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1 FURPOSE

The purpose of this document is te describe the function
and operation of the V500 WMessace Level Interface Data
Trancsfer Module (MLI=-DTH¥),

2 RELATED DOCUMENTS
1997 5390 V Series Instruction Set Specification
1993 527% V500 Architecture Specification
1993 5253 V500 1/0¢ Memory Concentrator Specification
2323 7399 Message Level Interface Specitfication
1993 5295 VSO0 System Maintenance Controlier Spec
1993 5303 VS00 Mairtenance Subsysten Specification
1992 8337 y500 feuit Detection Design Guidelines

1995 5301 V5300 ECL/CMOS/TTL Circuit Rules
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3 FUNCTIONAL CVERVIEW

2.1 BASIC FUNCTICNS

The V500 MLI-DTM consists of the following modules:
¢ 1/0 Bus Control Mcdule

o ¥icroprocessor FKodule

0 fessage Level Interface (ocntrol Module

An 170 btus interface hes been cesigned for the MLI-DTM to
perform the access end communication functions.

1t ¢ built ¢f TTL MS1/8%1 parts, PALs, PROMs, 1Kx4 static
FAtis, and an ALS 2800 ogate arrsy. The ALS oate array
heardles the error correcting code on the 1/0 busa.

4 1/6 BUS DEFINITIGN

4,1 FASIC FUNCTIONS

The V500 system 1/0 busses gerform the following functionss

o Memory Access. The 1/0 busses are used by the Data
Transfer podules (DTFe) sho System Maintenance
tontrollers (SWMCs) to read, write, and octherwise

manipulate System Memory. The actual memory operations
are dope by the I1/0 Memory Concentrators (IQKCS).

G inter=1/0=-Module Communicetion. DTMs and SHMCs may
communicate with easch octher using the 1/0 busses. The
basic unit of communication is called 2 nessage.

© CPU Communication. Each of the CPUs ip a V300 system
can dintorm the 1/C subsystem thet it wants to ipitiate
an 1/0 operation; similarly, eany CFU mey accept an I/0
complete interrupt.

-==UNISYS Frior Written Consent Reguired For Disclosure 0f This Data===--
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4.2 CONNECTIVITY, MULTIPLICITY, AND FERFORMANCE
A V500 system has two independert 170 busses. Each

cennects to card slots for the following 1/0 modules:
Sincle cebinet system:

o One IONKC slot
e} Six DTN slots
o One SMC slot

Pual cabinet system:

c Two I0MC slots, of which et rwost one mey be
occupied,

vl Twelve DTM slots

o Two SMC slots

As shown in Fiogure 4=1, each I0MC and SMC connects to one
kus; ©DTMs may connect to both busses. A single cabinet
system may coentain ejther one or two I0KCS. I1If only one
I0#C is rresent, the second 1/0 Pus may still be used for
Inter-1/0-Module communication.
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Figure 3-1 I/0 Bus Connectivity
Each I/0 bus consists of 50 wires; 32 for data, 7 Ffor ECC
and 11 for control.
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4.3 MESSAGES

The basic unit of commurnication on the I/0 busses s the
Nessage, A rwessage consists of cne or more 32 bit data
words, sent by a module (the initiater) to ancther module
(the responder). The bus protecol aliows any module on the
bus to be an initiator or a responder,

Once a message has been sent by s8n ipitiator to a8
responder, the responder may, at i1ts discretion, send a
reply back to the initiater. The 1/0 bus connection is not
severed until a reply is sent, or the responder decides rot
to send & reply.

These basic functions are done by sending and receiving
Nessages, For example, it a DIM mants to read data from
memory, it sends a8 mestage to an I0NC. That ressage
consists of a two digit op=-code, together with the address
arnd tenagth of the dsta 1t wants to read. The 10KL replies
with the deta from memory.

Similarly, if 2 module is to write data to menmcry, it sends
a message toe an 10MC. That message consiste of an opcode,
addrese, length, and the data to be written. The I0MC
reclies te this message with an Error uecrd that contains
information pertaining to the completion of the command.

Inter=1/0 module communication is done similarly. For
example, WNMLI=-DTW TFirmware may be locaded via the I/0 bus.
The SMC is the initietor, end the appropriate DTK is the
responder.
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bt MESSAGE PHASES

1/0 bus operations consist of the following pheses:

) Bus arbitreation

o Responder selection
c Send message
© Feceive reply (opticral)

In the first phase, the initietor attempts to gain access
to the bus. This may be refused because énother module is
atresdy usine the bus, or because a higher=-priority wodule
pid for the bus at the same time. In either case, the
initiator encounters a BUS BUSY conditicn. The 1/0 ‘bus
crevation must be retried.

Gtnce the initistor gains sccess to the bus, the second
phase begins. The initiator broasdcasts the address of the
nocule it wants to converse with ¢n the bus data Llines,
EFvery module <connected to the bus checks the address
against its cwn. The addressed module must dndicate that
it is present, and whether it is reacy to accept & messagea
1¥ the initiastor dees not see¢e a PMedule Busy or & MNot
Fresent condition, it may go to the third phase.

In the third phase, the initiator sends the message to the
responder, 22 bits every TTL system clock. Once the
message has been sent, the responder may either disconnect,
or send a reply (phase &),

4,5 I0KC PECULIARITIES

The I0MC differs significantiy from the other modules on
the bus. There is at most one I0MC connected te & bus; it
provides the interface from that bus to memory, and it
containe the logic for CFU communicetion.

Ancther peculiarity of the 10KMC is  that 1t ds the only
medules orn the 1I/0 PBus that is not microprocessor=-beased.
This means that its understanding of particular messages is
herdwired, instead of being determined by firmware.

Alsc, the I0MC never acte eas en initiator; it is always a

FesSponder.a ALl the ICMC®*s actions are performed at the
reguest ot another module,
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b6 CPU=1/0 SUBSYSTEM COMMUNICATION

1/0 Complete Interrupt reporting copsists of the module
that wants to <cause an I1/0 Complete Interrupt sending a
message to the ICMC indicating the type of 1/0 Complete
Tnterrupt (Normal, Real Time, or Error), and which
processor to poll first. The 10MC polls each of the CPUs
in turn, looking for one that will accept an intervupt of
the specified type.

If the I10MC recejvee a second I/0 cormplete dntervupt
command before it finds a processor that wild ececept the
first interrupt, it ORs the new 1interrupt tyge with the
cld, and continues (o poll the precessors. For details,
seg the IOMC specification.

initiate I1/0 and other C(PU=-t0=-1/0 subsystem communication
are more complicated. The 10M(s appear to the (PUs to be
tve memory boards; one stores the time-cf-dey, and the
cther (the IONC mailbox register) is used for subsystem
copmunication.

Eech IOMC mailbox register can be written to by any CFU as
if it were memory. OUnce that register has bteen written by
a CPU, the mailbox register "nemcory btoard' goes busy until
the value in the register has been fetehed by an 1/0
subsystem module. As long &s the mailbox register is busy,
the ((PUs may not perform ancther wWrite to¢ the same
register,

Tf thevre are two IOMCs in the system, the 10MCs and the
CPU's memory controllers (MCACK) cocperate to make the pair
cf 10KCs Lock like a single I0OMC. When a CPU w®rites the
time-ot~-day, bLoth 10F¥(Cs losd their registers, However,
only one I10MC {(the master) responds te a read time-of=-day
commeand, Similarly, FCACK allows a mailbox register write
to be issued only 1f there is an empty maiibox register; if
neither mailbox register is empty, the wWrite waits.

Thus, in a single I0MC system, the nailbox register goes
busy after a single write, and stays busy until en I1I/0
subsystem module empties the register. In & tuwo I0MC
system, two write mailboex register operations may be
performed before the mailbox goes busys; the wmaster 108
recisters the First, and the sleave JIOMC registers the
secoend. The mailbox goes not busy when either I0N(C's
register is emptied.
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bha6 CPU=1/C SUBSYSTEM COMMUNICATION (Ccrtinued)

When &n I0MC's mailbox pregister is weitten by a CPU, the
10¥C captures ten dicits of data from the memory data bus,
ano one digit of address frow the address bus. It s
intended that the digit of address be used by the microcode
to distinguishk types of C(PU-to=-1/0 suksystem mnwessages
(Initiete 1/0, Discontinue 1/C, or System Initialization).

turrent 1/0 makes ail CFU tc YI/0 subsystem messages Llook
{ike Initiate I/0 reocuests, in which messages intended for
the 1/0 subsystem hardware, such a&s execute self=-test or
tancel, are sent tc the 1/0 subsystem as Initiate 1/0
Regquests for @ fictiticus OLP (channel (18). Future I/0
{10¢Bs) will reguire nrew, as yet unspecified, types of CPU
to 1/0 subsystem messagesa

fach I/0 Bus has twoe control lines (IICReclL and 110AckL)
that are used exclusgively to manage the corresponding
10MC*s mailbox register. 110 stands for Initiate 1/C, Req
stands for request, Ack for Acknewledge, and L indicates
that the signral 1s active low. 1I0Real is asserted by the
IGMC when a meilbox write has been done by a (PU. Several
roedules on the 1/0 Bus may wonitor this signal, but only
cne module (the Messape Router) respondss

Yhe 1/0 wmodule that 1is to be the message router s
determined &t system ipnitielization time. Currently, the
lowest slot numbered DTH s designated as the message
router, 1f the message router module breaks, it 1is
rossible to reassign tris responsibility to another module.

¥hen the message router netices that the 1I0RegLh Lline s
ssserted, it idnitiates a messeage to read the mailbox
register. Once the message router has successfully vread
the maiibox register, it esserts II10AckL to indicate to the
ICMC that the msilbox register i5 now empty. Both II0ReqglL
and 110AckL are dropped, the mailbox "memory board® goes
not busy, and the I/0 subsyster is ready tc accept another
Invtiate 1/0 message from & CFU.
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4.7 EUSY MODULES

The second phase (Responder Selecticn) of the four I/0 bus
treanssction phases 45 more than the previous description
implies, Briefly, reckless use o¢f the Fedule Busy
tondition could result in 2 deadlock.

In the second phase c¢f an 1/0 bus transaction, the
initiator broadcasts the address of the the module 4t wants

to converse with on the data Llines of the bus. Every
fodule coennected to the bus checks the address against its
CEN. The addressed modulsz must idndicate thaet it s

present, and if it is ready tc accept & message. Lf the
inpitistor does not see @ PFodule Busy or & Not Present
condition, it way proceed te the third phase.

Consider two modules (A and B). A wapts to send a message
te B. First, A sets its todule Busy flip=-flop, so that any
nodule sending it a messeoe sees & Module Busy condition.
A then puts the message into a message buffer, and attempts
te send the message. PMeanwhile, module B has not been
idle. B has a messace to sepo to A. Of course, B follows
the same procedure; it set the Module Busy flip-flop, puts
the message into a buffer, and attempts to send it.

{learly, A's message will not reach P, because B has Module
Fusy. B's message cannct reach A, because A is also fHodule
Busy. A simple retry by A or B will have the same problem.
Until either A or 8 resets its Mocule Busy flip-flop, A 2ond
E are deacdlocked,

Hence, we cannot use the Module Busy {flip-flop for ail
messages, The basi¢ problem is one of buffer management;
vwhen a messacge comes ip, where does it g¢? The current
FLYI=-DTH  dimplementation has a8 single buffer consisting of
ten 1K¥x4 static RA® chips, that is used for ali messages
(incoming and outooing). A single message may occupy the
entire buftter; theretcore, if the microprocessor in module A
is formatting en outgoing message in the buffer at the same
time that a messace is coming in from module B, there i1s no
crlace tfor module A toc put the incoming message.
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L7 EUSY PODULES (Continued)

A simple ealternative 1is to give the incoming message
priority over the outgoing one. The microprocessor gives
up the buffer, and the inconming message overwrites anything
that was in the buffer. The mwicroprocessor must handle the
incoming message, snd then make enother attempt to Jormat
and send the originel outgoing wessage, Several such
attempts might be required before the message can be sent.

This alternative is knouwn as Non=-Busy Message Initiation.

Why not use Non=Busy Message Iritiation for all wessages?
Unfortunately, it ig not slways possible for the
microprocesser tc reconstruct the outgoing message. fFor
example, hardware 14in the DTV puts data from a3 peripheral
device directly into the I/¢ bus bufter. This means that
if the buffer 1is in use, the entire I1/0 would have to be
retried to reconstruct this data.

Clearly, a design w®ith wnultiple wmessesoe buffers would
alteviate the preblem. Unfortunately, an infinite number
of buffers would be required to eliminate it completely.

Podules on the I/0 bus use the Module Busy flip=fiop and
Nen=Busy Message Initiations How does one decide which
method to use? Fortunately, there 1s a simple protccotl
that prevents deadlock.

Deadlock prevention protocol incorporates the following
ruless:

1 There exists a set of modules (A) that are never busy.
¢ A module that has its Module Busy flip=flop set wmay
only initiate mescsages to modules in set A.

3 DT¥s that are not message routers always initiate
fessages with their Module Busy flip=-flop set.

The 10MCs are never busy. They are only respocnders;
whenever they are doing anything, thteir 1/0 tus 18 in use,
s¢ that eny medule attesmpting to send a message on that tus
sepes & Bus Rusy condition.
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4.7 BUSY MCDULES (Continued)

By convention, the message vouter always uses Non-Busy
flecgage Initiation. kence, set A consists of the I0MCs and
the message router module. SMCs must then abide by Rule 2;
when they have their Module Busy flip-flop set, they may
enly initiate wessages to i10M{s and to the message router,
S¥Cs may only send messages to DTMs wusing Non—-Busy Kessage
Initistion,

The message rcouter c¢an only serd messages to DTMe and SKCs
using & Non-Busy Message Initiatior. Since all other DTMs
thet are not the messege router can only perform Module
Busy 1initiasticn, they <can only initiate messages to the
I0KCs and the message router.,

In fact, a DTM acting as a messace vouter will only set
Fodule Busy while heandling deta coming from or going to a

ceripheral, and wild only fdnitiate messages to an I0MC
durirg that tinme.

5 FARTITIONING

21 CCRPONENTS

The MLI=DTKF I/0 bus dinterface 14s gpartitioned 1into four
pieces, They are:

0 two I/0 bus controllers (IOBC); one for each bus
o a single 4kbyte buffer
o a buffer Control

The four pieces are tornected as shown in Figure 5-1.
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Micro-
Processor
Backplane &
Address Data
IntT
uP Int
cu Controi Buffer
< loBC A [* *1  Control
%
Data I I
E
mtTPt t c '
uP In
Data |} ¢ | BUFFER
ctl 4
< IoBC B [* ' ECClo
<& o O
Data
Figure 5-1 I/0 Bus Interface Structure
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In the MLI-DTM, the MLI Control uses the same buffer, It
connects MLI cable to the bases as shown in Figure 5-2.
Micro-
Processor
Backplane &
Address Data
Intt
uP int
cu Control Buffer
< loBC A |# Contraol
<@
Data I I
E
'ntTPI t C |
uP In
Data | ¢ | BUFFER
Ctl ¥
< ioBC B [* | -
< 0 N A
Data
IntT
uP Int
MLI >
‘MLI Control
Cable
Figure 5-2 DTM-MLI Connection
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5.¢ COMPONENT FUNCTIONS

khen the wmicroprocessor initietes ap 1/0 Bus transaction,
it formats the message in the buffer, then commends one of
the two 10BCs to start the transaction. The I(0BC does the
feur phases of the 1/0 Bus trensaction (Bus Arbitration,
Fesponder Selection, VMessage Send, and Reply Receipt)
autonomously, reporting back to the microprocessor via a
status register when the trensaction §s complete, ov if
some condition such as Pus Busy or Fodule Busy prevents the
transaction from beino completed,

Similarly, when 2 message arrives on an 1/0 BPus, the 10BC

puts that nessage into the butfer, informs the
microcprocesscer (via an interrupt) of its arrivel, and then
waits for a commanc frowm the ®ICFrOPFrOCeEeésSEOrR. If the

microprocessor wishes to reply to the message, it formats
the reply dn the buffer, and issues a Continue command to
the I0BC, PAlternatively, the microprocesser mey 1indicate
that there dis no reply to this wmessage by issuing &
Disconnect command,

The buffer 4s & 4K byte static RAM (1K 22 bhit+ECC werds)
that 1is eccessible by both IOBCs, thke microproccessor, and,
in the KLI=DYN, by the MLI Control, It steres msssages and
replies. It 3¢ alsc stores the Module ID of the target
rodule shen the microprocessor wants to initiate an 1/0 bus
transactione.

The Buffer Control perfcrms two basic functicns. First, it
is responsitle for the movement of deta into and out of the
butfer. Or reoquest from an ICBC, it reads the Module ID or
data from the buffer, onrd stores received data into the
buffer.

Tre WModule ID is read from address zero in the buffer; dates
ie read froem or written to sequential addrescees. When an
I0BC is sending either 8 message or a reply, the Buffer
Contrcl dis also responsible for sicnalling the end of the
dats to be sent.

The Buftfer Control?s second functicon is buffer eoliccation
and acctess control.
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£.3 BUFFER OWNERSKIP

Before a requestor uses the buffer, it must reguest
cunership of the buffer from the Buffer Control. The
Butter Control receives four Access Request Llines, and
grives four Access Grented wires (ore per requestor). Once
& reguestor owns the buffer, i1t writes something dinto the
butfer, and then perhaps Loamrs it to ancther requestor for
[rocessing.

For the microprocessor to initiate ap I/C bus transaction,
it must first recuest ownership of the buftfer from the
Buffer Control. As shown in Figure £-3%, once cwnership s
granted, the microprocessor Wwrites the target Moduleld and
the message to be sent intoe the buffer, and then issues a
Start commend to one of tre two 108BCs, thereby loaning the
bufter to that 10BC, When the 1I/0 bus transaction s

complete, the 10EC returns the buffer to the
microprocessor, which reads the reply before releasing the
kuffer. The buffer 1dis then available to any other

requestor asking for ownershipa.
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Microprocessar 108BC A I0BC B MLI Control

Start

Op Complete

B8 oOwned OnLoan B3 Borrowed
Figure 5-3 Microprocessor Initiate Timeline
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5.3 BUFFER OWNERSHIP (Continued

If the IOBC is asked to act as a responder by another
module, it first requests ownership of the buffer. Once
ownership has been granted, the IOBC signals the initiator
that it is ready to receive the message. When the message
is received (see Figure 5-4), +the IOBC 1interrupts the

microprocessor, thereby loaning it the buffer. The
microprocessor reads the message, and decides whether to
reply or not. Either a Continue or a Disconnect command

returns the buffer to the IOBC, which finally (after
sending the reply) releases its ownership of the buffer.

Microprocessor 10BC A lD.BC B MLI Control

Interrupt

Continue or

- -
Disconnect i

Bl Owned OnLoan [E5 Borrowed
Figure 5-4 IOBC Initiate Timeline
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5.3 BUFFER OWNERSHIP (Lontinued
Use of the buffer by the MLI contrel in the FLI-DTH 4s more
complex. As  shown in Figure 5S=5, a DLP does a Poll
Request, needing data for a8 disk write, At the first

indicetion of the Poll Reguest, tte MLI coentrol requests
ownership cf the buffer. Unce ownership has been granted,
the Poll Recuest 15 allowed to preceed. The FLI Control
receives the descriptor linrks (identifying the I1/0) from
the DLP, &end stores them intc the buffer. Meanwhile, the
microprocessor has been dnterrupted, and 1is polling a
status register. The ®#LI control dindicates to the
microprocessor that the descriptor Links are in the buffer
vis the status register; this action loans the butfer te
the Microprocessor.

The nicroprocessor uses the descripter Links, and other
infermetion in the status register, to determine that data
must be read from memory. 1t formats the appropriate I1/0
kus message for the I0MC in the bufter, and issues a Start
cormand to cone of the ICECs, thereby loaning the buffer to
that 10BC.

The 10BC sends the memory read message, and receives the
required deta. The ICBC dndicates thaet the reply has been
received, and returns the buffer tc the microprocessor.
The nmicroprocesscer performs any required setup, and then
issvues a Start MLI commend to the ®LI control, thereby
returning the buffer to the MLI control, Eventually, the
L1 control releases ownership of the buffer.
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Microprocessor I0BC A 10BC B ML Control

Status|Change

Start

OpC let
| 40P Complete

Start MLI
Bl Owned Onloan [  Borrowed
Figure 5-5 Poll Request Timeline

This logic assures that the buffer is owned by only one

requestor at a time. Any other requestor that wants to use
the buffer must wait until the current owner releases the
buffer. While a requestor owns the buffer, it may be

loaned to other requestors for processing.
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5.4 BUFFER CONTENTION

Simply waiting for ownership handles many (but not all) of
the buffer contention problems. In particular, it is used
to hendlie the following cases:

One 10BC (B, for example) may be a responder at a tiwme when
the other (IQOBC A) 4s busy 8s an initiasater (microprocessor
owns the buffer) or a responder (IOBC A cuns the buffer).
In this case, I0BC B waits for cwnership of the buffer.
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Microprocessor 10BC A 10BC B MLI Controil
Start
7\
Op Complete
':_
Release{Buffer
Interrupt i
X
\
N
Continue §
Ovvned Onloan E5 Borrowed

[] Awaiting Ownership

Figure 5-6 IOBC Wait Timeline
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5.4 EUFFER CONTENTION (Continued)

Similarly, the MLI Control on an MLI-DYM may receive a Poll
kequest from a DOLF while the buffer is being used by the
microprocessor or an I0BC., The Poll Request must wait for
cunership of the buffer. The buffer could have been in use
for several reasons; the nicrocprocessor could be formatting
& messsge to be sert on an I1/C Bus, an 10BC could be
receiving & message, oOr the microprocessor could be
preparing to initiate a wmessage to a DLP. This last
operation 3c a8 Poll Test,

The Poll Test can be dnitiated despite the fact that & Poll
Request 148 pending. Whern the Poli Test is complete (see
Figure 5=7), the microprocessor releases ownership of the
buffer: the MLI Control then obteins ownership, and the
Poll Reguest is allowed to continue.
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Microprocessor 10BC A i0BC B MLI Control

>—

Poll Test Start

IHTHTHTID

Op Compiete

Release Buffer

Status Change

Etc. ..
B owned Ontoan E5 Borrowed

[:] Awaiting Ownership

Figure 5-7 Poll Request/Poll Test Timeline
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5.4 BUFFER CONTENTION (Continued)

In & sense, the microprocessor alse waits for ouwnership of
the buffer. it does so by writing a btit in the Buffer
Control's commend register, and then continuvously polling
the Buffer Controlt®s status register, which indicates the
requestor that ocwns the buffer. If the bLbuffer was not
owned at the time the microprocessor made its request, the
tirst poll will show that the microprccessor now owns the
buffer. However, if the buffer wss owned by another
requestor when the microprocessor set the bit 1in  the
cemmand regieter, then the microprocessor loops, weziting to
be given ocwnershin.

The problem here is that if some other requestor owns the
buftfer, it is sure t¢ require attenticen from the
microprocessor before it releases ownership. Somehow, we
musi get the microprocessor cut of the poll locp and get it
te provide the appropriate attention to the other
requestor, without lLlosing track of the recuest thet the
microprocessor was originally trying to make.

This preblem can be cleanly resolved using the
nicroprocessorts interrupt facility. Vhenever anrother
requestor requires the microprocessor®s attention, it

ceuses &an interrupt. As sho«n ip Figure 5=-8, when an 10BC
has put sowmething intc the buffer, 1t causes an interrupt.
This «ctsuses the microprocesser to store a return address
that points at an instructiocen in the poll Lleop it was
executing, and then branch to the appropriate interrupt
kandler. The cocde in the interrupt hendler Llocks at the
messege in the buffer, possibly fermats a reply, and issues
a Continue or 8 Disconnect command to the relevant I0BC,
The microprocessor then returns to the poli loop from the
interrupt handler. When the 1I10BC finishes sending the
reply, it releases the buffer. The microprccessor gsins
ownerskip, and talls out of the poll loop.
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Microprocessor 10BC A 10BC B MLI Control

Interrupt
= :
= Continue
A >

Release Buffe
.‘
Start
Op Complete
iR Owned OnLoan E Borrowed
[] Awaiting Ownership

Figure 5-8 Microprocessor Wait Timeline
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5.4 EUFFER CONTENTION (Continued)

The interface is different for the FLI Controd, but the
idea 1is essentielly the same. The interrupt occurs after
tufter ownership nas been granted to the MLI Control, but
before the transfer into the buffer ds complete. The
microprocessor must poll the MLY Control?s status register
until the value there 1indicates that it may access the
kutfer.

