
































































































































































































































































































































































































































































































































































































































device
device descriptor file (DDF)

device driver

device interrupt
direct memory access (DMA)

DMA
DMA controller

DMA overrun

eventcount

fault

fault handler

general purpose input/output
(GPI/0O) software

hard-wired memory

initialization routine

interrupt

interrupt mask register

interrupt request line

interrupt routine

interrupt side

interrupt stack

One drive and its controlling logic (for example, a storage module de-
vice). In this document, the terms device and controller are synonymous.

A data structure that describes the device to the system. Each device has
one associated DDF.,

The set of user—written routines and procedures that handle I/O opera-
tions to and from a peripheral device. The device driver is composed of a
call side and an interrupt side, bound in separate modules.

A signal sent to the processor by a peripheral device through an interrupt
request line.

A type of 1/0 transfer where a device transfers data directly to processor
memory.

See direct memory access.
A controller that performs direct memory access I/O transfers.

A condition in which a device cannot transfer data to the processor as
fast as it is receiving it, and so loses data.

A 32-bit integer that processes establish to count the occurrence of an
event or events. The eventcount is the primary method of interprocess
synchronization.

A fatal error from which a program cannot recover.

The routine that performs clean—up services after a fault occurs and be-
fore the program exits. Both application programs and device drivers can
contain fault handling routines.

The set of routines and commands that application programs and device
drivers use to perform I/O operations on a peripheral device.

Device data structures or CSRs that are located at preset, fixed addresses.

The device driver routine that readies a device for I/O operations. The
initialization routine is a call-side routine.

See device interrupt.

A register that determines whether or not the processor will receive an in-
terrupt from a given device. Each bit within the register corresponds to
an interrupt line. When clear, the process can receive interrupt requests
on the line; when set, the processor does not receive the request. See
also interrupt request line.

Lines that devices use to generate interrupt requests to the processor.

The device driver routine that performs device—specific interrupt process-
ing. The interrupt routine is part of the driver’s interrupt side.

The part of a device driver that is called by the System Interrupt Handler
in response to an interrupt condition. The interrupt side is composed of
one Oor more user-written interrupt routines and data.

Wired memory that contains scratch storage, saved registers, and subrou-
tine addresses used by a device driver. The default interrupt stack size is
1024 bytes (one page).
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interrupt vector

I/0 map

I/0 space

iova

mapping an I/O buffer

memory management unit

MMU)

memory-mapped controller

memory-mapped I/O

memory space

MMU

non-bus-vectored interrupt

offset
page

paging

PBU

PBU Manager

peripheral interrupt
controller (PIC)

PIC

processor memory

programmed I/O

scatter-gather

serial priority resolution

The address generated that identifies an interrupting device to the proc-
€ssor.

A data structure used to map MULTIBUS memory to processor memory.
Each entry within the I/O map maps one page of MULTIBUS memory to
processor memory.

The region of the bus address space that contains device CSRs.

A virtual address that is mapped into the physical address space of any of
the buses that we support.

The process by which a device driver establishes an association between
pages of MULTIBUS memory and the pages of a buffer within process
address space.

The hardware component that handles virtual memory translation opera-
tions within DOMAIN system nodes. Also called the Address Transla-
tion Unit.

A controller that contains on-board memory in which it stores data from
external devices.

Data transfers to and from the local memory of memory-mapped con-
trollers. Device drivers must map the local memory to virtual address
space before they can read and write to it.

The region of the bus address space that contains memory locations.
See memory management unit.

A type of interrupt where the device raises its interrupt request line but
does not send an interrupt vector over the bus. See also interrupt
vector. '

A fixed displacement from the beginning of a data structure.

1024 bytes; the unit of measure in our system.

Moving pages of virtual memory to and from physical memory. The
MMU controls paging operations.

Peripheral bus unit, synonymous with MULTIBUS device.

The collection of routines that are internal to the operating system and
manage GPI/O resources.

The hardware component that arbitrates interrupt requests sent by
devices along their interrupt request lines.

See peripheral interrupt controller.

The main memory of a DOMAIN node.

Data transfers of single words or bytes through CSRs.

Contiguous disk transfer to and/or from discontiguous pages of memory.

A method of bus arbitration where position in the card cage determines a
controller’s bus request arbitration priority level.
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synchronous fault

System Interrupt Handler

user-process address space

virtual address

virtual address space

wired memory

wiring a buffer

A fault that occurs as a result of program or hardware errors, such as
floating-point overflow or disk errors. See also asynchronous fault,
fault.

The part of the operating system that processes device interrupts.

