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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 M680xO processor. 

user-mode code 

Software that runs in M680xO 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 apace 

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 aocket 

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

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

user stack pointer (USP) 

The M68OxO processor register that points to a per-process user stack. 

virtual address space 

The virtual memory that levelland 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) 

The structure in the logical volume lable that describes the VTOC. 
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volume table or 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 or contents (VTOC) manager 

The AEGIS manager that maintains the volume table of contents for the disk volume. 

volume table or contents map (VTOC 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. 

w hole 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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Chapter 

Memory Organization 
and Management 

2 

o 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 ..-------------....., 

64MB 

User 
Global 

(Global A) 

User 
Private 

(per-process) 

Supervisor Private 
(per-process) 

User Mode 

Supervisor Mode 

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 

3fcOOOO Display1 Memory 
3ff9cOO Ring 
3ff9800 Display1 Control 

Global B 3ffaOOO DMA 
3ffa800 Floppy 
3ffacOO Timers 
3ffbOOO SIO 
3ffb400 MMU 
3ffb800 PFT 
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Table 2-2. A Virtual Memory Map for DN560 Nodes (Running the AEGIS 
Operating System) 

Location In Virtual 
Space Virtual Address Name 

(Global or User) 

Global A 
400 Boot PROM 
4000 Boot PROM2 

3faOOOO Color Memory 

3fcOOOO Display1 Memory 

Global B 3feOOOO PBU 1/0 

3ff5000 1/0 Map 
3ff6000 Color Superv. 
3ff7cOO PBU Control 
3ff9400 VME 

3ff9aOO Display1 User 

3ff9800 Display1 Superv. 

3ff9cOO Ring2 

3ffa800 Disk/Tape Cal 

3ffbOOO SIO 

3ffb400 MMU 

3ffb800 PFT 
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Table 2-3. A Virtual Memory Map for DSP90A Nodes (Running the AEGIS 
Operating System) 

Location in Virtual 
Space Virtual Address Name 

(Global or User) 

Global A 400 Boot PROM 

3feOOOO PBU 1/0 
3ff5000 110 Map 
3ff7cOO PBU Control 

Global B 3ff8000 Line Printer 
3ff9cOO Ring 
3ffbOOO SIO 
3ffb400 MMU 
3ffb800 PFT 

Physical Space 
See Figure 2-2. It depicts physical space allocation in DN330, DNS 60, and DSP90 
nodes. 
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Figure 2-2. Physical Address Space in DN330 I DN560 and DSP90 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 
Operating System) 

Physical Address Name 

400 Boot PROM 

20000 Display1 Memory 
9800 Ring 
9000 DMA 
9cOO Floppy 
8800 Timers 
8400 SIO 
8000 MMU 
4000 PFT 

\. 
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Table 2-S. A Physical Memory Map for DNS60 Nodes (Running the AEGIS 
Operating System) 

Physical Address Name 

400 Boot PROM 
14000 Boot PROM2 

40000 Color Memory 

20000 Dlsplay1 Memory 

70000 PBU 1/0 

10000 1/0 Map 

eOOO Color 
a400 PBU Control 

bcOO VME 
fOOO Display1 User 

f400 Display1 Superv. 

9800 Ring2 
9cOO 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 
Operating System) 

Physical Address Name 

400 Boot PROM 

70000 PBU 1/0 
10000 I/O Map 
a400 PBU Control 
a800 Line Printer 
bcOO VME 
9800 Ring 
9000 DMA 
aOOO Calendar 
9cOO Disk/Tape Cal 
8400 SIO 
8800 Timers 
8000 MMU 
4000 PFT 

The Memory Subsystem 
Refer to Table 2-7. It describes those physical memory configurations that are available 
for DN330, DN560, and DSP90 nodes. 
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Table 2-7. Physical Memory Configurations Available for DN330, DN560, and 
DSP90 Nodes 

f\ODE CPU MAIN MEMORY EXPANSION MEMORY AVAILABLE 

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

DN560 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 1 MB is used (reserved) for I/O 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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31 :12 