Unfoertunately, we cannot always simply wait for buffer
cwnership. Consider, tTor exanple, the <«case where the
ficroprocesscr owns the buffer, and is formatting & messege
to be sent on an 1/0 Ltus. While the message §s being
formatted, reqguests come in on boeth I/0 busses for the
rodule to be a responder. e are now deadlocked; the
message the microprocessor 1i1s formatting cannot go out
because both JIOBCs &re busy, and the incoming messages
cannot be put in the buffer because it is owned by the
FiICrQeprocessor.

We have dimplemented twe different solutions to this
dilemma; they <correspond precisely to 'Module Busy' and
"*Non=-Busy Message Initiation? previously descritbted.

The mechanisnm implements Nop-Busy Pessage Initiastion 1is
called PreEFmpt (see Figure 5=9), It is used in situations
in which the microprocessor owns the buffer, and wants to
send a message on an I/0 bus. The incoming message is
given priority over the message the microprocessor 1§
formatting. It preempts the buftfer. The actual mechanism
is as followss:

The I0BC that 1is to be a respcnder requests buffer
ownership from the Ruffer Control. Since the
microprocessor already owns the buffer, the 10BC waits.
Eventuslly, the microprocessor dissues a Start command to
one of the J0BCs. That IOBC reports immediately that the
cperation did not complete successfully, and sets a bit in
ite status register indicating that another requestor
wishes to preempt the buffer. The microprocessor must then
release the buffer and try again. The responding I0OBC then
gains ownership of the buffer, indicates to the initiator
that it is ready to receive & message, and so fortha
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Microprocessor 108C A i0BC B MLI Control
Cofnlete:

PreEmpt
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Retry
Begms Interrupt
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=
= Continue
Release Buffer
Interrupt
g
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Figure 5-9 Preempt Timeline
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5.4 BUFFER CONTENTION (Continued)

Either 10BC cérn report that any other responder wants
access to the buffer. Thus, it the wmicroprocessor issues
the Start command to I0BL A, it may receive 8 Preempt
result becsuse IOBC A, IQ0BC B, or the MLI Control is
reguesting ownership of the buffer,

Freempt rests on the premise that there 1is only &8 small
emount of data in the buffer, and that it may be copied or
recreated easily after the preempting message has been
handled, for data transfers to or from DLPs this is not
the case; data transfers tend te be large, and the date s
not e€asily reconstructed. In theeory, the microprocessor
coutd copy all of the data cut of the buffer into its wmain
memory before releasing the buffer because of & Preempta
Ttis, however, would be time=consuming and inefficient.,
Instead, the microprocesscr sets the Moduie Pusy flag.

At the first sign of a2 Foll Reguecst from & DLP, the WMLI
Control reqguests ownership of the buffer. Once ownership
is obtained, the microprocesser 1is interrupted. The
gicroprocessor then sets the Module Busy flag. By this
time, either JIOBC could ke wgiting for ownership of the
buffer, As shown in Figure 5-10, the Module Busy flag
csuses the I0OBC to signal the waiting dnitiater that the
moedule dis busy, and break the connection. Any further
attempts to send messages to the module are similarly
refused.,
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Microprocessor 10BC A iI0BC B MLI Control
» | [Interrupt |
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Figure 5-10 Module Busy Timeline
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5.4 BUFFER CONTENTION (Continued)

A similar plan 14s wused for a #foll Test when the

microprocessor wants 1o initiate a message to & DLP. The
microprocessor first cbtains ouwnership of the bu¥fer, and
then sets the Module Rusy flag. This effectively refuses
any incoming messages on either 1/0 Bus.

The microprocessor may, &t its discretion, use the PFodule
Busy flag 1in other situaticns. Two points mwust be
obsevrved, however. First, the buffer must be ouwned by a
feouestor before the Module Busy flag is set. This covers
seversl timino holes. Second, the module must adhere to
the Deadlock Prevention Protocol previously described.

One final 1issue recardirg buffer contenticn requires
discuesion. The &sbility of the I10BC to handle messages
without repliees is an optimizatior designed to dmprove
performance. When no reply is recguired, we would Llike to
free the bus fer other traffic as soon as possible. In
particular, we would Llike to free the bus before the
message has been copied out of the buffer 1into the
microprocessor®s mein memory. Until that copy is complete,
we must nct accept ancther incoming message. However, the
I0BC releases ownership of the buffer as soon as it
disconnects from the bus.

To circumvent this rroblem, the Buffer Control eaccepts &
cormand (Qunership Hold) that ceuses buffer ownership to be
denied from all modules when it is released by the 10BC,
This prevents the corruption of the buffer by the I0BC or
#iL1, and allows access to the microprocessor only. The
microprocessor should issue this command before it issues
The Disconnect (see Figure 5-11). When the nmicroprocessor
hes finished with the butfer, 4t issues the ownershirp
release command.
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Microprocessor i0BC A I0BC B ML! Control
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Disconnect

>

Release
Buffer

B Owned OnlLoan B Borrowed

D Awaiting Ownership

Figure 5-11 Disconnect Timeline

In the future, we may choose to harden the distinction
between messages that have replies and those that do not.
The hardware in the IOBC would then examine the op code 1in
the 1incoming message, and 1issue the Ownership Hold and
Disconnect commands directly. This would free the bus

almost 1immediately, rather than after microprocessor had
responded to an interrupt.
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¢ DETAILED DESCRIPTION

61 PROGRAMMER®S MODEL

The programmer writing code for the microprocessor sees
cnly the wmemory anc the interrupt interfaces. Everything
else must be made to lock Like memory or an interrupt. In
MLI=DTM dimplementation of the I/70 bus interfece, two areas
cf memepry are in fact used for other things. The first s
the buffer; 1t looks to the wmicrcprocessor like 1024 32 bit
werds of memory. The second is the register area: there
are sixteen 16 bit registers that the microprocessor may
read or write as if they were rmenory Llocationse. Control
and wmonitoring of the I0BCs, the Buffer Control, and MLI
Control (in the MLI-DTM) are done by reading and writing
the memory locations in the register area,

This section is divided into five subsections; they are:

1 the buffer

2 the registers

2 the interrupts
4 basic protocol
5 error hancdling
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6alal BUFFER

The buffer consists of 1024 words of 32 bits eech, In the
MLI=-DTM, it cccupies addresses QUOOUO0O0 (hex) to DOGOCFFF
{hex). The nmicroprocessor way only manipulate entire
words; partiel word operations to the buffer &are not
supported., Since the addresses guoted above are byte
atddresses, this implies that the least sdgnificant two bits
of the address must be zero. In other words, the first
lovaeticn in the buffer ids address 0060900600 (hex), the
secoend i3 00600004 (hex), the third ds QU6U0OCE (hex), eand
s6 forth.

Note that the sddresses end idnesistence on whole word
cperations are impilementation dependent: they may differ
for the SMC or future DTMs,

When the microprocesscr wants to dnitiete a wessage, the
address of the target responder must be written into the
first buftfer Location. The vresponder®s address must be
encoded by the microproctesser as follows:

Address Terget Responder
COOCOCOFG *10MC

voopoeer * S

(HE Ry DTM Slet #1, Cabinet #0
pLoeooi2 DT¥ Slot #2, Cabinet HQ
goaiunes pTF Slot #3, Cabinet #0
ooenonzs DTH¥ Slot #4, Cabinet #O
Cooooess DTM Slot #5, Cabinet #0
paooaice PTF Slot #£6, Cabinet #{
Qucnoa3g DTV Slot #1, Cabinet #1
Goeoooan DTH Slot #2, Catinet #1
Liugatooe DTH Slot #3%, Cabinet #1
GooouL9c DTM Siect #H4, Cabinet #1
GOCOnNnED LT¥ Slot #5, Cabinet #1
CCLoao7e PT® Slot #6, Cabinet #1

# Atthouvoh there are (possibly) twe I0FCs and two SMCs in
a system, at most one ie connected to each I1/0 Bus. We
have chesen to give both 1I0KCs (and both SKCs) the same
address.
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6.1.1 GUFFER (Continued)

This encoding allows the responder®s hardware to correct
eingle bit errors end detect double bit errors in this
fodule 1D without using the ECCIO chip (which mey well be
in use for other things et the time).

1f the microprocessor wants to act &8s an initiator, the
fessage tc be sent should be placed 1in the buffer
immediately following the target's wnodule ID. The 1I0BC
puts the reply (if any) in the buffer immediately following
the original message.

Messace and Reply formats are specified in Section €é.8 (BUS
PRCTOCOL) .

When a message is received by an IORC, it is placed in the
buffer starting at the first flocation. If the
micreprocesscr wants to send a reply, thet reply should be
placed in the buffer iwmmediately following the coriginal
fessage.

The microprocessor must not read or write the buffer when
it is pcssible thet &another requester is using it; date
corruption will result. If the micrcprocessor is to be the
iritiator, 1t must first request and g&in ownership of the
tuffer. Once ownership is cbtained, the microprocessor is
free te write (or read) the bufter. When the
microprocessor issues the Start commend to an ICOBC, the
tuffer is loaned teo that 10BC. The microprocessor may not
sccess the buffer until an Op Complete status has been
reported, or the microprocessor resets the 10BC.

khen an IOBC receives & messsge, it places it in the buffer
(which it owns), then causes an interrupt. The interrupt
jnplicitly loans the buffer to the wicroprocessor. Thus,
after ap 1C0EC dinterrupt caused by a received message (see
interrupts, following) the microprocessor may read and
write the buffer.

If the microprocessor chooses to senc a reply, it writes
the reply 1in the bufter, and then issues the Continue
coemmand. This command returns the buffer to the 10BC; the
microprocessor must not access the buffer after issuing
this command.
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€=1.1 BUFFER (Continued)
Alternatively, the microprocessor might c¢hcose not to send
2 reply. In this case, the Disconnect commend ipstructs
the I0OBC tc release +the 1/C bus and ownership of the
buffer. 1¥ the microprocesscr wants toc eccess the buffer

after issuing the Disconnect (for example, to copy the
message to the microprocessor®s main memory), then it must
issue the Vwnership Hold command to the Bufter Control
betore 1issuing the Disconnect to the 10BC. When the
microprocessor has finished with the buffer, it must then
relesse ownersnip by issuing the Release Ownership command
to the Buffer Control.
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6.1.2 REGISTERS

The second area of microprocessor mermory that is used for
other things 1is the register area. In the MLI=-DTH, there
are sixteen 16 bit registers that coentrol and monitor the
two LCECs, the Buffer Contrcl, and the MLI Control. To the
micreprocessor, these registers appear to be a 32 byte area
¢f wmemory. The following table Lists the 16 registers by
name, Tor each MLI=-DTK esddress, and &a brief description.
Soeme reoisters are vread only or write only; this is
indicated by a W or R in the Type column,

Address
Neme {hex) Type Used Ry Description
BUFFCMND 430000 W Bufter Cont. Coemmand Register
BEUFFSTAT 435002 R Buffer Cont. Status Register
430004 R LI Cont. Result Register
430406 W MLI Cont. Command Register
430608 R MLI Cont. Status Register
43000A R tonfiguratione. ID register
43000¢C R/W LI Cont. Byte counter {(upper)
43000E R/W Fli Cont. Byte counter (lower)
430010 feserved
435012 Reserved
BUFFADDR £300146 R/W Buffer Cont. Buffer Start Address
BUFFLEN 430016 R/ Buffer Cont. Message/Reply Length
ABUSSTAT 420018 R ICBC A Status Register
BRBUSSTAT L30CTA R 10BC B Status Register
ABUSCEND 430019¢C W 10BC A Command Register
EBUSCMND 42001 W 10BC B Ccmmand Register

Note that both the address range (hex 0D43xxxx) and the
irnividual addresses within that range avre conmpletely
irplementation dependent; they may differ in the SMC and
future DTHMs,

Fach register is divided into many fields. A description of
the registers and fields follows.
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6alalol BUFFCHND

This register issues cogmands to the Buffer Control. These
include commands relating to buffer ownership, Module Busy,
tault reporting, and fault detection testing. Two bits 1in
this register are atso used te acknowledge interrupts from
the twe 10B(s (there were not encugh bits in thedir
respective commend registers).

The following table lists all the Buffer Controel c¢ommaends.
The first column names each command, and the second lists
the value that must be written into the BUFFCMND register
to issue that cemmand,.

conmand Nanme Write Value (hex)
Feouest Buffer Ownership 0a61
Release Buffer OQurership GG10
Set Module Busy 0100
keset Module Busy 0080
Ownership Hold Command g0tz
Interrupt Acknowledge, IQEC A 0840
interrupt Acknouledge, IOBC B 8000
Reset Error Latches EAH
Test Fault Detector #1 (048
Test Fault Detector #72 D044
Test Fault Detector MLI 1040
Die $200
Test Die 0240

REQUEST BUFFER OWNERSELIP COUMMAND

G o S D mn G U D M SR N DD M S ED S mm G B O R S D A b @b

This command is issued when the microprocessor wants to own
the buffer, in order tc act ae an ipnitiator. After issuing
the command, the wmicrcprocessor must poll the BUFFSTAY
register wuntil 49t ds granted owurership by the Buffer
Centrol,
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Coloulal BUFFCHMND (Continued)

RELEASE BUFFER OWNERSHIP COMMAND

e o o o e s D o G D e R e O S O g e O e e s Em R e

This command indicates that the microprocessor has finished
veing the buffer, and that ocunership may be granted to any
cther reqguestor.

SET MODULE BUSY COMMAND

oo w om o @n Gs o Gm BN O G W N @3 W W D W R

This conmand sets the (PModule Busy flag. If eny other
module tries t¢ send & nessage to this module while the
Fodule Busy flag is set, it will be refused with a Module
Busy indication.

RESET MODULE BUSY COMMAND

D N I R e R

This command resets the Fodule Busy flag.

OWNERSHIP HOLD COMMAND

R R R "

This command prevents buffer cwnership from being granted
to a new vrequestor after it has been released by the
current owWner. i1t s wused with the Disconnect I10BRC
command, when the microprocessor wants to release the 1/0
Bus before it releases the buffer. This commend must be
followed by a Release Buffer Ownership comnmend.

Tke Releaseg Buffer Ounership command that follows an
Cunership Hold command does net negate the effect of a
pricr Request Buffer Ownership command. This allows the
Cwnership Hold and Release Buffer Ownership commands to be
used in an dinterrupt handler without disturbing &n
underlying Initiate vocess that has Requested Buffer
Curership, but has not yet beer granted it See Section
€.% (BASIC PROTOCOL) for details.
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€l el BUFFCH¥ND (Continuea)

INTERRUPT ACKNOWLEDGE C(CMMAND, ICEC £

This cormana should bte issuea in the interrupt handler for
irterrugts frcm [OBC A, after the ABUSSTAT register hLas

keen resad to ascertain the cause of the interruct.
Nermally, this commanc causes the interrupt line to the
microgrocesscr tc te drcprea. Fowever, if ancther

irterrugt condition has arisen Ltefore this command is
issuea, the dinterrugpt Lire remairs asserted, ard the
ABUSSTAT register 1is changed tc reflect the new interrupt
cencditicn,

INTERRUPT ACKNOWLEDGE COMMAND, ICEC E

This is the Interrupt Acknculedge ccnmanc for IQB(C FE. See
ICEC A gescripticn for details.

FESET ERRCR LATCHRES COMFMANE

- —— - —— - - — e - —— - —

Curing the Responder Selection phase e¢f an 1I/0 Bus
Transacticr, the inpitiator Etroadcasts the encoded Module ID
cf the target responder on the data lines of the 1/¢ Bus.
ALL mcoules cn the bus cteck it the initiator wants to talk
tc them. In the process, they aitso check for single and
double bit errors in the mcaule numter. The presence of
such an error is latchea in the BUFFSTAT register, Fvery
rccule on the bus performs this check.

From the microprccesscr's pocint of view, the Ltits ir the
BUFFSTAT register may te set at any time: the
ricrcprecesscr may not ever te apprised of the 1/0 Bus
creration that encountered the error. Hence, the tits in
the EUFFSTAT register choulc te polled on a regular tbasis.
If &an errcr has been latched, the microprocessor should
record the fact ana reset the latches using this command.
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Cotaded FUFFCMND  (Continued)
TEST FAULT DETECTOR 9 COMMAND
The Buffer Control c¢cnteins two fault detectors., This
“The Butfer Control <c¢ontains two fault détectors, This

command forces Fault Detector 1 to report an errcr to the
$FC via the HodBroken signal, while at the same time
agserting McdhNotBrekena

The microprocessor should oun the buffer when this command
is issuede See Request EBuffer Ownership and Felease Buffer
Gxnership commands,

TEST FAULT DETECTOR 2 COMMAND

= owa o wm e TE T Th wm e Do Gk W S Sl W O o OX M U5 OGN 4D W3 S5 @D SR o

This command tests fault detector nunber 2.

TEST MLI FAULT DETECTCR COMMAND

- e e R s R R D W DD WD S EE ORaT D @5 G wn en m Oh oY 0 OE B e

This command tests the fault detector on the MLI.

DIE COWMAND

e L L L

This commard causes the ModBroken signal toc be asserted to
the $MC. It is used when the microprocessor discovers that
scgnething 1s drastically wrong, and cannct continue normal
Frocessing.
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6.1.2.1 BLFFCEND (Continued)
TEST DIE COMMAND
This command tests the Die signal,
The following tatble presents the commands above in a
slightly different way. Each bit, cor grougp ef hits in the
PUFFCKMND register 1s described separately,
Bit(s) Field function
15 InthAckB Interrvupt acknouwledge te I0BC B
14=-13 not used Should aluways be 00
12 FremUiErr () Used for fault detection testing
on the MLI,
11 IntAckA Interrupt acknowledge to T0BC 2
10 uPNoCheckRst Resets latches that hold single and
double bit error information during
target module number broadcast.
9 bead Causes FodbEroken to be signalled
tc the SHC.
& BusySet Sets PModule Busy.
7 BusyReset Regets Module Busy.
6 IgnoreErr Used for fault detection testinga
5 not used
4 ReleaseBuffer Buffer cownership is released.
3=2 CFerceErr(1:0) Used for fauit detection testing.
1 Cunkold Ounership Hold commend.
0 RequestBuffer Request Buffer Ownership.
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baluial BUFFSTAY

Tris read only register contains fields that indicate which
requestop (if any) owns the buffer, whether the module fis
on=Line or off=line, the Mcdule®s ID, and any single or
deuble bit errers that occur in module numbers broadcast
during the Responder Selection phase of an 1/0 Bus
transsction,

BUFFSTAT is in the following format:

Bit(s) Neme Active Description
15 0fflineH H rodule is offline.
1h=1¢ X not used; value unspecified.
11 BNocCheckDBE H DEE in module number, bus B
180 BNoCheckSBE H SEE ir module number, bus B
% ANcCheckDBE H PBE in module number, bus A
& ANoCheckSBE H SBE 1in mocule number, bus A
=4 Moduleladl(3:0) L Module ID associated with this

backplane siot.

3 DAccGrntil i L1l cwns the buffer

pa CAccCGrniL L Microprocessor ouns the butfer
i BAccGrnti L I0BC B owns the buffer

0 ARccGrntl L TOBC A cuwns the buffer

SEFE stands for single bit errbr; 0BE stands for double bit
errora.

The Active column dndicates whetter the <corresponding
register bit ds active high (H), active 1low (L), or
unspecified (X). For example, if the BUFFSTAT register
contained the hex value ?P0EE, then the module is online, no
SEEs or DBFs have been latched, the module ID ds 1, and
ICEC A owns the buffer,

OFFLINE
Pit 15, when active, indicates that the module has been
set offline by the SHMC. The SMC does this by setting &
kit in the ctard's maintenance chain. When the module
is offline, it is wunable to crive the backplane, or
respond to incoming mMeSSaces.
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EoM1aldec BUFESTAT (Continued)

NCT USED
Bits 14:12 are not used. NO guerantees are made ab
the velues these bits will assumez they should
ignoreds,

FERROR LATCHES
Bits 11:8 Llatch SEEs and ©OBEs that occur in
broadcast wodule ID during the FResponder Select
phase of an 1/0 Bus transection, These bits can
reset by issuing the Reset Error Latches command.

#ODULE ID
The ModulelIdL (3:20) {field enzbles the microprocessor
2 DTF to determine which backplane slot it is plug
into. The most significant bit (ModuleldL(
indicates which cabinet the carc is 1in, while the th
least sionificant kits indicate the slet number
through 6) within the cabinet.

khen the module is offline, the Moduleldi field

sourced from & reqgister on the maintenance chain,

therefore may not accurstely indicate the slot i
which the wmodule 1is plucged, This was done to al
testing of vaerious circuits in the two IOBC(Cs,

BUFFER OWNERSHIP
Bits 3:{ dindicate which reguestor (if any) ouns
buffer. At most, one of these bits should be act
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(low) at any one time; if wmultiple bits are active,

then the Fuffer Control is broken. Thus, legal val
for this field are (in frex):

7 = MLI owns the buffer

E - microprocessor cwns the buffer
D = 10BC B owns the buffer

E = I0BC A owns the buffer

f = no ocne owns the buffer

if no one owns the buffer (F), two possibilities exi
Either no one is requesting the buffer, or the buf
was set in *Hold' by the microprocessor.
mitroprocesser is responsible for verifying that
buffer has been releasec atter the *"Hold' command. T
allows I0EC and #L1 to resume their normal operation
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talo?:3 EUFFADDR

This register is used by Buffer Corntrol to address the
buffer. The address ctontained in this register is a word
address, relative to the beginning of the buffer (remember
that the buffer consists ot 1024 32 bit words). The
addrzss of the first word in the buffer is hex 0000, the
second is (001 hex, and sc forth. Since there are only
1024 words in the buffer, the most significant six bits of
the address are not wused, and wust be zero. In other
words, the address of the Last word in the buffer 4is O3FF
thex).

EUFFADDR is cleared esutomaticelly whenever buffer ownership
changes, It is incremented by Buffer Control whenever a
werd is read from or written to the buffer by either IO0BC
or the MLI control.

The nmicroprocessor ¢an read and write this register.
However, it is not expected that the microprocessor will
write BUFFADDR in the course of executing an I1/0 Bus
transaction. The microprocessor must not write BUFFADDR
when either 10BC or the MLI Control i¢ using the buffer; if
the microprocessor reads BUFFADDR while ancther reguestor
is using the buffer, the valus resd is nct specified, eand
rey .change at any time during the microprocessor's read
¢cycle. In other words, BUFFADDR is subject te the same
access restrictions as the bufter itself.

khen the module acts as an initiator, a message is sent and
2 reply received. After the 10BC hes reported Op Complete
(see ABUSSTAT), the microprocessor nmay read BUFFABDR, which
containe the address of the first word after the reply in
the buffer. If there was no reply, it points tc the first
vord after the original message.

khen the module is & reeponder, the 10BC puts the message
into the buffer, and interrupts the microprecessor. The
iicroprocesscr then reads BUFFADDR to determine the Llength
cf the vreceived message (BUFFADDR points to the Location
cne word after the received message). Since the received
message is placed in the buffer starting in the first
location, BUFFADDR contains the length (in words) of the
MESS0E
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6-9.¢4 {Continued)

a8

BUFFARDDE

The facility to write the BUFFADDR was provided for use
Wwith the MLI control, and for testing. Since BUFFADDR is
tleared when buffer ownership chenges, any value written to
EUFEADDR has effect only wuntil buftfer ownership is
released,

11 BUFFADDR 1is written after the microprocessor gains
ownership of the buffer for an initiate, then the Target
#odule Id and the message to be sent will be read by the
108C, starting at the specified buffer address. Similarly,

if BUFFADDR s written after an
Continue cormmand to the 10BC,
reply from the buffer, starting

interrupt, before issuing a
then the I0BC will read the
at the specified address.