The area of virtual address space in which a process executes. When a
device is acquired, its device driver, CSR page, and other I/O data struc-
tures are loaded into user—process address space.

The 32-bit integer that identifies a “location” in virtual address space.
The MMU translates virtual addresses to physical addresses.

The set of all possible virtual addresses that a program executing within a
process can use to identify the location of an instruction or data.

One or more pages of virtual address space that are made permanently
resident in processor memory and therefore cannot be paged out by the
MMU.

Making the pages of a buffer ineligible for virtual memory paging opera-

tions. Device drivers must wire the pages of an I/O buffer before initiating
a DMA transfer.
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The letter f means “and the following page”; the letters ff mean “and the following pages”.
beginning with numbers are listed first.

Numbers

32-bit mathematics 10-3
8-bit register C-2

A

Access Control List (ACL) 11-3
acquiring device 12-1f, Glossary-1

AQDEV 12-2 .

device acquisition program 12-2
address translation unit Glossary—1
application program 4-1, 12-1f
AQDEV command 1-5, 7-10, 8-2,

10-4, 11-1, 12-1f, A-2

DB option 8-5, A-2

error messages A-2

example A-3
asynchronous fault Glossary-1
AT-compatible bus 3-1ff, A-9,

B-20ff, B-39, B-44, B-46

bus mastership 3-7

bus timeout 3-5

byte swapping 3-5ff

Control and Status Register 3-1ff

converting addresses A-9

CRDDF 3-7

CSR page 3-2, A-5

DDF 3-7, 11-4f

demand-DMA 3-6f, 7-6f

DMA 3-6f

DMA channel 3-7

DMA lines 3-5

DMA transfers 7-6ff, 7-13

Domain system-supplied devices

3-2

floating IRQ and DMA lines 3-4

GPI/O calls 3-3, 3-5ff

interrupt request (IRQ) lines 3-4f

I/0 address space 3-1

I/0 address space allocation 3-2

mapping CSRs 3-2f
memory space 3-3
memory space allocation 3-4
memory—mapped controller 3-2
memory-mapped 1/0 3-3
programmed I/O 3-6
referencing controller memory
7-11
scatter—gather 3-7
testing for controller presence
3-5
unit numbers 3-4, 3-7
AT_EXAMPLE 4-4
DMA transfer 7-9
interrupt handling 8-3f
page aligning buffers 10-2
testing for device presence 6-4
autoinitialize B-20

BIND command 10-2
ALIGN option 10-2
SYS option 8-2, 10-3
binding 4-5, 10-1ff
system globals 10-3
unresolved globals 10-3
BM_EXAMPLE 4-4ff
allocating address space 7-2
building a DDF 11-2
C version F-1ff
cleanup 4-7
command processing 4-6, 6-5f
control block 5-2
GPI/O calls 4-5ff
initialization 4-5, 6-2f
insert files 5-2ff
interrupt handling 4-7, 8-3
listing E-1ff
Pascal version E-1ff
SIO routine 8-6
testing for device presence 6-3
wait routine 6-6f
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wiring 7-2f
BM_EXAMPLE.C 4-4
listing F-1ff
buffer
double 7-9
mapping Glossary-3
permanently wired 7-4
wiring 7-2ff, D-3, Glossary-4
bus 1-1, Glossary-1
bus acquisition time D-1
bus master Glossary—-1
bus slave Glossary-1
bus timeout 5-3, 7-10, C-2
MULTIBUS 6-3
byte swapping 1-11ff, 3-5ff,
Glossary-1

C

C programming 6-1f, 10-4, C-2ff
Booleans C-3
char C-3
clean-up routine 6-9
enumerated type C-2
globals C-4
indirection operator (*) 6-2, C-3
initialization routine 6-2
insert file C-2
int C-2
pointer C-3
STD_S$CALL C-3
struct C~1
union C-1
call side 4-5, 6-1ff, Glossary—1
binding 10-1
debugging 10-4f
example in Pascal E-5ff
CHANNEL_IN_USE message 7-7
char data type 5-2, C-1f
clean-up routine 4-4, 7-10,
Glossary-1
driver entry point 6-8, 11-1,
11-3, 12-2
example in C F-1f
example in Pascal E-8f
format 6-8f
functions 6-8
checklist 4-8
command processing 6-5
example in C F-6ff
example in Pascal E-7ff
compiler considerations C-2, C—4

