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I/0 ARCHITECTURE

INTRODUCTION

This module serves as an introduction to the primary hardware
components that comprise the 1I/0 architecture. Devices are
connected to an adapter (on the UNIBUS or MASSBUS). The various
adapters, CPU, and memory controllers are connected through a bus
called the SBI. Adapters serve to interface between the SBI and
various devices, and to translate addresses the devices understand
(UNIBUS or MASSBUS) to addresses understood by the CPU and memory
controllers (SBI addresses). This module describes the UNIBUS and
MASSBUS adapters, as well as the SBI. An Appendix 1is provided
which discusses the operaton of the UNIBUS itself. A second
Appendix is provided which describes the DR32 adapter.

OBJECTIVES

Upon completion of this module, you will be able to:

1. Diagram the VAX-11/780 hardware architecture, basic bus
configuration, and UNIBUS subsystem.

2. Diagram UNIBUS to SBI address translation (and
vice versa).

3. Determine when it is appropriate to use the
direct/buffered data paths.

4. Diagram MASSBUS to SBI address translation.
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I/0 ARCHITECTURE

RESOURCES
1. VAX-11/780 Architecture Handbook
2. VAX-11/780 Hardware Handbook
3. Guide to Writing a Device Driver for VAX/VMS

ADDITIONAL READING

1. UNIBUS Adapter Technical Description, Chapters 1 and 2

2. PDP-11 Peripherals Handbook

3. VAX/VMS I1/0 User's Reference Manual
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TOPICS

I/0 ARCHITECTURE

VAX Processors (780/758/73%)

- Bus Configuration

- I/0 Architecture Differences
- UBA Data

Physical Address Space

Address Translation
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I/0 ARCHITECTURE

FP 780 ucs
CONSOLE
SUBSYSTEM VAX-11/780
CPU MEMORY MEMORY MULTIPORT MULTIPORT
MEMORY MEMORY
REMOTE
DIAGNOSIS 1 Mb MIN 256 Kb MIN 256 Kb MIN 256 Kb MIN
4 Mb MAX 4 Mb MAX 2 Mb MAX 2 Mb MAX
CACHE
1/0 ADAPTERS

MAX i/0 RATE: 13.3 Mb/SEC (WITH 2 MEMORY CONTROLLERS)

UNIBUS MASSBUS DR780
1.35 Mb/SEC 2.3 Mb/SEC 6.67 Mb/SEC
1 STANDARD 4 OPTIONAL 1 OPTIONAL
3 OPTIONAL
TK-7005
Figure 11-1 VAX-11/780 Processor
FP750 |  UCS
CONSOLE
SUBSYSTEM VAX-11/750 CPU MEMORY
REMOTE 1 Mb MIN
DIAGNOSIS 8 Mb MAX
CACHE
170 ADAPTERS
MAX 1/0 RATE: 5 Mb/SEC
UNIBUS MASSBUS
1.35 Mb/SEC 2.3 Mb/SEC
1 STANDARD 3 OPTIONAL
1 OPTIONAL (WITH SECOND «

Figure 11-2

11-7

UNIBUS, 2 OPTIONAL)

TK-7004

VAX-11/750 Processor



I1/0 ARCHITECTURE

Figure 11-3

FP730
CONSOLE V$X4IN3O
SUBSYSTEM cPU MEMORY
1 MbMIN
REMOTE 5 Mb MAX
DIAGNOSIS
IDC 1/0 ADAPTER
1923
2| unisus
z 1.35 Mb/SEC
D
1 STANDARD

TK-8244

VAX-11/73@ Processor
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I1/0 ARCHITECTURE

CPU MEMORY

@/ BACKPUANE INTERCONNECT %g %

UNIBUS MASSBUS
ADAPTER ADAPTER

UNIBUS MASSBUS
DEVICES DEVICES

TK-4892

Figure 11-4 Basic Bus Configuration for the VAX-11/780
and 11/750

The Backplane Interconnect is the data path that links the

central processor, the memory subsystem, and the hardware adapters
provided for the UNIBUS and MASSBUS.
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I/0 ARCHITECTURE

1/O ARCHITECTURE
750 780
CMI - SBI -
® uses no protocol ® has a protocol
& CPU arbitrates @ each nexus arbitrates
® no extended transfers ® allows extended transfers
® 160 nanosecond clock e 200 nanosecond clock
® no history silo ® 16 cycle history silo
e 5 MB/sec bandwidth ® 13.3 MB/sec bandwidth
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I1/0 ARCHITECTURE

OTHER CONSIDERATIONS

1.