BUFFLEN
FUFFLEN is used by the microprocessor to inform the buffer
control of the length of a wessage that i1s to be sent on an
170 Bus. khen the microprocessor s aeting 8BS an
initiator, it loads this register with the Length of the
message (in words), minus cne in hex.

seventeen words long,
Note that the length here
it does not include the
the module is a responder
of the

Fer example, to send & message
BUFFLEN is loaded with hex 0010,
is the length of the message only;
Target fModule Id word,. Khen
sending & reply, BUFFLEN is loaded with the lenath

reply minus one before issuing the 'Continue’ command to
the 10BC.,

Tec send a2 one word message or reply, Load BUFFLEN with 0000
(hex).

This register shouild not be read or written while an 1I0BC
or the WLI control could be accessing the buffer. BUFFLEN

is counted doun every time & word is read from the buffer.
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€105 ABUSCHMND AND BBUSCHMND

These registers are used by the nmicroprocesscr to 1issue
commands to I0PC A and 10BL B, respectively, They differ
only in address. The commands issued via these registers
relate to sending messages and replies, acknowledging
initiate I/0 Requests, clearing the I0BC, and testing the
10BC®*s fault detectors.

The following table lists ali the ICEC commands, The first
column nawes ecach commandz the secord lists the value that
must be written into the register (ABUSCHMND or BBUSCHND) to
issue that command.,

Command Name Krite Value (hex)
Start Normel GO0
Start Enmergency 0081
Continue L0022
Fisconnect Loos
Reset Master ¢0o9
Reset Listener DO0A
I10Ack 0040
Test Fault Detector #1 8100
Test Fault Detector #2 820¢
Test Fault Detector #3 8400
Test Fault Detector #4 ] 8840
Test Fault Detector #5 9000
Test Fault Detector #6 AQGD
Test Fault Detector ¥7 tool

The commands functiorn as desciribed in the following text:

¢ STARYT NOERMAL. The microprocesscr uses this command to
indicate to the I0RL that there 1is a message (and
Target Module Td) in the buffer, which the I0BC should
attempt to send., The microprocessor should own the
buffer at this time. This commend ivplicitly loamns the
buffer to the 10B(.
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6.1:c05 ABUSCMND AMD BBUSCMNMND (Tontinued)

¢

START EMERGENCY. This command is identical to Start
Normal, except that during the bus arbitration phase,
the 10BC asserts its emergency priority Llevel dinstead
of its normal priority level. Emergency priorities are
hioher then all normal pricrities; thus, 1if conly one
module assesrts emevrgency pricrity, it is sure to win
control of the bus.

CONTINUE. Thkis command is used by the microprocessor
te send 8 reply. After the micrcocprocessor has examined
the received message and formatted the reply din the
buffer, this command informs the I0BC that the reply is
reacy for transmission.

GISCONNECT. This command indicates that the message
just received deces not need a reply; hence, the I0BC
shovuld discornect Trom the bus,.

vwhen the I0BC disconnects fTrom the bus, it elso

===UNISYS Prior

relecases ouwnership of the buffer. The other 10BC, or
the ¥LI eontrol, could g¢ain owknership and use it
immediately. Tc prevent this, the microprocessor must
issue anp OQunership Hold Ccmmand to the buffer controtl
before issuing the Disconnecta.

RESET MASTER, This c¢emmend clears the initiator
cortion ¢f the IGBC. If it was connected te the 1/0
Bus at the time, the conrection will be severed. It is
expected that this command will only be used for error
recovery (suchk as when the microprocessor times out an
1/0 Bus transacticn). See Microprocessor Microcode for
further details.

KESEY LISTENER. This command clears the Llistener
portion of the I0BC, 1f it was connected to the 1/0
Bus at the time, the copnection will be severed. This
command is not used.

I110ACK. This command causes the I0BC to assert the
110Ackl. signal to the 10NC. Tkis command should only
be used by the Message Router, in response to an IIQKeg
interrupt. The I10BC bandles the backplane timing
details specified in Section 6.8 (BUS PROTOCOL).
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€.1.2.5 ABUSCMND AND BBUSCHND (Continued)

¢ TEST FAULT DETECTOR. Fach I0OBC contains seven fault
detectors, This command forces the specitied fault
detector to report an errcr to the SWMC via the
ThodEroken? signal, while at the sage time asserting
"ModNotBroken®.

The microprocesscr should own the buffer when this
command s issued (see Request Buffer Ownership and
falease Buffer Ownership commends).

The following table presents the commands above 1in a8
slightly different way. Fach bit, or group of bits in
the register is described seperately. In the table, an
x at the beginning of the name can be replaced by A or

B.
Bits Neme Function
15 xIgnerekrr Fault detection testing

14-8 xForcebEpr(6:0) Fault detection testing

7 x1Emerg Uee with Start; emergency
priority during bus arbitration.

6 xI10Got {auses I10AcCkl to IOWMC.
St not used Must be zero.
3 xReset Resets the I0BC, EBits 0 and/or 1

indicate whether the initiator (set
bit ) o¢r responder (set bit 1) or
beth (set both bits U and 1) are to
bLe reset.

2 xDisc Pisconnect = nc reply requireda
1 xContinue Continue - send reply in buffer.
0 xStart Stert 1/0 Bus Comnmand.
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6.1.2.¢€ ABUSSTRT AND BEUSSTAT
These two registers allow the microprocesser to determine
the stetus of the twe 10BUs. The microprocessor inquires
about the status in order to:

o determine the cause of an interrupt

o after issuing a Stert command, determine whether the
1/¢ Bus operation has completed, and if so, with what
results,

One field (in fact, & single tit) is devoted te the first
case; the rest of the register is devoted tec the second.

in the following table, an x at the beginning of a name can
te replaced with an A or a B,

The two registers are as follows:

Pit{s) Field Active Description
15 x110IntH W Interrupt reason.
14 X nct used
13-11 xBidErr(2:0) L Rus arbitration errors.
1t xErrline K Errar report from IOMC.
9=8 XMEBE-xSBE H MEE/SPE detected by
1/0 Bus €ECCIO0.

i=5 xSelRes(2:0) H Fesponder selectiocn resulta
b=2 xBidRes(2:0) H Bus arkbitration result.

1 xPreEmptlL L Another reguestor wants to

PreEmpt the buffera

xOpCompl L Operation complete.

o]

-==UNISYS Priocr Written Consent Required For Disclosure 0f This Datage==-=




| 1993 5329
UNISYS CORFORATION T T +
ENTRY/MEDIUN SYSTEMS GROUF |
PASADENA DEVELOFMENT CENTER | VSO0 DATA TRANSFER MODULE
I
COMPANY e et e EE e — e ——————————— S

CONFIDENTIAL ENGINEERING DESIGN SPECYFICATION Rev. A Page 54

bolalot ABUSSTAT AND BBUSSTAT {Continued)
Netes:

SBE stands for sinole bit errorz; MBE stands for
nulti=-bit error.

The column headed ‘*Active' drdicates whether the
corresponding register bit is asctive high (H), active
low (L), or unspecitied (X). fFor example, if the
ABUSSTAT register contains the hex value €82A, then
Operation Complete is asserted.

Bit 15 (x1I10IntH) is independent of the the rest of the
register, 1t indicates the reason for ap interrupt
from this J0BC. The rest of the register 1is wused by
the microprocesscr to moniteoer the I0BC after a Start
Ctommand has been issued.

The tieslds in xBUSSTAT are used as follows:

o INTERRUPT REASON. Khen the microprocessor is
interrupted by an I0BC, bit 15 (xII0IntH) indicetes if
the interrupt octcurred btecause a message has been
received (xI10IntH dow), or because the IOMC asserted
T11CReqt on the backplane. 1I0Reql indicates that there
is something 1irn the mailbox register Yor the message
router (xXIIOIntH high). ALl modules except the nessage
router ignore the ¥I1X0IntH high dinterrupts.

The value of bit 15 does not change after an interrupt
until the microprocessor issues an Interrupt
Acknowledge command for the apprecpriate I0BC vie the
BUFFCFND register.

1f the microprocessor s interrupted because a message

‘has been received (IICIntH# low), then it examines xSBE
and xMBE to determine if the data arrived intact,
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Coalalob ABUSSTAY AMD BBUSSTAT (Clontinued)

o OPERATION COMPLETE. Bit § (x0OpComplL) indicates to the
nicroprocessor that the 1/0 Bus trensaction requested
by the Start Commend hes completed. Other bits in the
register indicate whether the operation was successful,
or why it failed.

Bit 0 also plays & significant vole 1in synchronizing
the 1CBC With the Ficroprocessor. After the
microprocessor issues 8 Start cowmmand, various values
appear 1in the register as the I1/0 Bus transaction
progresses, Since the microprocessor and the I0OBC run
with different «clocks, the register might be changing
while 1t is being read. Ffor this reason, the value
read from the register cannct be trusted unless the
10BC has stopped changing it. This 4s 1dndicated by
xOplomplL being low.

Bit ( is set high by the Stert command, and remains
high wuntil the 1/0 Bus transactiorn is complete. The
microprecessor polls the xBUSSTAT register vregularly
atter dissuing the Start command, testinog only the
xCplompl bit., Once the xOpCompl bit has been tested
and found low, the microprocessor must read XBUSSTAT
again to ensure that the values of all btits in the
register are consistent.

khen the 1/0 Bus cperation times out, the
microprocessor might try to interpret bits 1in the
xBusStat register while xOpComplL ds high. 1f the
mitroprocessor desues a Start Commard, and Op Complete
is not asserted within a reasonable time, then
something is broken; perhaps the I0BC, the responder,
er the packplare, Infermation dn the xBUSSTAT register
can be used to help isolate the faulty module,

If the 1/0 Bus operaticn times ocut, the microprocessor
reads the xBUSSTAT register twice, and compares the tuo
values read. I1If +they are equal, diagnosis can be
attempted. pbetails of timecut values and fault
bandling procedures eappear in Section 7 {ERROR
DETECTION AND HANDLING),
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talatat ABUSSTAT AND BBUSSTAT (Continued)

© BUS ARBITRATION RESULT. Once Op Complete has been
asserted, the microprocessor examines the xBidRes(2:0)
field., Possible values fcr these three bits are as

follouws:e

xBidRes(Z:0) Descriptiorn

100 or 111 BUSBUSY
201 PreEmpt or Arbitration Error
810 10BC obtained the bus

ALl other values indicate that the ICBC is broken.

1f xBidRes{2:0) = 16U (binary), then a BUS BUSY
condition has occurred (the I/0 Bus was already in use
by enother module). The nmicroprocessor retries the I/0
Bus operation.

If xBidRes(2:0) = 001 (binary), there are three
possibilities:

4. This, and some other module bid fer the bus at the
same time; the cother module had higher prioritya

be A PreEmpt occurred.
t. A hardrare failure was detected,

The microprocessor examines xPreEmptl and xBidEvrr(2:0)
to determine how to procesd. If PreEmptl 45 inactive
(high), and xBidErvr(2:0) = 111 {binary), then case (a)
CCCuUrred, in which the other mwodule had higher
priority. In this <case, the microprecesser should
retry the 1/0 Bus cperztion.

1f xBidres(2:0) = (1€ (binary), then the bus
arbitration phase conpleted svccessfully, and this
module has access to the bus. The microprocessor

examines xSelRes(2:0) to find out how the remaining
phases of the 1/0 Bus transaction completed,
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€aieiab ABUSSTAT AND BBUSSTAT ({cntinued)

C PREEMPT., PBit 1 (xPreEmptl) is velid only when xOpCompl
is active (low), and wkhen xBidRes(2:0) = 001 (binary).
In those circumstances, XFreEmptl widl be tLlew 11 a
Prefmpt condition bhas arisen. A FPFreEmpt occurs if
gither I0BC, or the MLI control discovers that it needs
the butfer to accept ap incoming message between the
time the microprocessor is oranted ownership of the
tuifer, anc the time it issues the Start command.

When the  microprocessor discovers a Pretmpt, it
releases cunership of the bufier. The Prefmpting
recuestor then geins ovnership of the buffer, puts the
message 1irn the bufter, and causes an interrupt. The
microprocessor may retry the coriginal operation &sfter
the PreEmpting message hae been handled.

o BEUS ARBITRATION ERRORS. Bits 13-11 (xBidErr{2:0)) a&are
valid conly when xCplompl ds ective (low), and when
xBidRes{2:20) = G071 (binary). In those c¢ircumstances,
any of the three bits in this fTield being active (low)
indicates that the bus arbitraticn hardware for this
1/0 Bus tailed. The I0BC in guestion should not be
used again until some sort of testing has been carried
cut.

The meanings of the individual bits are as follows:

yEidEre(0)
The priecerity compasrator asserted Egual and Less
simultaneously, and is therefore broken, or the module
recuested normal pricrity, but was granted emergency
priority (or vice versad.

XEBidEre (1)

The module asserted its priority, but bus arbitration
Logic reported no requests,
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60lacab ABUSSTAT AND BBUSSTAT (Continued)

xBidErpr(2)
The medule asserted its pricrity, but bus arbitration
logic reported cnly requests of lower priority. :

1f any of these three bits is active (low), then the
hardware dis broken. In atl thkree cases, the I0BC is
the primary suspect, protably causing 904 or more of
the fadilures of this type. The backplane is the major
secondary suspect; it is extemely unlikely thet another
module connected to the 1/0 Bus could cause these
failures.

c RESFONDER SELECTION RESULT.

Once Cp Complete has been asserted, and xBidRes(2:() =
10 (binary), then the microprocessor examines the
xSedlRes(2:0) field., Possible values for these three
bits are as follows:

xSelRes(2:0) Description
010 Module not present
190 Itlegal disconnect
110 Module busy
oG Normal termination

AlL other values indicete that the I0BC is broken.

Fodule Not Present indicates that the target responder
is either physically not present, or is offline. A
module may go offline for 8 number of reasons:

The SKC may put the module offline by shifting the
apprropriate value into the meintenance chain,

A fault detector may detect & Failure and take the
module offline.

Stecp logic set up in the wmodule may take the module
oftfline.

In all three cases, the SMC 1is aware of the actual
status of the module.
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€226 AEUSSTAT AND BBUSSTAT (Continued)

An Illegal Disconnect cccurs when the target responder
goes offline in the middle of the 1/0 Bus transaction.
Mecdule Not Present, in contrast, occurs when the module
is cffline before the transection begins.

If either an Illegal Bisconnect or a Module Not Present
cececurs to & responder that was previously answering
ressages, then simply retrying the operation is
inappropriatea Some kind cf extended recovery,
probably coordinated hy the S#HC, is recuired,

Fodule Busy indicates that the target responder 1is
unable to accept a message at this time. The operation
is retried.

Normal Termination indicates theat a message was sent,
and a reply (perhaps) received without a control type
mishapa It does net dndicate that the data was
received unblemishted. The errcr bits (xErrline, xSBE,
and xMBE) must be examined.

o XSBE AND xFKBF, These twe bits dndicate whether this
module’s ECCIC chip detected any single bit ervors
(xSBE) or multi-bit errcrs (xMBE) during the I1/0 PBus
transaction. Single bit errors are corrected
gutonatically., Multi-bit errors cannot be corrected,
elthough retrying the operaetion way allow recovery.
Fossible values fcr these three bits are as follows:

XMEBE,xSBE Description
Co No error
{1 Single bit error (send)
145 Single bit error {receive)
11 pultiple bit error
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6.1.¢.6 ABUSSTAT AND BEUSSTAT (Continued)

c XERRLINE. This bit indicates whether the I0MC asserted
the Error backplepe signal et any time during the 1/0
Bus transaction. The Error signal indicates that the
16MC 48 returning an error word. The last word im the
reply should be checked toc determine the type of error
(if sny), and the correction ection needed,

1f the probiezm occurred while the message was being
sent, then a word will be added to the responder®s
reply, specitying the type of error that occurred (see
Section 6.8.2 MESSAGE FORMATS for more detail).

To check that an 1/0 Bus transaction has completed
sucessfully, the microprocessor wusts

{1) Poll xBUSSTAT continuously (checking for timeout),
waiting for x0plompl to be asserted. The value
read could be ANDed with 0001 {hex) and checked for
equality with U00U0 C(hex).

(2} Read xBUSSTAT ac¢ein, c¢hkecking for success ful
completion. The value read could be ANDed with
O7FD (hex) and checked for equality with (028
(hex).

I¥ test (2) fails, then the enalysis procedure outlined
above should be followed to determine the cause of the
abnormal termination. Figure 6-1 <cummerizes that
analysis.
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Check
Timeout
(1)

Read xBusStat
CASE of
xBidRes:
100 p=—% Bus Busy
Broken 10BC -— 00 1d0
Hardware 10 bo
Other;_). Broken |0BC
Hardware
Preempt
CASE of
xSelRes:
Lost Bus daeeo
Arbitration 010 » Mod Not l?resent
101 & [llegai Disconnect
110] Module Busy
Data Error 00t |
Other Broken I0BC
Hardware
Good Complete!
Figure 6-1 xBUSSTAT Register Analysis Flow Chart
Notes:
(1) Timeout values, and actions to be taken when a

timeout occurs are

DETECTION AND HANDLING).

described in Section 7 (ERROR

(2) A Data Error occurs if xSBE, xMBE, or xErrLine 1is

active,
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€a? INTERRUPTS

Ir the MLI=-DTM, 1/0 Bus-related interrupts are generated by
the 10BCs. Fach 10EC has an associated interrupt line to
the wicroprocessor. An 10BC cenerates an interrupt because
& ressage has arrived, and has been put into the buffer, or
because the 10M(C has asserted IIOReqgl on the backplane,
indicating that there dis something in the mailbox register
for the message router.

it must be emphasized that this is very much an
implementation decisiona The SMC  and future DTHM's
nicroprocessers may be interrupted for cdifferent reasons.
For example, tuture DTWMs mey be dinterrupted by the buffer
controel when bufter ocwnership has beep grented to the
Nicroprocessor.

khen the microprocessor has accepted the dnterrupt, and
read the aeppropriate xBUSSTAT register to determine the
tause of the dinterrupt, the microprocessor must issue an
Interrupt Acknowledoge command for the interrupting I0BC to
the buffer control. This comrwmand is issuec via the buffer
control rather than directly to the I0BC because the 10B(C's
cormand registers do not have enough bits available.

The method of determining the fdnterrupt reason, end
acknowledging the dinterrupt, is implementation dependent.
A future design might <choose instead to wuse vectored
interrupts and the microprocessor®s interrupt acknosledge
cycle rather than the current MLI-DTN schenme.

In the current impiementation, the IIOGREQL interrupt s
disabled on all I/0 wodules except the message router
during systenp initielization. This is done for performance
considerations. If the message router module breaks, this
interrupt is enabled on the module that is g¢going to be
aesigned the message router responsibilities.

It both interrupt conditions are sirultaneous, or nearly
s¢, the hardware insures that only one interrupt at a time
i¢ presented to the microprocessor, The value in  ¥BUSSTATY
does not change until! the Interrupt Acknowledge command is
issued.
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€.3 BASIC PROTCCOL

Tkis section describes how the commands, status bits, and
interrupts relate to each other. It describes the flow for
2 normal message both trom the standpoint of the initiator,
and trom the standpoint of the responder.

€341 MORMAL INITIATOR FLOW

Figure =2 shows the protocol follaowed by the
ricroprocessor when initiating an I/0 Bus transactione.
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Figure 6-2

Initiator Flow Chart
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€.3.1 NORMAL INITIATOR FLOW (Continued)
Motes:
1 Buffer contrel comrmends are descpited in Section
6.1.2.1.

2 The Buffer Status hkegister (BUFFSTAT) ds described in
Section 6.1.2.6.

3 Timeout values anc actions to be taken when a timeout
occurs are described in Section 7 (ERROR DETECTION And
HANDLING) .

4 It is suggested thet the wmessage be formatted 1in the
microprocesscr's main memory, and then cepied intoe the
buffer, so as tec minimize the time spent wWwith the
Buffer Ouned.

) The Buffer Length register (BUFFLEN) 1is desceibed 1in
Section é.1a2:4.

& I10BC c¢ommands are descriped in Section 6a1u2a5e
Replace the x with A or B, depending on the I0BEC being
used,

7 10BC Status register (xBUSSTAT) is destribed in Section
6-1.2-6.

& Error recovery is described in Section 7.
9 1t is suggested that the reply bte wmoved out of the

bufter as quickly as possible, so as to minimize the
time spent with the Buffer Quned,

===UUNISYS Frior Written Consent Reguired For Disclosure 0Ff This Datae===




. |
UNISYS CORPORATION pmmmmm e

+
ENTRY/MEDIUM SYSTEMS GROUP :
PASADENA PLANT ! V500 DATA TRANSFER MODULE
]
]
COMPANY b e e
CONFIDENTIAL ENGINEERING DESIGN SPECIFICATION Rev. A Page 66
6.3.2 RESPONDER FLOW

When an IOBC interrupt occurs, it could be because a
message has arrived, or because an IOMC has something for
the message router in its mailbox register.

Interrupt
“——1 Read xBusStat (1)
A 4
Issue Interrupt (2)
Ack Command
X110Int 3
Active?
Handle Received Handle Initiate
Message |/0 Request

Return from !nterrupt

<

Figure 6-3 Interrupt Flow Chart
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I KESPONDER FLOW (Continued)

NOTES:

1 ICRC Status register {(xBUSSTAT) s described in Section
6212226 The x ¢én ke replaced by A or B, depending on
which 10BC caused the interrupt.

l Buffer controlt <commands are describted in Section
6‘1‘2‘1‘

2 Value of xII0IntH in xBUSSTAT read at step (1) should
be used; xBUSSTAT may change at any time after the
Interrupt Acknosledge command is issued.

The two cases are handled as shown in figures 6-3 and 6-4,
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Figure 6-4

pa Error

> Recavery
(3

Resd Masungs
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Write Repiy {ssua Ownership @)
into BufTer Hold Command
iasus Disconnect |ssue Disconnsect. 7
Load BuffLen ®) Commsnd X Command @)
|ssus Continua 7 Reinane Buffer (9)

Cammand

Ovyn when done

S~

( Return to )
‘Interrupt’

Incoming Message Handling Flowchart

-==UNISYS Prior Written Consent Required For Disclosure Of This Data-=---




| 1993 5329

UNISYS CORPOKATION et e R L LSt +
ENTRY/MEDIUN SYSTEMS GROUP |
FASADENA DEVELCOPMENT CENTER | V500 DATA TRANSFER MODULE

|
COMPANY freermeceraecanan m——mereees e ————
CONFIDENTIAL ENGINEERING DFSIGN SPECIFICATIOCN Rev., A Page 69 -

6.3.2 RESPONDER FLOW (Centinued)
NOTES:

1 I0BC Status register (XBUSSTAY) is described in Section
6126, Replace the x with A ¢or B, depending on which
I0BC caused the interrupt.

2 Single bit error logging 48 discussed din  Section 7
(ERKOR CETECTION And HANDLING) .

3 See Section 6.4 (ERKOR RECOVERY).

4 This deciston depends on the op tode embecded in the
message, and the presence or absence of errors. Op
codes and their meenings are discussed in Section 6.8
{BUS PROTOCOL). 1% an error bhas occurred, then a reply
specifying the kind of error is required.

5 It the microprocessor is to relesse the 1/0 Bus but
continue using the buffer, then the Yes branch must be
taken here.

6 The Buffer Length register (BUFFLEN) 4s described in
Section €é.1.2.4%0

7 I10BC commands are cescribed in Section 6.1.2.5.
8 Buffer control commands are described in Section
éﬂ162.1-

b Thie buffer control command should only be issued when
the microprocessor has finished using the buffer.

