * IAC -> DP
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Table A-3. Single Precision Monadic Floating-Point Operations

Single Precision Monadic Operations

Mnemonic Address and Meaning
SP_NINT $720C _nearest integer of sp -> sp
SP_TRUNC $7240 truncate FA -> FA
SP_LOG $7248 FA <- log(FA)
SP_EXP $7250 FS <- exp(FA)
SP_SQRT $7258 FA <- sqrt(FA)
SP_SIN $7274 FA <~ sin(FA)
SP_COS $727C FA <- cos(FA)
SP_TAN $7284 FA <- ian(FA)
SP_ATAN $728C FA <- atan(FA)

Floating Point Processing
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Table A-4. Double Precision Monadic Floating-Point Operations

Double Precision Monadic Operations

Mnemonic Address and Meaning
DP_NINT $7210 nearest integer of dp -> dp
DP_TRUNC $7244 truncate FA —> FA
DP_LOG $724C FA <- log(FA)

DP_EXP $7254 FA <- exp(FA)
DP_SQRT $725C FA <~ sqrt(FA)
DP_SIN $7278 FA <- sin(FA)
DP_COS $7280 FA <~ cos(FA)
DP_TAN $7288 FA <- tan(FA)
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Table A-5. Monadic Floating-Point Operations

‘Monadic Operations

Mnemonic Address and Meaning
F_NEG $71E0 negate sp/dp accumulator
F_ABS $71E4 absolute value of sp/dp accumulator
SP_DP $71E8 convert sp in accumulator to dp
DP_SP $714C convert dp in accumulator to sp
L_SP $71F0 float integer accumulator into sp
L_DP $71F4 float integer accumulator into dp
SP_1 $71F8 fix sp to integer accumulator
DP_1 $71FC fix dp to integer accumulator

Floating Point Processing
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Table A-6. Special Floating-Point Operations

O

Special Operations
Mnemonic Address and Meaning

PEB_BASE $7000 base address for PEB
FPU_RESET $7000 reset FPU
R/W_XCP $70F8 read/write exception register
HIGH_BUS $7124 read upper 24 bits of DP mantissa
FX_TO_FA $7194 FX —> FA
FA_TO_FX , $7198 FA -> FX
REV_BUS $719C read microcode revision level
FAH_BUS $71D0 read dp “x” register
FXL_BUS $71D4
XCHNG $71D8 FA <—> FX

- FTH_BUS $71DC read dp register (high part) only

C/ LIT_INTMUL $7200 load integer “x” register, multiply

LIT_INTDIV $7204 load integer “x” register, divide
LIT_INTDIV $7208 load integer “x” register, reverse divide
FPU_STATUS_BUS | $73FC fpu status register

The MC68881 Coprocessor

For information regarding the Motorola 68881 co-processor, refer to the Motorola
MC68881 Floating—Point Coprocessor User’s Manual (©1985, Motorola Inc).
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