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1 

2 

FU~POSf 

The purpose of this docuffient is to describe the function 
and operation of the VSOO ~essage level Interface Data 
Tren~fer Module (MLI-DT~>. 

RELATEO DOCUMENTS 

1997 5390 V Series Instruction Set Specification 

1993 5279 VSOD Archit~cture Specification 

1993 5253 V500 I/0 ~emory Concentrator Specification 

2323 7399 Message level Interface Specification 

1993 5295 VSOO System ~aintenance Controller Spec 

1993 5303 VSOO ~airtenance Subsysterr Specification 

1993 5337 VSOO fault Detection Design Guidelines 

1~95 53L1 VSOO ECL/CMOS/Tll Circuit Rules 
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4 • 1 

FU~CTIONAL OVE~VIEW 

BASIC FUNCTIONS 

The VSOO MLI-DTM consists of the following modules: 

c IIO Bus Control Module 

o ~icroprocessor ~odule 

o ~essage Level Interface Control ~odule 

An I/O bus intfrface h&s been oesigned tor the MLI-DTM to 
~erform the access and communication functions. 

It is built cf TTL MSl/SSl parts, PALs, PROMs, 1K~4 static 
~P~s, and an ALS 2800 gate arrsy. The ALS gate array 
hardles the error corrfcting code on the I/0 bus. 

I/G BUS DEFINITION 

EASIC FUNCTIONS 

lhe V5DO system I/0 busses perform the following functions: 

o ~emery Access. The I/0 busses are used by the Data 
Transfer Modules (Dl~s) ano System Maintenarce 
Controllers (SMCs) to read, write, and otherwise 
manipulate System ~emery. The attual memory operations 
are done by the I/0 ~emery Concentrators (IOMCs). 

o lnter-I/0-Module Communication. DTMs and SMCs may 
communicate with each other using the I/O busses. The 
basic unit of communication is called a message. 

c CPU Communication. Esth of the CPUs ir a VSOO system 
can inform the I/O subsystem that it wants to initiate 
an I/O operation; similarly, any CPU mey accept an I/O 
complete interrupt. 
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CONNECTIVITY, ~ULTIPLlCITY, AND PERFORMANCE 

A V500 system has two independent I/0 busses. Each 
connects to card slots for thE follcking I/O modules: 

Single cabinet system: 

o One IOMC slot 
o Six DTM slots 
o One SMC slot 

Dual cabinet system: 

c Two IO~C slots, of which at rrost one may be 
occupied. 

o Twelve DTM slots 
c Two SMC slots 

As shown in Figure 4-1, each IOMC and SMC connects to one 
tus; DTMs ma~ connfct to both busses. A single cabinet 
system may contain either one or two IO~Cs. If only one 
IO~C is ~resent, the second 1/0 Bus may still be used for 
lnter-I/0-Module communication. 

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



UNISYS CORPORATION 
ENTRY/MEDIUM SYSTEMS GROUP 
PASADENA DEVELOPMENT CENTER 

+--------------------+ 
I 
I 

1993 5329 

: V500 DATA TRANSFER MODULE 

+-----------------------------------COMPANY 
CONFIDENTIAL ENGINEER ING DESIGN SPECIFICATION Rev. A Page 8 
------------------------------------------------------------------------

IOMC SMC 

IOBus A 

DTM · · · DTM DTM 

I 
i 

: 
! 
! 

MEMORY BUS 

SMC 

IOBus B 

DTM 

i IOMC 
! Cabinet '0 Cabinet ,,,.1 

Figure 3-1 I/0 Bus Connectivity 

IOMC 

DTM • • · DTM 

IOMC 

Each I/O bus consists of 50 wires; 32 for data, 7 for ECC 
and 11 for control. 
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~ESSAGES 

The basic unit of communication on tt.e IIO bussps is the 
rressage. A ~essage consists of cne or more 32 bit data 
words, sent by a module (the initiator) to another module 
<the responder). The bus protocol allows any module on the 
tus to be an initiator or a responder. 

Once a message has been sent 
responder, the responder may, 
reply back to the initiator. The 
severed until a reply is sent, or 
to send a reply. 

by an initiator to a 
at its discretion, send a 
IIO bus connection is not 
the responder deciaes rot 

Thtse basic funttions are done by sending and receiving 
rressages. For exa~~le, if a DlM ~ants to read data from 
m~mcry, it sends a ~essage to an 10,C. That rressage 
consists cf a two digit op-code, together with the address 
ePd length of thf data it wants to read. The IO~C replies 
with the data from memory. 

Sim1larly, if a module is to write data to memory, it sends 
a message to an IOMC. That message consists of an opcode, 
address, length, and the data to be written. The IO~C 
rE~lies to this message with an frror wcrd that contains 
information pErtaining to the co~pl~tion of the command. 

Inter-I/O modul' ccmmurication is done similarly. For 
examplE, MLI-DTM firmware may te loaded via the IIO bus. 
lhe S~C is the initiator, ana the a~~rcpriate DT~ is the 
responder. 
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4.5 

MESSAGE PHASES 

110 bus operations consist of the follo~ing phases: 

o Bus arbitr&tion 
o Responder selection 
c Send message 
o Receive reply (optional> 

Jn the first phase, the initiator attempts to gain access 
to the bus. This may be refused because another module is 
alr~ady using the bus, or because a higher-priority module 
bid for the bus at the same time. In either case, the 
initiator encounters a BUS BUSY condition. The I/O bus 
o~eration must be retried. 

Onct the initiator gains access to the bus, the second 
phase begins. The initiator broadcasts the address of the 
mooule it wants to corverse with ~n the bus data lines. 
Every module connected to the bus checks the address 
against its own. The addreesed module must indicate that 
it is present, and whet~er it is reacy to accept a message. 
If the initiator does not set a Mcdule Busy or a Not 
Present condition, it may go to the third phase. 

In the third phase, t~E initiator sends the wessage to the 
responder, 32 bits every Tll system clock. Once the 
rressage has been sent, the responder may either disLonnect, 
or send a reply (phase 4>. 

IO~C PECULIARITIES 

The IO~C differs significantly from the other modules on 
the bus. There is at most ore IOMC connected to a bus; it 
provides the interface frorr that bus to merrory, and it 
contains the logic for CPU communication. 

Another peculiarity of the IO~C is that it is the only 
module on the I/O Bus that is not microprocessor-based. 
This means that its understanding of particular messages is 
hardwired, instead of being oeterminEd by firmware. 

Also, the IOMC n~ver acts as En initiator; it is always a 
responder. All the IC~C's actions are performed at the 
reauest ot another mod~le. 
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CPU-1/0 SUBSYSTEM COM~UNICATION 

J/O Complete Interrupt reporting toPsists of the module 
that wants to cause an 1/0 Co~pl£te Interrupt sending a 
message to the IOMC indicating the type of I/O Complete 
Interrupt <Normal, Real Time, or Error>, and which 
processor to poll first. The IOMl polls each of the CPUs 
in turn, tocking for one that will accept an interrupt of 
the specified type. 

If the IOMC receives a second I/O corrplEte interrupt 
ccmmand before it finds a processor that will accept the 
first interrupt, it ORs the ne~ interru~t ty~€ with the 
old, and continues to pell the processors. For details, 
se€ the IOMC s~ecificaticn. 

Initiate I/O and other CPU-to-I/O subsystem communication 
are more complicated. The IOMCs appear to the CPUs to be 
two memory boards; one store~ the time-ct-day, and the 
other (the IO~C mailbox register) is used for subsystem 
corrrrunication. 

Esch IOMC mailbox register can be written to by any CPU as 
if it were memory. Once that register has teen written by 
a CPU, the mailbox register 'nemory toard• goes busy until 
the value in th! register has ~een fetched by an I/O 
subsystem module. As long as the mailbox register is busy, 
the CPUs may not perform another write to the same 
register. 

It there are tko IOMCs in the system, the IO~Cs and the 
CFU 1 s memory controllers <MCAC~) cooperate to make the pair 
cf IO~Cs Lock like a single IOMC. hhen a CPU writes the 
time ot-dey, both IO~Cs load their register~. However, 
only one IOMC <the master) responds to a read time-of-day 
command. Similarly, ~CAC~ allows a mailbox register write 
to be issued only if t~ere is an empty mailbox register; if 
neither mailbox register is empty, the write waits. 

lhus, in a single IO~C system, the nailbox register goes 
busy after a single ~rite, and stays busy until an I/O 
subsystem module empties the register. In a two IOMC 
syst~m, t~o write maitbox register operations may be 
rerformed before the mailbox goes busy; the master IOMC 
registers the first, and the slave IOMC registers the 
second. The mailbox goes not busy when either IOMC•s 
register is emptied. 
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4.6 CPU-1/0 SllBSY~TEM COM~UNICA110~ (Ccntinued) 

when an IOMC 1 s mailbox register is written by a CPU, the 
IO~C captures ten digits of data from the memory data bus, 
and one digit of address fro~ the address bus. It is 
intended that the digit of address bF used by the microcode 
to distinguish types of CPU-to-I/O sutsystem ~essages 
(Initiate I/O, Discontinue I/O, or S)stem Initialization>. 

Current I/O wakes all CFU to I/O subsystem messages 
like Initiate I/O requests, in which messages intended 
the I/O subsystem hardware, such as execute self-test 
Cancel, are sent tc the I/O subsystem as Initiate 
Requests for a fictitious DLP lchannel 08). Future 
ClOCBs) will require new, as yet unspecified, types of 
to I/O subsystem messagesa 

look 
for 
or 

1/0 
I/O 
CPU 

Each I/O Bus has two control lines (IIOReaL and IlOAckL) 
thst are used exclusively to manage the corresponding 
IOMC's mailbox register. 110 stands fer Initiate I/C, Req 
stands for request, Ack for Acknckledge, ana L indicates 
that the signai is active low. IIOR€Ql is asserted by the 
IOMC when a mailbox writ~ has been done by a CPU. Several 
nodules on the I/O Bus may rronitor this signal, but only 
cne module <the Message Router) responds. 

The I/O module that is to be tte message router is 
determired at system initialization time. Currently, the 
lowest slot numbtred DT~ is designated as the message 
routerw It the mes~agc router module breaks, it is 
rossible to reassign ttis responsibility to another module. 

~hen the message router nctices ttat the IIOReqL line is 
asserted, it initiates a mtssage to read the mailbox 
register. Once the message router has successfully read 
the m&ilb~x register, it asserts IIOAckL to indicate to the 
IOMC that the mailbox register is now empty. Both IIOReqL 
and IIOAckl are dropped, the mailtox •memory board' goes 
not bus~, and the I/O subs~sterr is rrady to accept another 
Initiate I/0 message from a CPUa 
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4~7 EUSY MODULES 

The second phase (Res~onder Selecticn) 
transaction phases is more then the 
implies. Briefty, reckless use cf 
condition tculd result in a deadlock. 

of thf four I/O bus 
previous description 

the ~odule Busy 

In the second phast of an I/O bus transaction, the 
initiator ~roadcasts the addrEss of the the module it wants 
to converse with on the data lines of the bus. Every 
nodule connected to the bus checks the address against its 
own. The addressed module must indicate that it is 
present, end if it is ready to accept a message. If the 
initiator does not see a ~odule Busy or a Not Present 
condition, it na~ proceed to the third phase. 

Consider two modules (A end B). A wants to send a message 
to e. First, A sets its ~odule Busy flip-flop, so that any 
nodule sending it a mess&ge sees a Module Busy condition. 
A then ~uts the messagE into a message buffer, and attempts 
to send the message. ~eanwhile, module B has not been 
idle. 8 has a messagE to seno to A. Of course, 8 follows 
the same procedure; it set thE Module Busy flip-flop, puts 
the nessage into a buffer, and attempts to send it. 

Clearly, A's message will not reach e, betause B has Module 
Eusya B's message cannct r€ath A, because A is also Module 
Busy. A sirrple retry by A or B will have the sarre problem. 
Until either A or 8 re~ets its Module Busy flip-flop, A and 
5 are deadlocked. 

Hence, we cannot use the Module Busy flip-flop for all 
rne&sages. The tasic problem is one of buffer management; 
when a nessape comes ir, wherE does it gc? The current 
'LI-DTM irnrlementation has a single buffer consisting of 
ten 1Kx4 static RA~ chips, thct is used for all messages 
<incoming and outgoing). A single m~ssage may occupy the 
entire buffer; therefore, if the microprocessor in modulf A 
is formitting en outgoing ffessage in the buffer at the same 
time that a message is coming in frow module B, theri is no 
rlace for module A to put the incomirg message. 
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4.7 EUSY ~ODULES (Continued) 

A simple alternative is to give the incoming message 
priority over the outgoing one. The microprocessor gives 
up the buffer, and the incoming message overwrites anything 
that ~as in the buffer. The microprocessor must handle the 
incoming message, and then make another attempt to forwat 
and send the original o~tgoing rressage. Several such 
attempts might be required before thf message can be sent. 

This alternat1ve is known as Non-Busy ~essage Initiation. 

Why not use Non-Busy Message Initiation for all messages? 
Unfortunately, it is not always possible for the 
microprocessor tc reconstruct the outgoing message. For 
example, hardware in the DT~ puts data from a peripheral 
device directly into t~e I/O bus tufter. This means th0t 
if the buffer is in use, the entire 1/0 would have to be 
retried to reconstruct this data. 

Clearly, a design with 1ultiple ~essege buffers would 
alleviate the problem. Unfortunately, an infinite number 
of buffers would be reauired to eliminate it completely. 

~odules on the I/O bus use the Modulf 
Non-Busy Message Initiation. How 
method to use? F~rtunately, there is 
t~at prevents deadlock. 

Busy flip-flop and 
does one decide which 

a simple protocol 

Deadlock prevention protocol incorporates the following 
rules: 

1 There exists a set of modules CA> that are never busy. 

2 A module that has its ~odule Busy flip-flop set may 
only initiate messages to ~odules in set A. 

3 DTMs that are not messege routers always initiate 
messages with their Module Busy flip-flop set. 

The lOMCs are never busy. They are only responders; 
~~enever they are doing anything, tteir I/O bus is in use, 
so that any module atte~pting to send a message on that tus 
sees a Bus Busy condition~ 
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4~7 

5 

BUSY MODULES (Continued) 

By convention, the message router always uses Ncn-Busy 
Message Initiation. hence, set A consists of the IOMCs and 
the message router module. SMCs must thEn abidP by Rule 2; 
when they have their Module Busy flip-flop set, they may 
only initiate rressages to lOMCs and to t~e message router. 
S~Cs may only send messages to DTMs using ~on-Busy ~essage 
Initiation. 

The message router can only serd messages to DTMs and S~Cs 
using a Non-Busy Message Initiatior. Since all other DTMs 
thet ar€ not the message router can only perform ~odule 
Busy initiation, they can only initiate messages to the 
IO~Cs and the message router. 

In fact, a DTM acting as a message router will only set 
~odule Busy while handling data cowing from or going to a 
peripheral, and wilt only initiate messages to an IOMC 
during that tirre. 

PARTITIONING 

CO~PONENTS 

The MLJ-DT~ I/O bus interface is partitioned into four 
pieces. They arE: 

o two I/O bus controllers (IOBC); one for each bus 
o a single 4kbyte buffer 
o a 6utfer Control 

The four pieces are cornected as shokn in Figure 5-1. 
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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. 
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5~2 CO~P~NENT FUNCTIONS 

khen the microprocessor initiates an I/O Bus transaction, 
it formats the message in th€ buffer, then commands one of 
t~e two IOBCs to start the transaction. The IOBC does the 
fGur phases of the I/O Bus trinsaction (Bus Arbitration, 
Responder Selection, ~essage Send, and Reply Receipt) 
autonomously, reportinQ beck to the microrrocessor via a 
status regjster ~hen the transaction is complete, or if 
some condition such as Bus Eusy or ~odule Pusy prevents the 
transaction from being completed. 

Similarly, when a message arrives on an I/O Bus, the IOBC 
~uts that message intc the buffer, informs the 
microprocessor <via an interrupt) of its arrival, and then 
waits for a command frorr the microprocessor. If the 
microprocessor ~ishes to re~ly to the message, it formats 
the reply in the buffer, and issues a Continue command to 
the IOBC. Alternatively, the microprocessor may indicate 
that there is no rerly to this message by issuing 1 

Disconnect ccmroand. 

The buffer is a 4K byte static PAM C1K 32 bit+ECC wcrds) 
that is eccessjble by both IOBCs, the ~icroprocessor, and, 
in the ~LI-DTM, by th~ MLI Controla It stores messages and 
replies. It is also stores the Module IO of the target 
module khen the ~icroprocessor wants to initiate an 1/0 bus 
transaction. 

The Buffer Control perfcrms two basic functions. First, it 
is responsible tor the aovewent of data into and out of the 
buffer. O~ reQuest from an ICBC, it reads the ~odule ID or 
data from the buffer, and stores received data into the 
buffer. 

The Module IO is read from address zero in the buffer; data 
is read frcm er written to sequential addresses. When an 
108C is sending either a message or a reply, the Buffer 
Control is also respcnsible for signalling the end of t~e 
data to be sent. 

The Buffer Control's second function is buffer allocation 
and access control. 

---UNISYS Prior kritten Consent Rfquired For Disclosure Of This Data----



UNISYS CORPORATION 
ENTRY/~EDIU~ SYSTEMS GROUP 
PASADE~A DEVELOPMENT CE~TER 

+--------------1 1993 5329 

i--------------------+ 
I 
I VSOC DATA TRANSFER MODULE 
I 
+-----------------------------------CO~PANY 

CO~FIDENllAL ENG I NE ER I NG DESIGN SPECIFICATION Rev. A Page 19 

BUFFER OWNERSHIP 

Before a requester uses the buffer, it must reouest 
ownership of the butter from the Buffer Control. The 
Butter Control recEives four Access Request lines, and 
drives four Access Granted wires (one per reauestor>. Once 
a requester owns the butter, it writes something into the 
tufter, ana then perhaps loans it to ancther requester for 
~rocessing. 

For the microprocessor to initiate an I/O tus transaction, 
it must first request ownership of the buffer from the 
Buffer Control. As shown ir Figure 5-3, once ownership is 
granted, the microrrocessor writes the target ModuleID and 
the message to be sent into the buffer, and then issues a 
Start command to one of t~e two IOBCs, thereby loaning the 
tufter to that IOBC. When the I/O bus transaction is 
complete, the IOEL returns the buffer to the 
microprocessor, which reads t~e reply before releasing the 
rvffer. The buffer is then available to any other 
requester asking for ownership. 
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Microprocessor IOBC A IOBC B MLI Control 

Start 

II Owned ~ On Loan § Borrowed 

Figure 5-3 Microprocessor Initiate Timeline 
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?·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 messa~e. When the message 
is received (see Figure 5-4), the IOBC interrupts 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 IOBC A IOBC B MLI Control 

Interrupt ... 

Continue or 
Disconnect 

II Owned 

Figure 5-4 

~ On Loan 9 Borrowed 

IOBC Initiate Timeline 
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S.3 BUFFER OWNERSHIP (Continued 

Use of the buffer by the MLI control in the ~LI-DTM is more 
ccmplex. As shown in Figure 5-5, a OLP does a Poll 
Request, needing data for a disk krite. At the first 
indication of the Poll Request, tte MLI control reQufsts 
ownership of the tuffer. Once owners~ip has been granted, 
tr€ Poll Reouest is allowed to proceed. The ~LI Control 
receives the descriptor lirks <identifying tht I/O) from 
the DLP, and stores them into the tufter. Meanwhile, the 
microprocessor has been interrupted, and is polling a 
status registers The ~LI control indicates to the 
microprocessor that tfie d~scriptor links are in the buffer 
via the status register; this action loans the buffer tc 
the microprocessor. 

Tte rricroprocessor us s the descriptor links, and other 
information in the status register, to determine that data 
must be read from memory. It formats the appropriate J/O 
tus message for the IOMC in the buffer, and issues a Start 
tommand to one of the ICBCs, thereby loaning the buffer to 
that IOBC. 

The IOBC sends the memory read message, and receives the 
required data. The IOBC indicates that the reply has been 
received, and returns the buffer tc the microprocessor. 
The microprocessor performs any required setup, and then 
issues a Start MLI commsnd to th~ ~LI control, thfreby 
returning the buffer to the MLI control. Eventually, the 
~LI control releases ownership of the buffer. 
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Microprocessor IOBC A IOBC B MLI Control 

Status Change 

Start 

Start MLI 

• Owned On Loan S Borrowed 

Figure 5-5 Poll Request Timeline 

This logic assures that the buffer is owned by only one 
requester at a time. Any other requester that wants to use 
the buffer must wait until the current owner releases the 
buffer. While a requester owns the buffer, it may be 
loaned to other requesters for processing. 
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BUFFER CONTENTION 

Siwply waiting for ownershi~ handles many Cbut not all) of 
thP buffer contention protlerrs. In particular, it is used 
to handle the following cases: 

On~ IOBC (E, for example) may be a responder at a tiree when 
the other CIOBC A) is busy as an initiator <microprocessor 
owns the buffer) or a respond~r (IOBC A owns the buffer). 
In this case, IOBC 8 waits for ownership of the buffer. 
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Microprocessor IOBC A 
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Op Complete • 
Release Buff er 

Interrupt 

Continue 

IOBC B MLI Control 
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D Awaiting Ownership 

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

~im1larl1, the Mll Control on an MLI-DTM may receive a Poll 
Requ st from a DLP khile the buffEr is being used by the 
microprocessor or an IOBC. The Poll Request must wait for 
ownership of the buffer. The buffer could have been in use 
for several reasons; ttE ~icrcprotessor could be formatting 
e message to be sent on an I/0 Bus, an IOBC could be 
receiving a message, or the rn1croprocessor could be 
preparing to initiate e ~essage to a DLP. This last 
operation is a Poll TPst. 