When an interrupt occurs because the I10MC has somethino in

its mailbox register for the message router, the
micrepreccessor must proceeds &5 shown in Figure 6=5,
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Figure 6-5

Initiate I/0 Request Flow Chart
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6.3.2 RESPONDER FLOW (Continued)
NOTES:
1 Orly one module in the system itz the message router
(refer toe IOMC PECULIARITIES, Section 4&4.5), ALl
modules except the message router ignore this

interrupt. A hardware mask prevents the interrupt. The
mask can be set by shifting in (throuch the data chain)
the appropriate bite by the SHC.

? The message router wmust respond to the dnterrupt.
However, the vresponse reguires at least one I/0 Bus
iransaction {a resd of the I0¥C wailbox register). 1/0
BEus operations cannot te done within an interrupt
handler. Hence, the Tact that the interrupt occurred
is recorded, Reading the mailbox register and
processing the 110 request is handled later.
information recerded includes which bus caused the
interrupt (each IOFC has its own mailbox register).

Eventually, any outstandine intervupts will hkave been
handled, 2nd the mictrcprocesser returns to some underlying
LrOoCeEsSsS., In the message router, this preocess must
pericdically check if an Initiate I/0 Request interrupt has
been recorded. If there is ar interrupt, it is handled as
showr in Fioure é-6.
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Mailbox Register

Read
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No Error
p Recovery
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Issue 110Ack (3)
Command
Process 110 (4)
Request

Return to
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Mailbox Read Flow Chart

---UNISYS Prior Written Consent Required For Disclosure Of This Data----



l 1993 5329
UNISYS CORFORATION tom e e e +
ENTRY/MEDIUM SYSTEMS GROUP |
PASADENA CEVELOFMENT CENTER | V500 DATA TRANSFFR MODULE
|
CONPANY Fomemme oo e o ———e—ee ceeeee-
CONFIDENTIAL ENGINEERING DESIGN SPECIFICAYION Reve A Page 73
é.3.¢ RESPONDER FLOW (Continued)
NOTES:
1 This btox shows & conplex seguence of operations.

Basically, the module must be an initiator, and send a
Read Mailbox message to the I0WC. The IOWMC vreplies
with the mailbox coptents.

Z Error recovery 1is discussed 1in Section 6.4 (ERROR
RECOVERY) .

3 I0RC commands are described in Section 6.1.2.5.

4 This box shows & complex sequence cf operations, which
&re not yet specified.

Since some of the flows above are initiated by interrupts,
interactions tetween the flows are possible. The flowuws
fall dinto two distinct catecories; interrupt handler flowus,
and underlying process flows. The interrupt handler flows
include the Interrupt Flow Chart, the Initiate 1/0 FRequest
tlow <Chart, and the Incoming Message Handling Flow Chart.
The underlying process flows dinclude the Initiator Flow
Chart and the HMailbox Read Flow Chart.

Ipitiate I/0 Request intsrrugpts may occur at any time, from
geither 10EC. For modules cther than the message router,
the interrupt is essentially ignored, and any flow in
rrocess at the time, whether an underlying process, or
interrupt handlear, 1s continued,

In the message router, the interrupt i8¢ remembered, and any
cther flow 1s allowed to complete before the Mailbox Read
flow ig executed. A second Initiste I/0 Request interrupt
from the same IOBC is pot possibile until the T10Ack command
hes been issued. This means that there is no need to queue
tte ftact that the dnterrupt occcurvred; & simgle flaog per
I0BC suffices. However, it may be necessary to gueue the
110 Request read from the mailbox.
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6.3.2 RESPONDER FLOW (Continued)

In the case of incoming message interrupts, & requestor
(I0BRC or WMLI Control) must own the buffer before it can
cause an interrupt. This meane that, if the microprocessor
ovns the buffer, incoring wmessage interrupts cannot OCCUF.
Furthermore, once an IGEC owns the buffer, the other 10BC
and the MLI Control cennot cause 1incoming message
interrupts until buffer cwnership 145 released; that 1is,
urtil the incoming messege hendling tlow is complete.

As an example, suppose that the microprocessor is
attempting to send & message at the came time that an IO0RC
starts to receive an inccming message (assume that the
¥odule Busy tlag is neot set). The segquence of events
depends on whe gets ownership of the buffer first. If the
I0BC gets ownershigp Tirst, then the seocuence of events is
&és shown in Figure 6-7.
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6.3.¢ RESPUONDER FLOW (Continued)

The interrupt may occur any time before the wmicroprocessor
gete dnte the ownership test Llocp; 1in eny case, the
underlying process c¢eannct exit that Lloop untitl the
interrupt has occurred, the incoming message handling flow
hes been executed, bufter ownpership has been released, and
the micropreocessor has returned from the interrupt handler
to the underiying process. At that time, the
microeprecessor gains ownership of the buffer, and
underlying process falls out of the ownership test loop.

It the incoeming message does not require a reply, the flow

is similar; Figure ©6=8 shous & subtlety 1in buffer
ownershipa

===UNISYS Prior Written Consent Reguired For Disclosure Of This Data-==--=




- ———— - - — - - - oD e

UNISYS CORPORATION B e L LR +
ENTRY/MEDIUM SYSTEMS GROUP

1
!
PASADENA PLANT | V500 DATA TRANSFER MODULE
]
1
COMPANY e
CONFIDENTIAL ENGINEERING DESIGN SPECIFICATION Rev. A Page 77
le]=1ey Microprocessor
Interrupt Handler Underlying Process
Request
Buffer
Recsive Request
Messege Buffer

Cause Interrupt Ownership 3

f
N Waiting N Reod Messoge |
% Issue \ \
\\ Ownership Hald \ NN
\ \ Command \\ N
AN Disconnect R\, Suspended \\
Releass Buffer N v

N NN
————®{ Process Message \\\\\§
RN

\\ \, ., \\\

“\‘Q\

\ - NN
R,
N

NN “\\‘\ N

\_ Relesse Buffer ) \\&i\\\\i
\ DN
NN

Return N \\\\\\\\i\\\
From Ownership
Interrupt Test Loap

Initiate
Transaction
Receive Reply

Release Buffer

Figure 6-8 Microprocessor~IOBC Interaction (Disconnect)
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Ea3et RESPCNDER FLOW {Continued)
The subtiety relates to the effects of the varicus Release
Buffer Cunership commands. When the I10BC receives the
bisconnect command, it disconnects from the I/CG Bus, and
relezeses cwnership cf the buffer, Because the

microproctessor issued the Ownership Fold Command before it
issued the Disconnect, buffer owpership reverts to the
micronrocessor. When the dinterrupt handler has finished
with the btuffer, it issues a Release Buffer Ownership
command to the buffer contreol.

A problem is that the wicroprocessor (in the interrupt
handler) owns the buffer; releasing ownership normally
indicates thet the wmicroprocessor®s use of the buffer,
which started with a Request Buffer Ownership command, has
tinished. As Figure 6.8 shous, the underlying process has
not started to use the buffer. Releasing ownership at this
point would prevent the wurnderlyirg process from ever
getting out of the ownerchip test lLocp.

The buffer control hardware takes care of this problem. It
remembers the Ownershic Hold Command, and treats the
Release Buffer Ownership command that fellows it (the one
ir the interrupt herndler) differently from the one issued
in the underlying process.

1f the microprocessor gets ownpership of the before the

168BC, then the 1I0BC <cannoct cause an 1incoming message
interrupt. The secuence of events is shown in Figure 6-9.
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Figure 6-9 Microprocessor-IOBC Interaction (Micro Gets Buffer)
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62342 RESPONDER FLOW (Continued)

The 108¢C Wwaits for buffer ounership while the
nicroprocessor executes the dinitistor flow, When the
microprocessor dssues the Stert command, Op Ceomplete with
PreEmpt 1is reported immediately in the xBUSSTAT register.
The microprocessor releases buffer ownership, and starts to
retry the I/¢ Pus operation. The 10BC immediately takes
the butfer, and the thke flow proceeds as if the I0BC had
gotten buffer ownership first,

Interections between interrugpt handlers are governed by
buffer ownership, and the microprocessor®'s interrupt
priority structure. As ncoted above, the buffer ownership
mechanism prevents other incoming message interrupts while
any reauestor cwns the buffer., This does not gprevent an
interrupt thandler from bteing interrupted between the time
it releases buffer ownership and the time it executes the
Return From Interrupt instruction.

Iin the basic Mé8U20 micrcprocessor, seven interrupt levels
are provided, While an interrupt handler is running at a
perticular level, otner interrupts at that lsveli and below
are wasked, in the MLI=DPTHM, IOEC A causes Level 5
interrupts, while I0BC E csuses level & dnterrupts. This
means that the dinterrupt handler for IOBC B can be
interrupted by 10BC A, The tollowing tabde summarizes the
prossicle ipteractions.

Handier Running intéerrupted By
ICBC B, Initiate I/0 i0BC 2, Initiate I1/0
10BC A, Incoming Message
I0BC B, Incoming Message 10BC A, Initiate 1/0
*x{0BC A, Incoming Message

* This combination can only occur after the 1CBC B
inceming message handler has released buffer ownership.

10BC A interrupt handlers cannot be interrupted, because
they vrun at level 5, while 10BC B hanrdlers run at level 4.
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6.4 ERROR RECOVERY

1/¢ Bus errors fall intec three categeories; Normal errors,
Unusual ervrors, and Brcocken errors. Normal errors are those
that octcur during normal operation. They are:

© BUS BUSY. The 170 Bus was in use by ancther module
when the microprocessor issued the Start command.

o LOST BUS ARBITRKATION, This module and another module
bid for the I1/0 Bus at the seme time. The other module
had higher priority.

o FREENMPT. Fither I0BHC or the MLI contrel requires
buffer ownership for an incoming message,

© FODULE BUSY. The taerget responder is unable to accept
2 message at this time.

Two errors are classified as unusual:

¢ FODULE NOT PRESENT. The target responder 1is either
physically not present, or is cffline.

o ILLEGAL DISCONNECT. The target responder did not
complete the I1/0 Bus transaction successfully.

These errors do nmot occur during normal operation, but may
be caused by stop logic, or by feult recovery in enother
nodule,

Fineily, there are the Broken errors. These dndicate that
some piece of hardware ie broken. They dinclude:

o TIMEQUTS. An operation did rot complete in the
recuired time,

I DATA ERKCRS. A single=- or multi=-bit error occurred
during data transfer.

o BEROKEN HARDWARE. The value in a register {(xBUSSTAT ovr
BUFFSTAT for example) is not valid.
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6.4 ERROR KECOVERY (Continued)
This section deals anly with the Noreal errors. Unusual

and Broken errors are described 1in Section 7 (ERROR
DETECTION AND HANDLING).

Pus Busy and Lost Bus Arbitration errors c¢an be retried
immediately. It the target responder is connected to both
1/0 Busses, the retry uses the other bus. If this module
has set the Module Busy flip~-flop, then it is not necessary
tc release the buffer before retryinc. 1In all other cases,
the buffer must be released ano reacouired before retryinga.
The outgoing message must ke topied into the buffer again.

FreEmpt errors can alsc be retried immediately. In this
case, however, the buffer wust ke released and reacquired
before retrying. The cutgeing messege must be copied into
the buffer again because the PreEmpting message will have
destroyed it.

The retry weits for butfer cwnership; during that time, the
incoming (preempting) message causes an interrupt.

A Module Busy condition indicetes that the target responder
#ill bhe busy for scme time. The 1/0 Bus tramsaction must
be retried. The buffer is released, and reacauired betxeen
retriesa. Again, the ocutgocing message nmust be cecpied into
the buffer sgain becavce activity betwesn retries may have
destroyed it.
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6.5 1/0 EUS SIGNAL GLOSSARY

This glossary of I/70 Bus signals contains the folliowing
inforration about each signal:

togical Name The name that 1s normally used to refer to
the signel. This name does not indicate
which 1I/0¢ Bus the sional is part of, nor
does it follow the normal signal naming
conventions.

Signal Names The actual board and backplane names by
which this eignal is known, both on the
packplane and on each of the cards. There
must be at least one name for each 1/0 Bus
herea

Sourced by Indicates whether the signal is socurced by
the initiator, the responder, or both.

Active Indicates whether the sigral 1is active
high or active low.

Flectrical Type The different electrical tvypes are
gescribed in detail in Section 6.7
(DRIVERS AND RECFIVERS) .

bescription A brief description of the sional's use,

Tining Bus tinming requirements for the signal.
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65,1 1/0 BUS SIGNALS
pata(%8:0)
Signal Names 1/0 Bus #0 ~ TIQIDATA=nnP and
1/0 Bus #1 = TIG20ATA=nnP
Scurced by Initistor during message send; or
responder during reply send.
Active High
Flectrical Type Tristete date
fescription Four bytes of data (Data(31:0)) and seven

bits of ECC (Data(38:32)) are transferred
on these {lines every system TTL clock
during the message and reply phases of an
1/0 Bus transactior. The ECC code is
specitied in Sectior 6.8 (BUS PROTOCOL).

These signals are also used during the bus
arbitration and resgonder selection phases
of a transection.

buring bus a&arbitration, each contending
module drives @ different bit low on the
data bug. The module driving the highest
numbered bit Wirsa Physically, each
module drives 1its Normal Request or
Emercency FRequest ping each card slot has
these two outputs wired to (eard slot

unicque) data bit Wires. The bus
termination wmakes thke signals that are not
driven {either because the module s

physically not present, or because it does
not want the bus) agppear kigha.

puring resronder selection, the target
responder®s |)] with correct ECC s
broadcast on the bus, as if it were data.
See Section 6&.1.1 (BUFFER) for wvalid
target asddresses,
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6.5a.1 1/¢ BUS SIGNALS (Comrtinued)
Timing Date transfer occurse on every TTL clock,

Puring data transfer, data must be stable
at the receiver on the rising edge of the
clock. The signals Listed follewing define
when a data transfer is taking place.

for timing during bus arbitrarion and

respondger selection, see FuskReg end
Modreao.
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6.5.¢ BUSREF SIGNALS
Signal Names 1/0 Bus #U = TIO1BUSREF$P, TIU3BUSREFSP
apd

1/0 Bus #1 = TIOZ2BUSREFSP, TILLBUSREFSP.

Sourced by All modules (except the 10FC) nmust be
capable of sourcing this signal; one
module is selected (by the maintenance
processor) at system initielization time.
The scurce will be charged wunless the
meodule chosen fails at initialization.
The enable for this signal 1is controlled
by a Lkit on each module®?s maintenance
chain. The enable must remain stable
while the maintenance chain is shifting;
shifting the wmaintenance chain must not
aftect this signal unless the enable bit
is changed by the skift.

Active High
Electirical Type Tristete conirol

Description This signal dis the system TTL clock
divided 1in half., It controls the timing
for 1/0 Bus startup. Each module on the
bus wrust lateh BusRef, and wuse it to
adetermine when to sample or drive the
BusReda, BusBusy, FodReq, fiodPresent,
ModAvail, and PModBusy signals. ALL  of
these signals must be asserted with the
falling edge of Buskef,.

Timing This signal must always be valid for
correct bus operation. The 1/0 Bus
controlier behavior is undefined 3f this
signal 1s not precent.
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6.5.3 BUSREG SIGNALS

Signal MNames 1/0 Bus #0 = TICABUSREQ$N, TID3BUSREGSN or

I1/0 Bus #1 - TIOZBUSREQEN, TIC4BUSREQSN
Sourced by Initiatore.
Active Low

Flectrical Type Open Collector Control 1

Pescription When a nmodule wants to use the bus, and
the bus 15 not tusy {both BusBusy and
PuskReq are falsg), it wust drive this
signal true (low), and at the same time
deive 1ts prioprity to the data bus.

Timing On the same c¢lock that this signal s
agriven, latched BusRec 1is <checkeds I°
latched Busfeg is true {(low), then this
signal and the priority bit drivers are
driven false (disabled) for one TTL clock.

iIf Latched EusRea 1is false, ther this
signeél is driven for four TTL clocks (two
BusRef)., During the first BusRef, the
priority kit 1is driven, and priority is
resolved. Ouring the Latter half of the
second Buskef, the priority bit s
disabled to aliow the bus to settle before
the terget address is brodcast.
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€.5.4 BUSEBUSY SIGNALS
Signel Names 1/0 Bus #0 - TIDIBUSBUSYN, T1U3BUSBUSYN or
1/0 Bus #1 = TI0Z2BUSBUSYN, TI04BUSBUSYN
Sourced by Initigtor
Active Low

Electrical Type Open Collector Control 1

Description If, after twe BusRefs have pessed, the
requesting module with the highest
priocrity still wants to use the bus, it
drives BusBuey true (low), end drives it
until the 1/0 Bus transaction is complete.

Timing The module that won the bus bidding drives
this signal true on the same clock that §t
drives BusRec false. In normel operation
the signal 1is reset two BusRef clocks
after FodPresnt goes high. The responder
monitors this signal, and aborts the
current operation if this signal was false
before the end of the 1/0 transaction,
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é€.5.5 MODREQ® SIGNALS
Signal Names 1/70 Bus HD - TIOGIMUDREGSN, TIO3IMUDREQSN
1/0 Bus #1 ~ TIUZMODREQEN, TICGLMODREQSN
Scurced by Initjator
Active Low

Electrical Type TriState Control

Description On the same clock that the module first
drives BusBEusy, it must also drive ModReq,
and broadcest the address of the target
responder on the dats Wires.

Tining This signal and the target address are
driver for one BusRef clock only. They are
assserted on the seme claock that the module
firest drives BusBusy. The target module
(if present) shouid have detected dts
address by the end of this BusRef clock.

~==UNISYS Prior Written Consent Reqguirec For Disclosure O0f This Datag====




| 1993 5329
UNTSYS CORPCRATION e ettt +
ENTRY/MEDIUN SYSTEMS GROUP |
PASADENA DEVELOPNMENY CENTER | V500 DATA TRANSFER MODULE
|
COMPANY Fomm e e e o e e e e 2 e e
CONFIDENTIAL ENGINEERING DESIGN SPECIFICATION Rev. A Page 90
6.5.¢ FODFRESENT SIGNALS
Signal Names 1/0 Bus #0 - TIOTMODPRSNN, TIC3MODPRSNN or
1/6 Bus #1 = TIOZMUDPRSNN, TIG4MODPRSAKN
Scurced by Responder
Active: Low

Electrical Type TriState Control

peccriotion Upon detecting its ¥odule ID (along with
fiodRea), any wodule that is not offline
must drive this siagral true (low)., This

indicates orly that the wodule is present
and online; it must be asserted regardless
of the rnodule®'s ability to accept a
MESSa0E.

A module may be offline for & nuwmber cof

reasons; the SWC may put the module
cftline by shifting the appreopriste value
into the maintenance chain, a fault

detector maey detect a failure and take the
module otiline, or stor logic set up in
the moduie may take the wmodule offline,
Dropping MNodPresent betore the end of the
i/0 Fus tresnsaction idndicates to the
initiator that the <connection should be
broken.

Timing This signal is driven active {low) by the
responding module on the same clock edge
that the initistor drives JModReg false.
It 1is reset one BusRef clock after either
ModAvail or ModBusy is driven false. The
initiator wmopitors this, and indicates an
iliegel disconnect to the wmicroprocessor
if FoedPresent did not abide by this
timing.
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6o5.7 MODAVAIL SIGNALS
Signal Names 170 Bus #0 = TIODIMODAVALN, TICGAMODAVALN or
1/0 Bus #1 = TIUZMUODAVALN, TIDAMDDAVALN
Sourced by Responder
Active Low

Electrical Type TriStste Control

Description After easserting ModPresent, the target
responder must check to see if it can
accept the incomino message. When it cen,
it drives ModAvail true (low). If it
cannct accept the message, 1t 1indicates
that 9t is busy by driving ModBusy true
(low) .

Either ModAvail or ModBusy must be  driven
true tc complete the responder selection

phase of the I/0 Bus transaction. This
must occur within the timeout period (the
initiator checks tor this timeout).

ModAveil ds held true until the responder
decides that the I/C Bus transaction 1ds
complete.

Tiwing This signal can be asserted cn any falling
edge of BusRef after ModPresent s
asserted. It is reset (slso on a falling
edge of BuskRef) when the responder wants
to terwminate the message.
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6.5.8 mODBUSY SIGMNALS
Signal Names 1/0 Bus #0 = TI101MODBUSYN, TIOZMODBUSYN or
1/0 Bus #1 = TIQOZMEGDBUSYN, TIOAMODBUSYN ‘
Sourced by Responder
Active Low

Fiectrical Type TriState Control

Pescription This signal indictates that the responder
it is unable to accept the dincoming
message, It is driven true dinstead of
ModAveil, and is subject to the same
timiroe constraints. Use of this sidanal
must abide by the Desdlock Prevention
Protocol described 1in Section 6.8 (BUS
PROTOCOL) &

Timing This signal has similar timing ®s

ModAveil, but it 1is asserted for one
BusRef clock only,
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6.5.% TRANSFER SIGNALS
Signal Names 170 Bus #0 - TIOTTRANSFRN, TIGIZTRANSFRN or

1/0 Bus #1 - TIDZ2TKANSFRN, TIO4LTRANSFRN

Scurced by initiator during ressage send, or
responder when reply is sent,

Ective Low
Flectrical Type TriState Control

Description This signal ds wused to coordinate the
transmission of dats. Trensfer is sourced
by whichever nodule is sending the data.
Puring the messege transmission phase, it
is sourced by the dinitiator: when the
initieter has completed sendine the data,
it must tristate disable Transfer so that
the responder may uce it to coordinate the
trensmission of a reply.

Tirming It dis asserted two system TTL <¢locks
before the first data is put on the bus,
and negated two system YTL clocks before
the last dete is put on the bus. In other
worcs, Transfer is asserted for the number
ef clocks reguired to transfer the dats,
starting two clocks ahead of the data.
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6.5%.10 ERKORK SIGNALS
Signal Names 1/0 Bus #C - TIOTERRURSSN, TIOZERRORSEN orF
1/¢ Bus #1 = TIUZ2ERRGRSEN, TICALERRCORESN
Sourced by IC0MC
Aciive Low
Electrical Yype Open Lollecter Control 2
Description This signel 1is wused by the I10KC to
ingicete that an error word is going to be
returned in the reply.
Timino This signal ¢an be asserted any time when
ModAvail 1is asserted, for at lesst one
clock,
6.5.11 IIGREG SIGNALS
Sighal Names i/0 Bus #0 - TIO3IJ0OREQSN or
1/0 Bus #1 = TIO4LIICREQSEN
Sourced by 10MC
Active Low

Electrical Type

Description

Timing
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€.5.12 TI0ACK SIGNALS
Sional Names 170 Bus H#L - TICG11ICACKEN or
1/70 Bus #1 = TIOZIIQACKSEN
Scurced by Messace Router
Active Low
Electrical Type Open Collector Control 2
pescription This signal is used by the message router

to indicate to an 1I0MC that it has read
the meilkox register successfully, eand
that the I0MC way now accept another
mailbox wWrite opervation from a HWCACM,
This signal 1is used only in conjunction
with 1ICReg. Yt s independent of any
other activity on the 1/0 bus.

Timing I110Ack must be driven true (low) for one
TTL clocks
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6.5.13 NORMAL REOUEST SIGNALS

Sicnal Names

Scurced by
Active
EFlectrical Type

Description

Timing

1/70 Bus #0 = TIOINORMREGN,
{On card nare only)
1/0 Bus #1 = TIO2NORMREGN,
(0n card name only)

Initiatecr.
Low
Open coilector reguest

This signal 1S used during bus
arbitration; it is used by a tard to drive
its Normal priority onto the appropriate
data bit of the bus. FEachk card drives
this cignal on s fixed pin, regardless of
the sict it 18 plugged into. That pin at
each slot is cennected on the backplane to
the wire 1in the data bus appropriate to
that slct.

The signal name 48 an op=card name only;:
on the backplane, the signal name will be
TIOXBATA=nnP, where x=1 for 1/0 Bus #0 and
x=% for 1/0 Bus #1, and rn depends on the
card slot.