When writing a connect to interrupt program that needs to
map device registers, the macro SIO75¢DEF should be used
rather than $IO780DEF to define symbol IO750S$SAL UBOSP (to
find the start of UNIBUS address space).

I/0 address space (physically) starts at 20000000 (hex)
for the 78¢, and F20000 (hex) for the 75@¢. The starting
physical address of UNIBUS address space is given by one
of the following formulas:

For 780:

UB I/0 space PFN = UB#%*512!1<<"X20100000+"0760000>/"X200>
For 750:
UBO I/0 space PFN = <"XFCQOQ@+"0760000>/ X200

Also, TR numbers differ for UBAs and MBAs on the 758
(important for SYSGEN CONNECT commands). See Table 11-1.

Table 11-1 Summary of NEXUS Values

780 TR# 750 TR# 730 TR#
UBA 0@ 3 8 3
1 4 9 -
2 5 - -
3 6 - -
MBA ¢ 8 4 -
1 9 5 -
2 19 6 -
3 11 - -

S.11-11



I/0 ARCHITECTURE

UNIBUS ADAPTER (UBA)

780 750
Number of UBAs 1 std, 3 op- 1 (integral)
tional
Direct data 1 1
path
Buffered data 15 3
paths (buffer- (8 bytes) (4 bytes)
size) ,
Mapping 496 512
Registers (496 used by
VMS)
Physical Addr. 30-bit 24-bit
Space
Interrupt
Vectoring Nondirect Direct
NOTE

730

pPart of Memory
Controller

1

512
(496 used by
VMS)

24-bit

Direct

For more details on UNIBUS adapters, see the

chapter on "The UNIBUS Adapter"”

in the

Guide to writing a Device Driver for VAX/VMS,

plus the UNIBUS Adapter Technical Description
for the appropriate VAX (780/750/730).
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I/0 ARCHITECTURE

UNIBUS ADAPTER (UBA) (Cont)

Entire UNIBUS address space is directly mapped
(physically); only upper 8K bytes (I/0 page) are mapped
virtually.

Map registers allow UNIBUS to map into portions of SBI
space.,

UNIBUS address selects a map register and specifies a
byte offset.

UBA map register selects a data path.

Data path @ is nonbuffered. Data paths 1-15 are quadword
buffered.

Map registers allow word-aligned UNIBUS data to be
transferred to byte aligned SBI addresses.

11-13




I/0 ARCHITECTURE

UNIBUS Subsystem

MEMORY
CPU BACKPLANE INTERCONNECT /
UNIBUS
ADAPTER
UNIBUS
DEVICE 1
n
2
@
= UNIBUS
DEVICE 2
UNIBUS
DEVICE N
UNIBUS
TERMINATOR

TK-4895

Figure 11-5 UNIBUS Subsystem

Note that devices performing buffered I/0 operations can

disregard the presence of the UBA.

11-14



I1/0 ARCHITECTURE

Physical Address Space

Physical address space consists of two parts; one devoted to
physical memory, and the other to device registers, as illustrated

in Figure 11-6. Note that both physical and SBI addresses are
provided.

SBI
LONGWORD HEXBYTE
r ADDRESSES ADDRESSES

000 0000
0000 0000 1M BYTE } MEMORY CONTROLLER 1
PHYS[(;AL< TMBYTE }MEMORYCONTROLLERZ
MEMORY
y
ADDRESS
7FF FFEF 1FFF FFFF SPACE
S
3
800 0000 2000 0000 o oK BYTES
800 0800 2000 2000 . oK BYTES
800 1000 2000 4000 3 oK BYTES
ADAPTER OR
800 1800 2000 6000 TR3 8K BYTES NEXUS REGISTER
‘ : \ ADDRESS SPACE
| | ATOTAL OF
! ! 128K BYTES
i 1
o 800 7000 2001C000 | 11 14 oK By TEs
DEVICE <
REGISTERS 800 7800 2001 E000 | TR15 8K BYTES
128K RESERVED
ADDRESS SPACE
2
804 0000 20100000 UNIBUS 0 ADDRESS SPACE
805 0000 2014 0000 THE UNIBUS ADAPTER
UNIBUS 1 ADDRESS SPACE | CAN ADDRESS ANY
806 0000 2018 0000 ONE OF THESE
UNIBUS 2 ADDRESS SPACE ADDRESS SPACES
807 0000 201€ 0000 UNIBUS 3 ADDRESS SPACE
B4
| FFF FFFF 3FFF FFEF