'Control and Status Register 1-3,

1-5, Glossary-1
control block 5-3, 6-3f, 7-3, 8-2
hard-wired 6-4
page-aligned 6-5
copying 1/O buffers D-3
CPU times D-1f
CRDDF command 4-5, 9-1, 11-1ff,
A-4ff
AT option 3-7, A-4
CSR_OFFSET option 11-3
MULTIPLE option 9-4
other options 11-2ff, A-4
VME option 2-4, A-7
CSR page 5-f, 11-1, A-2, A-9,
C-1, Glossary-1
examples 5-3, C-2
CSR (see Control and Status
Register)
CTRL/Q 6-6, 10-3, B-36
CTRL/Z 4-7, 12-2, A-2, A-11
CVT_AT command 3-3, A-9f

D

data structure Glossary-1
data transfers 7-1ff
DDF 4-5, 9-4, 10-1ff, 11-1ff,
A-2ff, Glossary-1
building a DDF 11-2ff
functions 11-1
options 11-2
Version 1 11-2ff
Version 2 11-2ff
Version 3 11-2, 11-4ff
DEBUG command 10-3ff
PROC option 10-4
debugging 10-3ff
DEFINE clause 5-3, 6-3, 7-3,
8-1f, C-4
demand-DMA 3-6f, B-20, B-39,
Glossary—1
/DEV directory 11-1, A-2, A-4
/DEV/GLOBAL_DEVICES 9-3f,
10-4
device Glossary-2
device acquisition program 10-2,
12-2
DEVICE attribute 5-2, C-4f
Device Descriptor File (see DDF)
device driver 4-3, Glossary—-2
checklist 4-8
components 4-4. 4-8
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entry points 4-5, 11-3, 12-1
functions 4-3
online examples 4-4
device interrupt (see interrupt)
device timeout 6-6f
/DEV/SIO 9-4
direct memory access (sece DMA)
disabling device interrupts 8-2f
discontiguous buffers 7-5f
DMA 3-6f, Glossary—2
bandwidth D-1
controller Glossary-2
overrun Glossary-2, D-1
transfers 7-1ff
Domain/ComController 1-8
double buffering 7-9

E

EC2_$EVENTCOUNT §-3

EC2 PTR_T 9-2

EC2_$WAIT 6-7, B-25

EC_SPTR_T 6-8

enabling device interrupts 8-2f

EOF mark 4-7, 12-2, A-2, A-11

ERROR calls 5-1

ETHERNET Interlan controller 1-8

eventcount 6-6f, 8-3, B-14f, B-25,
B-32, Glossary-2

EXTERN clause 5-4, 10-3, C-4

F

fault Glossary-2
fault handler Glossary-2
fault handling 6-1

by driver 7-10
FSD-500 1-8
FST command 8-5

G

global memory 9-1, 9-3

globals 8-2, 10-3, C-4

GPI/O calls B-11ff

GPI/O commands A-1ff

GPI/O datatypes B-1ff

GPI/O error messages B-49ff
GPIO software 4-1ff, Glossary-2

H

hard-wired memory Glossary—2

IMAGEN printer 1-8
initialization routine 4-4, Glossary—2
called by PBU_SACQUIRE 12-1
driver entry point 11-1, 11-3
example in C F-5f
example in Pascal E-9f
format 6-2
functions 6-1
insert file
device-specific 5-2
example in C F-2ff
example in Pascal E-2ff
general 5-1
private 5-1
public 5-4
system 5-1
integer data type (Pascal) C-1
INTERLAN_EXAMPLE 4-4
internal storage 6-3
interrupt Glossary-2
enabling 8-2f
disabling 8-2f
mask bit 8-2
mask register 8-2, Glossary-2
processing overhead D-1f
request line 11-1, Glossary-2
side 4-5, 5-3, 8-1ff, Glossary-2
binding 10-2
debugging 10-3
example in Pascal E-13ff
maximum size of 8-2
stack Glossary-2
re—enabling 8-3
routine 4-4, 11-1, Glossary-2
example in C F-1f
faults in 8-4
format 8-2
functions 8-2, 8-4
GPI/O calls 8-1
mapping buffers 8-5
processing interrupts 8-4
return flags 8-2
wiring 8-1
vector Glossary-3
waiting for 6-6ff
I/0 map (see under MULTIBUS)
I/0 requests 6-5
I/0 software 4-1
I/0 space 1-5ff, 3-1ff, Glossary-3
1/0 virtual address (see iova)
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iova 1-6, A-9, Glossary-3