See BUSRE®
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6.5.14 EMERGENCY REQUEST SIGNALS
Signal Names 1/0 Bus #0 = TIUTEMERGRGN
(On card name only)
1/ Bus #1 = TIOZEMERGRGN
(On card reme only)
Scurced by Initiator
fctive ‘ Low
Flectrical Type Open collector request
Bescription This signal is similar to NormaiRequest,

except that it drives Emergency Priority
rather than Mormal Priority onto the bus.

Timing See BUSREQ.
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6.6 BACKPLANE PINS

The two I/0 Busses are arranged as shown in Figure 6-10.

(BackPlane View)

Cables

E"‘ B PR B Aokl Fabiivih Rt "E-+ /0 Bus #1

[OMC #*1 IOMC #0 ] 1/0 Bus *2
— > e o R
SMC e ———DTMs

FRcHOT VR U o .

i4——ML| BASES

. § (frontplane

b L _______________ ! connection)

Memory Processor SMC/10

Cabipet *#0

Figure 6-10 I/0 Bus Layout
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6.6 BACKFLANE PINS (Continued)

Cniy DTMs connect tc¢ both bussesa. Backplane signal
locations are ddentical For both I0OMCs, the SMC, and 1/0
Bus #0 connections for the DTMs. A second set of backplane
pins provides the 1/0 Bus #1 copnections for the DTWMs,

Each I/0 Bus consists of 50 signalsz 11 for control, and 39
fer data. The data signals copsist of %32 inforwmation bits
end 7 error correction bits.

Centrol sigrals are both driven and received by each module
on the bus. In the DTM backplane, the connection between
scurce and load is on the Lbackplane: a DIV drives esch
contrel signal through one backplane pin, and receives it
through another, This allows fault detection circuitry on
the card to check that each control signal is actually
being driven on the backplanes

On-card signal names are different fer the driver and
receiver. Driver signals are named TICOTxxxxxxxx (for 1/0
Bus #0) and TIUZxxxxxxxx (for 1/0 Bus #1), while the
equivalent receiving sicnals are ramed TIO3xxxxxxxx (for
1/0 Bus #0) and TIO4xxxxxxxx (for 1/0 Bus #1). Backplane
signals have 3 sinogle neme (TIDTxxwxuxxx or TIOZxxxuxxxx)
s appropriste,

¢n  the SWC and I0M(, the drivers and receivers &re
connected on the card; there were not enough pins on these
modules to support the scheme used with the DTH,

Normal encd Emergency Reauests TIOxNUKRMREON and TIOxEMERGREN
are connected on the tackplane to different data bus bits,
gepending on card slot location end tus (I/0 Bus #0 or #1).
hNormalReguest wires are connected to data bits U through 12
inclusive; EmergencyRequest wires use bits 1é¢ through 28.
Each group of 13 bite is further divided; data bits 0 and
1¢ are used by the SMC, and the other twelve bits are
divided by cabinet (six for DTFKs in each cabinet).
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6,6 EACKFLANE PINS (Continued)

Beth cebinets in & twe cabinet system are ddentical; DTHMs
nay be pluoged 1into any slot in either cabinet without
cthanging straps. These twe facts necessitate some
complexity in the Way that the NormalReoguest and
ErergencyReguest wires are connected.

B DTF hes a differert priority on each bus. For example, a
tTH in slot 46 of cabiret #0Q using bus #U has priority over
all the other modules in the seme cabinet; heowever, it
tompetes with DTMs 1in cebinet #1 that are using bus #1.
These modules have higher priority than all the medules in
cabinet #0 (using bus #0).

Actuel bit number connections are as follows:

Slet NormalReguest EmergencyReguest
Number Bus O Bus#1 Bus #U Bus #1
1 eit 1 Bit 7 Bit 17 Bit 23
? Bit 2 Bit 8 Bit 18 Bit 24
3 Bit 2 Bit 9 Bit 19 Bit 25
4 Bit 4 Bit 10 Bit 20 Bit 26
5 Bit 5 Bit 11 Bit 21 Bit 27
4 git ¢é Bit 12 Bit 22 Bit 28

Note that a module con determine which slot it is plugoed
into from the Maintensnce ID jumpers and the Cabinet jumper
cn the backplane. The three upper bits of the Maintenance
iD jumpers are the siot number. The Cabinet jumper s not
required during bus arbitretion, but 1is required during
responder selection,
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6.7 DRIVERS AND RECEIVERS

This section specifies the electrical requirements for
PDrivers and Receivers used on boards that connsct tec an 170
Bus. Aimost all I/0 Bus signals are bi-directional: the
only =exceptions are Error, II0Req, 110Ack, NormalRequest,
eand EmergencyRequest. Therefore, both 1cading and driving
characteristics are specitied for for each electrical type.

The 1/0 Bus must continue to function if either cabinet of
a two cabinet systemn 1is pokered o¢ff. Since there is no
electrical isclation between tebinets, this recquires that
the drivers and receivers not load the bus excessively when
growered off. Therefore, these specifications 1include a
Powered Off Faximum Load (specified in mA) when the bus is
at the specified (high) voltage,

The signale that waeke wup the 1/¢C Bus fall dnto the
follocwing electrical classes:

TriState Date

TriState Control

Open Ccliecter Control 1
Open (ollector Control 2
Open Collector Request
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6.8 1/0 DATA EUS PROTOCOL

This section describes the error correction code used on
the I1/0 data bus, the message formats, and gives some
typical timing diasgrams of an I/0 Bus transaction.

€.8.1 ERROR CORRECTICN CODE

Dats transfer on the I/0 EFus is protected by a modified
Hamming errcpr detecticon end correction code. This code
corrects all single bit errors, detects ail double bit
evyors, and Jdetecte all errors within a four bit section.
it alsc detects aimost all cther multiple bit errors (but
not all). This <code also protects data in the 1/0 buffer
RAM, and the microproecessor dynsmic KAM and EPROMS.
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6.8.1 FRROR CORRECTICN CODE {Cortinued)

The fcllowing table shows the code, and the bits monitored.

fodified Hamming Code (DTH)
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£.8.1 EFROR CORRECTION CODE {({ontinued)

Bits 2 and 4 of the ECC portion are inverted after being
generated, thus disallowing the case of all zeros (U000C00
hes & calculated ECC of 0L, but when driven out of the the
error correction gate erray (the ECCIO), the ECC seen is
4), Conseguently, these two bits are inverted back in the
receiving ECCIC before the syndrome (see folleowing table)
is generated.

gt o1 ¢ v ¢ 1 01T 01T 0 1T O O1TO0 1

11 ¢ o 1 v 0 0 1 1 €6 G 1 1 0 © 1 1

2l ¢ ¢ o ¢ 1 1 1 1 0 0 C ¢ 1 1 1 1
€54 31 0 B ¢ © C ¢ O 22 1T 1T 1T 1T 1T T
-------- -Q o o e T @ S W R e T R TSmO En N R D W hm e S S D G G SR AR W o G uD B G wE e i O w60 U 00
g ¢ 0 | % 32 33 4 34 4+ 4+ 28 25 + + 13 + 27 12 +
01 I 26 + ¢ 31 + 20 26 + + 14 + + + + + 10
U1G | 37 + + 29 + 24 22 + + 15 + 4+ + + + %
¢ 11 | + U8 U9 + [i5 + + + 19 + + 4 + + + +
140 | 38 + 4+ 30 + 25 23 + + + 16 + 17 + + 4
1 ¢ 1 | + 066 07 + 11 4+ 4+ + 04 + 4+ 4+ 4+ 4+ 4+ +
1 10 | + 01 0 + 0O + + + 18 4+ 0+ 4+ 0+ 0+ 4+ 0+
1 11 1 €3 + + + 4+ 4 4+ 4+ 4+ +F 4+ + 21 + 4+ 0+
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€.8.7 FESSAGE FORMAT

This section specifies the I/0 Bus message format. The IOM(
is the only module on the 1/0 PBus that 1is not
ricroprocessor based (message handling is hardwired,
instead of being determined by firmware). Therefore, IOMC
messages are described separately.

6.8u2a1 DTH=10MC MESSAGE FORMAT
10MC messages consist of Memory Interface messages (reading

and writing to memory), XM Interface messaces (Interrupts),
and I0¥C-only messages {(Read H/¥ register and Read Time of

Day) .

¥emory Interface messaces to the IOMC have the folleowing

format:
ccUDU0DOTA
CCOPAAAAAA
cexHEHLLLL
ccdata

Wheres

c¢ = Valid ECC codes for the rest of the word
TA = Yerget address (F{ feor 10MO)
CF = 1 byte hex op tode (see following)
AARAAA = € least significent BCD digits of the begirnning
address of the memory access,
HHE = 3 most significant BCD digits of the beginning

address ¢f the memory access.

LLLL = number of bytes (hexadecimal) of data to be
transferred to or from memorye.

data = 4 bytes of daets per word (it the command is a
memory write), If the command is a memory read,
no data is sent.
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68241 DTM=-10MC MESSAGE FORNMAT {Continued)

The wmemory commands arecs

RDMEM - Read Memory Op = DU
RDMEMT = Read Memory Translated Cp = D8
RDWLCK = Read with Lock p = FQ
KRMEM = Write Memory O0p = A{
WRMEMT = Write Memory Translated Op = A8

XM interface messages to the JOMC have the following

format:
ccOCOOUOTA
ceTYQOOOON
ccGODUONGD
CcOPAAAARA
cexHHHLLLL
ccdata
Where:
TY = Type ¢f dnterrupt
N = Number of first X§ te poll (0,1,2, or 3)
ce = Valid ECC code for the rest of the word
T = Target address (FO for ICQMC)
OF = 1 byte bex op tode (see following)
ARAAPA = 6 least significant BCD digite of the
beginning address ¢f the memory access,
#HH = 3 most significant BCD digits of the beginning

zddress of the memory &a¢cess.

LLLL = pumber of bytes (hexadecimal) of data to be
transterred to cr from memorvy.

gata = 4 bytes of data per word (if the command is a
remory write)., 1T the command s a memory read
no data is sent with the command.

The XW Interrupt tyvpes ares

I0CNORM = 170 Comrplete Normal TY = 82 {hex)
I0CREAL = 1/0 Complete Real=-time TY = 81 (hex)
I0CEXP = I/0 Conplets Exception TY = 84 (hex)

~=={NISYS Prior Written Consent Recuired Fopr Disclosure O0f This Datawe--




UNISYS CORPORATION e +
ENTRY/VEDIUM SYSTEMS GROUP |
PASADENA DEVELOPMENT CENTER | v500 DAYA TRANSFER FODULE

|
COMPANY toreec e e e r e e m —, m e — o ————
CONFIDENTIAL ENGINEERING DESIEGN SPECIFICATION Rev. A Page 107

o a wm o ew o e @

===UN]SYS

o n e wE m ER @D W wm AN W 2D Ge TR G O D DGR G D R O G U G2 ee ED O O O G0 o0 W O T O WDt On TR G O M W Gn 2R W SR ua W 6 W ol U 6 en 65 @ @

DTR=10MC MESSAGE FORKAT {Continued)
ICKC=only interface messeges have the follcocwing formeat:

ccOLOCoTA
ceMCOOnCou

khere ®C i1s the 1=-byte op code, The commands are:

MC Hex
MC Hex

RBTOD - Read Time-cf-Day Counter Op
ROMAIL = Read Meilbox FRegister Cp

The 10MC reply has the following format:

ccdatadata

ccextre
ccerrors
Krheres:
data = 1is the reply (if any)
extra = extrs unused word (if any)
errors = 1 word of error descriptor (if any)

The errors field is decocded as followss
bits functicn

- XWMEMERRESP(3:0) from memory bus
= XMEKSEC$$P{4:0) from memory bus
= Overflow error on IOMC

ECCI0 single bit error

= ECCI0C oouble bit error

- MDECC (/1 single bit error

- MDECC 273 sinole bit error

= RDECC multiple bit error

BN B -2 DO 00 N
®e 95 8o 9t ©g UE 48 wp

- el el wed ad S
i}

vl wwid d el el

I1f multiple errors occur in the memory transfers, the most
fatedl error is logged and reported.

Refer to the 10MC Specificaticn for additional dnformation
or the 10MC commands end replies.
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6.8.¢.7 DTM=SMC MESSAGE FORMAT

Refer to the SHC Specification for irnformation on DTM=SHC
MeSSages.,

€.8:¢a3 MESSAGE RCUTER=DTM MESSAGE FORFMAT

Inter=DTHM communications have the seawme basic message
format, DTMs do not talk to each cther unless one of them
is the message router. The message tormat is:

ccOOCOOTA
ccCU00ONMY
CCCCMMAND
ccdata

bheres
tc = Valid ECC code for the rest of the word
TA = Target address
FY = Ipitiator address (target address if it is
to be a responder)
COMMAND = Op code, where:

1dentify = 104G000GO0 (hex)
Transfer maiibox = 12000000 (hex)
dete = Valid deta (if any)

Refer to the DTM micreprecessor microcode for additional
information about these messeages and resSponsSes,
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6.8.3 I/0 BUS TIMING DIAGRAMS

this section contains typical timing diagrams for I/0 Bus
transactions. Figure 6-11 shows the timing for a read
operation, in which the initiator sends the op code, and
receives data as a reply.

ek JUHUUUUTUUT UV ULV UV TUUT vy iy idyuuyduuuruuuuy
BusRersp _[ L LML UMy ouuyarouyy
BusReqfN | |

BusBusyN

L
ModReq$N L
1

MadPrsniN

HodAvalN | |

HodBuayHN
TransfrN L L
DalaP ) S X 00X

Figure 6-11 I/0 Bus Timing - Response
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68,2 1/0 BUS TIMING DIAGRANMS (Continued)

NOTES:

1 Bus not busy

? Bidding for bus (drive BusReg and Priority)

3 Driving Modkeq and the target address

4 Responder is present

5 Responder is available

6 Initiator sends message (0P and address)

7 Initistor waits for response

8 Fesponder response (three word c¢f reply are shown)

g Responder does a2 legal disconnect

10 Initistor disconnects
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6.8.3 I/0 BUS TIMING DIAGRAMS (Continued)

Figure 6-12 shows a typical write operation, in which the
initiator sends the op and data, and <the responder
indicates that it has performed correctly by performing a
legal disconnect without sending a reply.

mees UTUUTULULUTUUVLU LU TUUU LU UL U LU UL UL DU U LU UU U UL

Bisrerte [y uwrusryuuruue

BusReadN ~ L _ |
| |

BusBusyN

ModReq$N L1

ModPrsni ]

HodAvalN | |

HodBusyN

TransfrN | I
DataP X___U_X_____DCU

Figure 6-12 I/0 Bus Timing - No Response
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€a8a3 170 BUS TIMING DIAGRAMS (Continued)
1 Bus not busy
2 Bidding for bus {drive BusReg and Priority)
3 Driving ModReqg and the target address
4 Responder is present
5 Responder ds available
€ Initiator sends messege (CP, address, and one uord of
data)
7 Inftistor waits for respense
& Responder does a legal disconnect (therfere, no reply)
9 Initiator disconnects
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6.8.3 I/0 BUS TIMING DIAGRAMS (Continued)

Figure 6-13 illustrates the situation in which the target
is present, but 1is  Dbusy. The ModBusy signal is shown
delayed, to emphasize that the initiator will wait for
either ModPresent or ModBusy before taking any further
action.

TTLClock ”“”“”“Hl”””””“H”“””UUU“UHUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
susRersp _J L L LI My Uy oy uu
BusReq$N l |

BusBusyN L J

ModReq$N L_J

ModPrsnN | f

ModAvailN

ModBuayN ' L

TranafrN

DataP x ) K 1

Figure 6-13 I/0 Bus Timing - Responder Busy
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E.8.5% 1/7¢ BUS TIMING DIAGRANS (Coentinued)

1 Bus not busy

Bidding for bus (drive BusReq and Friority)

(A%

z Driving bModReg and the target address

4 Responder s present

5 Initiator waiting for ModAvail or ModBusy
6 Responder is busy

7 Responder doing & iegal disconnect

§ Initiator disconnecting
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6.9 MICROFROCESSCR PHYSICAL INTERFACE

This section descrikbes the dnterface bhetween the 1/0
Bus=related Llogic and the microprocessor in the MLI=-DTHM.
The wmicroprocessor interfaces to the buffer, butfer
control, and the I0BCs. Fach 1interface is described
separately.

6.9.1 BUFFER INTERFACE

The buffer (see Figure 6=14) is a part of the
microprocessor®s memory. It consists of ten 2149H 1Kxé&
static RAMs, plus the eddress, data, and control lines.

The buffer RAMs may be addressed by the microprocessor, or
by the buffer control's address register. Ten address
lines are required; bLkits 11:2 of +the wmicroprocesscr's
address bus are routed through tuwo ANZ2966 RAM drivers,

In addition, there is address decoding 1Logic associated
with the  wicroprocessor that examines several high order
address bits, and cenerates the SelectBusAl signal when the
pricroprocessor wants to eddress the buffer. This signal,
vhen active ({dow), tristete disables the buffer control's
address register, and tristate enables the AMZ2966 drivers.

The buffer RAMs connect to 39 bidirectional data lines (32
bits ¢f data, and 7 ECC bits). One RAW bit is unused. The
39 wires are connected to the 1/0 Bus's ECCIO chip, and to
five 74F245 bi-directional driver chips that connect to the
microprocessor’s dataé bus. The 74F245*s control Llines
{direction and tristete enable) are sourced from logic
gesociated with the microprocessor.
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Fraom Buffer Control
2x 10x 5x
uP Address AM2966 10 2149H 39 F245
(11:2) Driver | SRAM g Bi-Dir
£ €3 W Driver

BfReadHY/rtL

SelactBusAL )\

AM2966

Gnd ——-——)

From Buffer Control

|0RamData{38:0) <> To 1/0 Bus

ECCIO

See Sheet "Buffer”
~Akkawi/|0Bus/Buffer

Figure 6-14 Microprocessor - Buffer Interface
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62951 BUFFER INTERFACE {(Continued)

The 2149H RAMs have Chip Select and Write Fnable inputs. A
74F241 wused s & multiplexor sources these signels, either
from the buffer control, or Llogic associated uwith the

TICroprocessor. The

source selected is determined by the

butfer control. If either I0EC or the MLI-Control wants to

access the buffer,

lines.

the buffer cortrol sources these two

When the 1/0 Is Not Active signal s true (neither 1I0BC nor

the LI Centrol

wants acctess to the buffer), Llogic
associated with the

microprocessor must genherate the

buffer¥s RAM Write Enable and Chip Select signals.

Note that, if the micrcprocessor tries to access the buffer
while 1t is being useo by an I0BC or the MLI Control, data
corruption will occur. The microprocessor will take
control cf the address lines, the data lines will be double

driven, and the RAN
tuffer ctontrol.

control Llines will be sourced from the

In summary, the microprocessor tc buffer physical interface
consists of the following sigrals:

UPADDRESS(11:=22)
Purpose

DT¥ signal name

DTM source
UPDATA(3E:20)

Purpose

DIM signal name

SELECTEBUSAL
Purpose

DT¥ Signal Name
DTW Source

===UNISYS Prior Written Consent

Acdress in butfer that the
micrcprocessor wants to access.
EfAdr(11:2)

Buffered version of microprocessor®s
acdress bus.

Bidirectional data lines. Bits (38:32)
are ECC; bits (21:0) are data.
IORambDeta(38:0)

When 1/0 is not active, Chip Select to
buffer RAMs. Tristate enables uFAddress
to RAMs and disables buffer control®s
gddress counter,

SelectBushl

Hich orter address decode PAL,
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6.9.1 BEUFFER INTERFACE {(Continued)
BFREADHUWRTL
Purpose: When 1/0 is not active, Write Enable to

cuffer RAKs,

DT# Signal Name BEfReadBWrtlL1, BfResdHWril?
(two copiegs for doading reeasons)

bDT¥ Source Buffered version of microprocessor®s
Fead/Write signal.

69,2 BUFFER CONTROL, I1I0BCs, AND MLI-DTM INTERFACE

The microprocessor accesses the buffer control, the 10B(Cs,
and (for the MLI=-DT#¥) the MLI <control by reading and
writing certein memory addresses., Those wmemory locations
are occupied by registers, not RANs. The use of each
register is described in section 6.1 (PROGRAMMEKR®S MODEL).

Fech register is 16 bits wide, Uniike the buffer (and
MLI=-BTM, and SMC main memory), ECC 3is not kept for these

registers., Hence, the teoic associated Wwith the
gicroprocessor must treat the ReM and the registers
somekhat differentiy. Physically, the registers are

isolated +from the microprocessor®s data bus by two 74F245
bi=directional buffers.

The registers recuired for the buffer control, the 10BC(Cs,
and the MLI control are all grouped in one address range.
Several hich order microprocessor address bits are decoded
to produce the MLIIOCBCSelL siagnal, which when active (low),
indicates thet the microprocessor wants to access one of
the registers. Since there are fewer than 16 registers,
the four low order address bits can select the register
required.

The register accessed for each combination of the low order
address bits 1is determined by the programming of the
coentrel PALs shown in Figure 6=15; the selection is
arbitrary.
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~ =T
= s =
T 83 uP Data (31:16)
b= = &
E Ea& 6
N
Fan
{0E
R 2 X F245
F
PitOut(15:0)
Control
PALs
DecodediControl Lines A 16
.
[ — U E— z
! ! A 4
Register Register 2% F245 Register
4
16 To Buffer
e
IORamAddr{15:0)
h 4
...... 2 X F379

SelectBusAL >

(See Buffer interface)

Figure 6-15

Address Reg

Microprocessor to Register Interface
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6.9.2 BUFFER CONTROL, I0BCs, AND MLI-DTM INTERFACE (Continued)

The buffer control's address register is isolated from the
micreprocessor®s date bus by an extra pair of 74F245s (see
Figure 6=-16) because the (4F579s counters used for that
register have ©pi-directional data pins. This dces not
affect the microprocessor interface.

There are two control lines from the logic associated with
the MiCcroproOCEsSsSOr to the register control PALs;
BLiT0BCSell, and BfReadkWrtL, which indicates whether the
microprecesscr wants to read (High) orf write (Low) the
specified register.

Because the microprocessor and I/70 Bus logic im the MLI=-DTH
are clocked by different clocks, there 4s & possibility of
metastability problems at the interface. This 18 not a
problem for the buffer dtselt, because RANs are essentially
asynchronous devices. These problems are handled by the
register control PALs. If the timings shown in Figure 6-=16
are adhered to, there will be no metastability problems.
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System Clock
(TTL) fe— (1)

M1110BCSelL

> > (2)
' L l
BTReadHWItL
[—»] (3} l—ﬂ
(4)
Address { >
- (5)
Data < >—
(5)

Register Read

M1i10BCSelL

| * (6)
| |
BfReadHwriL
3 =
M1 (3 N (@
Address < >—
N (s)
Data ad />
| »l (D)

Figure 6-16 Register Access Timing Diagram
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£a9.2 BUFFER CONTROL, 1I0BCs, AND MLI-DTN¥ INTERFACE {(Continued)
NOTES:
1 The TTL system clock runs a2t 96 ranoseconds.

2 pburing a register write cycle, WMLiIOBCSell wust be
asserted for at leesst 3.5 system TTL clocks,

[#5

BfReadHWrtlL must be valid no later than one system TTL
clock after MLIIOBCSell 1s asserted.

4 BfReadHWrtL must remain valid at least untdil
M1i10BCSell is negated (the hold time is 0 ns).

5 Set up and hold time requirements for these signals are
the same as for BfReadblbrtlL.

¢ buring a register read c¢ycle, MLiIOBCSell must be
gssertec for at lLeast 3 system TTL clocks.