MKV84-1886

Figure 11-6 VAX-11/780 Physical Address Space
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I/0 ARCHITECTURE

000000
1FFFFF
1/0 SPACE

F00000 10 KB WRITEABLE CONTROL STORE
F10000

| F20000 MEMORY CONFIGURATION REG. A

' F20004 MEMORY CONFIGURATION REG. B
F20008 MEMORY CONFIGURATION REG. C
F20400 BOOTSTRAP ROM PROGRAM

3 F28000 MASSBUS ADAPTOR 0 INT. REGISTERS
F28400 MASSBUS ADAPTOR 0 EXT. REGISTERS
F28800 MASSBUS ADAPTOR 0 MAP REGISTERS
F2A000 MASSBUS ADAPTOR 1 INT. REGISTERS
F2A400 MASSBUS ADAPTOR 1 EXT. REGISTERS
F2A800 MASSBUS ADAPTOR 1 MAP REGISTERS
F2C000 MASSBUS ADAPTOR 2 INT. REGISTERS
F2C400 MASSBUS ADAPTOR 2 EXT. REGISTERS
F2C800 MASSBUS ADAPTOR 2 MAP REGISTERS
F30000
F30004-C UNIBUS DATA PATH CONTROL & STATUS
F30800 UNIBUS MAP REGISTERS
F£32000 2ND UNIBUS DATA PATH CONT. STA
F32800 2D UNIBUS MAP REGISTERS

Z,
2ND UNIBUS MEMORY SPACE
F80000 128KW
UNIBUS MEMORY
SPACE 128KW

FC0000

TK-3472

Figure 11-7 VAX-11/758 Physical Address Space
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I/0 ARCHITECTURE

MEMORY CARD #1 (IMB) 82 ‘;OFOgF

10 0000
1F FFFF
20 0000
#3 2F FFFF

4 30 0000
#4 3F FFFF

[ 40 0000
#5 4F FFFF
50 0000
EF FFFF

FO 0000

#2

N XM

ILLEGAL I/0 SPACE

MEM ADAPTER CSRO F2 0000
MEM ADAPTER CSR1 F2 0004
MEM ADAPTER CSR2 F2 0008

ILLEGAL 1/0 SPACE

UNIBUS CONFIGURATION REG F2 6000

UNIBUS DP REG F2 6004

ADAPTOR SPACE ¢ UNIBUS DP REG F2 6008
UNIBUS DP REG F2 600C

UNIBUS CSR F2 6010

ILLEGAL 1/0 SPACE

F2 6800
UNIBUS MAP REGISTERS
F2 6FFC
F2 7000
ILLEGAL 1/0 SPACE
g FB FFFF
FC 0000
UNIBUS ADDRESSES
| FFFFFFF

TK-9081

Figure 11-8 VAX-11/730 physical Address Space
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I/0 ARCHITECTURE

Address Translation (VAX-11/780 Specific)

Figure 11-9 shows the SBI address space controlled by the UBA.
Note that there are two sections of memory that reference the UBA;

one for internal UBA registers, the other for UNIBUS addresses.

CONFG REG
STATUS REG
CONTROL REG
DIAG. CONT. REG

FMER
| FUBAR INTERNAL TO THE UBA
| BRRVRS
BRSVRS
DATA PATH REG’S
MAP REG'S
SBI MEMORY D
ADDRESS SPACE
OTHER ADAPTER
REGISTERS
UBA INTERNAL
REGISTERS
OTHER ADAPTER
SBI ADDRESS REGISTERS
SPACE CONTROLLED
BY THE UBA UNIBUS 1/0
ADDRESS SPACE AND
UNIBUS MEMORY ADDRESS UNIBUS 1/0 UNIBUS ADDRESS PHYSICAL BYTE
SPACE ADDRESS SPACE (OCTAL) LOCATIONS (HEX)
000000
OTHER UNIBUS MEM UNIBUS 0 760000-777777 2013E000-
1/0 ADDRESS ADDRESS SPACE ADDRESS SPACE 2013FFFF
SPACE 757777(8)
UNIBUS 1 760000-777777 2017E000-
S60060(8) ADDRESS SPACE 2017FFFF
UNIBUS 1/0 UNIBUS 2 760000-777777 201BE00O-
ADDRESS SPACE ADDRESS SPACE 201BFFFF
777777(8)
UNIBUS 3 760000-777777 201FE000-
ADDRESS SPACE 201FFFFF

TK-4901

Figure 11-9 ©SBI Address Space
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I/0 ARCHITECTURE