The Poll Test can be initiated despite the fact that a Poll 
Request is pending. When the Poll Test is complete (see 
Figure 5 7>, the microprocessor releases ownership of the 
Luff er; the ~LI Control then obtains ownership, and the 
Poll Request is allo~ed to continue. 
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Figure 5-7 Poll Request/Poll Test Timeline 
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5"' 4 BUFFER CONTENTION (ContinuEd) 

In a sense, the microprocessor also waits for ownership of 
the buffer. It do~s so by ~riting a tit in the Buffer 
Control 0 s commend register, and then continuously polling 
the Buffer Control's status register, which indicates the 
requester that owns the buffer. If the buffer was not 
owned at the time the microprocessor made its request, the 
first poll ~ill shok that the ~icroprccessor now owns the 
buffer. However, if the buffer wss owned by another 
reauestor when the microprocessor set the bit in the 
ccmmand register, then the microprocessor loops, waiting to 
be given ownerships 

The problem here is that if some other requester owns the 
tufter, it is sure tc require attention from the 
microprocessor before it releases o~nership. Somehow, we 
must get the microprocessor out of the poll loop and get it 
to prcvide the appro~riate attention to the other 
requester, ~ithout losing track cf the request that the 
n, i crop r o c es so r was or i gin at l y try i n g to l1i a k e .. 

This problem can te 'leanly resolved using the 
rricroprocessor•s interrupt facility. Whenever arother 
requester requires the microprocessor's attention, it 
causes an interrupt. As shown in Figure 5-8, when an IOBC 
has put somEthing into the t~ffer, it causes an interrupt. 
This causes the microprocessor to store a return address 
that points at an instruction in the ~oll lcop it was 
executing, and then branch to the appropriate interrupt 
~sndler. The code in the interrupt handler locks at the 
message in the buffer, possibly formats a reply, and issues 
a Continue or a Disconnect command to the relevant IOBC. 
The microprocessor then returns to the poll loo~ from the 
interru~t handler. When the IOBC finishes sending the 
reply, it releases the buffer. The microprocessor gains 
ownerstip, and falls out of the poll loop. 
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Microprocessor IOBC A IOBC B MLI Contro1 
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D Awaiting Ownership 

Figure 5-8 Microprocessor Wait Timeline 

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



+------~-------
1993 5329 

UNISYS CORPORATION 
ENTRY/MEDIU~ SYSTE~S GROUP 
PASADENA DEVFLOPMENT CENTER 

+------~-------------t 
I 
I V500 DATA TRANSFER MODULE 
I 

CO~PANY 

CONFIDENTIAL 
+-----------------------------------

ENGINE ER I NG DESIGN SPECIFICATION Rev. A Page 30 

5.4 BUFFER CONTENTION (Continued) 

lhe interface is different 1or the ~LI Control, but the 
idea is essentially the sa~e. The interrupt occurs after 
tufter ownership has been granted to t~e Mll Control, but 
before the transfer into the buffer is co~plete. The 
rn1croprocessor must poll the ~LI Control~s status register 
until the value there indicates that it may access the 
~utfer. 

Unfortunately, we cannot atways sirrply wait for buffer 
ownership. Consider, tor exarrple, the case where the 
rricroprocesscr owns the buffer, and is forwatting a message 
to be sent on an I/0 tus. While the message is being 
formatted, requests come in on both I/O busses for the 
rrodule to be a res~onder. We are now deadlocked; the 
message the microprocessor is formatting cannot go out 
because both IOBCs are busy, and the incoming messages 
cannot be put in the butter because it is o~ned by the 
rricroprocessor. 

We have irrplemented two different solutions ta this 
ailtmms; they corres~ond precisely to ·~odule Busy• and 
'Non-Busy Message Initistion• previously described. 

The mechanism implements Non-Busy ~essage Initiation is 
called PreEmpt (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/O bus. The incoming message is 
given priority over the message the microprocessor is 
formatting. It preem~ts the buffer. The actual mechanism 
is as follows: 

The ICBC that is to be a responder requests buffer 
ownership from the BLffer Control. Since the 
microprocessor already owns the buffer, the lOBC waits. 
Eventually, the micro~rocessor issues a Start command to 
one of the lOBCs. That IOBC reports immediately that the 
operation did not complete successfully, and sets a bit in 
its status register indicating that another requestor 
wishes to preempt the buffer& The microprocessor must then 
releasE the buffer and try again. The responding IOBC then 
gains ownership of the buffer, indicates to the in~tiator 
that it is ready to rec~ive a messag€, and so forth. 
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Fii:i:ure 5-9 Preempt Timeline 
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BUFFER CONTENTION (Continued) 

Either IOBC can report that any other responder wants 
access to the buffer. ThLs, if t~e rricroprocessor issues 
the Start command to 108( ~, it may receive a Preempt 
rEsult because IOBC A, IOBC B, or the MLI Control is 
requesting ownership of the butter. 

Freempt rests nn the premise that there is only a small 
amount 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 to be large, and the data is 
not easily reconstructed. In theory, the microprocessor 
could copy all of the data out of t~e buffer into its main 
mEmory before releasing th~ buffer because of a Preempt. 
Ttis, however, would be time-consuming and inefficient. 
Instead, the microprocessor sets the Modul~ Busy flag. 

At t~e first sign of a Poll Request from a OLP, the MLI 
Control requests ownership of the buffer. Once ownership 
is obtained, the microprocessor is interrupted. The 
rricroprocessor then sets the Module Busy flag. By this 
time, either IOBC could te ~aiting for ownership of the 
buffer. As shown in figure 5-10, the ~odule Busy flag 
causes the IOBC to signal the waiting initiator that the 
module is busy, and break the connection. Any further 
attempts to send messages to the module are s~milarly 
refused. 
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Figure 5-10 Module Busy Timeline 
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5~4 BUFFER CONTENTION (Continued) 

A similar plan is used for a Poll Test when the 
microprocessor wants to initiate a message to a OLP. The 
microprocessor first obtains o~nership of the buffer, and 
th€n sets the ModulE Pusy flag. This €f fectively refuses 
any incoming messages or either I/O Bus. 

The microprocessor may, 1t its discretion, use the Module 
Busy flag in other situations. Two points must be 
otserved, however. First, the buffer must be owned ty a 
reauestor before t~e Module Busy flag is set. This covers 
sevtral tiffiing holes. Second, the module must adhere to 
the Deadlock Prevention Protocol previously described. 

One final issue regardirg buffer contention requires 
discussion. The &bility of the IOBC to handle messages 
without repliee is an optimizatior designed to improve 
performance. When no repl~ is required, we would like to 
free the b~s fer other traffic as s~on as possible. In 
particular, we would like to free the bus before the 
message has been copied out of the buffer into the 
mitro~rocessor's main me~ory. Until that copy is complete, 
we must net accept another incoming message. However, the 
IOBC releases ownership of the buffer as soon as it 
disconnects from the rus. 

To circumvent this rroblem, the Buffer Control accEpts a 
command (Ownership Hold) that causes buffer ownership to be 
denied from all modules when it is released by the IOBC. 
This prevents the corruption of the buffer by the IOBC or 
Mll, and allows access to thE microprocessor only. The 
microprocessor should issue this command before it issues 
The Disconnect (see figure 5-11). W~en the microprocessor 
hes finished with th~ buffer, it issues the owners~ip 
rflease command. 
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Microprocessor IOBC A IOBC B MLI Control 

Interrupt 

Disconnect 
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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 in 
the incoming message, and issue the Ownership Hold and 
Disconnect commands directly. This would free the bus 
almost immediately, rather than after microprocessor had 
responded to an interrupt. 
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DETAILED DEStRIPTION 

PROGRAMMER~s MODEL 

The programmer writing code for the microprocessor sees 
only the ~emery ana the interrupt interfaces. Everything 
else must be made to lock like memory or an interrupt. In 
MLI-DTM im~lernentation of the I/O bus interface, two areas 
of m€mcry are in fact used for otPer things. The first is 
tte buffer; it looks to the micrcprocessor like 1024 32 bit 
wcrds of ~emory. The second is the register area; there 
are sixteen 16 bit registers that the microprocessor may 
read or write as if they were wewory locations. Control 
and monitoring of thr 1oecs, the Buff er Control, and MLI 
Control (in the MLI-DT~) are done by reading and writing 
the mewory locations in the register area. 

1his section is divided into five subsections; they are: 

1 the buffer 

2 the registers 

3 the interru~ts 

4 basic protocol 

5 error handling 
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la 1 .. 1 BUFFER 

The buffer consists of 1024 ~ords of 32 tits each. In the 
~LI-DT~, it occupies aadresses 0060000G Chex) to 00600FFF 
<hex). The ~icroprocessor may only manipulate entire 
words; partial word operations to the buffer are not 
supported. Since the addresses quoted above are byte 
a~dresses, this implies that the least significant two bits 
of the address must be zero. In other words, the first 
lotaticn in th~ buffer is address 00600000 Chex), the 
second is 006000U4 (hex), the third is 00600008 (hex>, and 
so forth .. 

Note that the addressEs erd 
operations are imptementation 
for the SMC or future DT~s. 

insistence on whole word 
dependent; they may differ 

When the microprocessor wants to initiate a ~essage, the 
address ot the target responder must be written into the 
first buffer location. The responder's address must be 
encoded by the mitroprocessor as follows: 

Address Target Responder 
------- ---- -- ----------.... --
OOOCOCIFO *I 01'<1 C 
GOCOfJOB7 * siv, c 
00000081 OT M Slot It 1 , Cabinet #0 
OGOG0012 DTff Slot #2, Cabinet #0 
00000063 DTiY. Slot #3, Cabinet #0 
OCHHl0024 IHM Slot #4, Cabinet #0 
COG00055 DT I'll Slot #5, Cabinet #0 
OOOOOOC6 D T ff Slot ti 6, Cabinet #0 
00000039 DTI"' Slot ft1, Cati net #1 
GOOCOOAA CT rv, Slot #2, Cabinet #1 
LOOOOODB DT M Slot #3, Cabinet fl 1 
OOOCU09C DTM Slot #4, Cabinet #1 
OOCOfJOEO Dll'li Slot #5, Cabinet #1 
DCGOOO?E DT l'f s l ct #6, Cabinet #1 

Although there are (possibly) two IOMts and two SMCs in 
a system, at most one is connected to each I/0 Bus. We 
have c~csen to give both IOffCs (and both S~Cs) the same 
address .. 
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6.1.1 BUFFER (Continued) 

This encoding allo~s t~e responder's hardware to correct 
single bit errors and detect double bit errors in this 
rrodule ID without using the ECCIO chip <which may well be 
in use for other things at the time). 

It the rricroprocessor wants to act as an initiator, the 
rressage to be sent should be ~Laced in the buffer 
i~mediately following the target's wodule ID. The IOBC 
puts the reply Cit any) in thE buffer imrrediately following 
the original message. 

~essage and Reply formats are specified in Section 6.8 <BUS 
PROTOCOL). 

When a message is received by an ICBC, it is placed in the 
buffet starting at the first location. If the 
microprocessor wants to send a reply, that reply should be 
~laced in the buffer immediately following the original 
rressage. 

lhe microprocessor must not read or write the buffer when 
it is possible that another requester is using it; data 
corruption will result. If the rricrcprocessor is to be the 
iritiator, it must first request and gain ownership of the 
tufter. Once ownership is obtained, the microprocessor is 
tree tc write (or read) tht buffer. When the 
rricroprocessor issues tht Start comrrand to an IOBC, the 
buff~r is loaned to trat IOBC. The microprocessor may not 
access the buffer until an Op Complete status has been 
reported, or the microprocessor resets the IOBC. 

~hen er IOBC receives a message, it ~laces it in the buffer 
(wt,ich it owns), then causes an interrupt. The interrupt 
irrplicitl~ loans the buffer to the rricroprocessor. Thus, 
aft~r an IOEC interrupt caused by a received message <s~e 
Interrupts, fellowing) the microprocessor may read and 
write the buffer. 

If the microprocessor chooses to send a reply, it writes 
the reply in the buffer, and then issues the Continue 
command. This cowmand returns the buffer to the IOBC; the 
rricroprcc£ssor must not access tte buffer after issuing 
this command. 
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BUfFER (Continued) 

Alternatively, the microprocessor might choose not to send 
a reply. In this case, the Disconnect command instructs 
the IOBC to release the I/O bus and ownership of the 
buffer. If the microprocessor wants to access the buffer 
after issuing the Disconnect (for example, to copy the 
message to the rnicroprocessor•s main memory), then it ~ust 
issue the Ownership Hold co~mand to t~e Butter Control 
betore issuing the Disconnect to the IOBC. When the 
microprocessor has finished with the buffer, it must then 
release ownership by issuing the Release Ownership command 
to the Buff er Control. 
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6 .. L2 REGISTERS 

The second area of microprocessor merrory that is used for 
other things is the register area. In the Mll-DT~. there 
are sixteen 16 bit registers that control and monitor the 
two IOBCs, the Buffer Control, and the ~LI Control. To the 
~icrcprocessor, these registers appear to be a 32 byte area 
cf rremory. The following table lists the 16 registers by 
name, for each MLI-DTM address, and a brief description. 
Some re9isters are read only or write only; this is 
indicated by a W or R in the Type column. 

BUFFCfVND 
BUFFS1AT 

8UFFADDR 
BUFFLEN 
ABUSSl/lT 
BBUSSTl-T 
A BUS C rv'.I\: 0 
8BUSCMl\:D 

Address 
(hex) _ _.,.,.., ..... ._..,.. .......... 

430000 
430002 
430004 
430{;06 
4 3 0Cil18 
4 3C!OCA 
43COOc 
43000E 
430010 
430012 
430014 
430016 
430018 
43001A 
430G1C 
43CQ1E 

Type 
-----

w 
R 
R 
w 
R 
R 

R/W 
R/W 

R/W 
R/W 

R 
R 
w 
w 

Used By 
-----------
8uf fer Cont .. 
Buffer Cant .. 
MLI Cont .. 
Ml I Cont. 
MLI Cont .. 
Configuration .. 
flil I Cont. 
,. l i cont .. 
Reserved 
Rest:rved 
8 1.1 f f e r cont .. 
Buff er Cor•t .. 
IOBC A 
IOBC 8 
IOBC f:.. 
I OB C 8 

Description 
------------
Command Register 
Status Register 
Result Register 
Command Register 
Status Register 
ID register 
Byte counter C upper) 
Byte counter (lower) 

Buffer Start Address 
Message/Reply Length 
Status Register 
Status Register 
Command Register 
Ccmrrand Register 

~ote that both the address range (hex 0043xxxx) and the 
irividual addresses within that range are completely 
irrplementation dependEnt; they may differ in the SMC and 
future DTMs. 

Each register is divided into many fields. A description of 
the registers and fields follows. 
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6.1.2.1 BUFFCMND 

This register issues corrmands to the Buffer Control. These 
irclude command& relating to butter ownership, Module Busy, 
tault reporting, and fault detection testing. Two bits in 
this register are also used to acknowledge interrupts from 
the two IOBCs (there were not enough bits in their 
respective command registers). 

The following table lists all the Buffer Control commands. 
The first column names each command, and the second lists 
the value that must be written into the BUFFCMND register 
to issue that command. 

Lommand Name 

Reouest Buffer Ownership 
Release Buffer Owrershir 
Set Module Busy 
Reset Module Busy 
Ownership Hold Command 
Interrupt Acknowledge, IOFC A 
Interrupt Acknowledge, IOBC B 
Reset Error latches 
Test Fault Detector k1 
Test Fault Detector #2 
T~st Fault Detector Mll 
Die 
Test Die 

REQUEST BUFFER O~NERSHIP COMMAND 

Write Value (hex) 

OOC1 
0010 
0100 
0080 
OOC2 
0800 
8000 
0400 
0048 
0044 
1040 
0200 
0240 

This command is issued ~hen the ~icroprocessor ~ants to own 
the tufter, in order tc act as an initiator. After issuing 
the command, the micrcprocessor must poll the BUFFSTAT 
register until it is granted ownership by the Buffer 
Control. 
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6UFFC~ND <Continued) 

RELEASE BUFFER OWNERSHIP CO~MAND 

This tommand indicates that the microprocessor has finished 
using the buffer, and that ownershi~ may be granted to any 
ether requestor. 

SET MODULE BU5Y COMMAND 

This corrmand sets the ~odule Busy flag. If any other 
module tries to send a rressage to this module while the 
~odule Busy flag is set, it will be refused with a Module 
Busy indication. 

RESET ~ODULE BUSY COMMAND 

This command resets the Module Busy flag. 

OkNERS~IP HOLD COMMAND 

This command prevents buffer ownership from being granted 
to a new requestor after it has been released by the 
current owner. It is used with the Disconnect IOBC 
command, when the micro~roctssor wants to release the I/0 
Bus before it releases the buffer. This command must be 
followed by a Release Buff Er O~nership commend. 

T~e Release Buffer Ownership co~~and that follows an 
Ownership Hold command does net negate the effect of a 
prior Request Buffer O~nership command. This allo~s the 
ownership Hold and Release Buffer Ownership commands to be 
used in an interrupt handler without disturbing an 
underlying Initiate ~recess that has Requested Buffer 
Ownership, but has not yet been grantrd it. See Section 
6.3 (BASIC PROTOCOL) for details. 
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t.1.2.1 eUFFC~ND (Continued) 

INTERRUPT ACK~OWLEDGE COMMAND, ICBC ~ 

T~is corrmana shoula be issuea in the interrupt handler for 
irterru~ts from IOBC A, after t~e ABUSSTAT register has 
ceen read to ascertain the caus€ of the interrupt. 
~orwally, this command ca~ses the interrupt line to t~e 
wicrc~rocesscr tc te drc~pea. ~owever, if another 
irterrupt conaition has arisen before this coromand is 
issueo, the interru~t lir~ remairs asserted, and the 
A6USSTAT register is changed tc reflect the new interrupt 
ccnciticn. 

INTERRUPT ACKNOWLEDGE CO~MAND, ICBC 6 

This is the Interrupt Ackr.c•ledge ccrrmanc for IOBC E. See 
ICEC A aescripticn for details. 

RESET ERRCR LATCHES co~~ANC 

C~rir.g the Responder Selection phase of an I/O Bus 
Transactior, the initiator broadcasts the encoded Module ID 
cf the target responder on the data lines of the I/O Bus. 
All rrcoults er. the bus creek it the initiator wants to talk 
tc th~m. In the process, they also check for single and 
double bit errors in th€ rrcaule numter. The presence of 
such an errcr is latchea in t~e BUFFSlAT register. Every 
rrccule on the bus performs this check. 

frorr the micro~rccesscr's ~cint of view, the tits ir. the 
B~f FSTAT register ~ay te set at any time: the 
rricrc~rccesscr may not ever t? aoprised of the 1/0 6us 
c~eration that encountered the error. Hence, the tits in 
the EUFFSTAT register shoula te polled on a regular basis. 
If an error has beEn latc~ed, the microprocessor should 
record the fact ana reset the latches using this command. 
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fUFFCMND (Continued) 

TEST FAULT DETECTOR 1 COMMAND 

The Buffer Control contains two fault d~tectors. This 
The Btif1er Control cortains two fault detectors. This 
command forces F~ult Detector 1 to report an error to the 
S~C via the ModBroken signal, while at the same tim~ 
asserting McdNotBroken. 

The microprocessor should own the buffer when this command 
is issued. See ReQU€St Buffer Ownership and Release Buffer 
t~nershio corrmands. 

TEST FAULT DETECTOR 2 COMMAND 

This command tests fault detector nunber 2. 

TEST MLI FAULT DETECTOR COM~AND 

lhis command tests thE fault detector on the MLI. 

DlE CO~MAND 

This commard causes the ModBroken signal to be asserted to 
the SMC. It is used ~hen the microprocessor discovers that 
soaething is drastically wrong, and cannot continue normal 
rrocessing. 
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ELFFCMND (Continued) 

TEST DIE COM~AND 

This command tests the Die signal, 

The following table presents the co~mands above in a 
slightly different way. Each bit, or group of bits in the 
EUFFCMND register is described separately. 

Bit(s) 

15 
14-13 
12 

1 l 
Hl 

9 

7 
6 
5 
4 

field 

IntAdB 
not used 
FrcMliErr(O) 

IntAckA 
uPNoCheckRst 

BusySet 

BusyReset 
IgnoreErr 
not used 
ReleaseBuffer 

Functicn 

Interrupt acknowledge to IOBC B 
Should always be 00 
Used for fault detection testing 
on the fl';LJ .. 

Interrupt acknowledge to IOBC A 
Resets latches that hold single and 
double bit ~rror information during 
target module number broadcast. 
Causes ModBroken to be signalled 
to the SMC .. 
Sets Module Busy. 

Resets Module Busy. 
Used for fault detection testing. 

Buffer ownership is released. 

3-2 CfcrceErr<1:0) Used fer fautt detection testing. 
1 ownHold Ownership Hold cowrnand. 
0 RequestBuf fer Reauest Buffer Ownership. 
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6 .. 1 .. 2.2 BUFFSTAT 

T~is read only register contains fields that indicate which 
reouestor (if any) okns the buffer, whether the module is 
on-line or off-line, the Module's ID, and any single or 
double bit errors thet occur in module numbers broadcast 
during the Responder Selection ptase of an I/O Bus 
transaction .. 

BUFFSTAT is in the following forrrat: 

Bit(s) 

1 5 
14-1? 

1 1 
10 

9 
8 

7-4 

3 
2 
1 
0 

Name 

OfflineH 

BNoCheckDBE 
BNoCheckSBE 
ANcCheckDBE 
ANoCheckSBE 

Active 

H 
x 

H 
H 
1-1 

H 

Moduleldl(3:0) L 

DAccGrntl 
CAccGrntL 
BAccGrntL 
AAccGrntL 

t 
L 
L 
L 

Description 

~odulE is off line. 
not used; value unspecified. 

DBE in module number, bus B 
SBE ir module number, bus 8 
DBE in module number, bus A 
SBE in module number, bus A 

Module ID associated wit~ this 
backplane slot .. 

MLI owns the buffer 
Micro~rocessor owns the buffer 
IOBC 8 o~ns the buffer 
rose A owns the buffer 

SPE stands for single bit error; OBE stands for double bit 
erroro 

The Active column indicates whether the corresponding 
register bit is active high <H>, active low (L), or 
unspecified <X>. For example, if the BUFFSTAT register 
contained the hex value 70EE, then the module is online, no 
SBEs or DBFs have been latched, the module ID is 1, and 
IOBC A owns the buff era 

OFFLif\JE 
Bit 15, when active, indicates that the module has been 
set off line by the SMC. The SMC does 
bit in the card's maintenance chain. 
is off line, it is unable to orive 
respond to incoming messages. 

this by setting a 
When the module 
the bac~plane, or 
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BUFFSTAT <Continued) 

NOT USED 
Bits 14:12 are not 
the values these 
ignored. 