Failing (Physical) 
Address 

R/W RIO 

I I 
1110 9 8 7 6 5 4 3 2 1 0 

~. 
Upper or 
Lower Word 

~ , (of Longword) 

" B Port Access 

" DMA Access 

Parity Interrupt Enable 

, "" ~, Write Bad Parity 

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 parity 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 

1-11 Memory Organization and Management 



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 

XVPN 

, , 
4-Bit Excess 
Virtual Page Number 

21'10 

HVPN 

, , 
12-Bit Hashed 
Virtual Page Number 

g'O 

Byte Offset , 
10-Bit Offset 

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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Backplane 
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Calendar 

-to Disk/Tape 
Controller 

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 
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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 (PIT) 

• 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 (Le., 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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31 :25 24 232221 20 19:16 15 141312 11 :0 
o 

ASID Field S D W RX XVPN 

2 

3 

• 
• 
• 
VV 

4096 

ASID<31 :25> 
If this field matches the contents of the 
MMU ASIO field (loaded by the operatlnB 
system at contexl switch), then the CP 
can access the page described In this en­
try. 
Note: If the Global (G) bit (bit 12) is 
set in the PFTE, it dIsables lhis com­
parison. 

Supervisor <24> 
The opt!rating system sets this bit if 
the PFTE descrrbes a page that can 
be referenced only by the Super­
visor (and not by the User). 

DOMAIN <23> 
This bit is unused. 

Write <22> 
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. 

E 
0 
l 

M U G Unk Field (A PPN) 

- - - ~ - -
XVPN <19:16> 
These are the remaining (excess) bits 
from the Virtual Page Number in the 
virtual address being requested. If the 
XVPN from the virtual address matches 
the XVPN in this PFTE\ then the PFTE 
describes the requestea page. 

End-of-llst (EOl) <15> 
This bit marks an arbitrary point in each 
linked list within the PFT. During a search 

~~gr~~~ ~~fcr6~~6d~~~~~:~d~f~7st 
bit twice. If a match has not been found 
by the time hardware sees the bit twice, 
a bus error occurs. 

Modified <14> 
The MMU sets this bit to tell the operating 
system that an access has occurred to the 
page described by this PFTE. 

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 operating system sets this bit In the 
PFTE so thaf different processes can 
reference the same ("global") page in 
virtual memory. 

~~:f~~~ l?;\b t~~~~~ pr~IUdes the 

link <11:0> 
This field serves as a pointer to the next 
entry in a linked (but not neccesarily 
contlguous) list of entrles'

h 
It contains the 

physical page number of t e next entry 
whose hashed virtual page number is the 
same as Its own. 

Figure 2-6. The Page Frame Table (with the 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 
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 

• OIS page statistics information, via the Modified, and Used bits. (Softwarewill 
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.) 

31 :25 24 232221 20 19:16 15 141312 11 :0 
........ 

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~: ......... ::::. ...... PFTE's 
:::::::::::: ::::::::::::::::::::;::::::::::::::::::::::: 

:~: :: [jH~~i m!~,~:j[~~~~!fir;~>:[[[HH ~I~~~~al 
..... ::::: :::::::::::::::::::' ....... " . 

:::::::::::::::::;;:::::::::: 

PFTE's 
Logical 
Blocks 

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 (Le., 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 
o p-----~----------------------~ 

Unused Physical Page Number (PPN) 

2 

3~----------------------------~ 

• 
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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4096 

entries 

The Page 
Translation 
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Physical 
Address 
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HVPN 
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Physical Page 
descriptors 

• 
• • 

4096 
entries 

Physical Page 
Number 

The Page 
Frame 
Table 

Offset 
(Bits 9:0) 

Offset 
from Virtual 
Address 

Virtual 
Address 

Figure 2-9. The Relationship of the Page Translation Table to the Page Frame Table 

The PIT must be dynamically updated, so that it will provide a current index to the PFT. 
In order to update or initialize the PIT, the operating system -- or the bootstrap loader 
-- must be able to access (write to) it. Since the PIT cannot be used to access itself via 
normal, virtual-to-physical address translation, the PIT is assigned a fixed address range 
($400000 ~ $800000). 