K

KGT (see known global table)
known global table 9-3

/LIB directory 11-2f
/LIB/PBU_INT_LIB 10-2
loading
private driver 12-1f
shared driver 9-4

magtape 1-8
makefile (in C) F-14
mapping 1-5
buffers in interrupt routine 8-5
controller memory 7-11
CSR page 12-1
DDF 12-1
I/O buffer Glossary-3
MSARITH.BIN 10-3
memory
hard-wired Glossary-2
processor Glossary-3
wiring 7-2ff, 7-6
memory management unit
Glossary-3
paging operations 7-2
memory space Glossary-3
memory-mapped controller 7-10ff,
B-29, Glossary-3
memory-mapped I/0 1-6, 3-3,
7-10, Glossary-3
MMU (see memory management
unit)
MULTIBUS 1-1ff
address space 1-6, 6-5
address translation 1-4f
allocating address space 7-2
bus control 1-3
bus master 1-3
bus request arbitration 1-4
bus slave 1-3
bus timeout 6-3
byte swapping 1-11ff
compliance levels 1-2f

configuring address lines 1-9,
1-11

configuring controller memory
1-9, 1-11
configuring controllers 1-7f
Control and Status Register 1-3,
1-5
controller
8-bit 1-8ff, 11-3f
16-bit 1-4, 1-8ff, 7-1f, 7-11f
20-bit 1-4, 1-10f, 7-1f, 7-11f
CSR addresses 1-7, 1-9
CSR page 1-6, A-5
data bus 1-12
data lines 1-12
data path 1-3
DDF 11-2f
deallocating I/O map 7-10
DMA transfers 1-6, 7-1ff
Domain system-supplied devices
1-8
dynamic resource allocation 7-4f
implementations 1-2
interrupt request lines 1-4, 1-10
I/O address path 1-4
1/O map 1-6, 7-2, 7-4, 7-11,
7-13, Glossary-3
I/O space 1-3, 1-5
mapping I/O buffer 7-1
memory address path 1-3
memory space 1-5, 1-9
memory-mapped controllers 1-10
memory-mapped I/O 1-6, 7-11f
parallel resolution 1-4
preallocating I/O resources 7-4

processor address space
allocation 1-4

programmed I/0 1-5

referencing controller memory
7-11

scatter—gather 7-5

serial resolution 1-4*

unit numbers A-6

unmapping buffer 7-10

wiring 1/0 buffer 7-2ff

MULTIBUS,data bus 1-12
multiple—device drivers 9-4
MUTEX_SLOCK 9-2
MUTEX_S$UNLOCK 9-2

N
node ID 11-1
non-bus-vectored interrupt
Glossary-3
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offset Glossary-3
online sample drivers 4-4
ord function (Pascal) C-2

P

packed record C-1
page Glossary-3
alignment 6-5, 10-2
boundary 1-9
fault 8-1
paging Glossary-3
parallel resolution 1-4
passing parameters 6-2
PBU Glossary-3
PBU Manager 4-5, Glossary~3
PBU2_$ calls 7-1f
PBU2_$SALLOCATE_MAP 7-2,
7-4f, B-41
PBU2_SFREE_MAP B-42
PBU2_$MAP 7-4f, 8-5, B-43, D-3
PBU2_$MAP_CONTROLLER 3-3,
7-11ff, B-44
errors B-44
PBU2_$UNMAP 7-9, 8-5, B-45,
D-3
PBU2_$UNMAP_CONTROLLER
3-3, 7-11, 7-13, B-46
errors B-46
PBU2_$UNWIRE 3-7, 7-9, B-47,
D-3
PBU2_$WIRE 3-7, 7-3f, 8-5,
B-48, D-3
PBU_S$ACQUIRE 1-5, 3-2, 6-1ff,
7-10, 8-2, 8-5, 9-4, 10-1, 10-3f,
11-1, A-2, B-13, B-37
functions 12-1
steps in acquiring device B-13
PBU_SADVANCE_EC 9-2, B-14
PBU_SALLOCATE_EC 9-2, B-15
PBU_SALLOCATE_MAP 6-4, 7-2,
7-4f, B~16
PBU_$CONTROL 1-12, B-17
byte swapping options B-17
PBU_$DDF_T 11-1
PBU_S$DEVICE_INTERRUPTING
B-18
PBU_SDISABLE_DEVICE 3-5,
8-2f, B-19
PBU_DMA_CASCADE option 7-7,
B-20