FRROR LATCHES 

used. 
bits 

No guarantees are made about 
will assume; they should be 

Bits 11:8 latch SBEs and DBEs that occur in the 
broadcast module ID during the Responder Selection 
phase of an IIO Bus transaction. These bits can be 
reset by issuing the Reset Error latches command. 

~ODULE ID 
The ModuleidL C3:C> field enables the ~icroprocessor on 
a DT~ to determine which bac~plane slot it is plugged 
into. The most significant bit CModuleidL(3)) 
indicates ~hich cabinet the card is in, while the three 
least sipnificant bits indicate the slot number <1 
through 6) within the cabinet. 

~hen t~e module is off line, the Moduleldl field is 
~ourc d from a register on the maintenance chain, and 
therefore may not accuretety indicate the slot into 
which the module is plugged. This was done to allow 
testing of various rircuits in the two IOBCs. 

BUFFER OWNERSHIP 
Bits 3:0 indicate which requester (if any) owns the 
buffer. At most, on€ of thesf bits should be active 
<low> at any one time; if multiple bits are active, 
then the Fuffer Control is broken. Thus, Legal values 
for this field are (in hex): 

7 - MLI owns the buffer 
R - microprocessor owns the buff er 
D - IOBC B owns the buf feJ 
E - 1oec A owns the buff er 
F - no one owns the buff er 

If no one owns the buffer (f), two possibilities exist. 
Either no one is requesting the buffer, or the buffer 
was set in 'Hold' by the micro~rocessor. The 
microprocessor is responsible for verifying that the 
buffer has been released after the 'Hold' command. This 
allows IOEC and ~LI to resume their normal operations. 
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EUFFADDR 

This register is used ty Buffer Co~trol to address the 
bufftr. The address containEd 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 
addr£ss of the first word in the buffer is hex OOGO, the 
second is 0001 hex, and so forth. Since there are only 
1G24 words in the buffer, the wost significant six bits of 
the address are not usea, and ~ust be zero. In other 
words, the address of the Last word in the buffer is 03FF 
Chex). 

EUFFADDR is cleared 1utorratically ~henever buffer ownership 
changes. It is incremented by Buffer Control whenever a 
word is rPad from or written to the tufter by either IOBC 
or the MLI control. 

The microprocessor ran read and write this register. 
However, it is not expected that the microprocessor will 
write BUFFADDR in the course of executing an I/O Bus 
transaction. The microproc~ssor must not write BUFFADDR 
~hen either IOBC or the MLI Control is using the buffer; if 
the microprocessor reads BUfFADDR while another reauestor 
is using the buffer, th€ value read is net specified, and 
rey change at any time during the microprocessor's read 
c;cle. In other words, BUFfACDR is subject to the same 
access restrictions as the buffer itself. 

~hen the module acts as an initiator, a message is sent and 
a reply received. After the IOBC has reported Op Complete 
<see ABUSSTAT), the microprocessor rrey read BUFFADOR, which 
contains the address cf the first word after the reply in 
t~e buffer. If there was no reply, it points to the first 
word after the original message. 

When the module is a responder, the IOAC puts the message 
into the butter, and interrupts tre microprocessor. The 
rricroprocesscr then reads BUFFADDR to determine the length 
cf the received message <BUFFADDR points to the location 
one word after the received message). Since the received 
message is placed in the buffer starting in the tirst 
location, BUFFADDR contains the length (in words) of the 
message. 
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BUFfADDR (Continued) 

The facility to write the BUFFADDR was provided for use 
with the MLI control, and for testing. Since BUFFADDR is 
cleared whtn buffer o~nership changes, any value written to 
6UFfADDR has effect only until buffer ownership is 
released. 

Jf BUFFADDR is writtfn after the microprocessor gains 
ownership of the tuffer for an initiate, then the Target 
~odule Id and the message to be sent will be read by the 
IOBC, starting at the specified buffer address. Similarly, 
if BUFFADDR is written aft~r an interrupt, before issuing a 
Continue co~mand to the lOBC, then the IOBC will read the 
reply from the buffer, starting at t~e specifiea address. 

BUFFLEN 

fUFFLEN is 
control of 
I/O Bus. 
initiator, 
message <in 

used by the microprocessor to inform the buffer 
the Length of a rressage that is to be sent on an 

When the microprocessor is acting as an 
it loads this register with the length of the 
words), minus one in hex. 

Fer exa~ple, to send a message spventeen words long, 
BUfFLEN is loaded with hex 0010. Note that the length here 
is the length of the m~ssage only; it does not include the 
Target Module Id word. When the module is a res~onder 
&Ending a reply, BUFFLEN is loaded with the length of the 
reply min~s one before issuing the •continue' command to 
the lOBC. 

To send a one word message or reply, Load BUFFLEN with DODO 
(hex>~ 

This register should not be read or ~ritten while an IOBC 
or the MLI control could be accessi~g the buff~r. BUFFLEN 
is counted down every time a word is read from the buffer. 
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6 .. 1 .. 2.5 ABUSC~ND AND 86USCMND 

These registers are used by the microprocessor to issue 
comm&nds to ioec A and IOBC B, respectively. They differ 
only in address. The commands issued via these registers 
relate to sending messages and replies, acknowledging 
Initiate I/O Requests, clearing the IOBC, and testing the 
lOBC 1 s fault detectors. 

The following table lists all the IOEC commands. The first 
colurn names each command; the secord lists the value that 
must be written into the register CABUSCMND or BBUSCMND) to 
issue that commanda 

Command Name Write Value Oie-><) ..................... _______ 
-----------------

Start Normal 0001 
Start Emergency 00 81 
Continue (;002 
tdsconnect ( 1004 
Reset Master 0009 
Reset Listener OOOA 
IIOAtk 0040 
Test f au t t Detector fl 1 8100 
Test Fault D€tector #2 8200 
Test Fault Oetector #3 8400 
Test Fault Detector #4 8800 
T€st Fault Detector #5 9000 
Test Fault Detector fl 6 AOOO 
Test Fault Detector #7 cuoo 

1r.e commands functior. as described in the following text: 

c START NORMAL. The micrcprocesscr uses this command to 
indicate to the JOBC that there is a message (and 
Target Module Id) in the buffer, which the IOBC should 
attempt to send. The microprocessor should own the 
buffer at this time. This command iwplicitly loans the 
buffer to the IOBC. 
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ABUSCMND AND BBUSCMND (Continued) 

c START EMERGENCY. This command is identical to Start 
Normal, except that during thE bus arbitr1tion phase, 
the ICBC asserts its emergency priority level instead 
of 1ts normal priority level. Emergency priorities are 
higher than all norrral ~riorities; thus, if only on£ 
module asserts emergEncy priority, it is sure to win 
tontrol of the bus. 

o CONTINUE. T~is cGm~and is used ty the microprocessor 
to send a reply. After the microprocessor has examined 
the received message and formatted the reply in th€ 
buffer, this command informs the ICBC that the reply is 
ready for transmiseion. 

o DISCONNECT. This command indicates that the message 
just r€teived does not need a reply; hence, the IOBC 
should disconnect from thE bus. 

When the IOBC disconnects from the bus, it also 
releases ownershi~ of thf butter. The other IOBC, or 
the MLI control, could gain o~nership and use it 
immediately. Tc prevent this, the microprocessor must 
issue an o~nership Hold Command to the buffer control 
b£fore issuing the Disconnect. 

c RESET MASTER. This ccmmand clears the initiator 
portion of the IOBC. If it was connected to the I/O 
Bus at the time, the conrecticn will be severed. It is 
expected that this commana will only be used for error 
recovery <such as when the microprocessor times out an 
110 Bus transaction). See Microprocessor ~icrocode for 
further details. 

o RESET LISTENER. This command ctears the listener 
portion of the IOBC. If it was connected to the I/O 
Eus at the time, the connection will be severed. This 
comm&nd is not used. 

o IIOACK. This command causes the IOBC to assert the 
IIOAckL signal to the IO~C. T~is command should only 
be used by the ~essage Router, in response to an IIO~eq 
interrupt. The IOBC handles the backplane timing 
details specified in Section 6.8 (BUS FROTOCOL). 
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6 .. L.2.5 ABUSCMND AND BBUSCMND (Continued) 

0 TEST FAULT DtTECTOR. Each IOBC contains seven fault 
detectors. This commana forces the specified fault 
detector to report an error to the SMC via the 
'Mod8roken• signal, ~hile at the sarre time asserting 
'ModNotBroken•. 

The microprocessor should own the buffer when this 
command is issued (see Request Buffer Ownership and 
~elease Buffer Ownership commands>. 

The following table presents the commands above in a 
slightly different ~ay. Each bit, or group of bits in 
the r~gister is described separately. In the table, an 
x et the beginning of th~ na~e can be replaced by A or 
Bu 

Bits Name 
.................... -

1 5 xigncreErr 

14-8 xForceErr(6:0) 

7 xIEm~rg 

6 xllOGot 

5-4 riot used 

3 xReset 

2 

1 xContinue 

0 xStart 

Function 

Fault detection testing 

Fault detection testing 

Use with Start; emergency 
~riority during bus arbitration. 

Causes IIO~ckl tc IO~C. 

Must be zero. 

Resets the IOBC. Bits 0 and/or 1 
indicate w~ether th~ initiator (sft 
tit 0) or responder (set bit 1> or 
toth (set both bits 0 and 1) are to 
be reset. 

Disconnect - no reply required. 

Continue - send reply in buffer. 

Start I/O Bus Comnrnand. 
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ABLISSTAT AND 86USSTAT 

These two registers allow the microrrocessor to determine 
the status of the two lOBCs. The microprocessor inouires 
about the status in order to: 

o determine the cause of an interrupt 

o after issuing a Start com~and, determine whether the 
J/O Bus operation has completed, and if so, with what 
resutts. 

One field <in fact, a single tit) is devoted to the first 
case; the rest of the re~ister is devoted to the second. 

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

T t. e t w o r e g i s t e rs a r e a s f o l l () t.' s : 

Pit(s) Field Active Description 

15 xIIOlntH H Interrupt reason. 

14 

13-11 xBidErr(2:U) L 

1C xErrline H 

9-8 xf'ilBE-xSBE H 

(-5 xSetRes<2:0) H 

4-2 xBidRes<2:0) H 

1 xPreEIJ'lptL L 

0 xOpCompl L 

not used 

Bus arbitration errors. 

Error report from IOMC. 

MBE/SBE detected by 
1/0 Bus ECCIO. 

Pespond£r sElecticn result. 

Bus artitration result. 

Another requester wants to 
PreEmpt the buffer. 

Operation complete. 
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~------~--~~------------------~---------~--------------------~-----~----

6.1.2.t ABUSSTAT AND BBUSSTAT (Continued) 

Notes: 

SBE stands for single bit error; MBE stands for 
multi-bit error. 

The column headtd 1 Attive 1 irdicates whether the 
corresponding register bit is active high (H), active 
low (L), or unspEcitied (X)u For example, if the 
ABUSSTAT register contains the htx value 682A, then 
Operation Co~plete is asserted. 

Bit 15 CxIIOintH) is indeptndent of the the rest of the 
register. It indicates the reason for an interrupt 
from this ICBC. The rest of the register is used by 
the microprocessor to monitor the IOBC after a Start 
tommand has been issued. 

The fields in xBUSSTAT are used es follows: 

o INTERRUPT REASON. when the microprocessor is 
interrupted by an IOBC, tit 15 <xIIOirtH) indicates if 
the interrupt occurred because a message has been 
received <xIIOintH tow), or betause the IOMC asserted 
IIOReql on the backplane. IIOReql indicates that there 
is something ir the mailbox register for the message 
router <xIIOintH high). All modules except the rressage 
router ignore the xllOintH high interrupts. 

The value of bit 15 does not change after an 
until the microprocessor issues an 
Acknowledge command tor the apprcpriate IOBC 
BUFFC~NO register. 

interrupt 
Interrupt 
via the 

If the microprocessor is interrupted because a message 
has be~n received (lICintH low), then it examines xSBE 
and xMBE to determine if the data arrived intact. 
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ABUSSTAl A~D BBUSSTAT (Continued) 

o OPERATION COMPLETE. Bit C (xOpCompl) indicates to the 
~icroprocessor that the 1/0 Bus transaction requested 
by the Start Command has completed. Other bits in the 
register indicate whether the operation was succ~ssful, 
or why it failed. 

Bit O also plays a significant role in synchronizing 
the IOBC with the ~icroprocessor. After the 
mi,roprocessor issues a Start cowmand, various values 
appear in the register as the I/O Bus transaction 
progresses. Since the wicroprocessor and the IOBC run 
~ith different clccks, the register might be changing 
while it is being read. for this reason, the value 
read from the rtgister cannct be trusted unless the 
IOBC has stopped changing it. This is indicated by 
xOpCompL being low. 

Bit G is set hiRh ty the Start coffimand, and remains 
high until the 1/0 Bus transaction is complete. The 
microprocessor polls the xBUSSTAT register regularly 
after issuing the Start co~~and, testing only the 
xCpCompl bit. Once the xOpCompl bit has been tested 
and found low, the microproc~ssor must read xBUSSTAT 
again to •nsure that the values of all bits in the 
register are consistent. 

When the I/O Bus c~eration times out, the 
microprocessor might try to interpret bits in the 
xBusStat register ~hile xOpComrl 1s high. If the 
microprocessor issues a Start Command, and Op Complete 
is not asserted within a reasonable time, then 
something is broken; rerhaps the IOBC, the responder, 
or the backpla~e. Information in th~ xBUSSTAT register 
can be used to helr isolate the faulty module. 

If the 1/0 Bus operation times out, the microprocessor 
reads the xBUSSTAT register twice, and compares the two 
values read. If they are equal, diagnosis can be 
attempted. Details of timeout values and fault 
~andling rrocedures appear in Section 7 (ERROR 
DETECTION ANC HANDLING). 
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ABUSSTAT AND BBUSSTAT (Cortinued) 

o 8US ARBITRATION RESULT. Once Op Complete has been 
asserted, the microprocessor exa~ines the xBidRes<2:0> 
field. Possible values fer these three bits are as 
follows: 

xBidRes<2:0> 

100 or 111 
OG1 
010 

Descriptior 

BUS8USY 
PreEmpt or Arbitration Error 
ICBC obtained the bus 

All other values indicate that the ICBC is broken. 

If ~BidRes(2:0) = 100 Cbinar)), then a BUS BUSY 
condition has occurred (the I/O Bus was already in use 
by another module>. The •icroprocessor retries the 1/0 
Bus operation. 

If x8idRes(2:U) 
po~sibilities: 

001 (binary>, there are 

a. This, and some other mod~le bid for the bus at the 
same time; the other module had higher priority. 

b. A Prermpt occurred. 

c. A hardware failure ~as detected. 

The microprocessor examines xPreE~ptL and xBidErr<2:0) 
to determine how to r,roceed~ If PreEmptl is inactive 
(high), and xBidErr(2:C) = 111 <binary), then case Ca) 
occurred, in whith th~ ether module had higher 
priority. In this case, the microprocessor should 
retry the I/O Bus operation. 

If xBidResCZ:O> = 010 (binary>, then the ~us 
arbitration phase corrpleted successfully, and this 
module has access to the bus. The microprocessor 
examines xSelRes<2:0) to find out how the rerr.aining 
phases of the I/O Bus transaction completed. 
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ABUSSTAT AND BBUSSTAT (Continued) 

c PREEMPT. Bit 1 CxPreEmptl) is valid only when xOpCompl 
is active Clow), and ~hen xeidRes(2:0) : 001 (binary>. 
In those circumstances, xFreEmptl witl br low if a 
PreEmpt condition has arisen. A PreEmpt occurs if 
either IOBC, er the MLl control discovers that it needs 
the buffer to accept an incoming message between the 
tim the microprocessor is granted ownership of the 
buffer, and the time it issues the Start command. 

Whfn the microprocessor discowers a PreEmpt, it 
releases ownership of the buifer. The PreEmpting 
reauestor then gains ownership of the buffer, puts the 
messagE ir the buffer, and causes an interrupt. The 
microprocessor may rftry the original operation after 
th PreEmpting message ~as befn handled. 

0 BUS ARBITRATION E~RORS. Bits 13-11 (xBidErr(2:0)) are 
valid only when •OpCompL is active <Low), and ~hen 
xBidRes<2:G> = Ol1 <binary). In those circumstances, 
any of the three bits in this field being active <low) 
indicates that the bus arbitration hardware for this 
I/O Bus tailed. The IOBC in question should not be 
used again until some sort of testing has been carried 
out. 

The meanings of the individual bits are as follows: 

xBidErr(O) 
The priority comparator asserted EQual 
simultaneously, and is therefore broken, or 
requested normal priority, but was granted 
priority Cvr vice versa). 

x8idErr<1> 

and less 
the module 

emergency 

The module asserted its priority, but bus arbitration 
logic reported no requests. 
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ABUSSTAT AND BBUSSTAT (Cortinued) 

xBidErrC2) 
The module asserted its priority, but bus arbitration 
logic report€d only requests of lower priority. 

If any of these thr~r bits is active Clow>, then the 
h&rdware is broken. In all three cases, the IOBC is 
the primary suspect, protably causing 90% or more of 
the failures of this type. Th€ backplane is the major 
secondary suspect; it is extemely unlikely that another 
module connected to the I/O Bus could cause these 
failures. 

c RESPONDER SELECTION ~ESUll. 

Once Op tomplete has 
010 (binary), then 
xSelRes<2:0> field. 
bits are as follows: 

xSelResC2:0) 

010 
101 
110 
001 

been asserted, and xBidResC2:0) = 
the microprocessor examines the 

Possibt~ values for these three 

De5cription 

Module not present 
Illegal disconnect 
Module busy 
Normal termination 

All other values indicate that the IOBC is broken. 

Module Not Present indicates that the target responder 
is either physically not present, or is offline. A 
module may go offtine for a numbtr of reasons: 

The SMC may put the module off line by s~ifting the 
aprropriate value into the maintenance chain. 

A fault detector may detect a failure and take the 
module off line. 

Stec Logic set up in the ~odule may take the module 
off line. 

Jn all three cases, the S~C is aware of the actual 
status of the module. 
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6 .. L2 .. 6 ABUSSTAT AND BBUSSTAl (Continued) 

An Illegal Disconnect occurs when the target responder 
goes offline in the middle of the I/O Bus transaction. 
~odule Not Present, in contrast, occurs when the wodule 
is otf ljne before thP transaction begins. 

If either an Illegal Disconnect er a ~odule Not Present 
occurs to a responder that kBS previously answering 
rressages, then sim~ly retrying the operation is 
inippropriate. Serre kind of extended recovery, 
probably coordinatea by the s~c, is reauired. 

~odule Busy indicates that the targ~t 
unable to accept a message at this time. 
is retried .. 

responder is 
The operation 

Normal Termination indicates that a message was sent, 
and a reply <rerhaps) received without a control type 
mishap. It does not indicate that the data was 
recrived unblemished. The errcr bits CxErrline, xSBE, 
and xMBE) must be examined. 

o xSBE AND xMBE. These two bits indicate whether this 
module's ECtIC chip detected any single bit errors 
(xSBE) or multi-bit errors CxMBE) during the I/O Bus 
transaction. Single bit errors are corrected 
autorratically. ~ulti-bit frrors cannot be corrected, 
although retrying the operetion rray allow recovery. 
Possible values tcr thEse three bits are as follows: 

xMBE,xSBE 

co 
01 
10 
11 

Description 

l\'o error 
Single bit error (send) 
Single bit error (receive) 
~ultiple bit error 
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ABUSSTAT AND BEUSSTAT (Continued) 

c xE~RLINE. This bit indicates whether the IOMC asserted 
the Error backplane signal at any time during the I/O 
Bus transaction. The Error signal indicates that the 
IOMC is returning an error word. The last word in the 
reply should be checked to determine the type of error 
(if any), and the correction action needed. 

lf the problem occurred while the message was being 
sent, then a word ~ill be added to the responder's 
reply, spetifying the type of error that occurred (see 
Section 6.8.2 MESSAGE FORMATS for more detail). 

To check that an I/O Bus transaction has co~pleted 
sucesstully, the microproiessor wust: 

Poll xBUSSTAT 
waiting for 
read could be 
equality with 

continuously (checking tor timeout>, 
xOpCo~pl to be asserted. The value 
ANDed with 0001 (h~x> and ch~cked for 
GOGO <hex> .. 

(2) Read xBUSSTAT again, c~ecking for successful 
completion. The value read could be ANDed with 
07FD <hex> and checked for equality with 0028 
(hex>. 

If test (2) fails, then the analysis procedure outlined 
above should be followed to determire the cause of the 
abnormal termination. Figure 6-1 summarizes that 
analysis. 
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Broken IOBC 
Hardware 

Pr~Empt 

Data Error 

No 

Yes 

Yes 

Check 
Timeout 

( 1) No 

No 

Lost Bus 
Arbitration 

No 

Good Complete! 

Read xBusStat 

Read x8usStat 

CASE or 
xBtdRes: 

100 Bus Busy 
001 0 

Other Broken IOBC 
Hardware 

CASE of 
xSelRes: 

••aO 
Mod Not Present 010 

101 11 legal Disconnect 

110 Module Busy 
001 I.) 

Other Broken IOBC 
Hardware 

Figure 6-1 xBUSSTAT Register Analysis Flow Chart 

Notes: 

(1) Timeout values, and actions to be taken when a 
timeout occurs are described in Section 7 (ERROR 
DETECTION AND HANDLING). 

(2) A Data Error occurs if xSBE, xMBE, or xErrLine is 
active. 
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INTERRUPTS 

I~ the MLI-DTM, IiO Bus-related interrupts are genergted by 
the IOBCs. Each IOEC has an associated interrupt line to 
the microprocessor. An IOBC penerates an interrupt because 
a rressage ~es arrived, and has been put into the buffer, or 
because the IOMC has asserted IIOReQL on the backplane, 
indicating that ther~ is something in the mailbox register 
for the ~essage router. 

It must be emphasized that this is very much an 
implementation decision. The S~C and future DT~'s 
nicroprocessors may be interrupted for different reasons. 
For exampl~, future DT~s may be interruptea by the buffer 
control when buffer ownership has been granted to the 
microprocessor. 

~hen the microprocPssor has accepted thP interrupt, and 
read the appro~riate xBUSSTAl register to determine the 
cause of the interrupt, the microprocessor must issue an 
Interrupt Acknowledge command for the interrupting IOBC to 
the buffer control. This c~mmand is issued via the buffer 
control rather than directly to the IOBC because the IOBC 1 s 
corrmand registers do not have enough bits available. 

lhe method of determining the interrupt reason, end 
acknowledging the interru~t, is implementation dependent. 
- future design might choose instead to use vectored 
interrupts and the microprocessor's interrupt acknowledge 
cycle rather than the current MLI-DTM scheme. 