The PIT is enabled via the PIT access enable bit (bit 1) in the MMU control register. 
When this bit is set, software can access (write to, and update) the PIT. When the bit is 
not set, however, software cannot access the PIT. Only when the PIT is enabled, and a 
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reference is made to address space range $400000 - $800000, can the PIT can be ac­
cessed by the operating system. 

If the MMU is enabled (in mapped mode), and the PIT is disabled, address space range 
$400000 - $800000 is treated as part of per-process virtual address space. If the MMU 
is disabled, and the PIT 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 PIT. Then, refer to 
Figure 2-10. It depicts the PIT, 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 

Location 
MMU On MMU On MMU Off MMU Off of Virtual 

Address PTT On PTT Off PTT Off PTT On 

400000 - .. Address PTT" "Translate "Physical .. Address PTT" 
800000 Virtual Address" 
(Within 

Address" 

(Aooess PTT (Perform (Virtual (Aooess PTT PTT Range) Instead of normal Address Instead of 
memory, Virtual;'" to- Is the same mem0{y" 
using V.A.) Physloal as Physloal using .A.) 

translation, Address) 
and aooess 
memory) 

o - 3FFFFC "Translate --Translate "Physical "Physical 
or Virtual Virtual Address" Address" 
800000 - Address" Address" 

3FFFFFC (Perform (Perform (Virtual (Virtual 

(Not within 
normal normal Address Address 
Vlrtual-to- Vlrtual-to- Is the same Is the same 

PTT Range) Physloal Physloal as Physloal as Physloal 
translation, translation, Address) Address) 
and aooess and aooess 
memory) memory) 

~~----------~¥~----------" ~~----------~-~----------,~ 
Virtual Mode Physical Mode 
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OMB 

400000 

800000 

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 

-- _ .... _-_._------_._- .----_._-------_. __ . 

Virtual Address Space 
OMB r------------, 

800000 

User 
Global 

(Global A) 

User-Private 
Mapped Area #1 

User-Private 
Mapped Area #2 

User-Private 
Mapped Area #4 

User-Private 
Mapped Area #5 

Supervisor 
Private 

(per-process) 

Supervisor 
Global 

(Global B) 

16MB '-------------' 
MMU ENABLED AND 

PTT ENABLED 

Figure 2-10. The PIT (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 ASrD for the current process. At process (or "con­
text") switch, the ASrD is loaded into the AsrD 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. 

Global A 
Same for all processes 
(Always belongs to O/S) 

Global B 

Proces9-
Private 

Same for all processes 
(Always belongs to O/S) 

Figure 2-11. Address Space Identification 
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o 

o 

W/O 

7 6:0 

ASID 
FPU 
Trap Enable 

FPU Trap Enable < 7 > 
o = trap next FPU chip access 
1 = allow FPU chip access 

ASID < 6:0 > 
This field Identifies the process that Is currently running. 

Figure 2-12. The ASID Register 

The MMU Control Register 

CPU writes to this register control MMU operations. See Figure 2-13; it shows and 
describes the functions of the MMU control register. 

1-23 Memory Organization and Management 



RIO R/W 

I I I 
7:4 3 2 1 0 

~~ 

" M MU Enable 

,PIT Access Enable 

, ,"Domai nil Bit 

, , FPU 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 fault 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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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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RIO R/W 

I I . 
76543210 

~ 
~~ 0 If Stingray 020 Board 

, , PIT Access Enable 

" Orderly Shutdown (toggle) 

" MMU Error 
, , Service Switch 

, Bus/MMU Timeout or MMU Parity Error 

, , 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 
ASIO XVPN bits, the entry has failed to pass an access protection check. Writes to this register 
clear the bit. 