7 Deta ies available 3 system TTL clocks after MLiIOBCSell

is asserted. Datse remains valid until MLIiIOBCSell is
negated.
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6.9.2 BUFFER CONTROL, 10BCs, ANC KLI=DTM INTERFACE (Continued)

In summary, the micropreocessor to (buffer <contrel, 1I0BC,
and WMLI control) recgister physical interface consists of
the following signals:

ufFAcddress(4:1):

Purpose Indicates which register the
giLroprocessor wants to access,

DTHM Signel Name EfAdr(4:1)

DT Source Buffered version of microprocessor?’s

address bus.,

uPData{31:296):

Purpose Bidirectional data lines. No E(C.
LTF Signal Name EusData(31:216)
DTM Socurce Ficroprocessor Data Bus

MLiI0BCSell:

Purpose Indicates that microprocessor wants
to access cocne of the registers.

DTH Siognal Name MLiICBCSell

BTM Source High order address decode PAL,

BfReadHWrtlL e

Purpose Indicates whether the microprocessor
wants to read or write the register.
bTM Signal Name BEfReadHWrtll, BfReadHWrti?2
(Twe copies for lLoading reasons)
DT¥ Source Buffered version of microprocessor'®s

Fead/krite siognal.
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69,3 FUFFER TO BUFFER CONTROL INTERFACE

The Butfer controller generates the following signals to
interface to the buffer, buffer address counter, and buffer
Limit counter., The sigpals are:

ARIOQACTIVEL 1/0 Active (active Low). This signal
indicetes that the 1/C Bus controller or
MLI needs the buffer. This signal enables
the following two signals (making them
valid).

AIGReceivel I/0 Recejve active low. This signal (if
low) indicates that dets is being written
into the buffer. 1f high, it indicates that
gate 15 being read from the buffer. This
signal drives the ICRamWEL on the buffer.

RANMCSL RAM Chip Select asctive Llow. This signeal
drives the TORAMSelectl (chip select)
signal on the buffer. It dis always low
during a read from the buffer (AIOReceivel
= 1. When weriting to the buffer
{AIoReceivel = (), this sional will be a 40
nanosecocnd low pulse. This pulse, genersted
through a delay line, falls during the
clock perica in which both data and address
to the bufier are stable.

BusCounterenlk Buffer Bus Counter Enable active low. This
signal increments the buffer address
counter. If this sigrnal is low on a rising
edge of the clock, the address counter
increments by 1.

GivelFedatal This signal decrements the Limit counter.
I1f this sigral is Low on the rising edge of
the clock, the Limit counter decrements by
1a

Donel 1+ Limit counter is zero, this signal will
be Lleoew.e This signal 1is not used by the
buffer controlder; it is passed directiy to
the 1/0C Bus controller.

CounterClearl tounteyr Cleer active Lleow. This signal
resets the address and limit counters when
no one owns the buffer.
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6.9t 10BC = BUFFER CONTROL INTERFALE

Trhis section describes the 1/0 Bus controller (10BC), and
the 10BC to bufier interface.

The I0BC handles data transfers on the I1/0 Bus. It is the
interface between the I/0 Bus control sicnals and the
internal signals of the nodule (the module being the DTE ip
this tase).

The 10BC is responsible for cetting the I/0 Bus (when asked
te) and dinitiating a transfer sequence. The I0BC gives a
signal that indicates the terminaticn of the transfer, and
the reason for the terminetion {(normal termination, bus
busy, pre—-empted, iliecal disconnect).

The 108C 4s also responsible for recognizing when the
rodule 9s being called upon. It asserts the required
signals on the 1/0 Bus, vrecegives the message, and
terminates the connection sequence, either directly, or
after sending a response back to the initiator.

6.9.4.1 INTERRUPTS

Fach 10BC generates its own interrupt signal. This signal
is asserted (driven low) when the I0OBC wants to cause an
interrupt; it remains esserted until explicitly reset by
the microprocessor. The microprocessor resets the
interrupt by writine to the buffer c¢ontrol®s command
register, in which there is a bit for each I10BC(.

The M68L20 generates an Interrupt Acknowledge signal when
it @accepts an 1interrupt from a device. This signal does
rot directly reset the interrupt signal because:

o The interrupt acknouledge, being synchronized with the
microprocessor?®s clock, Was not Long enocugh to
gusarantee that the PAL generating the interrupt signal
{(uhich 15 on system TTL clock) would see it.
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6.9.4.1 INTERRUPTS (Continued)
0 There are tuo possible reasons for the I0BC to signail

gn  interrupt: either @ messace hes arrived, or 1I0Reqgl
is asserted, thereby indicating that there is something
in the I0MC's maiibox register for the message router.
The microprocessor naust read 2 status register to
determine which type of interrupt occurred. The PAL
that generates the interrupt signal does not know when
the status register is read.

These prooclems coculd ke sclved differently for the SMC or
future DT¥s. For example, the microprocessor could see
serarate interrupts for messace arrival and IICReglL events,
and the Interrupt Acknowledge could be synchronized with
the system TTL clock., Ffurther, the SHC or a future ©OTHM
could choose to be interrupted at different points in the
nessage cycle. Each case would require separate
investigationa

The interrupt signal 1is cenerated by a PAL16R4, running on
csyster clocks There are several spare dinputs and cutputs
ori the PAL; there is substantial flexibility.

The microprocessor (and/or essociated logic) nmust be
prepared to hendle any wetestability problems that occcur
because the interrupt signal is clocked by the system TTL
clock, while the microprocessor runs on a different clock.

in summary, the ¥LI=-DTF dimplementation has an dnterrupt
Line from each IOBC toc the microprocessor:

InterruptA {InterruptB):
Purpose indicates that I0BC A (IOBC B) requires
' attention from the microproLessor.
DTH Signal Name INTLevelS5L (I0OBC A), INTLeveld4l (IGEC B)
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6.9.4.2  I0BC DATA PATH

6.9.4,3

===UNISYS

The data path is 3% bite wide (32 data bits, 7 ECC bits).
This path s bidirectional, capable ¢f transferring data at
TTL systen clock speed (one 39 bit word per system TTL
cleck)s The I0BC idndicate whether this bus is cending or
receiving gata. Losading the data 1intce the buffer and
checking ECC are are not a function of the IOBC; they are a
function of the buffer controller.

The I10BC does not loock et the data being transferred on the
bus. Therefore, it cannot distinguish the cp, length, or
address information fron deta., The IOBC treats all the data
in the same way, and transfers the different types of data
withcut interruptions.

When the I0BC is requested to actt as an dJnitiator, it
expects a valid module~to=-talk=to number on the data bus
upon demand.

The I10BC data path consists of a set of TLE245
bidirectional drivers that drive or receive data to or from
the backplane, and & set of 74F646 bidirectional registers
thkat interfaces the backplane drivers to the internal data
path. ALl data trensferved (in either direction) are stored
for at least one clock in the 74F646 registers.

1CBC INTERNAL CONTROL PATH

The I0BC internal controi peth can be subdivided 4dnte the
nicroprocessor interface and the buffer interface.

The microprocessor interface issues commands and feturns
resudts, which the wmicroprocessor can use to decide the
next step of action (such as retry if the bus is busy).

The buffer interface i¢ s set of signals that s wused by

the buffer control to synchronize data transfers with the
buffer.
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6.9.4.4 BUFFER-IOGBC INTERFACE

The Buffer=I0BC interface consists of signals that are used
bty the buffer controtier to handle buffer reads and uwrites,
following is a Listing ot these ipnterface signal and their
function. Since the DTM haes two busses and one buffer,
there are two IOBC signals, one for each bus. ALl 10BC-1
signals have an A as 2 prefix, while 10BC-2 signals have a
Be

BAccReqgl (BACCREQL) ACCess KREQuest active Low
(enti=out). This signal is asserted by
the 10BC to tell the module that 4t s
beingy &sked to act as a responder, and
that the module shculd grant buffer access
to krite the input ressage, Valid
respenses to AccReqg are Busy or AccGrnt.
This signal remains asserted until a Busy
is received, or after the reply is sent to
the initiator.

AAccbrntl (BAccGrntl) ACCess GRAnted active Low
tenti=-in). This is an answer to AccReal;
it tells the I0BC that it has access to
the buffers.

ABuffRecl (BRBuffreqgl) Buffer Request active Low
{enti-out). This signal idndicates that
the ICBC wants to use the buffer to send
or receive a wmessage of reply. Irn send
mode (sending data from the module toc the
1/0 Bus), it is asserted with GiveMeData,
and reset three clock after GiveMeDate s
reset, In receive mode, it is asserted
with HerelsData, and reset one clock after
Berelshata is reset. That 1is, it 1is
asserted during the time that the internal
data path is active.

ASnaolRcvH (BSndlLRcvH) Send 1f Low FReceive If High
(entl=out). This signal indicates whether
the I10BC dis in the send or receive phase
of & connection. This signal has the same
timing as BuffRec in the send phase
(driven low during this time), and is high
when receiving or fidlino.
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€944 BUFFER=IOBC INTERFACE (Continued}
hAHerelsDatal (BHerelsDatal) Here 1Is Data active Llow

{entl-out). The 10BC asserts this signal
one clock before valid data is placed in
the 10B{ deata bus register (from the 1/0
Bus data Line), so & module can set up fer
Wwriting 1into the buffer, This signal is
recet when the last data is 1in the 10BC
register.

AGiveMeDetal (BGivekebDatal) Give HMe Data active low
(cntl=-out). This signal indicates to the
module that the I0BC 1is expecting valid
date on the dats bue to trensfer to the
1/0 Bus. This signal ds s&sserted two
clocks before date is expectec on the bus,
and is reset whenr Donel is asserted.

Donel Pene sctive Llew f(cntl=in). Donel is
expected by the I0BC two clocks before the
last valid date is placed on the I10BC
internal data bus (including ervror words,
if any).

PreEmptl Pre—-enpt active low {cntl=in). This signal
i generated by the buffer controller when
the MLI or I0BC is requesting use of the
buffer while the buffer is owned by the
microprocessor. The I0BC samples this
sicnal during the bus bidding operation,
and i1 set, terminates its bidding, giving
a pre-empt condition as the result of the
terminationr.

Afocdhol {BModNoL) Module Number Reguest active low
(enti-out). Thig indicates to the buffer
that the I0BC is the initiator, and that
it exgects & valid module to=telk=to
number to remein on the internal data bus
fer a8 4ong as this cignal is asserted.
This signal is asserted one clock before
ModReag, anc¢ is reset with ModReq.
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6.9.b.4 FUFFER-IOBC INTERFACE (Continued)
ABusRegl (BBusReqgl) Bus Reouest active louw

{enidl=-out). This signal idndicates that
the ICBC has been asked to act as an
initiatecr, and has started to bid for the
bus. This signal is a backplane interface
signal that 1s alsoc wused by the butfer
controller to 1oad the module to-taik=to
number in its register (the ECCIC), so it
i¢ ready when the ModNo sional is
asserted.

The buffer contrclier uses this signal to organize the
reeding anc wuWriting of the buffer. It siso gencrates the
signal to dncrement the butfer address counter anpd
decrement the 1limit counter. (decrementing of the Llimit
counter 1s done only when date is being taken out of the
bufter). The dnterface signal to the buffer are described
in Section 6.%9.3 (BUFFER TC BUFFER CONTROL INTERFACE).
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6.10 FUTUKRE DTHMs
Future DTMs are constrained only by the backplane
defimition of the T/0 Bus. A future implementation may
chocse to wuse all, some, oOr nore of the current
implementatiocon. This note is intended simply to cutline

some of the possibilities.

In 2 future DTM (see Figure 6=17), the microprocessor might
want to be interrupted at different points in the 1/0 Bus
protccol. For example, the MLI=-DTM and waits for ap 1/0
Eus transaction to complete by polling the appropriate
10BC%s status register. The microprocessor has nothing
better to do at that time. The SWMC has adopted the same
strategy, net because there it nothing better to do, but
because the overhead irn putting the task to sleep, and then
waking it up again in response to an interrupt is about the
sare as the time spent polling. A future DTM, wWith a
faster microprocessor, might 1indeed be @&ble to perform
useful work while the I/0 Bus transfer is in process. The
reguired hardware change is trivieal.

A future DTW might also <chcose to <change the buffering
scheme: perhops allowing multiple buffers, or partitioning
a single Larger buffer. The current I0R( design does not
care what sort of buffer (or how wmany of them) it is
attached tc. For example, to support multiple buffers, the
Buffer control must:

a Allocate 2 butfer to an ICBC whep it asserts Access
Reguest. Accese Granted to the 10BC indicates that 2
bufter is available.

b Indicate to the wmicroprocessor which buffer is
allocated to an I0BC, sc that an incoming messege can
be found after an interrupt.

C Ensure that, after a *"Start® command, the JOBC is given
access to the appropriate buffer when it asserts Buffer
Reguest.

d Ensure that, after a "Continue® command, the IOBC s

oiven @access to the Gbuffer 4t owns when it asserts
Buffer Request.
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The notions of buffer ownership and loaning buffers carry

over directly to the multiple buffer case: each buffer may
be owned or loaned in precisely the same fashion as in the
single buffer case.

Backplane
uP Int
cu _ Control Buffer
< IoBC A [* ®  Control
-
Data I
E -
C
uP Int Data c
Cctl
< I0BC B [+ c']
~‘FDelta =
Buffer Pool
uP Int
- IP1 77 g
IPl 77 Control
Cable

Figure 6-17 Future DTM Structure
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7 ERROK DETECTION AND HANDLING

This section describes the ervror detection capabilities of
the DTH, and the way they are cturrently being handled.

Errors ere classitied as being fatal or nonfatal. Fatel
errcrs are those detected by the hardware checking legic
that force the BROKEN signal to be &asserted to the $SWHC.
Fatal errors stop the <clock on the board to prevent any
further corruption to the source of the error. Examples of
such fatal errors are the parity checking lLogic on the WMLI
control store, or the parity checkers din the 1I1/0 Bus
controller.

Nentatel errors are errors that are either directly
corrected, such as single bit errors on the 1/0 Bus data
transfer, or errors irn operations that cen be retried, such
gs multiple kit errors on the 1/0 Bus data transfer.

7.1 DTM FATAL ERRORS

The DTM reports fatal errors to the SMC Ly setting bits in
the MODBROKEH vregister, which <c¢auses the JFODBROKESSN
signal to the SMC be ssserted on the backplane (if the
module is on=11ine). Because all cards in the I/0 portion on
the backplane shere the sane JMODBEROKESEN signal, MODBROKEH
is also registered on the maintenance chain. This allows
the SMC to isclate the broken module without stopping the
clocks.

The MODBROKEH register on the maintenance chain 1is called
CMODBROKE . The CMODMNOTBRK pit in the maintenace register
(the registered value ¢f FMODNOTBROKER signal) covers the
cese of when the maintenance chain §5 shifted right while
celt testing 1is beirg done, and both FMODBROKEH and
FODNUTBROKEH are being toggled simultanously.

After identifying the broken module, clocks are stopped to

thet moduie, the date chein is shifted out, and MUDBRKCTRL
register is checked.

===UUNISYS Friocr Written Consent Reguired For Disclosure O0Ff This Data=w===




UNISYS CORPORATION e e L T +
ENTRY/NEDIUN SYSTEMS GROUF |
PASALCENA DEVELOPMENT CENTER | vsGO DATA TRANSFER MODULE
|
COMPANY o e o 2 2 e e e e
CONFIDENTIAL ENGINEERING DESIGN <PECIFICATION Rev, A FPage 134
7.1 DTKF FATAL ERRORS (Continued)

The MCOGDERKCTRL register consists of the follewing bits:

bit name function
CHMODEROKEH Driver of MODEROKEH signal
CMODNOTBRK Driver of FODNOTEBROKEH signsl

CCTLERROR Error indicator for buffer controller and MLI
CIGNOREERR Test arror dindicetor for buffer ctl and MLI
EBUSERROR Errer indicator for I0BC B

BBUSIGNERR Test error indicator for I0BC B

ABUSERROR Error indicator for 10GC A

ABEUSIGNERR Test error indicator for IOBC A

Although CMODBROKER and CMODNOTBRK exist on the data and
maintenace chains, the bLits are different. The maintenance
chain bits are the registered values of the data chain
bits.

When broken MODBRKCTRL register should contain cne of the
follcwing values:

MODBRKCTRL scurce of error
AL Buffer controlier or MLI
&8 1/0 Bus controller B
82 1/0 Bus controdller A

Now the error source 15 narrowed to & given module on the
board, To find the portion of the btoard thet detected the
error, the following registers should be checked:

1 Case of buffer controller or MLI (MODBRKCTRL = A()

register active source
CHMLIRAMPAR hioh LI control store
CHLIINTPAR low MLI internal parity
CTIMEQUTDS Llow (when low validates CINTLEVEL7Y)
CINTLEVELTY Low uP is mulfunctiening

(if CTIMECUTDS is Llow)
CERRGRZRCVY Low uP detected fatal error
CERRORZRCYV low Buffer ownership
CERRORZRCV low Buftfer CNTL PAL
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7.1 DTH FATAL ERRORS (Continued)

Z Case of IOBC & (MODBRKCTRL = 88)

register active sgurce

EBUSNONERR high The bus monitecr PALs {(fer 10BC B)
BusCheck? or BusCheck?

BIERRORG high Terget Address decoder PROM (IOBC BR)

BIERRORS Low ICBC B LISZ PAL

BIERRORS Low ioBC B LISY PAL

BIERROR3 low I0BC B BIDZ2 PAL

BIFRRORZ Low 10BC B BIDT FAL

BIERRORTY Low I0BC B DATA PAL

BIERFEORU high i10BC B MASTER FAL

3 Case of 10BC A (MODBRKCTRL = 82)

register active SOUTCE

BBUSNONERR high The bus monitor PALs (IQ0BC A)
BusCheck1 or BusCheck?

BIERRORE high Target address decoder PROM (I0BC A)

BIERRORS Low 10BC A LISZ2 FAL

PIERRORS lou I0BRC A L1S1 FAL

PIERRORZ Low 10BC A BIDZ FAL

SEIERRORZ Low ioBC A BID1 PAL

BEIERKOR1 low JOBEC A DATA PAL

EIERRORD high 10BC A MASTER PAL

When the source of the error is @ PAL, the errer might be
due either to the PAL wnmalfunctioning, or to the PFAL
detecting &n illegsl condition on its input.

Path tests can dieagnose this error, and determine 1if the
errcr was transient (making it possible to reset the board
and put it back on line), or fatal, thus keeping the board
otfline.
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7.2 DTM NONFATAL ERRORS

DTH nonfatal evrrors consist ei cingle and wmultiple bit
errors on the data, timeout errors, and illegal responses
te the mitroprocessor.

The 170 Bus data transfers and the microprocessor memory
sre protected by & single bit error correction, double bit
error detection code.

Sipngle= and wultibit erroers detected on 170 Bus
transactions are reported to the microprocessor using the
ABUSSTAT and BBUSSTAT registers. SBE need only be logoed;
tor wmultibit evrors, the ocperation must be retried. The
nicroprocessor microcode controls the number of retries,
and the acticn taken if the operation continues to faile.

See the microprocessor micrccode for timeout values and
illegal responses, The following text describes a
microprocessor timeout on an I/0 Bus iritiation.

The microprocessor times out on a Start 1/0 Bus command
atter o6 wnilliseconds. 1If, after this amount of time has
elapsed and no OpComplete is detected, the BusStat should
ke read, read two consecutiv results match. This result is
logaed. The microprocessor then vresets the /0 Bus
contrcilsr by dssuing & Reset commend, and the coperation is
retried. 1§ detailed analysis on the lLogged BUSSTAT value
is needed, refer to the ecguations for the BID1 and BID?
FALs .

8 MAINTENANCE

The DTM has a set of Pethtests that can test, as well as
bring wup, the 1/G Bus controeller end DTWH controller
sectioens. There are self=diagrostics for the microprocessor
that check its functionality.

Stop ctonditions c¢an be set on the DPTM tec assist in

ciagnesing ervorse. The stop conditions and test options
are described in the following text.
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8.1 DTM STOP LOGIC

Tke DTH has several stop condition options. These options
deal mainly with the MlL1., The stop conditions can be used
separately or in AND c¢r CR corbtinations. AND®ed options can
asseft the STOP_AND signal on the backpleane. OR'ed opticns
assert the STOP_OR signal on the backplane. In addition,
the DTM can perform s self stop on any of the options (self
stop wmeans to stop the clock internally before SNC).

The ocptions are:

stop on MLI STATUS = n

stop cn MLI ERROR

stop on MLI EMERGENCY INTERRUPT
stop cn MLI NORMAL INTERRUPT
stop cn EXTERNAL TKIGGER

These functions sre as follows:

MLI STATUS=n Compares MLI's four status lines with n,
where n 1is & user-specified single digit
hex number. The g¢enditien 1s met when
status is equal to ne.

Pl ERRORS The condition is met 1Ff a HMLI vertical
parity error, & WMLI LPW error, or an
illegel MLI status transition occurs.

LI EMERGENCY INTERRUFTY
Tkie condition s met when the MLI
reguests an emergency interrupta.

MLY NORMAL INTERRUPTY

This conditiocn 1is met when the MLI
regquests & normal interrupt (normal poll
test).

EXTERNAL TRIGGER This condition is met when an external
strobe is detected on the frontplane
trigger pin. There is a choice of wusing
an active hiok or an active low signal, as
well 2s whether the strobe input 1is used
directly ¢r latched before using.
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8.2 SETTING STCP CONDITIONS
STOF OR

MLI Status = n
Te Set REC YDUCPSTAT to (F=n) [complement of nl
2. Set REG YDOSTCOREN = 1

mLI Errors
1 Set REG YDDANYERROREN = 1

LI Emergency Reqguest
1. Set REG YDOFEMFRGCR = 1

LI Nermal Reguest
1 Set REG YDOINTOR = 1

EXTERNAL TRIGGER

o O an T W o G W R A S N

1. Set YDUFPPINV and VYDOFPLLATCH as follows:
0 O for trigoering on unlatched active high level,
! 1 for triggering on latched active high lLevel,
1 {t for trigoering on unlatched active Low level.
1 1 for triggering on Latched active Llow Level.
2s Set the YDUFPPOREN register to 1
These conditions can be set separately or in combination
76 enable the internal self-stop on any of the preceding OR

conditions, (separately or jointly) set REG YDOSLFSTPEN =
e
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.7 SETTING STOP CONDITIONS (Continued)
STGF AND

o e e e @ eM s

MLLI STATUS = n 1. Set REG YDOCPSTAY to (F=-n)

e Set REG YDOSTCANDEN = 1

3. Set REG YDUSTOPANDL = 1

4. Set REG YDODSTOPANDH = ( .
FL1I ERRORS 1. Set REG YDUOANYERANDEN = 1

2. Set REG YRPOSTOFANDL = 1

2. Set REC YDOSTOPANDH =
ML1 EMERG REQ. 1. Set REG YDUEMERGAND = 1

2. Set REG YDOCOMANDEN = 1

3. Set REG YDOSTOPANDL = 1

4., Set REG YDUSTOPANDH = 0
MLI NORM REG. 1. Set REG YLUINTAND = 1

2. Set REC YDOCOMANDEN = 1

5. Set REG YDUSTOPANDL = 1

4. Set REG YLOSTOFANDH = (

EXTERNAL TRIGGER

e e o e e oy TR WS S @S €D o

1. Set REG YDOFPPINV and REG YD{OFFLLATCH to:
0 O for trigoering on unlatched active high level .

0 1 for triggering on latched active high level .
1 0 for triggering on unlatched active tow Llevel .,
1 1 for tricgering on latched active Llow Llevel .

2o Set REG ¥DIFPPANDEN = 1

2. Set REG YDUCOMANDEN = 1

4, Set REG YDUSTOPANDL = 1

5. Set REG YDUSTOPANDH = O

These conditions can be set separetely or in combination.

1o enable a8n Internal self-stop on any of the AND
cenditions (separately or jointly), set REG YDOSLFSTPEN to
1 (same as that for OR condition, if self stop 1s to be
enabled stop will occur on the first stop condition whether
it is an AND or an OR).
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8,2 SETTING STOP CONDITIONS <(Continued)

khen resetting the previocus conditicens, it s better to
reset the btits individually, rather than resetting the
whote chain. It is also preferable to perform all the
setting {and resetting) of the bits simultancustiy, in one
snift operationa

1/G Bus stops can occur in the I0MC. Refer to the I0MC
specification for details.