In the current implementation, the IIOREQL interrupt is 
disabled on all I/O modules except the message router 
during system initialization. This is done for performance 
considerations. If the message router module breaks, this 
interrupt is enabled on the module that is going to be 
assigned the message router responsitilities. 

It both interrupt conditions are sirrultaneous, or nearly 
so, the hardware insures t~at only one interrupt at a time 
is presented to the microprocessor. The value in ~BUSSTAT 
does not change until the Interrupt Acknowledge command is 
issue do 
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6 • 3 

6.3.1 

BASIC PROTOCOL 

T~is section describeE how the commands, status bits, and 
interrupts relate to each other. It describes thE flow for 
a normal message both trom the standpoint of the initiator, 
and trom thf standpoint of the responder. 

NORMAL INITIATOR FLO~ 

Figure 6-2 shows the protocol to~lowed by the 
rricroprocessor when initiating an 1/0 Bus transaction. 

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



UNISYS CORPORATION 
ENTRY/MEDIUM SYSTEMS GROUP 
PASADENA PLANT 

+--------------
1993 5329 

+--------------------+ 
: V500 DATA TRANSFER MODULE 

+-----------------------------------COMPANY 
CONFIDENTIAL ENGINEER ING DESIGN SPECIFICATION Rev. A Page 64 

(I ) 

Reed BuffSt!3t 

Checi: 
Timeout (2) 

(3) No 

Yes 
Copy Message to Buffer (4,5) 
Load Bum.en R lster 

l55Ue Start (6} 
Commend 

Reed xBusStat 

Check (7) 
Timeout 

(3) No 

Figure 6-2 Initiator Flow Chart 
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NORMAL INITIATOR FLOW (Continued) 

Notes: 

1 Buffer control cowmands are described in 
6.1.2a1a 

Section 

2 The Buffer Status Register CBUFFSTAT> is described in 
Section 6.1.2.6. 

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

4 It is suggested that the rressage be for"atted in the 
microprocessor's main rn£mory, and then copied into the 
buffer, so as to minimize the time spent with the 
Buff er Owned. 

5 The Buffer length register (BUFFLEN) is described in 
Section 6.1.2.4. 

lOBC commands are described in Section 6.1.2.5. 
Replace the x with A or B, depending on the IOBC being 
used. 

7 IOBC Status register <xBUSSTAT) is described in Section 
6.1.2.6. 

8 Error recovery is described in Section 7. 

9 It is suggested that the reply be moved out of the 
butter as quickly as possible, so as to miniwize the 
time spent with thf Buffer Owned. 
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q.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 ~ailbox register. 

Interrupt 

Read xBusStat 

Issue Interrupt 
Ack Command 

( 1 ) 

(2) 

(3) 

Handle Received 
Message 

Handle Initiate 
1/0 Request 

Return from Interrupt 

Figure 6-3 Interrupt Flow Chart 
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RESPONDER FLOW (Continued) 

NOTES: 

1 ICBC Statue register <xBUSSTA1) is desctibed in Section 
6.1.2.6. The x can te replaced ty A or B, depending on 
~hich lOBC caused the interrupt. 

2 Buffer control to~mands arf described in 
6m1m2e1m 

Section 

3 Value ot xIIOinth in xBUSSTAT read at step (1) should 
be used; xBUSSTAT may change at any time after the 
Interrupt Acknowledge command is issued. 

The two cases are handled as 5hown in figures 6-3 and 6-4. 
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Enter from 
'lnt.erru t' 

Examine xSBE. ( 1) 
xMBE fn llBU!ISllll 

Raid MIS!lllCJe 
In Buffer 

Wrila Reply 
Into "urrer 

Load OurrLen (6) 

(7) 

Error 
Recovery 

(3) 

fHUI Qwna~hip (8) 
Hald Comm111d 

l!l!Mt Olsconnact (7) 
Command 

R11IH!l9 Buffer (9) 
Own when done 

Issue Oi!lcannact 
Command 

Figure 6-4 Incoming Message Handling Flowchart 

(7) 
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RESPGNDER FLOW (Continued) 

NOTES: 

1 IOBC Status register CxBUSSTAT) is described in Section 
6.1.2.6. Replace the x with A er B, depending on which 
IOBC caused the interrupt. 

2 Single bit error logging is discussed in Section 7 
(ERROR DETECTION And HANDLING). 

3 See Section 6.4 (ERROR RECOVERY). 

4 lhis decision depends on the 
messag~, and the presence 
codes and their meanings are 
(BUS PROTOCOL). If an error 
specifying the kind of error 

op tode embedded in the 
or absence of errors. Op 

discussed in Section 6.8 
has occurred, then a reply 
is n·quired .. 

5 It the microprocessor is to release the I/O Bus but 
continue using the buff~r, then the Yes branch must be 
taken here .. 

6 The Buffer Length register (BUFFLEN) is described in 
Section 6.1 .. 2 .. 4. 

7 IOBC commands are described in Section 6.1.2.5. 

8 Buffer control commands arE described in 
6 .. 1 .. 2.1. 

Section 

This buffer control command should only be issued when 
the microproces~or has finished using the buffer. 

When an interrupt occurs because the IOMC has something in 
its mailbox register for the message router, the 
microprccessor must proceeds as shown in Figure 6-5. 
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Figure 6-5 

Enter from 
'Interrupt' 

Yes 

Remember 
Interrupt 

Return to 
'Interrupt' 

( 1) 

No 

(2) 

Initiate I/O Request Flow Chart 
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RESPONDER flOW (Continued) 

NOTES: 

1 Only one module in th~ system is the message router 
(refer to IO~C PECULIARITIES, Section 4.5). All 
wodules except the message router ignore this 
interrupt. A hard~are mask prevents the interrupt. The 
mask can be set by shifting in (through the data chain) 
the appropriate bits by the SMC. 

2 The message router must respond to the interrupt. 
However, the response requires at least one I/O Bus 
transaction (a read of the IO~C wailbox register). I/O 
Bus operations cannot te done within an interrupt 
handler. Hence, the tact that the interrupt occurred 
is recorded. Reading the mailbox register and 
processing the IIO request is handled later. 
Information recorded includes which bus caused the 
interrupt (each IO~C has its own mailbox register). 

fventually, any outstanding interrupts will have been 
handled, and the microprocessor returns to some underlying 
process. In the meisage router, this process must 
periodically check if an Initiate I/O Request interrupt has 
been recorded. If there is a~ interrupt, it is handled as 
show~ in Figure 6-6. 
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Figure 6-6 

Enter From 
Idle Loop 

Read IOMC's 
Ma11box Reg1ster 

Yes 

Issue llOAck 
Command 

Process 110 
Request 

Return to 
Idle Loop 

No 

Mailbox Read Flow Chart 

( 1) 

(3) 

(4) 

Error 
Recovery 

(2) 
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6.3.2 RESPONDER FLOW (Continu€d) 

NOTES: 

1 This ~ox shows a complex sequence of operations. 
Basically, the module rrLst be an initiator, and send a 
Read Mailbox message to the IOMC. The 10MC replies 
with the mailbox contents. 

2 Error recover; is discussed in Section 6.4 (ERROR 
RECOVERY>m 

3 IOBC commands are described in Section 6.1.2.S. 

4 This box shows a co~plex sequence of operations, which 
are not yet specified. 

Since some of the flows above are initiated by interrupts, 
interactions tetween the flows are possible. The flows 
tall into two distinct categories; interrupt handler flows, 
and underlying process flows. The interrupt handler flows 
include the Interrupt Flow Chart, the Initiate I/O ReQuest 
flow Chart, and the Incoming Message Handling Flow Chart. 
The underlying process flows include the Initiator Flow 
Chart and the ~ailbox Read Flow Chart. 

Iritiate I/O Request int£rru~ts ~ay occur at any time, from 
either Ioec. For modules ether t~an the message router, 
the interrupt is essentially ignored, and any flow in 
process at the time, wh€ther an underlying process, or 
interrupt randler, is continued. 

In the message router, the interrupt is remembered, and any 
ot~er flow is allowed to complete before the Mailbox Read 
flow is ekecuted. A second Initi1te I/O Reauest interrupt 
from the sa~e IOBC is not possible until the [lOAck command 
has been issued. This means that there is no need to queue 
tte fact that the interrupt occurred; a simple flag per 
IOBC suffices. However, it ma~ be necessary to queue the 
IIO Request read from the mailbox. 
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6.3.2 RESPONDER FLOW (Continued) 

In the case ot incoming message interrupts, a reQuestor 
(IORC or MLI Control) must own the buffer before it can 
cause an interrupt. This means that, it the microprocessor 
owns the buffer, incorring rressage interrupts cannot occur. 
Furthermore, once an IOBC owns the buffer, the other IOBC 
and the MLI Control csnnot cause inco~ing message 
interrupts until buffer ownErship is released; that is, 
until the incoming rnEssage handling flow is complete. 

As an example, suppose that the microprocessor is 
attrrnpting to send a wessage at the same time that an IOBt 
starts to receive an inccrning message (assume that the 
~odule Busy tlag is not set>. The sequence of events 
depends on whc gets ownership of the buffer first. If the 
IOBC gets ownershi~ first, then the seouence of events is 
es shown in Figure 6-7. 
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ICBC 
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Receive 
Message 

Cause Interrupt 

Send Reply 

M f crooroc essor 

Interrupt Handler 

Incoming 
Message 
Handler 

Release Buffer 

Underly1ng Process 

Request 
Buffer 

ownership 
Test Loop 

Initiate 
Tremmctian 

Receive Reply 

Release Buffer 

Figure 6-7 Microprocessor-IOBC Interaction (IOBC Gets Buffer) 
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RESPONDER FLOW (Continued) 

The interrupt rray occur any tirre before the microprocessor 
gets into thE ownership test loop; in any case, the 
underlying process cannot exit that loop until the 
interrupt has occurrea, the incoming message handling flow 
hEs been executed, buffer ownership ~as been released, and 
the microprocessor has returned from the interrupt handler 
to the underlying process. At that time, the 
microprocessor gains o~nership of the buffer, and 
underlying process falls out of the ownership test loop. 

If the incoming message does not require a reply, the flow 
is similar; Figurf 6-8 shows a subtlety in buffer 
ownership. 
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IOBC 

Request 
Buffer 

Receive 
Message 

Gause Interrupt 

Release Buffer 

Figure 6-8 
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6.3.2 RESPONDER FLOW (Continued) 

The Eubtlety relates to the effects of the various Release 
Buffer Ownership commands. When the IOBC receives the 
Disconnect command, it disconnects fro• the I/O Bus, and 
releases cwnership cf the buffer. Because the 
~icroprocessor issued the Ownership ~old Command before it 
issued thE Disconnect, buffer ownership reverts to the 
~icroprocessor. When the interrupt handler has finished 
with the buffer, it issues a Release Buffer Ownership 
command to the buffer control. 

A problem is that the rricroprocesscr Cin the interrupt 
handler> owns the tufter; releasing ownership normally 
indicates that the rnicrcprccessor•s use of the buffer, 
which started with a Request Buffer Ownership command, has 
tinished. As Figur~ 6.8 shows, the underlying process has 
not started to use the buffer. Releasing ownership at this 
point ~ould pr£vent the underlyirg process from ever 
getting out of the ownership test loap. 

The buffer control hardware takes care of this problem. Jt 
remembers the Ownership Hold Co~rrand, and treats the 
Rtlease Buffer Ownership co~mand that fallows it (the one 
ir the interrupt handler> differertly from the one issued 
in the underlying process. 

If the microprocessor gets ownership of the before the 
IOBt, then the IOBC cannot cause an incoming message 
interrupt. The sequence 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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RESPONDER FLO~ (Continued) 

The IOBC waits for buffer ownership while the 
~icroprocessor executes the initiator flow. When the 
microprocessor issues the Start command, Op Complete with 
PreEmpt is reported immediately in the xBUSSTAT register. 
The microproLessor releases buffer oknership, and starts to 
retry t~e I/C Bus operation. The lOBC i~~ediately takes 
the tutfer, and the the flow proceeds as if the IOBC had 
gotten buffer ownership first. 

Interactions between interru~t handlers are governed by 
buffer ownership, and the microprocessor's interrupt 
priorit~ structure. As noted above, the buffer o~nership 
mechanism prevents ot~er incoming message interrupts while 
any reauestor owns the buffrr. This does not prevent an 
interrupt handler from beinp interrupted between the time 
it releases buffer ownership and the time it executes the 
REturn from Interrupt instruction. 

In the basic M68U20 microprocessor, seven interrupt levels 
are provided. Whi Le an interrupt handl~r is running at a 
particular level, other interrupts at that level and below 
are masked. In the MLI-DTM, IOBC A causes level 5 
interrupts, while IOBC B causes level 4 interrupts. This 
ffieans that the interrupt handler for IOBC B can be 
interrupted ty IOBC A. The tolloking table summarizes the 
r.ossible interactions. 

Interrupted By 
-~~-----~-~---

IOBC 8, Initiate I/0 I08C p , Initiate I/O 
IOBC A, Incoming Message 

IOBC B, Incoming ~essage IOBC A, Initiate IIO 
*IOBC A, Interring Message 

* This combination can only occwr after the IOBC B 
inccming message handler has r£leased buffer ownership. 

IOBC A interrurt handlers cannot be intBrrupted, because 
they run at level 5, khile IOBC B hardlers run at level ~. 
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6.4 ERROR RECOVERY 

IIC Bus errors fall intc three categcries; Normal errors, 
Unusual errors, and Broken errors. Normal errors are those 
that otcur during normal operation. They are: 

c BUS BUSY. The I/0 Bus was in use by another module 
~hen the microprocessor issued the Start command. 

0 LOST BUS ARBITRATION. This module and 
bid for the I/O Bus at the ssme time. 
had higher priority. 

another module 
The other module 

o PREEMPT. Either IOBt or the MLI control requires 
buffer ownership for an incoming message. 

c ~ODULE BUSY. The target responder is unable to accept 
a message at this time. 

Two errors are classified as unusual: 

c ~ODULE NOT PRESENT. The target responder is either 
physically not present, or is offline. 

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

These errors do not occur during normal operation, but may 
be caused by stop logic, or by fault recovery in another 
module. 

~inally, there ~re the Broken errors. These indicate that 
some piece of hardware is bro~en. Th~y includ~: 

0 TIMEOUTS. An operation did not complete in the 
reauired time. 

c DATA ERRORS. A single- or multi-bit error occurred 
during data tran~fera 

o BROKEN HARDWARE. The value in a register (xBUSSTAT or 
BUFFSTAT for example) is not valid. 
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ERROR RECOVERY (Continued) 

This section deals only with the Normal errors. 
and Broken errors are described in Section 
DETECTION ANO HANDLING)e 

Unusual 
7 (ERROR 

Eus Busy and lost Bus Arbitration errors can be retried 
immediately. If the target responder is connected to both 
IIO Bus~es, the retry uses the other bus. If this module 
has set th€ Module Busy f lip-tlop, then it is not necessary 
to release the buffer before retrying. In all other cases, 
the buffer rnust be released ana reacouired before retrying. 
The outgoing message must te copied into tne buffer again. 

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

lhe retry waits for buffer ownership; during that time, the 
incoming (preempting) message causes an interrupt. 

A Module Busy condition indicates that the target responder 
~ill he busy for some ti~e. The I/O Bus transaction must 
b~ retried. Tht buffer is released, and reacquired between 
retries. Again, the outgoing messsge ~ust be copied into 
the buffer again because activity bet~e~n retries may have 
destroyed it. 
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6.5 l/C EUS SIGNAL GLOSSARY 

This glossary of I/0 eus signals contains the following 
infor~ation about each signal: 

Logical Name 

Signal Nam€s 

Sourced by 

Active 

The name that is normally used to refer to 
the signal. This name does not indicate 
which I/O Bus the signal is part of, nor 
does it follow the normal signal naming 
conventions. 

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

Indicates whether t~e signal is sourced by 
the initiator, the responder, or both. 

Indicates w~ether the signal is active 
high or active low. 

Electrical Type The different electrical types are 
described in detail in Section 6.7 
(DRIVERS ANO PECflVERS). 

Description A brief description of the siQnal•s use. 

Tirring Bus tirring reouirernents for the signal. 
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6.5.1 I/O BUS SIGNALS 

Data(38:0) 

Signal Names 

Scurced by 

IIO Bus #0 - TI01DATA-nnP and 
IIO Bus #1 - TI02DATA-nnP 

Initiator during message 
responder during re~ly send. 

send; or 

Active High 

Electrical Type Tristate datE 

Description Four bytes ot data (Data(31:0)) and seven 
bits of ECC <DataC38:32)) are transferred 
on these lines every system TTL clock 
during thr message and reply phases of an 
I/0 Bus transactior. The ECC code is 
specitied in Sectior 6.8 CBUS PROTOCOL). 

These signals are also used during the bus 
arbitration and res~onder select~on phases 
of a transaction. 

During bus &rbitration, each contending 
module drives a different bit low on the 
data bus. The module driving the highest 
numtered bit wi~s. Physically, each 
module orives its Normal Request or 
Emergency Request ~in; each card slot has 
these two outputs wired to (card slot 
unique) data bit wires. The bus 
termination makes tte signals that are rot 
driven (either because the module is 
physically net present, or because it does 
not ~ant the bus) appear high. 

During resronder selection, the 
responder's ID kith correct 
broadcast on the bus, as if it were 
See Section 6.1.1 (BUFFER) for 
target addresses. 

target 
ECC is 

data. 
valid 
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I/O BUS SIGNALS (Continued) 

T·iming Data transfer occurs on every TTL clock. 
During data transfer, data must be stable 
at the receiver on the rising edge of the 
clock. The signals listed following define 
when a data transfer is taking place. 

For timing during bus 
responoer selection, 
Modreo. 

arbitrarion 
see BusRE>Q 

and 
and 
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6 .. 5 "2 EUSRH SIGNALS 

Signal Narr.es I/O Bus #u - TI018USREFlP, TI03BUSREF$P 
and 
I/0 Bus #1 - TI02BUSREF$P, TI04BUSREF$P. 

Sourced by All modules (excert the IO~C) rust be 
capable of sourcing this signal; one 
module is selected (by the maintenance 
processor) at system initialization time. 
The source kill b~ changed unless the 
module chosen faits at initialization. 
The enable for this signal is controlled 
by a bit on each module's maintenance 
chain. ThE enable must remain stable 
while the maintenance chain is shifting; 
shifting the mair.tenanc£ chain must not 
aftect this signal unless the enable bit 
is changed by the stift. 

Active High 

Electrical Type Tristate control 

Dfscription This signal is the system TTL clock 
divided in half. It controls the timing 
for 1/0 Bus startup. Each module on the 
bus ~ust latch BusRef, and use it to 
determine when to sample or drive the 
BusReo, BusBusy, ModReq, ModPresent, 
~odAvail, and ModBusy signals. All of 
these signals must be asserted with the 
falling edge of Bus~ef. 

Timing This signal must always be 
correct tus operation. The 
controller b~havior is undefined 
signal is not present. 

valid 
IIO 
if 

'for 
El us 

this 

---U~ISYS Prior Written Consent Required For Disclosure Of This Data----



UNISYS CORPORATIO~ 

ENTRY/~EDlUM SYSTEMS GROUP 
PASADENA DEVELOPMENT CENTER 

+--------------! 1993 532~ -
+--------------------+ 
I 
I VSOO DATA TRANSFER MODULE 
I 
+-----------------------------------COMPA~Y 

CONFIDENTIAL ENGINEERING DESIGN SPECIFICATION Rev. A Page 87 

BUSREQ SIGNALS 

Signal Names IIO Bus #0 - TI01BUSREQ$N, Tl03BUSREQ$N or 
1/0 Bus #1 - TI02BUSREQfN, TI04BUSREQ$N 

Sourced by Initiator. 

Active Low 

Electrical Type Open Collector Control 1 

Description ~hen a rrodule wants to use the bus, and 
the bus is not tusy <both BusBusy and 
BusReq are false), it must drive this 
signal true (Low), and at the same time 
drive its priority to the data bus. 

Tiffiing On the same clock that this signal is 
driven, latched BusReo is checked. If 
latched BusReq is true <low>, then this 
signQl and the priority bit drivers are 
driven talse (disabled) for one TTL clock. 

If latched 8usR€q is false, then this 
signal is driven for four TTL clocks (two 
BusRtf). During the first BusRef, the 
priority bit is driven, and priority is 
resolved. During the latter half of the 
second BusRef, the priority bit is 
disabled to allow the bus to settle before 
the target address is brodcast. 
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---~---~~---~----------~--~----~-~-----~---~---~------------------------

t. s "4 BUSBUSY SlGNALS 

Signal Names I/O Bus #0 - TI01BUSBUSYN, Tl03BUSBUSYN or 
1/0 Bus #1 - TI02BUSBUSVN, TI04BUSBUSYN 

Sourced by Initiator 

Active low 

Electrical Type Open Collector Control 1 

Description If, after two BusRefs have passed, the 
requesting modul€ with the highest 
priority still wants to use the bus, it 
driv€s BusBusy true Clow>, end drives it 
until the I/O Bus transaction is complete. 

Timing The module that won the bus bidding drives 
this signal true on the same clock that it 
drives BusReQ false. In normal operation 
the signal is reset two 8usRef clocks 
after ~odPresnt goes high. The responder 
monitors this signal, and aborts the 
current operation if this signal was false 
before the ena of the I/O transaction. 
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6.5.5 MOOREQ SIGNALS 

Signal Names 110 Bus #0 - 1I01MGDREQSN, TI03M~DREQ$N 
I/O Bus #1 - TI02~0DRFQ$N, TI04M0DREQ$N 

Sourced by Initiator 

Active Low 

Electrical Type Tristate Control 

Description On the same clock that the module first 
driv~s BusEusy, it ~ust also drive ModReq, 
and broadcast the address of the target 
responder on the data w~res. 