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 parity 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, II but It goes 
to "0 II 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 OIS can distinguish 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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RIO R/W RIO 

15 14 13 12 11 :0 

PFT Error or PTT Index 

~ , 
I, PFT Parity Error 

, , PIT Parity Error 

, , MMU Parity Fault Enable (MMU PF E) 

Write Wrong MMU Parity (Both PFT and PIT) 

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 > 
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 Operations (in Mapped Mode) 

Memory Organization and Management 1-30 

( 



c:; 
-,..--, --, 

~~~I 
OffMt) from 

Vlrtua. Addrea 
to Phyalcal 

Addreil But. 

Cj 

@ 

o 

r----------------, 
L:!~~~t~~ 
dr·:,::~f~~t .. 

Physical Addr ••• But. 

G I PFT aearch Loop 

MMU TImeout can 
OCCl.l' at any point 
In the loop after 
12.8 ma have elapsed 
(from beginnIng of 
memory cycle). 

-
@ I AIHrt BUS Error 

Update CSR 

Walt for CPU to 
begin exception 
proc ... tng 

r\ 
U 



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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o NOTE: When the Global bit is set, it obviates the need for checking the 
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). 

25:22 21 :10 9:0 

Virtual 
HVPN Byte Offset Address 

ASIO Field Link Field (A PPN) PFTE 

31 :25 24 23 22 21 20 19: 16 15 14 13 12 11 :0 

Figure 2-17. Comparing the XVPN Fields 
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ASID Register 

1I1I1I1I1I1I1I:rjf]tl:I:::XV~P:N:J!!j[jtl[::~u:n:k~F:,e:'d::(~A::P:PN~)::]pFTE 
31:25 24 232221 20 19:16 15 141312 11 :0 

Figure 2-18. Comparing the ASID Fields 

Once a PIT 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 PIT. 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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FC R/W Q. 

1 0 
Data 
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CD 
(I) 

0 ~ 

2 Program 
1 

5 
0 

1 "-
Data 

0 
en 

0 ~ 
6 CD Program Co 

1 j 
U) 

7 0 CPU 

1 
Space 

If R & W both bits 
bits must be set for { R* = enables access (data read) 

data writes. W = allows data writes 
X = allows program reads 
S = the CPU must be In Supervisor mode 

to access. If R and X are both set, then 
then execute program (do data reads). 

* R must be set for X or W to occur. 

Figure 2-1 g. Comparing the Function Code and the Access Permissions Bits 

If the permissions agree, the CPU can access the memory location described in the PFfE; 
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 PIT miss occurs when the first PFTE pointed to by the PIT is not 
the correct one (Le., when steps 1 and 2a or 2b, above, do not occur). In the event of a 
PIT miss, the MMU proceeds around the linked list of PFT entries, searching to resolve 
the virtual page number. Two possibilities then exist: 

3a. Steps 1 and 2a or 2b, above, occur in a P FTE 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 P FTE pointed to by the PTT provided a successful 
translation (i.e., if a PIT hit occurs), the MMU updates the page statistics (Modified and 
Used) bits appropriately in the PFTE. Refer again to Figure 2-6 in orderto see the page 
statistics bits in the PFTE. 

If the access is permitted, and a P FTE linked to the first P FTE pointed to by the PTT 
provided a successful translation (i.e., if a PIT 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 PIT (Le. the MMU "updates" the PIT). This increases the probablity that a PIT 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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o 21 :10 

Physical Page 
Number (PPN) 

.~---.. - ... - .--- ..... . 

9:0 

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 PIT 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 PIT 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 PIT 