The microprocesser deoes not knew that the clocks are
stopped. Any writes to the dnterface registers {(which
require the clock to ke running) are not dene, although the
microprocesscr microccde thinks that they are.

The microprocessor WRITE SELF STOP option can cause 2
STOP_OR conditicn with an automatic self stop. If set,
this option causss the DTH to perform & self step and
assert the OR STOP condition whenever the microprocessor
performs & write to any of the 1/0 Bus, MLI, or buffer
registersa

T¢ set up UP_WRITE_SELFSTOP, set KREG YDOCUPSTOFEN = 1

This condition is independent of the other conditions.
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8.3 TEST OPTIONS

Tkis section describeées test options wused in the DTH
pathtest to facilitate testing. There dis a set of test
cotions on each I/0 Bus contreller, end one on the buffer
controller, These opticns ere described in the following
text.

8.3.1 IORC TEST OPTIONS

Eits U end 1 on each of the I0BCs control the 1/0 Bus
contreiler data bus. The bits &re ATestMode(1:0) for bus
A, and BTestMede(1:0) fer bus B. Their functions are
described in the following tatle.

xTesthMode(1:0) Description

P N e L e e e EEm W e g e O W S On O ON wer W N e U0 G O3 R W s SO om Bh G5 G WS e O 0N we 6h W O €8 wm On e

o Normal case

01 Like nerwmal case except that the 1I/0 Bus
backplane drivers will not be
disabled if the clock to the board
are stocped.,

140 Disable F245 backplane data drivers, but
enable the Fé46 registers to drive toward
the backplane.

i1 Disabte F245 backplane datae drivers, but
enatble the Fé46 registers to drive toward
the ECCIO,

These test modes can be used to test the Fébés, or to probe
the backplane when clocks are stopped.
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8.3.2 BUFFER COMNTROLLER TEST CPTIONS

The (TestMode(2:0) bits helg 1in testing the 170 PRus
internal data path. The Llower two bits help in ECCIO
control, and tke upper bit forces the buffer comtrol PAL to
remain in @ given state regardless of other inputs.

{Testhode(1:0) Description

s e T W WD em WL WD O G W e e o D on D en e TR G  CD R O T T DS a0 U R G S G D e e D e o G T 6 O W N D S O

11 Nornal case

1 Force the ECCIO to setect dats
from the RAM (when lcading)
with all ¢f ite dats drivers disabled.

14 Force the ECCIC to select data from the
backplane (F646 registers) when loading
with drivere toward the RAM enabled.

o Force the ECCIO te select data from the
backplane (F646 registers) when loading
with its deta drivers disabled.

CTesthodetl?2) Desctription
L] Nermal case
i Forces the control PAL into a special

mode, in which the upper five bits rewmain
unchenged, while the lower three will be
highe This PAL controls reading and writing
inte the buffer as well as incrementing the
address counter.
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9 HARDWARE OVERVIEW AND TMPLEMENTATION

The DTM microprocessor section consists of the following
seactions:

Microprocessor

Ficroprocessor address bus decoder
Microprocessor date path
Microprocessor data bus controller
Recident program memory

Data scretchpad

Pata seratchpad refresh

bata buffer

MLI control registers

1/0 Bus control registers

SMC intertace register

Feset and interrupt controller

The micreoprocessor fetches and executes microcode stored in
resident memory, snd stores internal data structures in the
scratchpad. The microprocessor uses the I1/0 Bus control
regicsters to access I/0C Bus A and I/0 Bus B tc communicate
with other modules on the 1/0 busses, The microprocessor
alsc uses the MLI control register to communicate with the
L1 control store during data transfer.
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9.1 MICROFROCESSOR

The microprecessor is the «central processine unit, and
handles the management of 1/0 operations. The
ricroprocessor can access the resident program memory, data
scratchpsed, date buffer, I/0 Bus <control, FKLI control
registers, SMC dinterface recisters, and watchdog timer
registers.

The microprocessor fetches and executes instpructions from
the resident memory, and transters computed data to and

from the data scratchpad, The microproesscr interfaces
with the 1/0 Bus contrelier and NMLI controller through I/0
Bus control registers and MLI controt registers,

respectively.,

The microprocessor section with implemented with a single
chip NMC68DZ0R16 microprocessor. The microprocessor has its
own clock, which runs esynchronously to the system clock.

The microprocessor clock is 16,67 MEz, which 1is derived
from a 33.33 Mhz oscillator with divide-by=-twe circuitry.
Tt is buftered with 3 74F2641 clock driver.

The microprocessor address and control busses are buffered

with four 74241 Line drivers, and the data bus is buffered
with four bidirectional 74F245 transceivers.
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9.2 MICROPROCESSCOR ADDRESS BUS DECODER

The microprocessor address bus s 32 bits wide, and can
address 4096K bytes ot memory (see Figure 9=1). The
address pbus decoder decodes the microeprocessor address bus
and enables the component addressed by the microprocessor.

The microprocessor address bus is decoded in two levelsa
The first Level is implemented with a PALTI6LSB programmable
array. The PAL level cdecodes the memory range occupied by
the resident prograem memory, date scratchpad, data buffer,
maintenance register, timer registers, I/0 Bus controi
registers, and MLY control registers. The second level is
inplemented with twe FAL16L8Bs end one PAL{6RLB, This
second level decodes 1individual registers in the memory
range occupied by the 1/0 Bus control registers and MLI
control registers.,

address sjize corponent
goococos | |
| 16K x 22 | Resident pregram memory
GOOCFFFF ) ____ o __ I
i |
R P |
002000600 | |
| 512k x 22 | Data scratchpad
OOUBFFFFF | _ o |
i |
I I
i
00410000 | 1 x 32 | Maintenance register
| |
i |
b |
DO4A20000 | 1 % 16 | Buffer conmand register
I
00430002 | 1 x 16 | Buffer status register
| |
Qua30004 | T x 16 | MLI result register
|
20435086 | 1 x 1¢ | ML1I command register
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9.7 MICRCPROCESSOR ADDRESS BUS DECODER (Continued)
address size ctonponent
e |
G04300US | 1 x 16 | MLI status register
|
$043000A | 1 x 96 | WMLI ddentificetion register
|
043000C | T x 16 | MLI hioh byte counter
|
004300UE | 1 x 16 | MLI low byte counter
|
Goasgois | 1 x 16 | 1/0 buffer address register
| e |
00430016 | 1 w16 | 1/0 buffer Limit register
e I ‘
G0435018 | ¥ x 16 | I/0 Bus=A status register
|
00436014 | 1 x 16 | 1/0 Rus =B status register
|
GG43001C | 1 x 16 | 1I/0 Bus=A command register
Do |
U043009F | 1 x 16 | 1/0 Bus-8 command register
|
[ |
GO600LGE | | bata buffer
i Tk x 32 |
COECOFFF | i
Figure 9-1 KFicreprocessor Memory WMap
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9.3 MICKOPROCESSOR DATA FATH

The microprocessor can access the resident prooram memory,
tke data scratchpad, and the data buffer via a 32 bit data
path, or via a secondt path consisting of %2 data bite with
¥ additional bits for error detection and correction (a
modified Hamming code is used),

in a microprocessor reed cycle from vate scratchped or data
buffer, data 1s read through the first data path. The
second data path is also enabled to <check the error
detection and correction code.

It a multiple bit ervor or single bit error 1is detected,
the microprocessor read cycle is aborted, and is handled by
bus error exception.

buring microprocessor Wirites to the date scratchped or data
Futfer, the second data path is enabled, and generates the
errer detection and correction <codea buring reads or
writes to the registers, the first dete path is enabled
since the registers do not have error detectiorn and
correction capabilities,

The first data peth is implementea with four 74F373
transparent Latches and four bidirectional F4F245
transceivers. The second data path i1s implemented with one
ECLIC gate array, four 74F245 bidirectional transceivers,
four 74F241 Lline drivers, and four ANZ2%66 drivers.
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9t MICROCPROCESSOR DATA BUS CONTROLLER

The microprocesseor data bus controller is the heart of the
microeprocessor secticn. It dis implemented as two level
state machines.

The first level state machine intsrprets the microprocessor
address and control busses, and determines the type of the
microprocessor bus cycle.

The bus cycle is classiftied as one of the following:

retresh cycle

read cycle

read retry cycle

read modify write cycle
write cycle

interrupt acknowledge cycle

The bus cycle can have either 1, 2, 6, or 8 wait states.
The access device is either &-bit, 16=-bit, or 22-bit.
The second Level state mechine intercrets the signals from

the first Level state machkine and the address decoder. It
then enabies the proper date peth to the accessed device.
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9.5 RESIDENT PROGRAM MEMORY

The resident procrem memory ds the firmware store from
which the microprocessor fetches instructions and immediate
operands. The microprocessor c¢en read this recsident
program memory in byte, word, or dongword mede at byte,
word, or Longword boundary.

The resident program memory (see Figure 9=2) is implemented
cn tive 275128 i6Kx8 FEPROM chips. Four of them contain
instructions and immediate operands, and the fifth one
contains the errcor detection and correction code.

error
correction
code W e=eeemcecsees data s===ceccccaa-

address 28=372 31=24 23=1¢ 15=08 07=C0
LGH000 VT I R R 1

o ] ROF i RO | ROM ] ROM i ROM (

. I 4 I 3 I 2 | 9 | 0 ]
OOFFFF | | | | |

Ficure 9=2 Resident Fregram Memory
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9.6 BATA SCRATCHPAD

Tre data scratchpad is en internal data store in which the
microprocessor stores &and retrieves 1its temporary data.
The wicroprocesser cap e€ither vrveat op wWrite this data
scretchpad in byte, word, or longwerd mode at byte, word,
or lengword boundaries.

The cdate scratchpad is implemented with ten dual 256Kx4
DRAM <c¢hips. Ae shown in Figure 9=3, these DRAMS are
organized to form two banks, each ot which is 256kx40.

ETPCT
correction data
coae
3=36 35=32 1=-28 27=24 23=-20 19=16 15=-12 11=-08& 07-04 (3-00
address _______ e e e
200000 | | | i | memory bank #1 | | i |
| Raw | RAM | | ®RAM | RAM | KAM | RAM | RAM | RAM | RAM | RAM |
by ¢ 407 4 e 1 s 1 & 1 3 1 2 | 1 {1 0 |
QFFEFF {_____ | S [ oo | | P |
o0C00 | | I | | memory bank #2 | | | |
| RAM | RAM | | RAM | RAM | RAW | RAM | RAM | RAM | RAM | RAM |
i ¢ + 8 {1 7 1 ¢ 1 5 1 4 F 3 1 2 | t |1 0 |
SFRFFF | _____ | D, oo | | | |
Ficure 9=3 Data Scratchpad
ST DATA SCRATCHPAD REFRESH

The dats scratchpad dynawmic memory must be refreshed at &
millisscond dintervais, The refresh is controlled by two
&=bit 74F579 bidirectional binary counters, a 74F240 B8=bit
tristate driver, anc a FAL16RL programmable array. The
74F579s sre clocked by the microprocessor clocky they
signasl the PAL16R4LE to refresh at 4 millisecond intervals.
The PALT6R4B then requests oknership of the wmicroprccessor
sddress busa When ownership 1ie¢ granted, the data bus
controllier recognizes the refresh cycle and enables the
T4F247 and T4F579s te drive the refresh address on the
picroprocessor address buse.
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9.8 BATA BUFFER

The dste buffer is a temporary data store for transfers
between the micropreocessor, I/0 Bus control, and MLI
contrel sections. tvnership of the data bufter is
contrelied by the buffer cunmership contrel of the 1/0 Rus
control section.

9.9 1CBUS And MLI CONTROL RFEGISTERS
The 10BUS and MLI ¢ontrel registers coprtrol and monitor the

agtivities o¢f the I/C Bus and MLI. Refer to Section (1/0
BUS) and Section (MLI CONTROL) for details.

.10 SMC INTERFACE REGISTER

The SMC interface register is part of the SKC dinterface
thain. it handles communications between the
micreprocessor and the SMC interface controller, The S#C

interface controller shifts 1in the command into the SMC
interface register, then sets the Interrupt flip=-tlop in
the SK¥C dnterface chein.

The interrupt causes the microprocessor to read and execute
the command, and to wWrite the vresult back to the SHC
interface register. The SKC interface controller then
shifts the result from the SMC dinterface register and
resets the Interrupt flip=-flop.

The SKC dnterface register §s implemented with eight
PAL1€R4B programmable arrays that are driven by the system
¢lock when in shift mode, and by the microprocessor clock
when in microprocesser access wmode. The output of these
devices is displayed ¢n 8 LED packages.
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9.11 RESET AND INTERRUPT CONTROLLER

The wmaintenance processor resets the microprocessor section
by clearing the data chain.

The microprocessoer can be interrupted by the following
external events st different priority levels:

SMC maintenance comrmand at level 6
108US=-k attention at level 5
10BUS=B attention et lLevel 4

-~

MLI poll recuest &t level 2

The interrupt controller 45 implemented with & PALT6RS
programrmable array that detects external events &nd
generates interrupts, and a FPAL16L8 array that acknowledges
the external event when the interrupt is processed.

10 MESSAGE LEVEL INTERFACE
0.1 MESSAGE LEVEL INTERFACE CONTROLLER

The Fessage Level Interface Controller (see Figure 10=1) is
an interface Dbetween the DTH's internal modules, and the
DLP tase module. The DTM can support four MLI portsy; each
port ¢sn handle up tc¢ 8 DLPs. A DTM can communicate with
up tc 32 DLPs in 4 hase modules,

The cortroller follows HMLI protocol, including parity
generation and checking, external event synchronization,
and cata transfer.

The function of MLI controller is to establish connection
with & DLP, and t¢ provide the strobes and control signals
for the transfer ot data betueen the DLP base and the DTH
internal modules.

Date transfers within the DTH are through a8 11K X 39 bit

buffer (32 data bits, plus 7 ECC bits) implemented on ten
1K X 4 static RAMs.
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Micro-
Processor
Backplane . )
Address Data
IntT e
uP Int
I0Bus | Control | Buffer ¢
<+ 10BC A Control 16
<4~
Data
l E
C
'ﬁtr c | BUFFER
(dKBytes)
<+ I0OBCB % 32+7 | O y
<$
Data
lntT‘~L
ML uP Int
Cables
— 1 ML e
Control
Figure 10-1 MLI Controller
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10.2 OPERATIONAL OVERVIEW

The controller can be startec by a Poll Test or a #Poll
Feguest. A Poll Test is initisteo by the microprocessor
(68020); & Foll RKeguest is initiated by a base module. in
a Poll Yest, the microprocessor assembles a message in the
buffer, selects the bace, and recuests a connection to =@
DLP. The message contains the DLP zddress in the base, an
1/0 descriptor, and twec werds of descriptor Llinks. This
happens at the begining of an 1/0 operaticn.

In a Foll Reguest, 2 return message (the descriptor Links)
is sent by the DLP, and ctonnection tc¢ system is reguested,
After a successfull Poll Test or Poll Request, a state
rachine monitors the DLP's status transitions and begins
the next asction to be taken by the FL1 controlier.

10.3 HARDWARE OVERVIEW

As shown in Figure 10-2, the MLICK i¢ compesed of folloring
blocks:

MLY and 68020 interface
Data path controller
Strobe logic (synchronous and esynchronous)
ML1 external control
L1 internal conrtrol
Parity checking:
LPW generator
Vertical parity generator/checker
Internal parity error detector.
DLP status detection end control
Poll Test, Poll recguest, Contrcol store
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uP Data Bus (non Ecc)I“5 { uP Control Bus
¥ Y ¥
MH Status M1i Command
Registers Registers
A
Y
Mti Control - g— Ml Clri
= Base 0
i @ G- Ml CLrl
§ Basae |
i M Cirl
! : - -8 gace 2
PoilReg Connect PollTest Mi Ciri
(prom) (ram) (prom) 0% Base 3
]
Y
PR . Mli Data Path Control
Buffer
Controtl { ! : :
; : ; 16+ 1
7 H H i
: i I : (—’{f:} Mii Data
Buffer i —» £8 A : Base 0
Data Bus : o 3 E :
(to ECCIO) - g | 1641
a : — L ol
—H : 1 L MIi Data
: : 16 .Y 16+ 1 - Base 1
32 : : '
: 16+1
s ] 11 16+1
] H - s -
L - L<H Mii Data
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-
[~
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Figure 10-2 MLI Control Module
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10.2.1 ML1 -~ MICKOPROCESSOR INTERFACE

ALL menitoring and loeding of this dinterface 4s done
through a Peripheral Intertface &and Timer (PIT). The
microprocessor and ML1 controller interface is composed of
the tollowing segments:

Byte counter
Coemmand register
Status register

10371 BYTE COUNTER

The Byte Counter setects the lLlength of a Read or Write
cperation. It is an 8 cigit decimel counter that is loaded
by the microprocessor for a specific I/0 before each data
transfer. It is read by the microprocessor after a data
transfer is conmnpieted. A memory mepped address is assigned
ky the microprccessor for vreading and writing the byte
counter.

The byte counter can cdecrement by 4 or 2, and ¢ten increment
by fCe Normally the counter decrements by 4 with each
strebe from the DLP, At the end of data transfer (read or
write) it updates itself by incrementing or decrementing by
2. This adjustment §s used if the DLP 48 @& character DLF
(can handle 1 byte data transfer).

Fenitor Llogic on the output of the byte counter informs MLI
control of the status of the counter (negative, or value
less than 6), and a PROM and two 74F194s make the 2 deast
significant digits of the counter.

Thke counter decrements after an ackpnowledgement of @
received strobe from the DLP during data trensfer. This
signal (INHFZ2) enables the counter. Two signals from the
LI Control Store (MLICS) determine the counter modes as

fellcous:
BACKUP XFEKRL INHF2 Result
X X o ne count
0 0 1 count down by 4
0 1 1 helc
1 G 1 count down by 2
1 1 1 count up bty 2
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10.3.1.2 COWMMAND REGISTER

The command register ic an edight bit field used by the
microprocessor to initiate or assist the MLI controller
during an operation, The microprocessor treats this
register as an addressable date field.

The command register is implemented with three PALs (16R4).
The register bit assicnment is as follows:

bit function

= e am o e e G Em o O wm ER S wn e SR ED O MmO D TR R O O a U e O O e O S e e Gm wm e e Un N ah 40w D T Gy A O O o

¢ START MLI. After & connection between the DTH and
the DLP is established, the HMLI controller stops
itself several times during an 1/0 operation. The
microprocesor monitors the status of the HMLI
controlier, then sets this bit to restart the MLI
controller.,

1 CONNECT CLEAR. By setting this kit, the
microprocessor telds the cortroller teo disconnect
from the base module.

2 POLL TEST SET. To dipitisate a Poll Test, the
microprocessor sets this bit efter & message 4s built
and loeded into the buffer.

2 SELECTIVE CLEAR. The nicrcoprocessor uses this bit to
issue & selective or a master clear to the DLP.

4 MODE 16. This bit tells the controller that only the
most significant 16 bits of data in the buffer are
valid during a tend operation, or te only wurite 16
kit of wvalid cets during a receive operation. This
mode is used wher controller is sending cop codes and
links to the DLP, or vreceivinge Links and result
descriptars from the DLP.
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10.3.1.2 COMMAND REGISTER (Continued)

5 6 7 Betore initiating a Poll Test, the microprogcessor
spacifies the base for which the Poll Test s

initiated. Bit 5 enables Lloading of the base
register. Bits 6 (base vregoister bit 0) and bit 7
{base register bit 1) selcct the base module as
follows:
bit 7 bit 6 base

0 0 &

¥ i 1

1 0 2

1 1 3

The base  frontplane connector is on top.
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10.3.1.3 STATUS REGISTERS

The status register i¢ composed of a Cendition register &and
a DLP Status register,

The conoition register is used by the MLI controller to ask
the micronrocessor for assistance. A four bit field is
aseigned for this fpurposes. The condition register is
implemented in a PAL(16R4),

Bits in the corndition register are assigned ae follows:

MP LT
¢ idle
i PTEST to FREG = Connection

PTEST did not complete = Disconnect

P4 Error used on Poll Test
3 Receive R/D during Poll Test
4 1/06 descriptor successfully sent
5 Result descriptor suctcessfully received
¢ Descriptor Links in the buffer (receive R/D next)
7 pPescriptor links in the butfer (read burst next)
8 Pescriptor Links in the buffer (write burst next)
9 Reguest for disconnect
10 Break on read burst
11 Break on werite burst
12 Entry after a successful Poll Test
13 Op was sent; ready to send descriptor links
14 FTEST to FREQ convert
PTEST did not conplete
Initiate FTEST &@coazin
15 Iilegal
The microprocessor monitors the DLP status bits. The DLP

status bits are monitored directly from the frontplane, or
after they are registered,
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10.4 DATA PATH CONTROL

bData path coentrol 1s rtesponsible for movement of data
between the I/0 buffer and the MLI data registers. A two
bit state machine is the heart of the data path control
logic. After the MLI controiler resumes buffer access, the
controller generates control signats to the ECCI0O eand the
1/70 buffer address counter,

Pata path control is implemented on five PALs. The state
representation 1is due to the 1limited number of product
terms per PAL. The bit assignment is as follows:

state(1) state(()

1 1 State 0; clear or idle

] 1 State 1 and state 2
used during burst mode

1 g State 3

O 0 Invalid; not used

The I/70 buffer is 32 data bits wide; the MLI data bus is 16
bits wide. Therefore, the data path controlier must
determine when and how to do the following:

o Increment the eddress counter
0 Lload the MLI data register
0 Use the correct porticn ¢f the ECCIO. When sending,
the correct portion of the ECCIO to be sent to the data
register must be enabled, and when receiving, the WLI
data register must be erabled to the ECCIO0.
The date path controller operates in the following modes:
Send Mode 1€
Receive Mode 16

Send Huret
Receive Burst
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ilet DATA PATH CONTROL (Continued)

SEND MODE 16

This mcde is used when the DTM is attempting to send an
cp and descriptor links to the BLP. In this mode, the
nicroprocessor assembles the message 1in the tuffer,
then tells the PMLI controller to start a Poll Test.
The wmicroprocessor also puts the controller in 16 bit
data traensfer moce. When the MLI controller is in 16
bit mode, only the 4 most significant digits of the
butfer are valid; the rest are cleared by the
RICreproCesscra

RECEIVE MODE 16
This mode is used when the DTV is receiving descriptor
tinks or result descriptors from the DLP. In this
mode, the & least significant digits of data from the
BLP is written dnte the I/0 buffer 8s zerces; the &
most significant digits contain cata (descriptor Llinks
or result descriptors).

SEND BURST
This mode is used when the contrcller 1is doing data
treansfers (send). At L strobe turnarounds are
asynchronous (see strobe logic). This mode is
jnitiated after a successful Poll Request and reception
cf the links.

RECEFIVE BURST
This mode is used when the controller 1is receiving.
Strobe turnarounds are asynchroncus (see Strobe Logic).
This mode 1s initiated after a successful Poll Redquest
end the reception of the Ulinks.
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10.5 STROBE LOGIC
Because ML1 strobes from the DLPs are received

10.6

=== NISYS

asynchronously, it is necessary te latch them. Four R-=$
flLip=flops latch the strobes received from the bases.
These latches are reset by the reply strobe from the DTM,

In synchronocus mode (non-data), the latches are reset by
the low portion of the clock cycle. In asynchronpous wmode
(data burst) they are reset by a derivative of the delay
tomponent ustd for strocbe generations.

The cutput of of the latches is fed into a multplexor that
selects strobes from one of the bases. The latch is reset
in asynchronous mode only after the MLI data is valid, and
a strobe is sent to the DLP.