Tirring This signal and the target address are 
driven for one BusRef clock only. They are 
assertfd on tte same clock that the module 
first drives BusBusy. The target module 
Cit present) should have detected its 
address b~ the end of this BusRef clock. 
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~ODFRESfNT SIGNALS 

Signal Names I/O Bus #D - TI01M0DPRSNN, TIC3MODPRSNN or 
I/O Bus #1 - TI02MQDPRSNN, TI04MODPRSNN 

Sourced by Responder 

Active: Lo~ 

Electrical Type Tristate Control 

Description Upon detecting its ~odule ID (along with 
ModReq), any module that is not offline 
must drive this signal true <low>. This 
indicates o~ly that the rrodule is present 
and cnline; it must be asserted regardless 
of the rrodute•s ability to accept a 
nie s sag f m 

liming 

A module ~ay be offline for a number cf 
reasons; the SMC may put the module 
off line by shifting the appropriate value 
into the maintenance chain, a fault 
detector may detect a failure and take the 
modulE otfline, or star logic set up in 
the module may take the module off line. 
Dropping ModPresent before the end of the 
I/O Pus transaction indicates to the 
initiator that the connection should be 
broken. 

This signal is driven active <Low) by the 
responding module on th€ same clock edge 
that th~ initiator drives ModReQ false. 
It is reset one Bus~ef clock aftfr either 
ModAvail or ModRusy is driven false. The 
initiator nonitors this, and indicates an 
itleg~l disconnect to the microprocessor 
if ~odPresent did not abide by this 
ti~ing. 
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6. 5 .. 7 MODAVAIL SIGNALS 

Signal Names I/0 Bus #0 - TI01MODAVALN, TI03MODAVALN or 
IIO Bus #1 - TI02MOOAVALN, TI04MODAVALN 

Sourced by Responder 

Active Low 

Electrical Type Tristate Control 

Description After asserting ~odFresent, the target 
responder must check to see if it can 
acce~t the incoming message. When it can, 
it drives ModAvail true Clow). If it 
cannot accept the message, it indicates 
that it is busy by driving ModBusy true 
Clow)m 

Tirring 

Either ModAvail or ~odBusy must be driven 
true to complete the responder selection 
phas£ of the I/O Bus transaction. This 
must occur within the timeout period (the 
initiator checks for this timeout). 
ModAvail is held true until the responder 
decides that the I/0 Bus transaction is 
complete .. 

This signal can be asserted on any falling 
edge of BusRef after ModPresent is 
asserted. It is reset (also on a falling 
edge of BusRef) when the responder wants 
to terminate the message. 
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MODBUSY SIGNALS 

Signal Names 1/0 Bus #0 - 1IG1~0DBUSYN, TI03MOD8USYN or 
IIO Bus #1 - TI02MOOBUSYN, TI04MODBUSYN 

Sourced by Responder 

Active Low 

Electrital Type Tristate Control 

Description This signal indicates that the responder 
it is unable to accept the incoming 
message. It is driven true instead of 
ModAvsil, and is subject to the same 
timing constraints. Use of this signal 
must abide by the Deadlock Pr~vention 
Protocol described in Section 6.8 (BUS 
PROTOCOL). 

Timing This signal has 
ModAvail, but it 
BusRef clock only. 

similar timing as 
is asserted for one 
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6.5.9 TRANSFER SIGNALS 

Signal Names 

Sourced by 

1/0 Bus #0 - 1I01TRANSFRN, T103TRANSFRN or 
I/0 bus #1 - TI02T~ANSFRN, TI04TRANSFRN 

Initiator during rressage send, or 
responcer ~hen repl~ is sent. 

Active Low 

Electrical Type TriStatE Control 

Descrirtion This signal is used to coordinate the 
transmission of data. Transfer is sourced 
by whichever 1odule is sending the data. 
During the messege transroission phase, it 
is sourced by th€ initiator; when the 
initiator has tom~leted sending the data, 
it must tristate disable Transfer so that 
the res~ond~r may use it to coordinate the 
transmission of a reply. 

Ti~ing It is asserted two system TTL clocks 
b fore th~ first data is out on th€ bus, 
and negated two system TTL clocks before 
the last data is put on the bus. In other 
words, Transfer is asserted for the number 
of clocks required to transfer the data, 
starting two clocks ahead of the data. 
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6.5.11 

ERROR SIGNALS 

Signal Names 1/0 Bus #C - TI01ERR0R$$N, TI03ERROR$$N or 
I/0 Bus #1 - Tiu2ERRCR$$N, TI04ERROR$$N 

Sourced by IOMC 

Active Low 

Electrical Type OpPn Colltctcr Control 2 

Description This sign&l is used by the IOMC to 
indicate that an error word is going to be 
returned in the reply. 

Timing This signal can be asserted any time when 
ModAvail is asserted, for at least one 
clock. 

IIOREQ SIGNALS 

Signal Names l/O Bus #0 TI03IIOREQ$N or 
J/0 Bu~ #1 - TI04IICREQ$N 

Sourced by IOMC 

Active Lo~ 

Etectrical Type Open Collector Control 2 

Description This signGl is used by each IOMC to 
indicate thst there is something in its 
mailbo~ register for the message router. 

Timing This fignal may re asserted at any time, 
independert of an) other activity on the 
IIO Bus, and must be held until the 
message router responds with IIOAck. 
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IIOACK SIGNALS 

Signal Names I/0 Bus #G - TI01II0AtK$N or 
110 Bus #1 - TI02IIOACK$N 

Sourced by Messare Router 

Active Low 

Electrical Type Open Collector Control 2 

DPscription This signal is used by the messag~ router 
to indicate to an IOMC that it has read 
th~ mailtox register su,cessfully, and 
that the IOMC may now accept another 
mailbox write operation from a MCACM. 
This signal is used only in conjunction 
with lIOReq. It is independent of any 
other activity on the I/O bus. 

Timing IIOAck must be driven true <low) for one 
TTL clock. 

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



UNISYS CORPORATION 
ENTRY/MEDIU~ SYSTEMS GROUP 
PASADENA DEVELOPMENT CENTER 

+--------------! 1993 5329 

+--------------------+ 
I 
j VSOO DATA TRANSFER MODULE 
I 
+-------------------------------~~--COMPA~V 

CONFIDENTIAL ENGINEERING DESIGN SPECIFICATION Rev. A Page 96 -

NORMAL REGUE~l SIGNALS 

Signal Names 1/0 Bus #0 - TI01N0RMREQN, 
(On cerd narre only) 
1/0 Bus #1 - TI02NORMREGN, 
(On card r;arne only) 

Sourced by Initiator. 

Active lo~ 

Electrical Type Open collector request 

Description This signal is used during bus 
arbitration; it is used by a card to drive 
its Normal priority onto the appropriate 
data bit of the bus. Each card drives 
this signal on a fixed pin, regardless of 
the slot it is plugged into. That pin at 
each slot is connected on the backplane to 
the wire in the data bus appropriate to 
that ~lot. 

liming 

The signal name is an on-card name only; 
on the backplane, the signal name will be 
TIOxDATA~nnP, where x=1 for I/O Bus #0 and 
x=1 tor 1/0 Bus #1, and nn depends on the 
card slot. 

See BUSREG 
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6.5a14 EMEPGENCY REQUEST SIGNALS 

Signal Names I/O Bus #0 - TI01E~ERGRQN 
(On card na~e only) 
I/0 6~s #1 - TI02EMERGRQN 
(On card rame only) 

Scurceo by Initiator 

Active Lo~ 

Electrical Type Open collector request 

Description This signal is similar to NormalRequest, 
except that it drives Emergency Priority 
rather than Normal Priority onto the bus. 

Timing See BUSREQ. 
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6.6 BACKPLANE PINS 

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

10t1C # 1 
~ 

Memory 

---

(BackPlane V1ew) 

Cables 

•r·-.. ..... ...,.-i ............. ......... -r- ............. ........ '"" .... : 

i-:. :- : -: . -: . :- : -: . :- : :- :- :- -: -: -: >l' ... ~it-t---1 /0 Bus # 1 .. ..... ..... ...... ...... ..... . .. 
1r :·:·:·:·:·: ·:·::·:·:·: :·:·:~:·:·:· :·:·:·:·:·: :·:·:·:·:·: ·:·:j-.. I/ 0 Bus # 2 
·~·-···· ..... , ..... --···· ....... . 

SMC -J-+ < :::~:: :~:::~ ~~~~~,~~~::: ::::::+::: '* DTMs 

IOMC #Q 

r:h··rlrnl ·lr'ji.. f---MLI BASES 

! 21 31 I•· Ii I fi Ii !- (~~~~;~!rc:~) ........ ..... . ................ ·····1~·-··· 

Processor SMC/10 

Cab1.f.let #Q 

Figure 6-10 I/O Bus Layout 
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(;" 6 8ACKFLANE PINS <Continued) 

Only DTMs connect tG both busses. Backplane signal 
locations are identical for both IOMCs, the SMC, and I/O 
B~s kO connections for the DT,s. A second set of backplane 
pins provides the l/O Eus #1 connections for the DTMs. 

Each I/O Bus consists of 50 signals; 11 for control, and 39 
fer data. The data signals consist of 32 information bits 
and 7 error ccrrection bits. 

Control signals are both driven and received by each module 
on the bus. In the DTM backplane, the connection between 
scurce end Load ts on the backplane; a DT~ drives each 
control 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 backplane. 

On-card signal names are different for the driver and 
receiver. Driver signals are named TI01xxxxxxxx (for I/O 
Bus #0) and TI02xxxxxxxx (for I/O Bus #1), while the 
equivalent receiving signals are ramed TI03xxxxxxxx (for 
110 Bus #0) and TI04xxxxxxMx (for 1/0 Bus #1). Backplahe 
signals have a single narre CTI01xxxxxxxx or TI02xxx~xxxx) 
as appropriate .. 

On the SMC and IOMt, th€ drivers and receivers are 
connected on the card; there were not enough pins on these 
mGdules to support the scheme used with the DT~. 

Normal ano Emergency Requests TIOxNORMREGN and TIOxEMERGRQN 
are connected on the tackplane to different data bus bits, 
Oef:'ending on card slot location end tus (I/0 Bus #0 or #1) .. 
~ormalRequest wires art connected to data bits D through 12 
inclusive; ~mergencyRequest wires use bits 16 through 28. 
Each group of 13 bits is further divided; data bits 0 and 
16 are used by the SMC, end the other twelve bits are 
divided by cabinet (six for DTMs in each cabinet). 

---uNISYS Prior Written Consent Reauired For Disclosure Of This Data----



+--------------
1 1993 5329 

UNISYS CORPORATION 
ENTRY/~FDIUM SYSTEMS GROUP 
PASADENA DEVELOPMENT CENTER 

+--------------------+ 
I 
I VSOO DATA TRANSFER MODULE 
I 

COMPAf\Y 
CONf IDO:TI AL ENGINEERING DESIGN SPECIFICATION Rev. A Page 100 -

6., 6 BAC~PLANE PINS (Continued) 

Both cabinPts in a t~o cabinet system are identical; DTMs 
nay be plugged into any slot in either cabinet without 
changing straps. These two facts necessitate some 
complexity in the way that the NormalRequest and 
frrergencyRequest wires are connected. 

A DTM hes a different priority on eath bus. For example, a 
&T~ in slot #6 of cabinet #0 using bus #0 has priority over 
all the other modules in th@ same cabinet; however, it 
competes ~ith DTMs in cabinet #1 that are u~ing bus #1. 
These modules have higher priority t~an all the modules in 
cabinet #0 (using bus #0). 

Actual bit number connections ere as follows: 

Slot NorrrialReeiuest EmergencyReo.uest 
Number Bus ft 0 8us#1 Bus #0 Bus #1 _ _.._,,.., __ ---.,,,-=-- ....__ ......... _ ------ ------

1 Bit 1 Bit 7 Bit 17 6it 23 
2 B 'it 2 Bit 8 Bit 1 8 Bit 24 
3 Bit ;:: fl i t 9 Bit 19 Bit 25 
4 Bit 4 Bit 10 Bit 20 Bit 26 
5 Bit 5 Bit 11 Bit 21 Bit 27 
6 Bit 6 Bit 12 Bit 22 Bit 28 

Note that a module can determine which slot it is plugged 
into from the Maintenance ID jumpers and the Cabinet jumper 
on the backplane. The three upper bits of the Maintenance 
ID jumpers are the slot number. The Cabinet jumper is not 
required auring bus arbitration, but is required during 
responder selection. 
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DRIVERS AND RECEIVERS 

This section specifies the electrical requirements for 
Drivers and Receivers used on boards that connect to an I/O 
Busa Almost all I/0 Bus signals arf bi-directional; the 
only exceptions are Error, IIOReq, IIOAck, NormalRequest, 
and EmergencrRequest. Therefore, both loading and driving 
characteristics are specified for for each electrical type. 

The 1/0 Bus must continue to function if either cabinet of 
a two cabinet systen is po~ered off. Since there is no 
electrical isolation between cabinets, this reauires that 
the drivers and receivers not load the bus excessively when 
~owered off. Therefore, these specifications include a 
Powered Off Maximum Load (specified in mA) when the bus is 
at the specified Chigh) voltage. 

The signals that make up the 1/0 Bus fall into the 
follcwing electrical classes: 

Tristate Data 
Tristate Control 
Open Collector Control 1 
Open Collector Control 2 
Open Collector Request 
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6.8 IIO DATA BUS PROTOCOL 

This section describes the error correction code used en 
the I/0 data bus, t~e message formats, and gives some 
typical timing diagrams of an I/O Bus transaction. 

ERROR CORRECTION CODE 

Data transfer on the I/O Eus is protected by a modified 
Hamming error detection and corr€ction code. This code 
corrects all single bit errors, detects all double bit 
errors, and detects all errcrs within a four bit section. 
It also detects almost all other multiple bit errors (but 
not all>. This code also protects data in the I/O buffer 
RAM, and the microproc~ssor dynamic RAM and EPROMS. 

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



UNISYS CORPORATION 
ENTRY/MEDIU~ SYSTEMS GROUP 
PASADENA DEVELOPMENT CENTER 

+------·--------
! 1993 5329 -

+--------------------+ 
I 
I VSGO CATA TRANSFER MODULE 
I 

CO~PANY +-----------------------------------
CONFIDENTIAL ENGINEERING DE:SIG~: SPECIFICPTION Rev .. A Page 103 

6m8m1 ERROR CORREL Tl ON CODE (Cor.tinued) 

The fellowing table shows the code, and th{' bits monitored .. 

Modified liamming Code CDTf/1) 

6 5 4 <: 2 1 0 ,,,; 

------------------------------
00 ·-.- )( )( x 
01 . - )( )( )( .-
(;2 := )( )( )( 

03 . - )( )( )( . -
04 : =- )( )( x 
05 . -. - x x )( 

06 . -. - )( )( )( 

07 := )( )( )( 

(i 8 := )( )( )( 

09 ·-. - )( )( )( 

10 := )( x )( x x 
11 := )( )( )( 

12 . -. - )( )( )( 

13 := )( )( )( 

14 : = x )( )( 

15 . -. -· x x x 
16 : :: )( )( )( 

17 : = )( )( )( 

18 := )( x )( 

19 := x )( )( 

20 . -. - )( )( x 
21 := )(. x )( x )!( 

22 . - )( )( )( . -
23 . -.- )( x )( 

24 := )( )( )( 

25 := )( )( )( 

26 : = )( )( )( 

27 := )( )( x 
28 := )( )( )( 

29 . -. - )( )( )( 

30 . - )( )( )( . -
31 ·-. - )( )( x 
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6" 8 .1 EPROR CORRECTION CODE (Continued) 

Bits 2 and '4 of the ECC portion a re inverted after being 
generated, thus disallowing the case of all zeros (0000000 
has a calculated ECC ot OC, but when dri\len out of the the 
error correction gate array (the E:CCIO), the ECC seen is 
, 4 ) .. Consequently, these two bits a re inverted back in the 
receiving ECCIO before the syndrome (see following table) 
is gen€rated .. 

u I 0 1 D 1 0 1 0 1 0 1 0 1 0 1 0 1 
1 I 0 0 1 1 0 0 1 1 0 (I 1 1 0 (J 1 1 
21 0 0 0 {; 1 1 1 1 (l 0 0 0 1 1 1 1 

e 5 4 3 I 0 a 0 (: G 0 0 0 1 1 1 1 1 1 1 1 
--------·------------------------------------------------
(j 0 0 * 32 33 + 34 + + 28 35 + + 13 + 27 12 + 
G 0 1 36 + + 31 + 20 26 t t 14 t + + + + 10 
0 1 0 37 t + 29 + 24 22 + + 1 s + + f + + + 
D 1 1 t 08 jj 9 + cs + + + 1 9 + + + + + + + 
1 c 0 38 + + 30 + 25 23 + + + 16 + 17 f + + 
1 l1 1 + u6 IJ 7 + 11 + + + (J 4 + f + + t + + 
1 1 0 + 01 02 .. 00 + • + 18 + + + + + + + 
1 1 1 (i3 + + + + t + + t + + + 21 + + + 
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6.8.2 

6.8.2.1 

~ESSAGE FOR~AT 

This section specifies the I/0 Bus message format. The IOMC 
is the only module on the 1/0 Bus that is not 
rricroprccessor based <message handling is hardwired, 
instead of being dettrmined by firm~are). Therefore, IOMC 
messages ~re described separately. 

DTM-IOMC MESSAGE FORMAT 

IOMC messages consist of Memory Interface messages <reading 
and writing to memory), XM Interface messages <Interrupts), 
and IO~C-only messages (Read H/W register and Read Time of 
Day). 

~emory Interface message~ to the IOMC have the following 
format: 

Where: 
cc = 
TA = 
OP = 

AAAAAA = 
HHH = 

LLLL = 
data = 

ccOOLJOOOTA 
ccOPAAAAAA 
ccxHhHLLLL 
ccdata 

Valid ECC code for the rest of the word 
Target address CFC fer IO~C) 

1 tyte hex op 'ode (see following) 
6 least significant BCD digits of the beginning 
address of the memory access. 
3 most significant BCD digits of the beginning 
address of the memory access. 
number of bytes <hexadecimal) of data to be 
transferred to or from memory. 
4 bytes of data per word (if the comwand is a 
memory write). If the command is a memory read, 
no data is sent0 
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DTM-lOMC MESSAGE FOR~AT (Continued) 

The memory commands are: 

RDi"iEM 
RD ME MT 
RDWLCK 
~:RMEM 

WR ME MT 

- Read Memory 
- Read MEmcry Translated 
- Read !.!'itb lock 
- Write Memory 
- Write ~emory Translated 

Op 
Op 
Op 
Op 
Op 

= DCi 
= D8 
= FO 
= AO 
= A8 

XM interface messages to the IOMC 
format: 

have the following 

c.cOCOOOOTA 
ccTYOOOOON 
ccuOOIJOOOO 
ccOPAAAAAA 
ccxHHHlLLL 
ccdata 

Where: 

TY ;::; 

f\' = 
cc = 
TA :::: 

OP = 
AAAAAA = 

HHh = 

LLLL = 
a a ta = 

The 

Type cf interrupt 
Number of first XM to poll (0,1,2, or 3) 
Valid ECC code for the r£st of the word 
Target address CFO for IOMC) 
1 byte rex op code (see following) 
6 least significant BCD digits of the 
beginning address of t~~ memory access. 
3 most significant BCD digits of the teginning 
address of the me~ory access. 
number of bytes <hexadecimal) of data to be 
transferred to or from memory. 
4 bytes of data per word <if the command is a 
memory ~rite>. If the command is a memory read 
no data is sent with the command. 

XM Interrupt types are: 

IOCNORM - IIO Corrplete Normal TY = 82 (hex) 
IOCREAl - IIO Co111plete R'eal-time TV = 81 Chex) 
IOCEXP - IIO Corrplete EJ<ception TY = 84 <hex) 
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6.8.2.1 DTM-IO~C MESSAGE FORMAT (Continued) 

IOMC-only interface mtssages have the following format: 

ccOOOOCOTA 
cc~COOOCOO 

Where MC is the 1-byte op code. The commands are: 

RD TOD 
RDMAIL 

- Read Time-of-Day Counter 
- Read Mailbox Pegister 

Op = MC Hex 
Op = MC Hex 

The IOMC reply has the tallowing format: 

ccdatadata 

ccextra 
cc errors 

Where: 

data = is the reply <if any) 
extra = extra unused ~ord (if any> 

errors = 1 word of error descriptor (if any) 

The errors field is decoded as follo~s: 

bits function 

3:0 - XME~FRR$SP(3:0> from memory bus 
8:4 - XME~SRCSSP<4:L) from memory bus 
9:1 - Overflow error on IOMC 

10:1 - ECCIO single tit error 
11:1 - ECCIO oouble bit error 
12:1 - MDECC 0/1 single bit error 
13:1 - MDECC 2/3 single bit error 
14:1 - MDECC wultiple bit error 

If multiple errors occur in the memory transfers, the most 
fatal error is Logged and reported. 

Refer to the IOMC Specificaticn for additional inforrration 
or the IOMC commands and re~lies. 
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6 .. 8.2 .. 2 DT~-SMC MESSAGE FOR~AT 

Refer to the SMC Specification for information on DTM-SMC 
messages .. 

~ESSAGE ROUTER-DTM MESSPGE FOR~AT 

communications have the sarre basic message Inter-DTM 
format., DTMs do not talk to each ether unless one of them 

message routers The rressage tormat is: is tht 

~here: 

cc\JOOOOOTA 
ccOOOOOClfl:Y 
ccCCMMAND 
ccdata 

cc ::;; 

TA ::: 

ti, y ; 

Valid EC( code for the rest of the word 
Target address 
Initiator address (target address if it is 
to be a responder) 

COMMAND -- Op code, where: 
Identify = 10000000 <hex) 
Transfer mailbox = 12GOOOOO <hex) 

data = Valid data (if any) 

Refer to the DTM micrcprccessor microcode for additional 
information about these messages and responses. 
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6. 8. 3 

TTL Clock 

BusRef $P 

BusReqfN 

BusBusyN 

ModReq$N 

ModPrsnN 

ModAvalH 

ModBusyN 

TransfrN 

I/O BUS TIMING DIAGRAMS 

1his section contains typical timing diagrams for I/O 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. 