SBI to UNIBUS Address Translation

Figure 11-19 illustrates how 28-bit SBI adaresses are
converted into 18-bit UNIBUS addresses.
SBI COMMAND ADDRESS FORMAT
03 00 31 28272625242322212019 181716 15 00
MASK FUNC '
<3:0> | «3.0» |1/0[0]0]|o]o[o]o]o]1|B|A LONG WORD ADDRESS
\—*\/“A‘*\/’—’ l lL —~ J
UBA UNIBUS
ADDRESS DECODE
UBA NUMBER B A
UBAO 00
UNIBUS UBA 1 01
CONTROL UBA 2 10
AND UBA 3 11
BYTE ADDRESS
ENCODER UNIBUS
CONTROL ADDRESS
01 00 17 02 0100

UNIBUS ADDRESS BITS<17:02>

C<1:0> UA<17:00>

D

—-

Figure 11-1¢ SBI to UNIBUS Address Translation

B

11-19
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I/0 ARCHITECTURE

UNIBUS to SBI Address Translation (11/780)

Figure 11-11 illustrates how 18-bit UNIBUS addresses are
translated to SBI addresses using mapping registers.

TRANSFERRING TO/FROM
PDP-11 MEMORY ON THE UNIBUS.)

(\ VAX
MEMORY UBA <:: UNIBUS :>>
Tonp.
‘1\1;7 jPOP-11 DEVICE

IMEMORY
L

A (UNIBUS DEVICE THINKS IT IS

|
SBI
I

USER’S

e
DATA _ -
BUFFERIN3 §§§ _ L jsTaRTING
_ S ADDRESS
i I —E < \ BYTE COUNT
‘ m i

© 6 0 N)w O

TN

S

p—
7)
]

7

41

\‘/// 495

/ RN B 496 UBA “PAGES” OF

USER’S MAPPING UNIBUS ADDRESS
VIRTUAL REGISTERS  gpaCE REFERENCED
ADDRESS 2 |e BY DEVICE

SPACE

\_S

PHYSICAL
MEMORY
29 0908 0o 31 24 2120 0 170908 00
MAP | BYTE
PFN g:gg'“ v PFN REG. | IN
: NO. | PAGE
30-BIT PHYSICAL ADDRESS UBA MAPPING REGISTER 18-BIT UNIBUS ADDRESS

SPECIFIED BY DEVICE

*INVALID"” MAPPING REGISTER STOPS THE UBA FROM PREFETCHING
DATA FROM VAX MEMORY BEYOND THE END OF THE USER’S BUFFER
ON A WRITE TO THE DEVICE.

TK-4884

Figure 11-11 UNIBUS to SBI Address Translation
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1/0 ARCHITECTURE

Direct Data Path (11/780)

Can be assigned to more than one transferring UNIBUS
device. UBA arbitrates between devices.

Must be used by any device wanting to use interlock
sequence (DATIP-DATOB) to the SBI.

Must be used by devices not transferring to consecutive
increasing addresses, or devices that mix read and write
functions.

Maximum throughput 80@K bytes/sec.

One UNIBUS transfer => one SBI transfer.

Cannot transfer a word/byte to an odd SBI address.
Therefore, FDT routines should check to make sure buffer

is on a word boundary.

Slower than buffered data path.

11-21



I/0 ARCHITECTURE

Buffered Data Paths (11/780)

For fast DMA block transfer devices (maximum 1.5
megabytes/sec).

Improves the effective UNIBUS bandwidth.
Makes more efficient use of the SBI.

Enables word aligned block transfer devices to begin and
end on odd bytes of SBI memory.

Enables 32-bit data transfers from random
longword-aligned SBI addresses.

Allows access to SBI I/O registers from UNIBUS devices.
Constraints:
- Assigned to one device at a time.

- All transfers within a block must be to consecutive
increasing addresses.

- All transfers within a block must be the same
function type (read or write).

- DATIP not recognized.

- The buffered data path must be purged after each
transfer to:

- flush prefetches on read
- empty buffer on write

Four UNIBUS transfers => one SBI transfer.

11-22



I/0 ARCHITECTURE

APPENDIX

Line Division by Function

Arbitration

Information

Confirmation

Interrupt

Control

transfer requests @-15 (@=hold)

data, interrupt summary response, command/

address
busy, ack*, error

*Acknowledgments are always sent two

after a command is received by the responder

nexus.
interrupt request group, alert
fail, dead, unjam, intlk

NOTE

TR = Transfer Request. SBI access
priority increases from TR15 to TR@@.