For the controller to run in &synchrecnous mode, the status
sent by the DLP must be 4 (read) or 8 (urite), the
controller must be in data mode, and the byte counter must
have a value greater than 6 (digits). Strobe generation in

In synchronous mode, strobe cgeneration is dene by the
control store. HWhen the controller is not in date mode
{and is not halted), the strobe turnaround is as follows:

C Receive the DLP status with strobe; allow time=bound
metastability resolution for strobe Latches,
o Load the new DLP status.,

o Decode the status transition into an action
needed in the control store (see Action Deccde)
o Send the response strobe.

il 1 EXTERNAL CONTROL

The MLI control signals are Terminate, Channel Select,
Address Select, and Access Grant. These signals are used
in Poll Test and Poll Reogusst procedures, or when the DTN
is connected to a DLP.
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The BLI controller can be in one of the following states:

poll Test
Poll Request
Coennection
Idle

o Q00

The transitions occur from Poll Test or Poll Request to
Connection, and from Connection to Idle state. Poll Test
is initiated by +the microprocesscr; Poll Request is
initiated by the base unit. ALl DLP state transitions are
decoded in Connection state. The micropreccessor clears
these states and forces the controller to go to IDLE.

1C. 8 PARITY GENERATION AND CHECKING

The LPW register is built from four registered PAls. 1t
monitors the M®MLIDATA bus during send mode, &nd the
MLIRAMDATA bus in receive mode. These PALs are controlled
by two mode Llines as follow:

#ODE ACTION

0 Shift

1 Hold

2 Celculate LFPW (depending on direction of data

transfer, Exclusive=0R the registered value
with the proper inputa.
3 Initielize (set to FFFF, s8il ones)

Because of the Limited number of 1I1/¢ opins on PALs, the
Skittin and ShiftOut bits are shared with Direction (send
cr receive), and LPWZERC (LFW=0), respectively.

Vertical parity is checked and generated on the MLI date
bus wusing two T74F280G perity comparatcer/generators. The
internal perity detector is built on 8 20R4 PAL. This PAL
compaeres the ECC portion of the ECCIO with the parity from
the KLI data register. Refer to the PAL equations for

CONFIDENTILAL ENGINEERING DESIGN SPECIFICATION Rev. A Page 163
additional details. |
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10.9 BLP STATUS DETECTION AND CONTROL

After a8 connection to & DLP is established, each DLF strobe
validates 2 new status from the DLP. A nmultiplexor decides
vwhat base the status belongs to. After the strobe 1is
{atched, the first clock is used to avoid metastability and
roise problems, and on the new DLP ds tatched in a2 F194 on
the second clock.

This logic is implemented in e 20R4 FAL. This PAL generates
the wmode Llines to the Fi194s that capture the new and old
status trensitions. The new and old status 1is wused to
determine the pext action to be takenm by the DTN,

10.10 POLL TEST, POLL REQUEST, AND CONTROL STORE

i1f the MLI contreller is not in Idle mode, it must be din
cne of the following modes, using the control store shown:

Poll Test = PROMS

Poll Reguest = PFRONS
Connect = Static RAMN
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10.940.1 PoLL TEST

After the microprecessor initiates a Poll Test, the PRONs
take over the DLP status monitoring and action generation
of the WLT controlier. There are three Z2Kxé& PROMs, with
even parity across the PROM*s outputs.

The inputs to these PROMs are wused to process the Poll
Test. The inputs include 2 2 bit counter, & bits ¢f status
from the MLI, MLI control signals (Address Select and
thannel Select), the registered strcbe from the DLP, and a
feedback from the PROM called Rtime, which is used to to
notify the microprocessor of problems detected during poll
teste

turing Poll Test, the DLP address s read from the 1/0
buffer and put dntc the WMLI data register. Also, the
drivers for the base are enebled. At the same time, 2a 3
kit counter (Poll Test counter) is initialized to zero.
This counter counts six, 2nd veglidates the DLP address on
the MLI bus for at least three <clocks before the MLI
controller can assert Channel Select.

On next clock, the LI controller asserts Address Select,
and waits for a progper status from the distributiorn card.
After receiving the proper status from the DLP, control s
transferred to the MLI contrcl store. The Poll Test PROMSs
sre disabled,
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10.10.2 FOLL REGUEST

To eneble the Poll Request PROF (512x8), the following
conditions must be met:

c There must be an interupt from a base
0 An 170 huffer asccess must be granted

After the I/0 buffer access is oranted, the MLI controller
clears the base register and sends Access Grant to the
baces. Any base that requires the DTM®s attention responds
by drivine g¢global gpricrity onto the WMLI data Llines,
fecliowed by a strobe.

The LI contrellzr resolves the oglobel opriority from the
base that thkaes interrupt asserted. I1f multiple bases
request connection, the one with the highest olobal
priority is grented access.

If multipie bases request connection, end if they have the
same globsl priority, the lowest numbered base is granted
connection.

There are 3 2Kx4 PROMS used for global priority resolution.

The base nuwmber is loaded into the base register, Channel
Select, followed by Address Select 1is sent to it. The
selected base sends an acknocwledgment strobe, and the MLI
controller drops Channel Select. Now, the connection is
completed. The Poll PRGN is disabled, and control goes to
the MLI control store.
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10.10.3 CONTROL STORE

A successful Poll Test or Poll Reguest enables the MLI
control store, which is 8Kx24, and is implemented in three
EKx® static RAMs. The output o¢f the contrel store s
Latched dnto a8 set of 16R4 PALs. Three F299s are used to
Ltocad the control store.

The microcede for the FLI control store 4s wWritten in
Algol, Ffollowing is List of the control stors output bits.

[23:9] EnLPWEPYP Enablie LPW error to be latched into the

{22:4] NOTUSED unused

[t&:11 SNDST Set SEND flip=flop

{17:141 HALTHMLI kalt the MLI controller

£16:11 CONTPARIT Control steore parity (even)

£15:41 CONDITION Conditior monitcecred by microprocessor
[11:2117 CTRBCK Back up the byte counter

1611 LPWCLR Clear LPKW register

fue:11 LFKLTB Enable LPW onto MLI data bus

[Gg:11 XFERST Enable byte counter to count (up/down)
[67:11 ILLEGL Iliegal status transiticn

[0e:3] TOGLES Three toggles used for secuencing
[G3:6] ACTION Next sction to ke taken

Feltowing are the control store input bits:

{12211 HRFCMP Host Return Field Comparison used for PO
to Poll Recuest conversion.

{11211 7TERM Terminate (MLI control signal)

[10:31 toggles Three togcgles used for sequencing

{07:41 OSEk Oid DLP stetus

[03:41 NSR New DLP status

The combinations of the new DLP status, old ©DLP status,
terminate, and togales are decoded to generate an action
for the WLI controller.
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10.16.3 CONTROL STORE (Continued)

The following table defines the individual actions:

value action

~F houn s LA TN wad ©9

-kl ALY OO
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Set terminate if the byte counter is odd

Set dats mode (burst)

Sync mode (!dete); terminate if counter is not 0K
Not used

Send sync (ldata)

Receive sync (ldata)

Send ¢ address if present, else set C=ADD ervor
Receive LPUW; do not return a strcobe, If counter
is ¢dd, set address error.

Back up the byte counter (not used)

Receive LPW with strobe

If byte counter is odd, set address error

Send strobe (S10)

Send Line turn strobe; to avoid parity errors, do
not load the bidirectional register

Ne action

No action

No action
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AFPENDIX A = TABLES
A.1 INTERRUPT PRIORILYY
Priority
Level Interrupt
I not used
6 SMC attention
5 i/0 Bus-A sttention
4 1/0 Pus=B attention
2 not used >
2 MLl pell reguest
g not used
A,? FEMORY MAP
pevice Address Range Width Accessibility
Resident Program Memory QOUO0U-00FFFF B,W,L Read-=only
Pynamic Data Memory 2000G0-3FFFFF B,W,L Read and Write
Maintenance Register 410000 L Read and Hrite
10 Buffer Cmnd Reg 430000 W ¥rite-only
IC Buffer Status Reg 430002 K Fead=ontly
PLT Result Reg 430004 2 Read=only
LI Cemmand Reg 430006 b Write-conly
L1 Status Reg 430008 W Read-only
LI Identification Reg 43000A W Read=-only
L1 Hioh Byte Counter £3000¢C W Read and Write
LI Low Byte Counter 43000E W Read and Write
1/0 Buffer Address Reg L3004 [ Read and Write
1/0 Buffer Limit Reg 430016 W Read and Write
1/70 Bus=A& Stetus Reg 630U18 W Read=only
1/0 Bus=B Status Reg 43C01A W Read=only
1/70 Bus=A Command Reg 43601¢ W Write-only
1/0 Bus=B Command Reg LI0U1TE k Hrite-only
1/0 Buffer 600000L=-600FFF L Read and Write
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A.3 SMC INTERFACE REGISTER COMMANDS
The $¥C interface register handles the following types of
commands {the type is specified in kit 371:30).
value command type
U not used
1 #fiCP contiguretion
2 SMC diagnostic
3 SMC maintenance
[ SMC FAINTENANCE COMMANDS

Opcode = SMC Interface Register Bit<29-24>

Parameter = SHC Interface Register Bit<23=-U0>

Opcode Paremeter Command
gu <value> Load Memory Fointer
g8 Read Byte Through Kemory Pointer
Q% Read Word Through Memory Pointer
ga Read Long Through Memory Pointer
B FF Take Snapshot of Microprocessor
B Qb Read Microprocessor Data Register D
GB o1 Read Microprocessor Dats Register D
0B 02 Read Microprocessor Data Reqister D
B 03 Read Microrrocescor Data Register D
B 04 Read Microprocessor Data Register D
UB a5 kead Microprocesscr Data Register D
B gé Read Microprocessor Data Register D
B 07 Read Microprocessor Data Register D
0B 08 Read Microprocessor Address Register
UgR (9 kKead Microprocessor Address Register
UB {A Read Microprocessor Address Register
ub Ue Read Microprocessor Address Register
08 gce Read Microprocessor Address Register
0B go Read Microprocessor Address Register
0B Ot Read Micropreocessor Address Register
B UF Read Microprocessor Address Register
UB 10 Read Microprecessor Program Counter
08 11 Read Microprocessor Status Register
o8 20 Read Channel Status
1G <value> HKWrite Byte through Memory Pointer
11 <vatue> MWrite Word through Memory Pointer
12 <value> Write Longword high 16=bit through I
13 <vadue> Write Longword low 16-bit through M
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A.5 MCP CONFIGURATION COMMANDS
Gpcode = §MC Interface Register BitK29-24>
Farameter = SMC Interface Register Bit<23=-00>
cpcode parameter cormand
0b <value> Load Base=D
(F <yaiue> Load Base=F
Tu ' <value> Load QuikDisk Base Address Word=1
i1 <value> Locad QuikDisk Base Address Hord=2
i¢ <value> Load GuikbDisk Bese Address kord=3
13 <yalue> Load QuwiklPisk Base Address Word=4
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A,é ERROE LOGGING

Datea

Seratchpad

Location Field Description

200040 ICHC undertlow count

2UBUL4 I0MC overflow count

2000G48 I0MC ECCIO single bit error count

culidsac 10MC ECC106 wmultipie kit error count

260050 IOMC MDECCDT single bit errcr count

200054 I0MC MDECCZ23 single bit error count

cGG058 I0MC MDECC mutiple bit error count

c{G05¢ Memory Bus single bit RAM error count

cOtuél Memory Bus single bit Bus errcr count

200064 Memory Bus multiple one bit RAM error count

200068 Memory Bus multiple ore bit BUS error count

2U0686c Memory Bus multiple bit RAM error count

2u007¢ Femory Bus multiple bit Bus error count

200074 femory Bus Error FParity error count

260078 Memory Bus MDC malfunction errcr count

cLUG7cC not used

L0080 I/0 Bus timeout error count

200084 1/0 Bus bus busy errcr count

200088 1/0 Bus arbitration error count

20008 ¢C 1/0 Bus preempt error count

200090 1/0 Bue module not present error count

200094 1/0 Bus module busy error count

2ubh98 1/0 Bus dllegal disconnect error count

20009¢C 1/0 Bus single bit send errofr count

2000A0 1/0 Bus single bit receive errcor count

20C0UAG 1/0 Bus nmultiple bit error count

cGO0AR 1/0 Bus harduware error count

20040hA¢C not used

200080 not used

2GiURs not used

200GUBE not used

20008C not used

2000C0 Miscellaneocus error count
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AT EACKPLANE PIN ASSIGNMENTS

The following table lists the 1I/0 &Eus signal names and
hackplane pin assignments for the 10KMCs, the SHMC, and the
Bus %0 connecticn to the DTHs,

Sigral Name Card BF

TIGIDATA=-0OP AGS ATES
TICIDATA-DIP €05 A7P6
TIOIDATA=UZP ADé ABFP4
TICIDATA=-Q3P cCée AEFE
TIOIDATA=(4P ALY A9F4
TIUIDATA=-DSP 07 A9PG
TIDIDATA=QGP AQR BOF4
TIGIDATA=0O?P g8 BLF6
TICIDATA=Q8P A9 BiP4
TIOTDATA-09P cu9 B1P€
TIQIDATA=-T0P A1D BZ2P4
TISIDATA=-11P it BZPé
TICIDATA=2P AT B3P4
TIOIDATA-13P €11 B3F6
TISIDATA=14P A1? B4F4
TIOIDATA=TSF e B4F 6
TIGIDATA=-16P AY3 B5FP&
TIDIDATA=17?F €13 R5p6
TICIDATA=1 8P A4 B6F4
TICADATA=-1GP Ci4 R6F 6
TIOTDATA=20P Al3 BYF4
TICIDATA=21P ci5 B7F6
TIGIDATA=22F 81¢ BE&F4
TIGIDATA=23FP €16 BEFS
TIGIDATA=24P AT BESP4
TIGIDATA-25FP €17 B9F6
TICIDATA=26P A18 COr4
TIGIDATA=27P Li8 COF6
TIDIDATA=28P AY9 C1F4
TIUIDATA=-29P €19 cipP6
TIOIDATA=30P AZC CzF4
TICIDATA=39P cezd CZF6
TICIDATA=32P A4 C6P4
TIGIDATA-33P 232 C5pé
TIGIDATA=34P A23 C5P4
TICIDATA=-35P C2e CLFE
TIUIDATA=36P AZ2 CLF4L
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A7 BACKFLANE PIN ASSIGNMENTS (Continued)
Signal Neme Card BF
TIGIDATA=37P cz1 (3P6
TIDIDATA-38P Az C3P4
TICIBUSREFEP 27 CYP6
TIGTBUSREGSN 26 C8F6
TIGT1BUSBUSYN c28 pGré
TIGIMODREGSN A26 C8F4
TIDT®OGDPRSNN AZ27 COF4
TIOIMODAVALN ALY DI1F4
TIQIMUODBUSYN A28 DOPS
CTIOTTRANSFEN €e9 DiP6
TIGIERRORE SN AZS C7P4
TIC31I0REGSEN (24 C6P6
TIGII1I0ACKSEN €25 C7F6

The DTFs drive and receive the control signals through
different pins. Those (isted above are the driver pins;
tte receiver pins are as folloks:

Signal Name Card Fin
TIOZBUSREF&F t32 D4LPE
TIGEBUSREQEN (33 DS5F&
TIGRBUSBUSYN €31 DiIP6
TID3ZMOEDREQEN A33 DSP4
TIOZMGCPRSNN p32 D4F 4
TIDSMUDAVALN AZ{ D2F&
TIGIMOBBUSYN 231 DEFP4
TIG3TRANSFRN €3¢ nePo
TIO3ERRORESN A34 D6P4

In adaition, NormalRequest and EmergencyRecquest are driven
by the DTMe on the following pins:

Signal Nane tard Pin
TIOINURNREQN R3S D7P4
TICTEMERGRGN €35 D7P6
These two pins are wired on the backplane to the

sppropriate data bus wires,
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ho? EACKFLANE FIN ASSIGNMENTS (Centinued)

For the DTMs, there are a second set of backplane pins for
1/0 bus #1, as follows:

Signal Name Card BF
TIOZDATA=-QUP K45 FOF4
TIGZDATA=-UIP €45 FOFG
TIGZ2DATA=-02P AL b F1F4
TIGZ2DATA-D3P Ché F1ré6
TIOZ2DATA=U4LP ALY F2PL
TIDZDATA=~USP €47 F2Fé€
TIUZ2DATA=CEP ALS Fips4
TIUZDATA=-GT7P €48 F3p6
TIOZDATA=-08P ALY F4F4
TIGZDATA-DOP €49 F4P 6
TIDZDATA-10P ASQ F5F4
TIGZDATA=-T1P c50 F5F6
TIG2DATA=-12P AS1 F6F4
TIGZDATA=-13P €51 F6FP6
TID20ATA-T14P AS2 F7P4
TIOZDATA=-T5P €52 FIF&
TIDZ2DATA=16F 253 FBFS
TIG2DATA-TT7F €53 F8F6
T102DATA-18P 254 FOF4
TIUZDATA=-1GP C54 FI9FP6
TIGZ2DATA=-20P AS5 GUP4
TIUZDATA=21P (55 GOF&
TINZDATA=-22P ASé G1F4
TIG20ATA=23F €56 Gi1F6
TIUZDATA=24F ASY G2P4
TIG2DATA-25P €57 G2F6
TIDZDATA=26P ASR G3Fé4
TIOZDATA=27P (58 G3F6
TIGZ2DATA=28P ASG G4F 4
TIBZDATA=2GP €59 G4FP6
TIOZDATA=-3UP A6D G5P4
TIOZ2DATA=31P cén G5F6
TIUZDATA=32P AbhL G9F 4
TIOZ2DATA=33pP €63 GRFE
TIGZ2DATA=-34P AG3 G8F &4
TIG2DATA=3SF €82 GTP6
TIOZ2DATA=26F BéZ G7F4
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AT EACKFLANE PIN ASSIGNMENTS (Continued)

Signal Name Card BF

TIO2DATA=57F €61 G6F6

TIG2DATA=38P A6t C6P4

TIO2BUSKEFS$P c67 H2P6

TIU2BUSKEQSN C66 B1P6

TIUZ2BUSBUSYN (68 H3F6

TIO2MUDREGSN AGE H1P4

TIOZ2MODPRSNN AGT H2P4

TIO2NMODAVALN R69 H4P4

TI02MODBUSYN AE8 3P4

TIG2TRANSFRN C69  H4P6

TIO2ERRURS &N AGS HOP4

TIOLIIORFOEN Cé4h G9F6

TIDZITUACKEN €65 HOF 6

For 1/0 Bus %1, the control signal receiver pins are:

Signal Name Card Pin
TIO4LBUSKEFIP c7¢ H7P6
TIC4BUSREGEN €73 H8FE
TIDA4LBUSBUSYN €71 H6F6
TIOAMODREGSN P73 HEP 4
TIGLHRODPRSNN ATZ H7F&4
TIO4MODAVALN ATD HS5P4
TIG4WEDBUSYN AT LéFL
TIOLTRANSFRN c7r 0 H5P6
TIDLERRORSEN AT & HOF 4

NormalReguest and EmergencyRequest @are driven on the
following pins:

Signal Name Card Pin
TIOZNORMREGN A7S 10F4
TIOZEMERGRAN €75 10F6

Fins BO4 (RA6PS) to BE&S (JOP5), and D04 (AG6FR7) to D85 (JOPT7)
&re hard grounds; they are connecited directly to the ground
rlane for all the 0THM slots.
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APPENLDIX B = MESSAGE LEVEL INTERFACE FUNCTIONAL DESCRIPTION

The MLI s a 25=Line connection betwecen the MLI controller
medule and the DLP base. This provides a communication
path betuween the c¢ontroller and the distribution ceard,
vhich 1is by the controller and the FMLI to establish a path
to a specific DLP (Poll Test).

After connecting to a DLP, the distribution <card passes
deta and Dbecomes trensparent to the operation. When the
pLP is connected, it sends a 4-bit status code to the WLI.
The MLI controllier receives the DLP status and determines
what state the OLP is in, and what action is reauired. The
distribution card also pertorme Tfunctions for the DLP
reqguesting reconrection (Poll Request).

Some MLI interface lines are unidirectional, and are sent
from the MLI controller to the DC. The lines arec

ADDSEL Address Select. When ADDSEL and Channel
Select are made active et the same time,
that indicates that the MLI controller s
attemptine conrection to & PLP., After
connecting, Channel Select is made
inactive, The distribution card that
receives Address Select but not Channel
Select assumes that the MLI controller is

busy.

AG+S10/ Access Grant or Strobe 1/0. This Lline
indicates that a reguesting DLP has been
grented access during a Poll Reouest. 1t

also preovides the handshake strobe from
the controller te the pLP for the
information on the data line.

TRE4NMC Terminate or Master Clear This signal
terminates a BLP data transfer to
selectively clear & DLP.

The following Lines are unidirectional from the
gistribution card to the MLI controller.

LCFST DLPF Strobe. This i a handshake strobe
from the DLP for the irnformation on the
date lines.
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AFFENDIX B = MESSAGE LEVEL INTERFACE FUNCTIONAL DESCRIPTICN
(Continued)

ER+STR/ Emercency Reguest or &-bkit of the DLP
: Status. If Address Select is inactive,
this line indicates that a CLP in the base
is requesting service. If Address Select
is active, this line is the 8-bit of the

‘ connected DLF's status.

IP+ST4/ DLP Request, Poll Test Error, or 4=-tit of
the DLP Status If Address Select s
inactive, this line indicates that a DLF
is reguesting connection. During Poll
Test, this line inadicates that the address
received by the distribution card
contained a parity errcr. 1f Address
Select 1is active, this Line is the e DC
totained a parity 4=-bit of . the connected
DLP's status. ' K

PB+ST2/ Port Busy or 2=bit cof DLP status. During
a8 Poll Test, this line indicates Port Busy
(multiple distribution card bases such as
Shared System Processor only). If Address
Select is active, this is the 2-bit of the
connectec DLF's status.

The following Lines are ti-directionals:

CS+ST1/ thannel Select or 1~bit of DLP status.
This Line (in ccrjunction with Address
Select) irdicates that the MLI controller
is attempting to connect to a DLP in the
base. If Address Select is active, ttis
Line 1is the 1-btit of the connected DLP's
status.

Farity/ Parity bit for the data Llines. This s
the parity (odd) line for the information
on the data Llines.

DATArNn/ Sixteen data lLines, These lines transfer
the 1information Ltetween the DLP and the
MLI ccntroller. The 1information may be
the MLI c¢p <code cr variarts, descriptor
Links, result descriptors, LF words, or
data.
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APFENDIX B - MESSAGE LEVEL INTERFACE FUNCTIONAL DESCRIPTION
(Continued)

ER+ST8/ Emergency Request or Rg=tit of the DLP
: Status. If Address Select is inactive,

this line indicates that a PLP in the base
is requesting service. If Address Select
is active, this line is the 8-bit of the

. connected DLF's status.

i

1P+ST4/ DLP Request, Poll Test Error, or 4~bit of
the OLP Status If Address Select s
inactive, this line indicates that a bDLP
is requesting connection. buring Poll
Test, this line indicates that the address
received by the distribution card
contained a parity error. If Address
Select 1is active, this line is the e DC
cotained a parity 4-bit of the connected
DLP*s status. h

PB+ST2/ Port Busy or 2-bit of DLP status. buring
a Poll Test, this line indicates Port Busy
(multiple distribution card bases such a&s
Shared Systenm Processor only). If Address
Select is active, this is the 2-bit of the
connected DLF's status.

The following Lines are bi-directional:

CS+ST11/ cthannel Select or 1-bit of DLP status,
This Lline (in corjunction with Address
Select) irdicates that the MLI controller
is attempting to connect to a DLP in the
base. If Address Select is active, this
Line 1is the 1-bit of the connected DLP's
status.

Farity/ Parity bit for the data Llines, This s
the parity (odd) Line for the information
on the data lines.

DATARNn/ Sixteen data Lines. These lines transfer
the 1information between the DLP and the
MLI controller. The information way be
the ®#NLI op code or variants, descriptor
Links, result descriptors, LP words, or
data.
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