DalaP ~~-~~~~~:cc<'---~~~~~~~--'[x:::xJ~~~~~~~~~~-
1 2 3 4 5 6 7 8 9 10 

Figure 6-11 I/O Bus Timing - Response 
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1/0 BUS TIMING DIAGRAMS (Continued) 

NOTES: 

1 Bus not busy 

2 Bidding for bus (drive BusReq and Priority) 

3 Driving ModReq and the target address 

4 Responder is present 

5 Responder is available 

6 Initiator sends message (OP and address) 

7 Initiator waits for response 

A Responder response CthrEe word cf reply are shown) 

9 Responder does a legal disconnect 

10 Initiator disconnects 
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6. 8. 3 

TTL Clock 

BusRef$P 

BusReqfN 

BusBusyN 

ModReqfN 

ModPrsnN 

ModAvalN 

Mod8usyff 

TransfrN 

OalaP 

1 

I/O BUS TIMING DIAGRAMS (Continued) 

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

2 3 4 5 6 7 

in which the 
the responder 
performing a 

8 9 

Figure 6-12 I/0 Bus Timing - No Response 
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IIO BUS TIMING DIAGRAMS (Continued) 

1 Bus not busy 

2 Bidding for bus (drive BusReq and Priority) 

3 Driving ModReq and the target address 

4 Responder is present 

5 Responder is available 

6 Initiator sends wessege COP, address, and one word of 
data) 

7 Initiator waits for resrcnse 

8 Responder does a lfgal disconnect (therfcre, no reply) 

9 Initiator disconnects 
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6. 8. 3 I/O BUS TIMING DIAGRAMS (Continued) 

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

TTLClock ~ ru1JlJlJ1J11lJllJU1fUU1JlJlflJUlf 

BusRef$P 

BusReqfN 

BusBusyN 

ModReq$N 

NodPrsnH 

NodAvalN 

NodOusyN 

TramifrN 

DalaP 

1 2 3 4 5 6 7 8 

Figure 6-13 I/0 Bus Timing - Responder Busy 
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IIO BUS TIMING DIAGRAMS (Continued) 

1 Bus not busy 

2 Bidding for bus Cdrive BusReq and Priority) 

3 Driving ModReq and the target address 

4 Responder is present 

5 Initiator waiting for ModAvail or ModBusy 

6 Responder is busy 

7 Responder doing a legal disconnect 

8 Initiator disconnecting 
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6.9 MICROPROCESSOR PHYSICAL INTERFACE 

This section describes the interface between the 1/0 
Bus-related logic and the ricroprocessor in the MLI-DTM. 
T~e microprocessor interfaces to the buffer, buffer 
control, and the IOBCs. Each interface is described 
separately. 

BUFFER INTERFACE 

The buffer <see Figure 6-14> is a part of the 
microprocessor's memory. It consists of ten 2149H 1Kx4 
static RA~s, plus the address, data, and control lines. 

The buffer RAMs may be addressed by the ~icroprocessor, or 
by the buffer control's address register. Ten address 
Lines are required; bits 11:2 ot the microprocesscr•s 
address bus are routed through two AM2966 RAM drivers. 

In addition, there is address decoding logic associated 
with the micro~rocessor that examines several high order 
address bits, and generates thE SelectBusAL signal when the 
nicroprocessor wants to address the buffer. This signal, 
when active (!ow), tristate disables the buffer control's 
address register, and tristatt enables the AM2966 driv~rs. 

The buffer RAMs connect to 39 bidirectional data lines (32 
bits ot data, and 7 ECC bits). One RAM bit is unused. The 
39 wires are connected to the I/O Bus's ECCIO chip, and to 
five 74F245 bi-directional driver chips that connect tc the 
microprocessor's data bus. The 74F245 1 s control lines 
(direction and tristate enable) ere sourced fro~ logic 
associated with th~ microprocessor. 
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uP Address 
( 11 :2) 

SelectBusAL 

BfReaaH\.'lrtL 

From Buff er Control 

2x 
AM2966 

Driver 
E 

From Buffer Control 

to x 
2149H 

SRAM 

39 
5x 
F245 

Bl-Dir 
Driver 

IORomDoto 38:0 

Controlled by 
M1croprocessor 

UP Dote + ECC 
(38:0) 

To 1/0 Bus 
ECCIO 

See Sheet "Buff er" 
"'Akkawl/IOBus/Buffer 

Figure 6-14 Microprocessor - Buffer Interface 
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BUtFER INTERFACE (Continued) 

The 2149H RA~s have Chip Select and Write Enable inputs. A 
74f241 used as a multiplexor sources these signals, either 
from the buffer control, or logic associated with the 
microprocessor. The source selected is determined by the 
tufter control. If either 1oec or t~E MLI-Control wants to 
access the buffer, the buffer co~trol sources these two 
tines .. 

When the I/O Is Not Active signal is true <neither IOBC nor 
the MLI Central wants access to the buffer>, logic 
associated with the microprocessor must generate the 
buffer's RAM Write Enable and Chip Select signals. 

Note that, if the micrcprocessor trifs to access the buffer 
while it is being used by an IOBC or the MLI Control, data 
corruption witl occur. The microprocessor will take 
control of the address lines, the data tines will be double 
ortven, and the RAM control lines will be sourced from the 
buffer control.. 

In summary, the microprocessor to buffer physical interface 
consists of the following s•grals: 

UPAOCRESS<11:2) 
Purpose 

DTM signal name 
DTfil source 

UPDATA(38:0) 
Purpose 

DlM signal name 

SELECTBUSAL 
Purpose 

DT!'t! Signal Name 
DH'1 Source 

Aodress in buffer that the 
micrGproressor ~ants to access. 
5f.Adr(11:2> 
Buffered version of microprocessor's 
address bus .. 

Bidirectional data lines. Bits <38:32) 
are ECC; bits (31:0) are data. 
10RamData(38:0) 

When I/0 is not active, Chip Select to 
buffer RAMs. Tristate enables uFAddress 
to RAMs and disables buffer control~s 
address counter. 
SelectBusJ!,L 
High oraer address decode PAL. 
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6.9.1 BUFFER INTERFACE (Continued) 

BfkEAOHWRTL 
Purpose: 

OT~ Signal Name 

DTM Source 

when I/C is not active, Write Enable to 
buffer RAMs. 
BtRead~wrtl1, BfReadHWrtL2 
(two copies for loading reasons) 
Buffered vers1on of microprocessor's 
Pead/~rite signal. 

BUFFER CONTROL, IOBCs, ANO MLI-DTM INTERFACE 

The microprocessor accesses the buffer control, the IDBCs, 
and (for the MLI-DT') the MLI control by reading and 
writing certain memory addresses. Those ~emory locations 
are occupied by registers, not RAMs. The use of each 
register is described in section 6.1 (PROGRAMMER'S MODEL). 

Each register is 16 bits wide. Unlike the buffer (and 
~LI-DTM, and SMC main memory), ECC is not kept for these 
registers. Hence, the logic associated with the 
1icroprocesscr must treat the RPM and the registers 
some~hat differently. Physically, the registers are 
isolated from the microprocessor's data bus by two 74F245 
bi-directional buffers. 

lhe registers reouired for the buffer control, the IOBCs, 
and the MLI control are all grouped in one address range. 
Several high order microprocessor address bits are decoded 
to produce the MliI08CSelL signal, which when active Clow), 
indi,ates that the microprocessor wants to access one of 
the registers. Since there are fewer than 16 registers, 
the four Lo~ order address bits can select the register 
required. 

The register accessed tor eac~ combination of the low order 
aadress bits is determined by the programming of the 
control PALs shown in figure 6-15; the selection is 
arbitrary. 
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-' 
-' -- - "" CJ ;!: 

~ 
(I) 
(..) = - CD "O 

Ii.. 9 G 
"O 

.., 
~ - 0: - ..... 
ID l: CD 

UP Data (31· t6) 

.--+-------------~-CoE 
-----r-R 2 x F245 

Contro1 
PALS 

i 
Detoderl !Control Li~ 

I 

• 
PitOut( 15:0) 

)' 16 

... f ·······················;~···1············~················~···1···················1 ... 

Register Register 

SetectBusAL 
(See Buffer Interface) 

i 
I 
i 
i 

I 
i 
i 
i 
! 
i 

i 
I 

2 x F245 Register 

16
L ~ To Buff er 

---~/,,,,__ ___ ... IORamAddr( 15:0) 

• i 
L..... 2 x F579 

Address Reg 

Fi~ure 6-15 Microprocessor to Register Interface 
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BUFfER CONTROL, IOBCs, AND ~LI-DTM INTERFACE (Continued) 

The buffer control's address register is isolated from the 
microprocessor•s data bus by an extra pair 
Figure 6-16) because the 74F579s counters 
register have bi-directional data pins. 
affect the microprocessor interface. 

ot 74F245s (see 
used for that 

This does not 

There are two control lines from the logic associated with 
the microprocessor to the register control PAls; 
MliIOBCSell, and BfReadHWrtl, which indicates whether the 
microprocessor wants to read <Hiph) or write Clow) the 
specified register. 

Because the microprocessor and I/O Bus logic in the MLI-DlM 
are clocked by differEnt clocks, there is a possibility of 
metastability problems at the interface. This is not a 
probl~m for the buffer itself, because RAMs are essentially 
asynchronous devicesm These ~roblems 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) t•--ti-i ( 1) 

Register Write 

M11 IOBCSelL 

14 ... , (2) 

6fReadHWrtL 
14 ... 1 (3) ~(4) 

Address 
(5) 

Doto 

(5) 

Register Read 

Mli IOBCSelL 
..... 1 ... 1-------........ 1 { 6) 

EJfReadHWrtl 
I~ <3> 1-rl 

'- (4) 

Address 
(5) 

DatB 

l414f------llltt ... , ( 7) 

Figure 6-16 Register Access Timing Diagram 
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6.9.2 BUFFER CONTROL, IOBts, AND MLI-DT~ INTERFACE (Continued) 

NOTES: 

1 The TTL system clock runs at 96 nanoseconds. 

2 During a register write cycle, MlilOBCSelL must be 
asserted for at least 3.5 system TTL clocks. 

3 BtReadHWrtl must be valid no later than one system TTL 
clock after MliIOB(Sell is asserted. 

4 BfReadHWrtl must remain valid at least until 
MliIOBCSell is negated (the hold time is 0 ns). 

5 Set up and hold time requirements for these signals are 
the sa~e as for BfRead~WrtL. 

6 During a register read cycle, MliIOBCSell must be 
assertea for at least 3 system TTL clocks. 

7 Data is available 3 system TTL clocks after MliIOBCSell 
is asserted. Data remains valid until MliIOBCSell is 
negated. 
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6. 9,. 2 BUFfER CONTROL, lOBCs, AND ~LI-DTM INTERFACE (Continued) 

In summary, the microprocessor to <buffer control, IOBC, 
and MLI control) register physical interface consists of 
the following signals: 

uPAddressC4:1>: 
Purpose 

DTM Signal Name 
DTM Source 

uPData(31:16): 
Purpose 
CTff\ Signal Name 
DTM Source 

MliIOBCSelL: 
Purpose 

DTM Signal Name 
DTM Source 

Bf ReadHWrtL: 
Purpose 

DH'! Signal Name 

OTl\1 Sourr.E 

Indicates which register the 
microprocessor wants to access. 
BfAdrC4:1) 
Buffered version of microprocessor's 
address bus. 

Bidirectional data lines. No ECC. 
BusData(31 :16) 
~icroprocessor Data Bus 

Indicates that microprocessor wants 
to access one of the registers. 
MliIOBCSelL 
High order address decode PAL. 

Inditates whether the microprocessor 
wants to read or write the register. 
E<fReadHWrtl1, BfReadHWrtl2 
<Two copies for loading reasons) 
Buffered version of microprocessor's 
Read/write signal. 
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6.9.3 EUFFER TO BUFFER CONlROL INTERFACE 

The Buffer controller generates the following signals to 
intErface to the buffer, buffer address counter, and buffer 
liffiit counter. The sig~als are: 

AIOACTIVEL 

AIOReceivel 

RA MC SL 

BusCounterEnl 

GiveMeDatal 

Donel 

CounterClearl 

I/O Active (active low>. This signal 
indicates that the l/O Bus controller or 
MLI needs the buffer. This signal enables 
the folloking two signals <making them 
valid>. 

I/O Reteive active low. This signal (if 
low) indicates that data is being written 
into the buffer. If high, it indicates that 
data is being read from the buffer. This 
signal drives the IORamWEL on the buffer. 

RAM Chip Select active low. This signal 
drives the IORAMSelectl (chip select) 
signal on the buffer. It is always low 
during a read from the buffer CAIOReceiveL 
= 1). When writing to the buffer 
(AioReceivel = 0), this signal will be a 40 
nanosecond low pulse. This pulse, generated 
through a dElay line, falls during the 
clock perioa in which both data and address 
to thE but1er are stable. 

Buff er Bus Counter Enable 
signgl increments the 
countEr. If t~is signal is 
edge of the clock, the 
increments by 1. 

active low. This 
buffer address 

low on a rising 
address counter 

This signal decrements the limit counter. 
If this signal is low on the rising edge of 
the clock, the limit counter decrements by 
1 • 

It limit counter is zero, this signal will 
be Low. This signal is not used by the 
buffer controlter; it is passed directly to 
the I/O Bus controller. 

Counter Clear active Low. This signal 
resets the address and limit counters when 
no one owns the buffer. 
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IOBC - BUffER CONTROL INTERFAlE 

Tris section describes the I/O Bus controller CIOBC), and 
the IOBC to buffer interface. 

ThE IOBC h&ndles data transfers on tre I/O 
interface bet~een thf I/O Bus control 
internal signals of the ~odule (the ~odule 
this case). 

Bus. It is the 
signals and the 

being the DTM in 

The IOBC is responsible for getting the I/O Bus (when asked 
to) and initiating a transfer sequence. The IOBC gives a 
signal that indicates the t~rminaticn of the transfer, and 
the reason for the terrrinstion <normal termination, bus 
busy, pre-empted, illegal disconnect>. 

The IOBC is also responsible for recogn121ng when the 
~odule is being calltd ~pon. It asserts the requ1red 
signals on the I/O Bus, receives the message, and 
terminates the connection sequence, either directly, or 
after sending a response back to the initiator. 

INlERRUPTS 

Each IOBC generates its own interrupt signal. This signal 
is asserted (driven low) when the ICBC ~ants to cause an 
interrupt; it remains assfrted until explicitly reset by 
the microprocessor. The micro~rocessor resets the 
interrupt by writing to the buffer control's command 
register, in which there is a bit for each IOBC. 

The M68020 generates an Interrupt Acknowledge signal when 
it accepts an interrupt from a device. This signal does 
rot directly reset the interrupt signal because: 

o The interrupt acknowledge, being synchronized with the 
microprocessor's clock, was not long enough to 
guarantee that the PAL generatinQ the interrupt signal 
<which is on system TTL clock> would see it. 
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------------------------------------------------------------------------

INTfRRUPTS (Continued) 

o There are two possible reasons for the IOBC to signal 
en interrupt: either a mtssage has arrived, or IIOReql 
is asserted, thereby indicating that there is something 
in the IOMC's maittox register for th€ message router. 
The microprocessor nust read a 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. 

lhesr problems could te solved differently for the SMC or 
futurE DTMs. for example, the microprocessor could see 
serarate interrupts tor message arrival and IIOReqL events, 
and the Interrupt Ackno~ledge could be synchronized with 
the system TTL clock. Further, the SMC or a future DTM 
could choose to be interrupted at different points in the 
~e&sage cycle. Each case would require separate 
inve&tigation. 

The interrupt signal is generated by a PAL16R4, running on 
system clock. There are •everal spare inputs and outputs 
on the PAL; there is substantial flexibility. 

The microprocessor (and/or associated logic) w,ust be 
prepared to handle any mEtBstability problems that occur 
because the interrupt signal is clocked by the system TTL 
clock, while the microproteEsor runs on a different tlock. 

In summary, the ~LI-Dl~ implementation has an interrupt 
line from each IOBC to the microprocessor: 

InterruptA (Interrupt8): 
Purpose Indicates that IOBC A (!OBC 8) reauires 

attention from the microprocessor. 
DTM Signal Name INTLevelSL (IOBC A), INTlevel4l (IOBC B) 
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6~9.4.2 I06C DATA PATH 

The data path is 39 bit~ wide <32 data bits, 7 ECC bits). 
This path is bidirectional, capable cf transferring data at 
TTL syste" clock speed (one 39 bit ~ord per system TTL 
clcck). The IOBC indicate whether this bus is sending or 
rEceiving aata. loading the data into the buffer and 
checking ECC are are not a 1unction of the IOBC; they are a 
function of the buff er controller. 

The IOBC does not look at the data being transferrea on the 
bus. Therefore, it cannot distinguish the op, length, or 
address information from data. The IOBC treats all the data 
in the same way, and transfers the different types of data 
without interruptions. 

When the IOBC is requEsted to act as an initiator, it 
expects a valid module-to-talk-to number on the data bus 
upon demand. 

Tbe IOBC data path consists of a set of 74F245 
bidirectional drivers that drive or receive data to or from 
the backplane, and a set of 74F646 bidirectional registers 
that interfaces the backplane drivers to the internal data 
path. All data transferred <in either direction> are stored 
fer at least one clock in the 74F646 registers. 

IOBC INTERNAL CONTROL PATH 

lhe IOBC internal control path can be subdivided into the 
nicroprocessor interface ard the buffer interface. 

The microprocessor interface issues commands and returns 
results, ~~ich the ~icroprocessor can use to decide the 
next step of action (such as retr~ if the bus is busy>. 

l~e tuffer interface is a set of signals that is used by 
the buffer control to synchronize data transfers with the 
buff er. 
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BUFFER-JOBC INTERFACE 

The Buffer-IOBC interface consists of signals that are used 
by the buffer controller to handle buffer reads and writes. 
Following is a listing ot these interface signal and their 
function. Since the OTM has two busses and one buffer, 
there are two IOBC signals, one for each bus. All IOBC-1 
signals have an A as a prefix, while IOBC-2 signals have a 
B. 

AAccReqL 

AAccGrntL 

AButfReoL 

ASnoLRcvH 

(BAccREQL) ACCess REQuest active low 
(cntl-out). This signal is asserted by 
the IOBC to tell the module that it is 
being &sked to act as a responder, and 
that the module should grant buffer access 
to krite the irput message. Valid 
responses to AccReo are Busy or AccGrnt. 
This signal remains assert~d until a Busy 
is received, or after the reply is sent to 
the initiator. 

CBAccGrntL) 
lcntl-in>. 
it tells the 
the buf ter. 

ACCess GRAnted active Low 
This is an answer to AccReql; 
IOBC that it has access to 

{8BuffReqL) Buffer Request active low 
(cntl-out). This signal indicates that 
the ICBC wants to use the buffer to send 
or rfceivE a rressage or reply. In send 
mode (sending data from the module to the 
I/0 Bus), it is asserted with GiveMeData, 
and r~set three clock aiter GiveMeData is 
reset. In receive mode, it is asserted 
with H€relsData, and reset one clock after 
HerelsOata is reset. That is, it is 
asserted during the time that the internal 
data path is active. 

(BSndLRcvH) Send It low Receive If High 
<cntl-out). This signal indicates whether 
the IOBC is in the send or receive phase 
of a connection. T~is signal has the same 
timing as BuffRec in the send phase 
(driven low during this time), and is high 
when receiving or ~dling. 
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BUFFfR-IOBC INTERFACE (Continued) 

AHerelsDataL 

AGiveMeDstaL 

Donel 

PreEmptL 

A~odNol 

CBHereisOatat) Here Is Data active low 
Ccntl-out). The IOBC asserts this signal 
one clock before valid data is placed in 
the lOBC data bus register (from the 1/0 
Bus data line), so a module can set up fer 
writing into the buffer. This signal is 
reset when the last data is in the IOBC 
register. 

(BGiveMeDatal) Give Me Data active low 
Ccntl-out). This signal indicates to the 
module that the IOBC is expecting valid 
data on thf data bus to transfer to the 
I/0 Bus. This signal is asserted two 
clocks before data is expecteo on the bus, 
and is reset when Donel is asserted. 

Den€ &ctive low <cntl-in>. Donel is 
expected by the IOBC t~o tlocks before the 
last valid data is placed on the IOBC 
internal data bus <including error words, 
if any). 

Pre-en~t active low Ccntl-in). This signal 
is generated by the buffer controller when 
the MLI or IOBC is requesting use of the 
buffer while the buffer is owned by the 
mitroprocessor. The IOBC samples th~s 
si9nal during the bus bidding operation, 
and i1 set, terminates its bidding, giving 
a pre-empt condition as the result of the 
terminatior. 

CBModNoL) Module Number Request active low 
<cntl-out). This indicates to the buffer 
that the IOBC is the initiator, and t~at 
it ex~ects a valid modute to-talk-to 
number to remain on the internal data bus 
fer e& long as this signal is asserted. 
This signal is asserted one clock before 
ModRea, ana is reset ~ith ModRea. 
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8UFFER-IOBC lNT~RFACE (Continued) 

ABusReqL CBBusReql) Bus Reouest active low 
Ccntl-out). This signal indicates that 
the IOBC has been asked to act as an 
initiator, and has started to bid for the 
bus. This signal is a backplane interface 
signal that is also used by the buffer 
controller to load the module to-talk-to 
number in its regifter <the ECCIO), so it 
is ready when the ModNo signal is 
asserted. 

The tuffer rontrcller uses this signal to organize the 
reeding ana writing of the buffer. It also generates the 
signal to increment the buffer address counter and 
decrement the limit counter. Cdecr~menting of the limit 
counter is done only when data is being taken out of the 
buffer). The interface signal to the buffer are described 
in Section 6.9.3 (BUFFER TO BUFFER CONTROL INTERFACE). 
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6.10 FUTU~E DTMs 

future DTMs are 'onstrained 
dffinition of the J/O Bus. 
choose to use all, some, 
implementation~ This note 
some of the possibilities. 

or.Ly by the backplane 
A future implementation may 

or none of the current 
is intended simply to outline 

In a future DlM <see Figure 6-17>, the microprocessor might 
want to be interrupted at different points in the I/O Bus 
~rotocol. For example, the MLI-DTM and waits for an I/O 
Bus transaction to complete by polling the appropriate 
IOBC's status register. The micro~rocessor has nothing 
better to oo at that tirne. Thf SMC has adopted the same 
strategy, not because there is nothing bPtter to do, but 
because the overhead in putting the task to sleep, and then 
waking it up again in response to an interrupt is about the 
sa"e as the tiffie spent ~olling. A future OTM, with a 
faster micrcprocessor, might indeed be able to perform. 
useful work while the I/O Bu$ transfer is in process. The 
required hardware change is trivial. 