PBU_$DMA_START 3-5ff, 7-7ff,
7-13, 8-5, B-20
PBU_$DMA_STOP 3-5ff, 7-7ff,
7-13, 8-5, B-22
PBU_$ENABLE_DEVICE 3-5,
8-2f, B-23
PBU_SFREE_MAP B-24
PBU_SGET_EC 6-7, 9-3, B-25
PBU_$GLOBAL_UNITS 9-4
PBU_SINTERRUPT_FLAGS_T 8-2
PBU_SMAP 7-4f, 8-5, B-26
PBU_$MAP_CONTROLLER 3-3,
7-11ff, B-27
errors B-27
PBU_SMEM_PTR B-29
PBU_SREAD_CSR 6-3, 7-12, B-30
D-3
PBU_SRELEASE 4-4, 12-2, B-31
functions B-31
PBU_SRELEASE_EC 9-2, B-32
PBU_SUNIT_T 9-4
PBU_SUNMAP 7-9, 8-5, B-33
PBU_SUNMAP_CONTROLLER
3-3, 7-11, 7-13, B-34
errors B-34
PBU_SUNWIRE 3-7, 7-9, B-35
PBU_SWAIT 6-6, 9-3, B-36
PBU_SWIRE 3-7, 7-3f, 8-5, B=37
PBU_$WIRE_SPECIAL 3-6f, 7-6,
B-38
PBU_$SWRITE_CSR 6-3, 7-12,
B-40 D-3
performance information D-1ff
peripheral interrupt controller
Glossary-3
PFM_SCLEANUP 7-10
PGM calls 8-1
phase II shell 9-4, 10-5
PIC (see peripheral interrupt
controller)
pointer
CSR page 5-3
universal C~3
programmed 1/0O 1-5, 3-6, 7-13,
Glossary-3

Q
quit fault 6-6, 6-8, B-36

R

re—enabling device interrupts 8-3

' referencing controller memory 7-11
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releasing device 12-2

CTRL/Z 12-2

device acquisition program 12-2
releasing 1/0O resources

abnormal 7-9

normal 7-9
RLDEV command A-11

error messages A~-11
RWS_SALLOC_HEAP_POOL 9-3
RWS_SALLOC_POOL 9-3
RWS_$GLOBAL_POOL 9-3
RWS_$STD_POOL 9-3

S

scatter—gather 2-3, 3-7, 7-5ff,
Glossary-3
serial priority resolution 1-4,
Glossary-3
set (Pascal) C-2
shared controller B-29
shared driver 9-1ff, B-14f, B-32
cleanup 9-3
DDF 9-1, 9-3
debugging 10-4ff
eventcount 9-2
fault handling 9-3
functions 9-1
global libraries 9-3
global memory 9-1, 9-3
initialization 9-3
interrupt routine 9-4
loading 9-4
MUTEX locks 9-1, 9-3
mutual exclusion 9-1f
synchronization 9-1ff
unloading 9-4
SHARED_EXAMPLE 4-4, 9-1
shell script
binding 10-1
building a DDF 11-2
SIO routine 8-6
example in C F-8f
example in Pascal E-14f
starting an I/O operation (see SIO
routine)
storage module device 1-8
synchronous fault Glossary—4
system globals 8-1
System Interrupt Handler 4-4, 4-7,
6-6, 7-9, 8-1ff, B-36, Glossary—4
functions 8-4

processing interrupts 8-4

T

testing for device presence 3-5, 6-3f
THREECOM_EXAMPLE 4-4
building a DDF 11-3f
CSR page C-4 .
memory-mapped I/0 7-10
timing information D-3f
DN3000 D-4
DN400 D-4
DN560 D-4
DNS570-T D-4
DN580-T D-4
DSP160 D-4
DSP80 D-4
touch_page program 6-5

u

unit number 11-1
UNIV_PTR C-4
unloading the driver 12-2
private driver 12-2
shared driver 9-4
unmapping controller memory 7-13
unresolved globals §-2
unwiring 3-7, 7-10
User Fault PC 8-5

user-process address space
Glossary—4

Vv

variant record (Pascal) 5-3, C-1
VERSATEC printer 1-8
VEMT calls 5-1, 8-1
virtual address Glossary—4
virtual address space Glossary-4
VMEbus 2-1ff
address layout (DN570/580-T)
2-1f
address modifier 2-2
address space assignments 2-2,
B-39
bus grant level 2-2
CRDDF 2-4
CSR page A-5
DDF 2-4, 11-6
DMA transfers 2-3, 7-6
GPI/O calls 2-3
interrupt request line 2-2
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memory-mapped /0 2-3, 7-11
PBU_S$WIRE_SPECIAL 2-3

' programmed 1/0 2-3
\_/ referencing controller memory
7-11

scatter—gather 2-3
status/ID byte 2-3
unit number 2-3, A-6
wiring 2-3
VOLATILE attribute C-5

w

wait routine 6-6

O

example in C F-9ff
example in Pascal E~11
wired memory Glossary—4
wiring 3-7
interrupt routine 8-1
interrupt side 7-3
I/0 buffer 7-2f, D-3, Glossary—4
maximum number of pages 7-3

X.25 1-8
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