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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Introduction 

Appendix A 

Floating Point Process­
ing 

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 required 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. 
describes the functions of the PEB control register. 
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o 15:9 8:4 3 2 1 0 

, 

, , 

, 
, , F PU Enable 

Step FPU 

FPU R eset 

FPU Exce , , ption Interrupt Enable 

rol Store Address (CSA 11 --+- CSA07) Upper FPU Cont 
, It 

Unused 

FPU Enable < 0 > 
o = clock able to be single-stepped; 
control store accessible. 
1 = clock running; 
control store inaccessible. 

FPU Step < 1 > 
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 > 
o = reset FPU, start microprogram. 
1 = allow FPU to run. 

FPU Exception Interrupt Enable < 3 > 
o = 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. Refer to 
Figure A-2; it shows and describes the functions of the PEB status register. 
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15 14:4 3 2 1 0 
.... 
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" M S8 

, , FPU Control Store Parity Error 

Unuse , , 

, 
FPU Busy 

MSB < 0 > 
(Bit 11) of micropc. 

, 
FPU Micropc 

FPU Control Store Parity Error < 1 > 

o = FPU WCS ok. 
1 = FPU error. 

FPU Exc 

d 

eption Interrupt Pending 

This bit is cleared by FPU Enable (bit 0) in the control register. 

Unused < 2 > 

This bit is unused. 

FPU Exception Interrupt Pending < 3 > 

o = 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 > 

o = FPU not busy 
1 = FPU busy. 

Figure A-2. The PEB Status Register 
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The PEB Diagnostics Register 

See Figure A-3. It shows and describes the functions of the PEB diagnostics register. 
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FPU Disable- < 0 > 
o = halted; r/w WCS. 

15:8 

, , 
Unused 

1 = clock on; can't read WCS. 

Step+ < 1 > 
o = clock running. 
1 = clock stepping. 

FPU Reset- < 2 > 
o = FPU is reset;, clear parity error. 
1 = FPU can be running. 

FPU Intent+ < 3 > 
o = do not allow interrupt to occur. 
1 = allow interrupt to occur. 

Halt- < 4 > 
o = FPU is halted. 
1 = FPU is running. 

76543210 

, 
PU Disab/e-, , F 

" Step + 

FPU R eset-

FPU Inte nt+ , , 
" Ha/t-

, It Freeze-

, , Full-

Rev-X 

Freeze- < 5 > 
o = FPU has hit a clock freeze and 
is halted. 
1 = no freeze encountered. 

Full- < 6 > 
o = microstack is full and micropc is 
unable to increment. 
1 = microstack is ok. 

Rev-X 
o = hardware Rev 0 1 k WCS. 
1 = hardware Rev 1 4k WCS. 

Rev-X 
These bits are unused. 

Figure A-3. The PES Diagnostics Register 
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PEe 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 mmmm mmmm mmmm mmmm mmmm mmmm 
mmmm mmmm mmmm mmmm mmmm mmmm mmmm (an 
ii-bit exponent, 52-bit mantissa + 1 hidden bit; eeeeeeeeeee -> 
actual exponent + 2047) 

Floating-Point Operations 
There are 6 types of floating-point operations. These are: 

1. Single precision dyadic operations 

2. Double precision dyadic operations 

3. Single precision monadic operations 

4. Double precision monadic operations 

5. Regular monadic operations 

6. 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 
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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 Accumulator 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 

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 
lFTl=A -SA FT $7008 single precision add 
FA_'eUS:'SA $700C 

BUS FA SS $7010 
lFT l=A -Ss FT 
FA_BUS:'SS-

$7014 
$7018 

single precision subtract 

BUS FA RS $701C 
lFTl=A -Ss FA $7020 single precision reverse subtract 
FA_BUS:'RS- $7024 

BUS FA SM $7028 
lFTl=A-SM FT $702C single precision multiply 
FA_eUS:'SM $7030 

BUS FA SO $7034 