A future DTM migrt also choose to change the buffering 
scheme: perhaps allowing multiple butters, or partitioning 
a single larger buffer. The current IOBC design does not 
care what sort of buffer <or how wany of them) it is 
attached tc. For example, to support multiple buffers, the 
Buffer control must: 

a Allocate a buffer to an IOBC when it asserts Access 
Request. Access Granted to th~ IOBC indicates that a 
butter is available. 

b Indicate to the 11croprocessor which buffer is 
allocated to an IOBC, so that an incoming message can 
te found after an interrupt. 

c Ensure that, after a ~start' com1and, the JOBC is given 
access to the ap~ropriate buffer when it asserts Buffer 
Request. 

d Ensure that, after a •continue' command, the IOBC is 
given access to the buffer it owns when it asserts 
Buffer Reauest. 
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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 

Ctl 

Data 
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Data! 
I 
i • I • 
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Figure 6-17 
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7 

7.1 

ERROR DETECTION AND HANDLING 

This section describes the error detEction capabilities of 
the DTM, and the way they are currentl~ being handled. 

Errors are classified as being fatal or nonfatal. Fatal 
errors are those detected by the hardware checking logic 
that force the BROKEN signal to be asserted to the SMC. 
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 logic on the MLI 
control store, or the parity checkers in the I/O Bus 
controller. 

Nonfatal errors are errors that are either directly 
corrected, such as single bit errors on the I/O Bus data 
transfer, or errors in operations th&t can be retried, such 
es multiple bit errors en the I/O Bus data transfer. 

DTM FATAL ERRORS 

The DTM reports fatal errors to the SMC by setting bits in 
the MODBROKEH register, whith causes the JMODBROKESSN 
signal to the SMC be asserted on the backplane Ctf the 
wodule is on-line). Because all cards in the I/O portion on 
the batkplane share the se~e JMODBRO~ESSN signal, MODBROKEH 
is also registered on the ~aintenance chain. This allows 
thE SMC to isolate the broken module without stopping the 
clocks. 

The MODBROKEH register on the maintenance chain is called 
CMODBROK~. The C~ODNOTBRK bit in the maintenace register 
(the registered value of MODNOTBROKE~ signal) covers the 
cesE of when the maintenance rhain is shifted right while 
s~lf testing is bei~g done, and both MODBROKEH and 
~ODNOTBROKEH are being toggled simultanously. 

After identifying the broken module, clocks are stopped to 
that module, the data chain is shiited out, and MOOBRKCTRL 
register is checked. 
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7" 1 DTM FATAL ERRORS (Continued) 

lhe MODeRKClRL register consists of the following bits: 

bit name 

CMODBROKEH 
CMODNOTBRK 
CCTLERROR 
CIGNOREERR 
BBUSERROR 
BBUSIGNERR 
ABUSERROR 
ABUSIGNERR 

function 

Driver of ~CDBROKEH signal 
Driver of ~ODNOTBROKEH ~ignol 

Error indicator for buffer controller and MLI 
TEst error indicator for buffer ctl and MLI 
Error indicator for IOBC B 
TEst error indicator for IOBC 8 
Error indicator for IOBC A 
Test error indicator for IOBC A 

Although C~ODBRO~EH and CMODNOTBRK exist on the data and 
maintenace chains, the bits are different. The maintenance 
chain bits are the registEred values of the data chain 
bits. 

Whtn broken MODBRKCTRL register should contain one of the 
following values: 

MODBRKCTRL 

AU 
88 
82 

source of error 

Buff er controller or MLI 
IIO Bus controll~r B 
IIO Bus controller A 

Now the error source is narrowed to a given module on the 
board. To find the portion of the board that detected the 
Error, the follo~ing registers should be checked: 

1 Case of buffer controller or MLI <MODBRKCTRL = AO) 

register active 
---------"'11JJJJ-- -------
Ci":LIRAMPAR high 
CMLIINlPAR low 
CTIMEOUTOS low 
CINTLEVEL7 low 

CERRCfl2RCV low 
CERROR2RCV low 
CERROR2RCV low 

sourc.e 

~LI control store 
MLI internal parity 
<when low validates CINTLEVEL7> 
uP is mulfunctioning 
(if CTIMfOUTDS is low) 
uP detected fatal error 
Buffer ownership 
Buffer CNTL PAL 
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7" 1 DT~ FATAL ERRORS (Continued) 

2 Case of IOBC B CMODBRKCTRL = 88) 

register 

BBUSNONERR 

BIERROR6 
BIERROR5 
BIERROR4 
BIERROR3 
BIERROR2 
BIERROR1 
BIERRORD 

active 

high 

high 
low 
low 
low 
l cw 
low 
high 

source 

The bus monitcr PALs {for IOBC 8) 
BusCheck1 or BusCheck2 
Target Address decoder PROM (IOBC 8) 
IOBC B LISZ PAL 
IOBC B LIS1 PAL 
IOBC 8 8102 PAL 
ICBC 8 BID1 PAL 
IOBC B DATA PAL 
IOBC B MASTER PAL 

3 Case of IOBC A (MODBRKCTRL = 82) 

register 

BBUSNONERR 

BIERROR6 
BIERRORS 
EHRl':OR4 
8IERROR3 
8IEf?ROR2 
8IERROR1 
81El'RORQ 

active 

high 

high 
low 
low 
low 
tow 
low 
high 

source 

The bus monitor PAls (IOBC A) 
BusCheck1 or BusCheck2 
Target address decoder PROM (IOBC A) 
IOBC A LIS2 PAL 
roec A LlS1 PAL 
IOBC A BID2 PAL 
IOBC fA.. BID1 PAL 
lOBC A DATA PAL 
ICBC A MASTER PAL 

When the source of the error is a PAL, the error might be 
due either to the PAL rraltunct~oning, or to the PAL 
detecting an illegal condition on its in~ut. 

Path tests can diagnose this error, and determine if the 
error was transient (~aking it pcssible to reset the board 
and ~ut it b~ck on tins), or fatal, thus keeping the board 
offline .. 
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7.2 

8 

DTM NONFATAL ERRORS 

DTM nonfatal errors consist ct single and multiple bit 
errors on the data, timeout errors, and illegal responses 
tc the microprocessors 

The I/O Bus data transfers and the microprocessor memory 
ere protected by a single bit error correction, double bit 
error detection code. 

5ingle- and ~ultibit errors detected on I/O Bus 
transactions are reported to the microprocessor using the 
ABUSSTAT and BBUSSTAT registers. SBE need only be logged; 
fer multibit errors, the operation rrust be retried. The 
~icroprocesscr microcode controls the number of retries, 
and the action taken if the operation continues to fail. 

See the microprocessor microcode for timeout values and 
ill€gal respons~so The following text describes a 
ruicroprocessor timeout on an I/O Bus initiation. 

The microprocessor times out on a Start I/O Bus command 
after .6 ~illiseconds. If, after this amount of ti~e has 
elapsed and no OpComplfte is detected, the BusStat should 
be read, read t~o ccnsecutiv results match. This result is 
logged. The microprocessor then resets the I/0 Bus 
controller by issuing a Rtset command, and the operation is 
retried. If detailed analysis on the logged BUSSTAT value 
is needed, refer to the equations for the BID1 and BID2 
FALs. 

MAINTENANCF 

The DTM has a set of Pathtests that can test, as well as 
tring up, the 1/0 Bus controller and DTM controller 
sections. There are self-diagnostics for the microprocessor 
that check its functionality. 

Stop conditions can be set on the DTM to assist in 
aiagnosing errors. The stop conditions and test options 
are described in the following text. 
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8.1 DTM STOP LOGIC 

lte DTM has several stop condition options. These options 
deal mainly with the Mll. The stop conditions can be used 
separatel~ or in AND or CR cowbinations. AND 1 ed options can 
assert the STOP_AND signal on the backplane. OR'ed options 
a&sert the STOP_OR signal on the backplane. In addition, 
the OTM can perform a self stop on any of the options (self 
stop means to stop the clock intrrnally before SMC). 

The options are: 

stop on MLI STATUS = n 
stop on Mll ERROR 
step on Mll E~ERGE~C¥ INTERRUPT 
stop on MLI NORMAL INTERRUPT 
stop en EXTERNAL T~lGGER 

These functions are as follows: 

MLI STATUS=n 

~LI ERROR& 

Compares Mll's four status lines with n, 
where n is a user-specified single digit 
hex nurrber. The condition is met when 
status is equal to n. 

The condition is met if a MlI vertical 
parity rrror, a Mll LPW error, or an 
illegal Mll status transition occurs. 

~LI EMERGENCY INTERRUPT 
T~is condition is met when the MLI 
requests an emergency interrupt. 

MLI NORMAL INTERRUPT 
This condition is met when thE MLI 
reque~ts a normal interrupt <normal poll 
test)u 

EXTERNAL TRIGGtR This condition is met w~en an external 
strob€ is detected on the frontplane 
trigger pin. There is a choite of using 
an active high or an active low signal, as 
well ss whether the strobe input is used 
directly er latched before using. 
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8.2 SETTING STOP CONDITIONS 

STOP OR 

filLI Status = n 
1. S t REE YDOCPSTAT to <F-n) [comple~ent of nl 
2. Set REG YDOSTCOREN = 1 

l'HI Errors 
1. Set REG YDOANVERROREN = 1 

~~LI Emergency Request 
1 • Set REG YDOEMERGOR = 1 

!"ill Normal Request 
1 • Set R E:.G VDO!NTOR = 1 

EXTERNAL TRIGGER 

1. Set YDOFPPINV and YDOFPLLATCH as follows: 

0 0 tor triggering on unlatched active high level. 
() 1 for triggering on latthed active high level .. 
1 (! for triggering on unlatched active tow level .. 
1 1 for triggering on latched active low level .. 

29 Set the YDOFPPOREN register to 1 

Th est: conditions can be set separately or in cowbiination 

To enable the internal self-stop on any of the preceding OR 
conditions, (separately or jointly) set REG YDOSLfSTPEN = 
1 .. 
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8.2 SETTING STOP CONDITIONS (Continued) 

SlOP AND 

!Vill STATUS = n 1.. SEt REG VDOCPSTAT to <F-n> 
2 .. Set REG YDOSTCANOEN ::: 1 
3 .. Set REG YDOSTOPANDL ::: 1 
4 .. Set REG YDOSTOPANDH ::: 0 

l'l,l I ERRORS 1 .. Set REG VDOANYEf\ANDEN :::: 1 
2. Set REG YDOSTOFANDl ::: 1 
3 .. Set REG YDOSTOPANDH :::: 0 

Mll EM ERG REQ. 1. Set REG YDOO;EflGAND = 1 
2. Set REG YDOCOMANDE:N :::: 1 
3 .. Set REG YDOSTOPANOL = 1 
4 .. Set REG YDOSTOPJ!NDH :::: 0 

Ml I NORM REQ. , .. Set REG YDOINTAND = , 
2. s (" t REG YDOCOMAl\JDEN = 1 
3. Set f< E G YDOSTOPPNDL :::: 1 
4 a Set REG 'fDOSTOPANDH ::: 0 

E)ITERNAL TRIGGER 

1. Set REG VDOFPPINV and REG VDOFFLLATCH to: 
0 0 f cr triggering on unlatched active high level .. 
0 1 for triggering on latched active high level " 
1 0 for triggering on unlatched active Low level . 
1 1 for triggering on latched active low level .. 

2 e Set REG rO:JFPPANDEN = 1 
3. Set REG Y 0 0 C 0 tti A N D E N ::: 1 
4a Set REG VDOSTOPANDL = 1 
5. Set REG YDOSTOPAl'.10t-J = 0 

ThEse conditions can be set separately or in combination. 

To enable an internal self-stop 
conditions (separately or jointly), 
1 (same as that for OR condition, if 
enabled stop will occur on the first 
it is an AND or an OR). 

on any ot the AND 
set REG YDDSLFSTPEN to 
self stop is to be 
stop condition ~hether 
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8.2 SETTING STOP CONDITIONS (Continued) 

When resetting the previous conditicns, it is better to 
reset the bits individually, rather than resetting the 
whole chain. It is also preferable to perform all the 
setting (and resetting) of the bits simultanously, in one 
shift operationo 

IIO Bus stops can occur in the IOMC. Refer to the IOMC 
specitication tor details. 

The ~icroprocessor doEs not know that the clocks are 
stopped. Any writes to the interface registers <which 
require the clock to be running) are not done, although the 
micr~processcr microcode thinks that they are. 

The microprocessor WRITE SELF STOP option can cause a 
STOP_OR conditiGn ~ith an automatic self stop. If set, 
this option causes the DTM to perform a self stop and 
assert the OR STOP condition whenever the microprocessor 
performs a write to any of the I/O Bus, MLI, or buffer 
registers. 

To set up UP_WRITE_SELFSlOP, set REG YDOCUPSTOPEN = 1 

This condition is independent of the other conditions. 
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8.3 

8.3.1 

TEST OPTIONS 

T~is section describes test opticns used in the DTM 
pathttst to facilitate testing. There is a set of test 
options on each I/O Bus controller, and one on the buffer 
ccntroller. These options are described in the following 
texte 

I08C TEST OPTIONS 

Bits 0 and 1 on each of the IOBCs control the 1/0 Bus 
controller data bus. The bits ere ATestMode(1:0) for bus 
A, and 8TestModeC1:0) for bus B. Their functions are 
described in the following table. 

xTestModEC1:0) Description 

00 Normal case 

01 

10 

1 1 

Like normal tase except that the I/0 Bus 
backplane drivers will not be 
disabled if the clock to the board 
are stopped. 

Disable F245 backplane data drivers, but 
enable the Fl46 registers to drive toward 
the backplane. 

Disable F245 backplane data drivers, but 
enatle the F646 registers to drive toward 
the ECCIO. 

These test modes can b€ used to test the F646s, or to probe 
the backplane when clocks are stopped. 
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BUFFER CONT~OLLER TEST OPTIONS 

The CTestMode(2:D> bits help in testing the I/0 Bus 
internal data path. The lo~er two bits help in ECCIO 
control, and the upper bit forces the buffer control PAL to 
remain in 8 given state regardl€ss of other inputs. 

CTestMode(1:0~ 

1 1 

01 

10 

(!0 

CTestMode<2) 

1 

0 

Description 

Norrral case 

Force the ECCIO to select data 
fro[ the ~AM <when loading) 
with all of it~ data arivers disabled. 

Force the ECCIO to select data from the 
backplane (f646 registers) when loading 
with drivers toward the RAM enabled. 

Force the ECCIO to select data from the 
backplane (F646 registers) when loading 
~ith its data drivfrs disabled. 

Destription 

Normal case 

Fortes the control PAL into a special 
mode, in whic~ the u~per five bits remain 
unchanged, while the lower three will be 
high. This PAL controls reading and writing 
into the buffer as well as incrementing the 
address counter. 
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9 HARDWARE OVERVIEW AND IMPLEMENTATION 

The DTM microproc~ssor section consists of the following 
sections: 

~icroprocessor 
~icroprocessor address bus decodEr 
Microprocessor data ~1th 
~icroprocessor data bus controller 
Resident program memory 
Data scratchpad 
Data scratchpad retresh 
Data buffer 
MLI control registers 
I/O Bus control registers 
SMC interface register 
Reset and interrupt controller 

The microprocessor fetches and executes microcode stored in 
rEsident memory, and stores internal data structures in the 
&cratchpad. The microprocessor uses the 1/0 Bus control 
registers to access I/O Bus A and I/O Bus 8 to communicate 
with other modul~s on t~e I/O busses. The microprocessor 
also uses the MLI control register to communicate with the 
MLI control store during data transfer. 
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9 m 1 MICROPROCESSOR 

The microrrccessor is the central processinq unit, and 
handles the management of I/O operations. The 
rricroprocessor can access the residert program memory, data 
scratchpad, data buff er, I/O Bui controt, MLI control 
r gisters, SMC interface registers, and watchdog timer 
registers. 

The ~icroprocessor fetches and executes instructions from 
the resident memory, and transfers computed data to and 
from the data scratchpad. The microproesscr interfaces 
with the I/O Bus contrcller and ~ll controller through I/O 
Bus control registers and MLI control registers, 
respectively. 

The microprocessor section with implemented with a single 
chip ~C68020R16 micrcprocessor. The microproc€ssor has its 
own clock, whjch runs asynchronously to the system clock. 

The microprotessor clock is 16.67 M~z, which is derived 
tram a 33.33 MHz oscillator ~ith divide-by-two circuitry. 
It is buttered witr. a 74F241 clock driver. 

The microprocessor address and control busses are 
with four 74F241 line drivers, and the data bus ts 
with four bidirectio~al 74F245 transceivers. 

buffered 
buttered 
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9.2 MICROPROCESSOR ADDRESS BUS DECODER 

The microprocessor address tus is 32 bits wide, and can 
aadress 4096K bytes of ~emery (see Figure 9-1). The 
address bus decoder decodes the microprocessor address bus 
and enables the component addressed by the microprocessor. 

The microprocessor address bus is decoded in two levels. 
The first level is implemented with a PAL16L8B programmable 
array. The PAL level oecodes the memory range occupied by 
the resident program memory, data scratthpad, data buffer, 
maintenance register, timer registers, I/0 Bus control 
registers, and MLI control registers. The second level is 
im~lemented ~ith two FAL16L8Bs and one PAL16R4B. This 
second level decodes indiviaual registers in the memory 
range occupied by the 1/0 Bus control registers and ~LI 
control registers. 

address size cowponent 

ooocoooo I 
I 16K x 32 I Resident program memory 

OOOCFFFF l ____________ I 
I I , ____________ ! 

00200000 I I 
I 512k x 32 I Data scratchpad 

003FfFFF l ____________ I 
l I 
I I i ____________ I 

00410000 I 1 x 32 I Maintenance register 

'------------' l I 
l ____________ I 

0043UOOO I 1 x 16 I Buffer corrmand register 
1 ____________ 1 

00430002 I 1 x 16 I Buffer status register 
l ____________ I 

Ou430004 l 1 x 16 I MLI result register ! ____________ , 
OU430006 I 1 x 16 I MLI command register 
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9.2 ~ICROPROCESSOR ADDRESS BUS DECODER (Continued) 

address size component ...,. _______ __ ..,.,,_,, _____ 
, ____________ ) 

00430008 I 1 )( 16 I MLI status register 
l ____________ I 

OD43000A I 1 x 1 6 I MLI identification regi~ter 

'------------' 0043i)(J0C I 1 )( 16 I MLI high byte counter , ____________ ! 

0043000E I 1 )( 16 I ML I l 0\.1 byte e;ounter 
l ____________ I 

00430014 I 1 )( 16 I 1/0 buff er address register , ____________ ! 

00430016 I 1 )( 16 I IIO buffer litr,it register ____________ I 

00430018 1 x 16 I I/0 Bus-A status register 

------------' 0043001A 1 )( 16 I I/O f<US -B status register 
_____________ I 

0043u01C 1 )( 16 I I/O Bus-A command register ____________ I 
0043001E 1 )( 16 I I/O Bus-8 command register 

------------' ------------' 00600(;00 I Data buff er 
11< )( 32 I 

C06COFFF ------------' 

Figure 9-1 Microprocessor Memory ~ap 
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9.3 MICROPROCESSOR DATA FATH 

The microprocessor can access the resident propram memory, 
the data scratchpad, and the data buffer via a 32 bit data 
path, or via a second path consisting of 32 dat~ bits with 
7 additional bits for error detection and correction Ca 
modified Hamming code is used). 

In a microprocessor reed cycle from aata scratchpad or data 
buffer, data is read through th€ first data path. The 
setond data path is also enabled to check the error 
detection and correction code. 

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

During micro~rocessor writes to the data scratchpad or data 
tufter, the second data path is enabled, and gen~rates the 
error detection and correction code. During reads or 
writes to the registers, the first data path is enabled 
since the registers do not have error detection and 
ccrrection capabilit;es. 

The first data path is implementea ~ith four 74f373 
transparent latches and four bidirectional 74F245 
transceivers. The Stcond data path is implemented with one 
tCCIO gate array, four 74f245 bidirectional transceivers, 
four 74F241 line drivers, and four AM2966 drivers. 
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9.4 MICROPROCESSOR DATA BUS CONTROLLER 

The ~icroprocessor data bus controllEr is the heart of the 
microprocessor section. It is implemented as two level 
state machines. 

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

The bus cycle is classified as one ot the follow;ng: 

retresh cyclE 
read cycle 
read retry cycle 
read modify ~rite cycle 
write cycle 
interrupt acknowledge cycle 

The bus cycle can have either 1, 2, 6, or 8 wait states. 

T~e access device is either 8-bit, 16-bit, or 32-bit. 

The second level state machine interprets the signals from 
the first level state rractine and the address decoder. It 
then enables the proper data path to the accessed device. 
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9.5 RESIDENT PROGRAM ME~O~Y 

The resident program memory is the firmware store from 
which the wicroprocessor fetc~es instructions and immediate 
operands. The mitroprocessor can read this resident 
program memory in byte, word, or longword mode at byte, 
word, or longword boundarya 

The resident program meffiory <see Figure 9-2> is implemented 
en tive 27S128 16Kx8 EPROM chips. four of them contain 
instructions and immediate operands, and the fifth one 
contains the error detection and correction code. 

address 

uCOOOO 

00 ff FF 

error 
correction 

code ---------- data ------------

38-32 

I 
I ROM I 
I 4 I I _______ I 

31-24 23-16 15-08 07-00 

-------------------------------! I I 
I RO!f1 I ROM I ROM I ROM 
I 3 I 2 I 1 I o I 
1 _______ 1 _______ 1 _______ 1 _______ 1 

figure 9-2 Resident Program Memory 
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9.6 DATA SCRATCHPAD 

The data scratchp~d is an internal data store in which the 
microprocessor stores and retrieves its temporary data. 
The wicroprocessor can either read or write this data 
scratchpad in byte, word, or longword mode at byte, word, 
or longword boundaries. 