11-23



Signal Description

TRANSMIT/
RECEIVE
NEXUS

I/0 ARCHITECTURE

SIGNAL DESCRIPTION

ARBITRATION

TR<15:00>

INFORMATION TRANSFER

P<1:0> (PARITY)

TAG<2:0> (TAG)

ID<4:0> (IDENTIFIER)

M<3:0> (MASK)

B<31:00> (INFORMATION)

VANVANVANVANVANIVAN

RESPONSE
FAULT

CNF<1:0> (CONFIRMATION)

A b

CONTROL
UNJAM

FAIL

DEAD

RN IAVAIAVAVAVAVA VIV

INTLK (INTERLOCK)

CLOCK (6 LINES)

INTERRUPT REQUEST

REQ<7:4> (REQUEST)

ALERT

MP1-2

SPARE (2 LINES)

FANVANE IV ANIVANE KRR

Figure 11-12

11-24
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TRANSMIT/

RECEIVE
NEXUS

TK-4888

Signal Lines on the SBI



I/0 ARCHITECTURE

Priority Access

Ownership of the SBI is granted to the nexus with the highest

priority

(lowest TR number) that requests it. Standard TR number

assignments for the SBI are shown below.

INCREASING PRIORITY

TR#

4 - HOLD LINE

1 - MEMORY CONTROLLER#1 (or MA780)
2 - MEMORY CONTROLLER#2 (or MA780)
3 - UNIBUS ADAPTER#1

4 - UNIBUS ADAPTER#2

5 - UNIBUS ADAPTER#3

6 - UNIBUS ADAPTER#4

7 - RESERVED FOR FUTURE USE

8 - MASSBUS ADAPTER#1

9 - MASSBUS ADAPTER#2

10 - MASSBUS ADAPTER#3

11 - MASSBUS ADAPTER#4

12 - DR32 ADAPTER

13 - RESERVED

14 - FOR

15 - FUTURE USE

CENTRAL PROCESSOR (implicit TR16 value)

SBI Bus Arbitration

The CPU gets the SBI only if no one else wants it.

UBA priority is greater than MBA priority, since the UBA
would otherwise never gain access to the SBI on a system
with multiple MBAs (that could keep the SBI always busy).

A nexus owning the SBI may assert the hold line (TRO) to
continue ownership of the SBI to perform extended reads
or writes (see Figure 11-13).

A nexus TR number is not fixed. A configuration with two
memory controllers, and an MA780, would have its first
UBA at TR#4. The MA780 would be at TR#3.

Relative positioning of the nexus never changes.

11-25



I1/0 ARCHITECTURE

|<—ssa CYCLE-——l I<— 200 NSEC—|
lTOI’HITZITB TOlT1!T2lT3 TolﬂszlTs TOlT1lT2IT3r
' & 44 4
L@ SENDING

DEVICE
LATCHES
ACK

——(6) RECEIVING DEVICE
ASSERTS ACK TO
ACKNOWLEDGE
RECEIPT OF C/A
OR DATA 2
CYCLES EARLIER
CNF<1:0>

THE ADDRESSED DEVICE
LATCHES C/A OR DATA.

@ THE “WINNING” DEVICE ASSERTS
A COMMAND AND ADDRESS (C/A),
OR DATA. IF THIS DEVICE IS
COMMANDER, IT ASSERTS C/A.
THE ADDRESSED DEVICE WILL
INTERPRET THE COMMAND.
OTHERWISE, DATA IS ASSERTED
FOR WHICH THE RECEIVING DE-
VICE IS WAITING. B<31:00>.

@ THE REMAINING DEVICES (AND ANY OTHER
DEVICES) ARBITRATE FOR THE FOLLOWING
CYCLE. (THE “WINNER” OF THAT CYCLE IS
CHOSEN AT T3 OF THISCYCLE.)

@ ALL DEVICES LOOK TO SEE IF A HIGHER TR LINE THAN THEIRS IS
ASSERTED. THE DEVICE WHICH DOESN'T SEE A HIGHER TR LINE
ASSERTED WILL USE (“OWN") THE BUS DURING THE NEXT CYCLE.
THE “WINNING"” DEVICE LOWERS ITS TR LINE AT THE END OF T3.
THE REMAINING DEVICES LEAVE THEIR TR LINES HIGH TO COM-
PETE FOR THE SUBSEQUENT SBI CYCLE.