lFTl=A -SO FT $7038 single precision divide 
FA_BUS:'SD $703C 

BUS FA RDS $7040 
lFTl=A 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 
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 -> lAC high word 

LFT SMAX $7150 Min (FA, FT) -> FA 
FA_BUS_SMAX $7154 Condition Codes -> lAC high word 

LFA SAX $7168 FA + FX -> FA (single precision) 
FA_BUS_SAX $716A 

LFA SMX $717C FA * FX -> FA (single precision) 
FA_eUS_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 
LFT-SMA $7238 (FA * FT) + FX -> FA, FX 
FA_BUS_SMA $723C 

LFT_PWR $7260 FA ** FT -> FA 

IAC_SP_PWR $726C FA ** lAC -> 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-oA $7050 
BUS-FTt1DA $7054 double precision add LFTC FA 1>A FT $7058 
FAH ~US'" DA $705C 
FAL.:aUS:OA $7060 

BUS FAH OS $7064 
BUS-FAL-oS $7068 
BUS-FTt1DS $706C double precision subtract LFTC FA 1>S FT $7070 
FAH ~US'" oS'" $7074 
FAL.:aUS:OS $7078 

BUS FAH RD $707C 
BUS-FAL~O $7080 
BUS-FTt1RO $7084 double precision reverse subtract LFTC FA 1>S FA $7088 
FAH ~US'" RI5' $708C 
FAL.:aUS.:RO $7090 

BUS FAH OM $7094 
BUS-FAL -OM $7098 
BUS-FTt10M $709C double precision multiply LFTC FA 1>M FT $70AO 
FAH llUS'" oM"" $70A4 
FAL.:aUS:OM $70A8 

BUS FAH DO $70AC 
BUS-FAL-oO $70BO 
BUS-FTt1DO $7084 double precision divide LFTC FA 1>0 FT $70B8 
FAH ~US'" 015' $70BC 
FALJ3US,:oO $70CO 

BUS FAH ROD $70C4 
BUS-FAL~OO $70C8 
BUS-FTt1ROO $70CC double precision reverse divide LFTC FT 1>0 FA $7000 
FAH ~US'" R[5b $7004 
FALJ3US.:ROO $7008 

Double Precision (Dyadic) Operations continue on the next page 
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C) 
Table A-2 (continued). Double Precision Oyadic Floating-Point Operations 

Double Precision Dyadic Operations 

Mnemonic Address and Meaning 

BUS FTH DMIN $7140 Min (DFA, OFT) -> DFA 
LFTC OMThJ $7144 Condition Codes -> lAC high word 
FAH "BUS DMIN $7148 
FAL,:eUS.:oMIN $714C 

BUS FTH DMAX $7158 Max (DFA, OFT) -> DFA 
LFTC OMAX $715C Condition Codes -> lAC high word 
FAH "BUS OMAX $7160 
FAL,:eUS.:oMAX $7164 

BUS FAH DAX $716C FA + FX -> FA (double precision) 
LFAC OAX $7070 
FAH 'BUS DAX $7174 
FAL,:eUS.:oAX $7178 

BUS FAH OMX $7184 FA '" FX ->FA (double precision) 
LFAL DMX $7088 
FAH "BUS OMX $718C 
FAL,:eUS.:oMX $7190 

BUS FXH $71BO write dp uxu register for dp polynomial 
BUS-FXL $71B4 
BUS-FAH DP $71B8 dp polynomial 
BUS-FAL l)P $71BC (OFA * OFX) + DFT -> DFA 
BUS-FTH-OP $71CO 
LFTL OP- $71C4 
FAH "SUS OP $71C8 
FAL:BUS:DP $71CC 

W_IAC_OP $7218 load integer accumulator, float to dp 

BUS FAH OMA $721C dp multiply and accumulate 
BUS-FAL l)MA $7220 (OFA * DFT) + OFX -> OFA, FFX 
BUS-FTI-f"DMA $7224 
LFTC OMA $7228 
FAH BUS DMA $722C 
FAL:SUS:OMA $7230 

BUS FTH PWR $7264 FA * * FT -> FA 
LFTL_PWR $7268 

IAC_DP_PWR $7270 FA * * lAC -> 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 <- tan (FA) 

SP_ATAN $728C FA <- atan (FA) 
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C) Table A-4. Double Precision Monadic Floating-Paint 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 $71EO 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 $71FO float integer accumulator into sp 
L:OP $71F4 float integer accumulator into dp 

SP 1 $71F8 fix sp to integer accumulator 
DP:1 $71FC fix dp to integer accumulator 
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Table A-6. Special Floating-Point Operations 

Special Operations 

Mnemonic Address and Meaning 

PEB_BASE $7000 base address for PEB 

FPU_RESET $7000 reset FPU 

R/W_XCP $70F8 readlwrite 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 
FXL.:sUS 

$7100 
$7104 

read dp "x" register 

XCHNG $7108 FA <-> FX 

FTH_BUS $71DC read dp register (high part) only 

LIT INTMUL $7200 load integer "x" register, multiply 
LlT-INTOIV $7204 load integer "x" register, divide 
L1T=INTOIV $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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