— @ TR LINES ASSERTED HERE BY DEVICES DESIRING THE BUS DURING THE NEXT SBi
CYCLE. TR<15:01>

TK-4886

Figure 11-13 SBI Bus Arbitration
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I/0 ARCHITECTURE

SBI to UNIBUS Device Write

UNIBUS ‘ SBI

‘COMMAND/ADDRESS WRITE

< WRITE DATA
ACKNOWLEDGMENT OF C/A’

ACKNOWLEDGEMENT OF WRITE;’

|luniBUS UBA SBI
DEVICE fe222RESS NEXUS
| DATO/DATOB (CPU)
| DATA
| (MASTER SYNC
SLAVE SYNC .

TK-4896

Figure 11-14 CPU Writing to a Device Register

SBI to UNIBUS Device Read
s UNIBUS SBI

COMMAND/ADDRESS READ
‘;

ACKNOWLEDGMENT OF C/A -

DRESS*

UNIBUS 22 UBA SBI
DEVICE | g PAT! NEXUS
(CPU)

MASTER SYNC
nd

DATA
SLAVE SYNC READ DATA

‘ACKNOWLEDGEMENT OF READ

*SEE SBI TO UNIBUS ADDRESS TRANSLATION DIAGRAM

TK-4893

Figure 11-15 CPU Reading a Device Register
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UNIBUS to SBI DMA Write Through Direct Data Path

UNIBUS SBI

ADDRESS

DATO/DATOB

DATA
UNIBUS COMMAND/ADDR*
DEVICE | MASTER SYNC | UBA |WRITE MASKED MEMORY
(DMA) WRITE DATA

ACKNOWLEDGMENT C/A
| SLAVE SYNC  ACKNOWLEDGMENT
WRITE DATA

*SEE UNIBUS ADDRESS TO SBI ADDRESS TRANSLATION DIAGRAM (DP#=DP0)

TK-4897

Figure 11-16 Data Sent from a Device to Memory in a
DMA Operation Using the Direct Data Path

UNIBUS to SBI Read Through Direct Data Path

UNIBUS SBi

ADDRESS
DATIP/DATI
MASTER SYNC

COMMAND/ADDR* READ

MASKED
UNIBUS UBA
ACKN MEMORY
DEVICE CKNOWLEDGMENT C/A
(DMA) _READ DATA
ACKNOWLEDGMENT
READ DATA

DATA
| SLAVE SYNC

*SEE UNIBUS TO SBI ADDRESS TRANSLATION (DP#=DP0)

TK-4899

Figure 11-17 Data Read from Memory by a DMA Device
Using the Direct Data Path
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UNIBUS DMA Write Through Buffered Data Paths

UNIBUS SBl

ADDRESS
DATO
DATA
MASTER SYNC
- SLAVE SYNC

*

ADDRESS

DATO

DATA

MASTER SYNC
SLAVE SYNC

UNIBUS | ADDRESS _ o !
DEVICE DATO UBA x MEMORY

) = L
(DMA) DATA

MASTER SYNC
SLAVE SYNC

<%

ADDRESS

DATO

DATA |
MASTER SYNC .
SLAVE SYNC

P

i

* COMMAND/ADDR EXTENDED WRITE MASKED

WRITE DATA ONE

WRITE DATA TWO (ACK C/A)
‘ACKNOWLEDGMENT WRITE DATA ONE
‘ACKNOWLEDGMENT WRITE DATA TWO

*DATA STORED IN SELECTED BUFFERED DATA PATH
**DATA PATH FULL TK-4905
Figure 11-18 Data Written to Memory by a DMA Device
Using a Buffered Data Path

Note that both UNIBUS and SBI bandwidths are increased (when
compared to four transfers with the direct data path).
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UNIBUS to SBI Read Through Buffered Data Paths

CASE ONE: DATA STORED IN DATA PATH (NOT THE LAST WORD)

UNIBUS SBi

ADDRESS
DATI
MASTER SYNC

DATA
_ SLAVE SYNC

CASE TWO: NO DATA IN DATA PATH

ADDRESS N
DATI -
MASTER SYNC COMMAND/ADDR
> EXTENDED READ N
ACKNOWLEDGMENT
UNIBUS UBA | oaaNO G MEMORY
DEVICE : =
(DMA) _ READ DATA ONE
__READ DATA TWO
__DATA ACKNOWLEDGMENT
SLAVE SYNG READ DATA ONE
ACKNOWLEDGMENT

READ DATA TWO

CASE THREE: DATA IN DATA PATH (LAST WORD)

ADDRESS
DAT!
v COMMAND/ADDR
MASTER. SYNC - «x| EXTENDED READ
_ DATA
_ SLAVE SYNC ACKNOWLEDGMENT C/A

READ DATA ONE

_READ DATA TWO

ACKNOWLEDGMENT
READ DATA ONE

ACKNOWLEDGMENT
READ DATA TWO

*ALL FOUR WORDS STORED IN DATA PATH
- **PRE-FETCH OF NEXT FOUR WORDS

TK-4900

Figure 11-19 Data Read from Memory by a DMA Device
Using a Buffered Data Path
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ing

SCBB (SYSTEM CONTROL BLOCK BASE)

L.,

SCB

S

VARIOUS EXCEPTIONS
AND INTERRUPTS

—

v
100+ | 1PL T4(HEX)
16 | INTERRUPTS :
14016 | 'PL 15(HEX)
INTERRUPTS :
IPL 16(HEX)
180
16 | INTERRUPTS :
1CO IPL 17(HEX) E.
161 INTERRUPTS :

16 ENTRIES, ONE FOR EACH
NEXUS (TR NUMBER 0-15)

> SBI DEVICES

Figure 11-20

TK-4885

Format of SCB

The SCB is a block of longword vectors used by the microcode

to dispatch interrupts

(software and hardware) and exceptions.

The microcode uses the TR number and IPL to index the SCB. The

SCBB is an internal register.

Each entry in the SCB contains a pointer in bits <31:02> to a
longword aligned interrupt service routine. For UNIBUS or MASSBUS
devices, this is the address of a JSB instruction in the ADP.
Bits <@1:00> encode the stack to be used to process the event.

POINTER TO SERVICE ROUTINE

CODE

31

11-31
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Code

0o Use kernel stack; 1if currently on interrupt stack, use
interrupt stack.

g1 Use interrupt stack; if this is an exception, raise to IPL
1F (hex) .

10 Use WCS; if no WCS, the operation is UNDEFINED (on
VAX-11/78@, HALT).

11 UNDEFINED; reserved to DIGITAL (on VAX-11/780, HALT).

UNIBUS Interrupt Processing

UNIBUS SBI

BR REQUEST

& SBI REQUEST LINE

INTERRUPT SUMMARY
| READ

INTERRUPT SUMMARY
RESPONSE
UNIBUS VAX

DEVICE UBA | ~OMMAND/ADDR }INTERRUPT SERVICE

READ (BRRVR) CPU ROUTINE READS
BRRVR REGISTER

- ACKNOWLEDGMENT
OF C/A
_ BG =
VECTOR
INTERRUPT (MASTER SYNC)

'READ DATA (BRRVR) _

SLAVE SYNC ACKNOWLEDGMENT
READ DATA

TK-4898

Figure 11-21 Processing a Device Interrupt
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BRRVR Bit Settings
Bit 31 Bit <15:08>

2 2 No service required.

1y \' UNIBUS service as indicated by vector V.

1 2 UNIBUS adapter service required. Read
configuration register and status register to
determine the service required (see Figure
11-24).

1 \ UNIBUS and UNIBUS adapter service required.

1. Save vector V.
2. Read UBA configuration register and

status register.

3. Perform UBA service as indicated by
configuration and status register.

4, Index into UNIBUS device service routine
with vector V.

V is the vector field of the BRRVR received from the UNIBUS
device. Zero is the null vector, indicating that a vector was not
received from the UNIBUS device. VMS only recognizes vectors in
the range @-774 (octal).
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BRSVR

BR SEND VECTOR REGISTER

31 15 00

le————8r senp vECTOR————+]

BRRVR
BR RECEIVE VECTOR REGISTER

31 , 15 , 00

I‘—'—‘—' RESERVED & ZERO ——O!*DEVICE INTERRUPT VECTOR FIELD-D'

ADAPTER INTERRUPT
REQUEST INDICATOR

DPR
DATA PATH REGISTER
313029 23 16 15 00
|<-BUFFER STATE-'O——BUFFERED UNIBUS ADDREss——l
DATA PATH BITS
FUNCTION

BUFFER TRANSFER
ERROR

BUFFER NOT EMPTY

TK-4902

Figure 11-22 Format of Several Internal UBA Registers
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MASSBUS ADAPTER (MBA)

@

Standard SBI interface.

Standard MASSBUS interface (54 signal lines).

Up to four MBAs per system.

Each MBA supports up to eight device controllers.
- Each disk controller supports one drive.

- Each tape controller supports up to eight tape
drives.

- Only one controller may transfer data at a time.
Data transfers up to 128K bytes.

Does scatter-read/gather-write.

32-byte silo.

Maximum transfer rate: 2 millon bytes/second.
Prefetches on memory to MBA transfers.

192 mapping registers (longwords).

- Bits 21-3¢ are reserved, and cannot be written.

- Contain no byte offset field (the MBA VAR register
contains the byte offset).

- Contain no data path field (the MBA has a single data
path) .
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MBA Operation

The MBA consists of an SBI/MBA interface, internal registers,
control paths, and datapaths, as 1illustrated in Figure 11-23.
Data is sent as words, in the order of the first word (bits 15 to
@), followed by the second word (bits 31 to 16) of a longword.
The 32-byte silo is used to buffer data, and data transfers along
the SBI, to or from main memory, occur in 8-byte increments.
There are four 16-bit MASSBUS transfers per SBI transaction. The
MBA accepts only longword aligned reads and writes to its external
or internal registers.

The MBA address space has two sets of registers: internal and
external. The eight MBA internal registers are physically located
in the MBA. The external registers are located in the MASSBUS
drives, and are drive-dependent. The internal registers are used
to monitor the MBA and operating status conditions, as well as
to control certain phases of the data transfers between the SBI
and the MASSBUS device, such as:

e maintaining a byte count to ensure that all data to be
transferred is accounted for.

® converting virtual addresses to physical addresses for
referencing data in memory (see Figure 11-24).
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MBA Structure

MASSBUS ADAPTER STRUCTURE /\

INTERNAL ComTROL
BUS ‘
DATA <rL:-
SBI BUS lNTERFACE< > PATH
INTERNAL v
REGISTERS

MASSBUS

TK-4906

Figure 11-23 Simplified Block Diagram of the MBA

The MBA Internal Registers are:

MBA Configuration Register (CSR)
MBA Control Register (CR)

MBA Status Register (SR)

MBA Virtual Address Register (VAR)
MBA Byte Count Register (BCR)

MBA Diagnostic Register (DR)

MBA Selected Map Register (SMR)*
MBA Command Address Register (CAR)¥*

L]

CO O Ul WK
L)

* Read-only, valid only during data transfers.
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MBA Address Translation

MBA ADDRESS TRANSLATION

MBA 31 17 16 09 08 02 0100
VIRTUAL
ADDRESS MAP POINTER LONGWORD |BYTE
REGISTER -
‘ I
(VAR) ‘( | L
1 B
| . T
MAP REGISTERS I
o
Py
b
b
I
| Lo
Iy
| i |
by
3130 21 20 00 I
|
— v RESERVED PHYSICAL PAGE ADDRESS I :
|
% — |
/ / ' |
/ / I |
/ I
/ / I i
4 I
( / .
I / | ,
| / | |
[ / o
I / I
i i o _J |
: f o
——— ]
127 07106 oo
SBI
ADDRESS

TK-4903

Figure 11-24 MBA Mapping a Vvirtual Address to a
Page Frame Number
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MBA Address Space

Each MBA has a 2048-longword physical address space,

Bits 10 and 11 select a region of MBA nexus address
space:

Bits 11 and 10 Meaning
7 ) MBA internal registers
g 1 MBA external registers
1 2 Map register

If external register:

- Bits #-6 select the register
- Bits 7-9 select the unit (or subcontroller)

If map register:

- Bits 0-9 contain map register index

Bits 13-16 specify TR number for MBA.

The address of the start of MBA space (where MBA internal

registers start) depends on the TR number at which the
MBA is installed.

11-39



I1/0 ARCHITECTURE

Location of MASSBUS Registers

Assume the MBA is installed at TR 140. Figure 11-25
illustrates how MBA address space is structured:

PHYSICAL
ADDRESS
200140001 MASSBUS INTERNAL REGISTERS B
20014400 UNIT O DEVICE REGISTERS
20014480 UNIT 1 DEVICE REGISTERS
20014500 UNIT 2 DEVICE REGISTERS
20014580 o >8K BYTES
@
®
20014780 UNIT 7 DEVICE REGISTERS
20014800 MAP REGISTERS D

TK-4907

Figure 11-25 Structure of MBA Address Space

To address map register 6 in the MBA at TR 10, the driver
constructs the address 20014806.

- 200140900 indicates TR10

- 8¢9@ 1indicates map register (bits 18 and 11)
- 6 1indicates map register 6

To address a device register, the driver uses:

20014408 .OR. (device unit) .OR. (register offset)

(The 409 indicates device register in bits 10 and 11.)
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