The aata scratchpad is implemented with ten dual 256~x4 
DRAM chips. As shown in Figure 9-3, these DRAMs are 
organized to form two banks, each ot which is 256Kx40. 

error 
c.orrection 

cede 
38-36 35-32 

address -----------
200000 l l I 

I R Aft': I RA Iii I 
I 9 I 8 I 

2FFHF l _____ l_ ____ j 
3llucoo I I I 

I RAM l RAM I 
I 9 I 8 I 

3FFfH l _____ l _____ I 

data 

31-28 27-24 23-20 19-16 15-12 11-08 07-C4 03-00 

-----------------------------------------------' I I memory bank #1 I I I I 
I RAM I RAM I RAM I RAM I RAM I RAM I RAM I RAM I 

I 7 I 6 Is I 4 I 3 I 2 11 Io I 

'-----'-----'-----'-----'-----'-----'-----'-----' I l I memory bank #2 I I I I 
I RAM i RAM I RAM I RAM I RAM I RAM I RAM I RAM I 
I 7 I 6 I 5 I 4 I 3 I 2 I 1 Io I 
1 _____ , _____ , _____ J _____ , _____ 1 _____ , _____ 1 _____ 1 

figure 9-3 Data Scratchpad 

9a7 DATA SCRATCHPAD REFkESh 

The data scratchpad dynamic memory must be refreshed at 4 
millisecond intervals. The refresh is controlled by two 
8-bit 74F579 bidirectional binary counters, a 74F240 8-bit 
tristate driver, and a PAL16R4 programmable array. The 
74F579s are clocked by the rnicro~rocessor clock; they 
signal the PAL16R48 to refresh at 4 millisecond int~rvals. 
lhe PAL16R4B then requests oknership of the microprocessor 
aodress bus. When oknErship is granted, the data bus 
controller recognizes the refresh cycle and enables the 
74F240 and 74F579s ta drive the refresh address on the 
~icroprocessor address bus. 
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----- ------------------------------------------------------------------

9.8 

9.9 

9.10 

DATA BUFFER 

The data buffer is a temporary data store for transfers 
between the microprotessor, 1/0 Bus control, and ~LI 
control sections. O~nership of the data buf ter is 
controlled by the buffer ownership control of the I/O Bus 
control section. 

IOBUS And MLI CONTROL REGISTERS 

The IOBUS and MLI control registers control and monitor the 
activities of the I/C Bus and Mll. Refer to Section (I/O 
BUS) and Section (MLI CONTROL) for details. 

s~c INTERFACE REGISTER 

The SMC interface register is pert of the S~C interface 
chain. It handles communications bet weer the 
microprocessor and the SMC interface controller. The SMC 
interface controller shifts in the command into the SMC 
interface register, then sets the Interrupt flip-flop in 
the SMC interface chain. 

The interrupt causes the microprocessor to read and execute 
the command, and to write the result back to the SMC 
interface regist~r. The S~C interface controller then 
shifts the result from the SMC interface register and 
resets the Interrupt flip-flop. 

The SMC interface register is implemented with eight 
PAL1~R48 programmable arrays that are driven by the system 
clock when in shift modf, and by the microprocessor clock 
when in microprocessor access mode. The output of these 
devices is displayed on 8 LED packages. 
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9.11 RESET AND INTERRUPT CONTFOLLEF 

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

The microprocessor can be interrupted by the following 
external events et different priority Levels: 

SMC maintenance command at level 6 
IOBUS-A attention at level 5 
IOBUS-B attention at level 4 
MLI poll request at level 2 

The interrupt controller is 
prograrrmable array that 
generates interrupts, and a 
the external event when the 

10 MESSAGE LEVEL INTERFACE 

implemented with a PAL16R4 
detects external events and 

PAL16L8 array that acknowledges 
interrupt is processed. 

10.1 ~ESSAGE LEVEL INTERFALE CONTROLLER 

The ~essdge Level Interface Controller (see Figure 10-1) is 
an interface betwe~n the Dl~'s internal modules, and the 
OLP base module. The OT~ can support four ML! ports; each 
port can handle up t~ 8 DlPs. A DTM can communicate with 
up to 32 DLPs in 4 base modules. 

lhe controller follows MLI protocol, including parity 
generation and ch~cking, external ev~nt synchronization, 
and Cata transfer. 

lhe funttion of MLI controller is to establish connection 
with a DLP, and to provide the strobes and control signals 
tor the transfer ot data between the OLP bas£ and the DTM 
internal modules. 

Data transfers within the OTM are through a 1K X 39 bit 
buffer C32 data bits, plus 7 ECC bits) implemented on ten 
1K X 4 static RAMs. 
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Backplane 

IOBus 1 ... 
....,. Ctl ... .... 

Data 

IOBus 2 -.... Ctl 
...... 
.... Data 

MLI 
Cab! es 

...._ 
._,..-

Intl ,, 

uP Int 

IOBC A 

Intl y 
UP Int 

IOBC B 

1nJ ,, 
uP Int 

4 MLI 
Control 

Micro-
Processor 

4~ 

Address Da 

16 

...... 
Control Buffer 

..... 
... _JI. 
..... -- Contro 1 16 

E 
c 
c BUFFER 

Data I ~ 32+7 

.... 32+7 ..... 0 (4KBytes) 

... .... 

Fig;ure 10-1 MLI Controller 

ta 
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1 0 • 2 OPERATIONAL OVERVIEW 

The controller can be started by a Poll Test or a Poll 
Request. A Poll Tsst is initiatea by the microprocessor 
<68020>; a Poll Request is initiated by a base module. In 
a Poll Test, the microprocessor assembles a message in the 
buffer, selects the bas€, and requests a connection to a 
OLP. The message contains the OLP eddrEss in the base, an 
I/0 descriptor, and t~o words of descriptor links. This 
~appens at the begining of ar I/O operation. 

In a Poll Request, a return message (the descriptor links> 
is sent by the OLP, and connection to system is requested. 
After a successfutl Poll Test or Poll Request, a state 
machine monitors the DLP's status transitions and begins 
the next action to be taken by the ~LI controller. 

HARDWARE OVERVIEW 

As shown in Figure 10-2, the MLICM is composed of following 
blotks: 

MLI and 68020 interface 
Data path controller 
Strobe logic (synchronous and asynchronous> 
Mll external control 
MLI internal control 
Parity checking: 

LPW generator 
VErtical parity generator/checker 
Internal rarity error detector. 

DLP status detection and control 
Poll Test, Poll request, Control store 
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MLI - MICROPROCESSOR INTERFACE 

All monitoring and Loeding of this interface is 
through a Peripheral Interface and Timer (PIT). 
microprocessor and Mll controller interface is composed 
the tallowing segments: 

Byte counter 
Command register 
Status register 

done 
The 
of 

10.3.1.1 BYTE COUNTER 

---UNISYS 

The Byte Counter selects the length of a Read or Write 
operation. It is an 8 digit decimal counter that is loaded 
by the microprocessor fer a specific I/O before each data 
transfer. It is read by the microprocessor after a data 
transfer is co~pleted. A memory mappEd address is assigned 
ty the microprocessor tor reading and writing the byte 
counter a 

The byte counter can decrement by 4 or 2, and can increment 
by 2. Normally the counter decrements by 4 with each 
strcb~ from the OLP. At the end of data transfer (read or 
write) it updates itself by incrementing or decrementing by 
2. This adjustment is used if the OLP is a character DLP 
<can handle 1 byte data transfer). 

~cnitor logic 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 least 
significant digits of the counter. 

The counter decreme~ts after an ackno~ledgement of a 
received strobe from the DLP during data transfer. This 
signal (INHF2) enables the counter. Two signals from the 
~LI Control Store (MLICS) determi~e the counter modes as 
tcllcws: 

BACKUP XFEH JNHF2 Result __ _,,..,,.._...,....,,. ----- ____ ..,,,._ 
..... ____ --- ---------

)( )( 0 no count 
0 0 1 count down by 4 
CJ 1 1 hold 
1 G 1 count down by 2 
1 1 1 count up t: y 2 
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10.3.1a2 CO~MANO REGISTER 

Th€ command register is an eight bit field used by the 
microprocessor to initiate or assist the MLI controller 
during an operation. The microprocessor treats this 
register as an addressable data field. 

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

bit tunction 

~ START MLI. After a connection between the DTM and 
the DLP is established, the MLI controller stops 
itself several times during an 1/0 operation. The 
microrrocesor monitors the status of the MLI 
controller, then sets this bit to restart the MLI 
controller. 

1 CONNECT CLEAR. By 
microprocessor tells 
f row the base modulf. 

setting this 
the controller 

bit, the 
to disconnect 

2 POLL TEST SET. To initiate a Poll Test, the 
microproces&or sets this bit after a messege is built 
and loaded into the buffer. 

3 SELECTIVE CLEAR. The ~icroprocessor uses this bit to 
issue a selective er a master clear to the DLP. 

MODE 16. This bit tells the controller that only the 
most significant 16 bits of data in the buffer are 
valid during a ~end operation, or to only write 16 
bit of valid aata during a receive operation. This 
made is used wher controller is sending op codes and 
links to the OLP, or receiving links and result 
descriptors from the DLP. 
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10.3.1.2 COMMAND REGISTER (Continued) 

5 6 7 Betore initiating a 
specifies the base 
initiated. Bit 5 
register. Bits 6 
(base register bit 
follows: 

Poll Test, the microprocessor 
for which the Poll Test is 

enables loading of the base 
(base register bit O> and bit 7 

1) select the base module as 

bit 7 bit 6 base 
0 0 0 
0 1 1 
1 0 2 
1 1 3 

l~e base 0 frontplane connector is on top. 
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10.3.1.3 STATUS REGISTERS 

The status register is composed of a Condition register &nd 
a OLP Status registers 

The ccnoition register is used by the Mll controller to ask 
the microproctssor for assistance. A four bit field is 
assigned for this purpose. The condition register is 
implemented in a PAL(16R4). 

Bits in the co~dition register are assigned as follows: 

MP MLI 

G idle 
1 PTEST to PREQ - Connection 

PTEST did not complete - Disconnect 
2 Error used on Poll Test 
3 Receive RID during Poll Test 
~ IIO descriptor successfully s£nt 
5 Result descriptor successfull) received 
6 Descriptor Links in the buffer (receive RID next) 
7 Descriptor links in thE buffer <read burst next) 
8 Descriptor links in the buffer <write burst next) 
9 Request for disconnect 

10 Break on read burst 
11 Break on write burst 
12 Entry after a successful Poll Test 
13 Op was sent; ready to send descriptor links 
14 PTEST to PREQ convert 

PTEST did not ccrrplete 
Initiate PTEST again 

15 Illegal 

The microprocessor monitors the DLP status bits. The DLP 
status bits are monitored directly from the frontplane, or 
after they are regist~red. 

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



+--------------
1 1993 5329 

U~lSYS CORPORATION 
ENTRY/MEDIUM SYSTEMS GROUP 
PASADENA DEVELOPMENT CENTER 

+--------------------+ 
I 
I VSOO DATA TRANSFER MODULE 
I 

COMPAl\Y 
CO~iflDENTIAl 

+-----------------------------------
ENGINEERING DESIGN SPECIFICATION Rev. A Page 160 

DATA PATH CONTROL 

Data µath control is responsible for movement of data 
~etw~en the I/O buffer and the Mll data registers. A two 
bit state machine is the heart of the data path control 
logic. After the Mll controller resumes buffer access, the 
controller generates control signals to the ECCIO and the 
IIO buffer address counter. 

Data path control is implemented on five PAL&. The state 
representation is due to the limited number of product 
tErms per PAL. The bit assignment is as follows: 

stateC1) 
1 

0 

1 
0 

state CO) 
1 

1 

0 
0 

State O; clear or idle 

State 1 and state 2 
used during burst mode 

State 3 
Invalid; not used 

The I/0 buffer is 32 data bits wide; the Mll data bus 
bits wide. Therefore, the dat~ path controller 
determine when and ho~ to do the following: 

o Increment the address counter 

o load the MLI data register 

is 16 
must 

o Use the correct portion of the ECCIO. When sending, 
the correct rortion of the ECCIO to be sent to the data 
register must be enabled, and when receiving, the MLI 
data register must be enabled to the ECCIO. 

The data path controller operates in the following modes: 

Send ft';ode 16 
Receive Mode 16 
Send Burst 
Rf'ceive Burst 
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-------~~-----~~---~--~-~------~-=-----~-----~--------------------------

1 (; m 4 DATA PAlH CONTROL (Continued) 

SEND MODE 16 
This mode is used when the DTM is atterrpting to send an 
cp and descriptor lin~s to the OLP. In this mode, the 
~icroprocessor assembles the message in the tufter, 
then tells the ~ll controller to start a Poll Test. 
The microprocessor also puts the controller in 16 bit 
data transfer moae. When the ~LI controller is in 16 
bit mode, only the 4 most significant digits of the 
butter are valid; the rest are cleared by the 
microprocessor .. 

RECEIVE fl';ODE 16 
This mode is used when thr DTM is receiving descriptor 
links or result descriptors trom the DLP. In this 
mode, the 4 l€ast significant digits of data from the 
DLP is written into the I/O buffer as zeroes; the 4 
most significant digits contain cata (descriptor links 
or result destriptcrs). 

SEND BURST 
This mode is used ~hen the contrclter is doing data 
transfers (send). All strobe turnarounds are 
asynchronous <see strobe logic). This mode is 
initiated after a successful Poll Request and reception 
of the links .. 

RECEIVE BURST 
This mode is used when t~e controller is receiving. 
Strobe turnarounds are asynchronous (see Strobe Logic>. 
This mode is initiated after a successful Poll Reouest 
and the reception of the links. 
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10.5 

10.6 

STROBE LOGIC 

Because MLI strobes from the DLPs are received 
asynchrcnously, it is necessary to latch them. Four R-S 
flip-flops latch the strobes received from the bases. 
These latches are reset by the reply strobe from the DTM. 

In synchronous mode (non-data), the latches are reset by 
the low portion of t~e clock cycle. In asynchronous mode 
(data burst) they are reset by a derivative of the dP-lay 
component usEd for strobe generation. 

The output 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 ~LI data is valid, and 
a strobe is sent to the DLP. 

For the controller to run in asynchrcnous mode, the status 
sent by the DLP must be 4 <read) or 8 <write), the 
controller must be in data mode, and the byte counter must 
~ave a value greater than 6 (digits). Strobe generation in 

In synchronous mode, strobe generation is done by the 
control store. When the controller is not in data mode 
(and is not halted), the strobe turnaround is as follows: 

o Receive the DLP status with strobe; allow time-bound 
metastability re&olution for strobe latches. 

o Load the new OLP status. 
o Decode the st~tus transition into an action 

needed in the control store (see Action Decode) 
o Send the response strobe. 

MlI EXTERNAL CONTROL 

lhe MLI control signals are Terminate, Channel Select, 
Address Select, and Access Grant. These signals are used 
in Poll Test and Poll Requ~st procedures, or when the DTM 
is connected to a DLP. 
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------------------ -----------------------------------------------------

1 c B 7 

10.8 

~LI INTERNAL CONTROL 

lhe MLI controller can te in one of the following states: 

o Poll Test 
o Poll Request 
o Connection 
o Idle 

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 ba&e unit. All OLP state transitions are 
decoded in Connection state. The microprocessor clears 
these states and forces the controller to go to IDLE. 

PARITY GENERPTION AND CHECKING 

The LPW register is built from four registered PALs. It 
monitors the MLIDATA bus during send mode, and the 
~LIRAMDATA bus in rec~ive mode. These PAls are controlled 
by two mode lines as follow: 

~ODE ACTION 

Shift 
Hold 

0 
1 
2 C&lculate LPW <depending en dirEction of data 

transfer, Exclusive-OR the registered value 
~ith the proper input. 

3 Initialize (set to FFFF, all ones) 

8€ceuse of the limited number of I/C pins on PAls, the 
Shittin and ShiftOut bits are shared with Direction <send 
or receive), and LPWZtRO (LPW=O>, respectively. 

Vertical parity is chEcked and generated on the MLI 
bus using two 74F280 parity comparator/generators. 
internal parity detector is built on a ZOR~ PAL. This 
compares the ECC portion of t~e ECCIO with the parity 
the ~LI data register. Refer to the PAL equations 
additional details. 

data 
The 
PAL 

from 
for 
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1u~9 

10.10 

DlP STATUS DETECTION AND CONTROL 

After a connection to a DLP is established, each OLP strobe 
validates a new status from the OLP. A multiplexor decides 
what base the status belongs to. After the strobe is 
latched, thE first clock is used to avoid metastability and 
noise problems, and on the new OLP is latched in a F194 on 
the second clock. 

This logic is implemented in ~ 20R4 FAl. This PAL generates 
the mode lines to the F194s that capture the new and old 
status transitions. The new and old status is used to 
cetermine the next action to be taken by the DTM. 

POLL TfST, POLL REQUEST, AND CONTROL STORE 

If the MLI controller i~ not in Idle mode, it must be in 
one of the fotlowing ~odes, using the control store shown: 

Poll Test - PROMs 
Poll REQUest - PROMS 
Connect - Static RAM 

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



+--------------
1993 5329 

UNISYS CORPOPATlON 
ENTRY/MEDIUM SYSTEMS GROUP 
PASADENA DEVELDP~ENT CENTER 

+--------------------+ 
I 
i VSOO DATA TRANSFER MODULE 
I 

COMPANY 
CONFIDE~TIAL 

+-------~---------------------------
ENGINEFRING D~SIGN SFECIFICATION Rev. A Page 165 

10.10.1 POLL TEST 

After the microprocessor initiates a Poll Test, the PROMs 
take over the DLP status monitoring and action generation 
of the MLI controller. There are three 2Kx4 PROMs, with 
even parity across the PROM§s outputs. 

The inputs to these PROMs are used to process the Poll 
Test. The inputs include a 2 bit counter, 4 bits of status 
from the MLI, MLI control signals (Address Select and 
Channel Select), the registered strobe from the OLP, and a 
feedback from the PROM called Rtime, which is used to to 
notify the microprocessor of problems detected during poll 
test. 

Curing Poll Test, the DLP address is read from the I/O 
butter and put into the ~LI data register. Also, the 
drivers for the base are enabled. At the same time, a 3 
bit counter <Poll Test counter) is initialized to zero. 
This counter counts six, and validatfs the OLP address on 
the MLI bus for at least three clocks before the Mll 
controller can assert Channel Select. 

On next clock, the ~LI controller asserts Address Select, 
and waits for a pro~er status frorn the distribution card. 
After receiving the proper status from the OLP, control is 
transferred to the MLI control store. The Poll Test PROMs 
are disabled. 
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10.10.2 POLL REQUEST 

To enable the Poll Request PROM (512x8), the following 
conditions must be met: 

o There must be an interupt from a base 
o An I/O buffer ~ccess must be granted 

After the I/O buffer access is grantEd, the MLI controller 
clears the base register and sends Access Grant to the 
bases. Any base that requires the DTM's attention responds 
b~ driving global rriority onto the MLI data lines, 
followed by a strobe. 

The ~LI controller resolves the globil 
base that has interrupt asserted. 
request connection, the one with 
priority is granted access. 

priority frcm the 
If multiple bases 

the highest global 

If multiple bases request connection, and if they have the 
same global priority, the lowest numbered base is granted 
connection. 

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

The base nurrber is loaded into the base register. Channel 
Select, followed by Address Select is sent to it. The 
selected base sends an acknowledgment strobe, and the MLI 
controller drops Channel Select. Now, the connection is 
com~let d. The Poll PROM is disabled, and control goes to 
the MLI control store. 
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HJ .. 1L3 COl\lROL STORE 

A successful Poll Test or Poll Request enables the ~LI 
control store, which is 8Kx24, and is implemented in three 
8Kx8 static PAMs. Th~ output of the control store is 
latched into a set at 16R4 FALs. Three F299s are used to 
load the control storea 

The microcode for the ~LI control store is written in 
Algol. Following is list of the control store output bits. 

[23:1] 
(22:4] 
[18:1] 
L17:1J 
l16:1J 
[15:4] 
[11:1] 
[10:1] 
[(l9:1J 
[08:1J 
L07:1J 
[06:3] 
[03:4] 

EnLPWErr 
NOTUSED 
S N D S T 
HALTMLI 
CONTPAR IT 
CONDITIUN 
CT RB CK 
L HJC l R 
lPkTB 
XfERST 
ILL EGL 
101.:iLES 
ACTION 

Enable LPW error to be latched into the 
unusl?d 
Set SEND flip-flop 
Halt the ~LI controller 
Control store parity (even) 
Condition monitored by microprocessor 
Back up the byte counter 
Clear LPW register 
Enable LPw onto MLI data bus 
Enable byte counter to count Cup/down> 
Illegal status transition 
Three toggles used for seouenting 
Next &ttion to be taken 

Following are the control store input bits: 

(12:1J 

[11;1J 
[10:3] 
[07:4] 
[03:4] 

HR f Cfr'P 

TERM 
toggles 
OSR 
NSR 

Host Return Field Comparison used for PO 
to Poll Request conversion. 
Terminate (MLI control signal> 
Three toggles used for sequencing 
Old OLP status 
New DLP status 

The combinations of the new DLP status, old OLP status, 
terminate, and toggles are decoded to generate an action 
for the ~LI controller. 
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CONTROL STORE (Continued) 

T~e follo~ing table defines the individual actions: 

value action 

C Set terminate it the byte counter is odd 
1 Set data modt <burst) 
2 Sync mode (!data); terminate if counter is not OK 
3 Not used 
4 Send sync C!data) 
5 Receive sync (!data) 
6 Send C address if present, else set C-AOD error 
7 Receive LPW; do net return a strobe. If counter 

is odd, set address error. 
8 Back up the tyte counter (not used) 
9 Receive LPW wit~ strobe 
10 If byte counter is odd, set address error 
11 Send strobe (SIO) 
12 Send line turn strobe; to avoid parity errors, do 

not load the biairectional rfgister 
13 No action 
1~ No action 
15 No action 

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



UNISYS CORPORATION 
ENTRY/MEDIUM SYSTEMS GROUP 
PASADENA DEVELOPMENT CENTER 

COMPANY 

+--------------
1 1993 5329 

+--------------------+ 
I 
I V500 DATA TRANSFER MODULE 
I 
+-----------------------------------

CONF 1DENTIAL ENGINEER I NG DESIGN SPECIFICATION Rev. A Page 169 
------------------------------------------------------------------------

APPENDIX A - TABLES 

A .. 1 INTERRUPT PRIORITY 

Pr·iority 
level Interrupt 
---=--- _...,. .................... --~ 

7 not used 
6 Sf1'1C attention 
5 IIO Bus-A attEntion 
4 IIO Bus-B attention 
3 not used > 
2 Mll poll request 
1 not used 

A.2 rt EMORY MAP 

Device Address Range width Accessibi lit)' 
--GO>-,.,,.. ..... 

______ ..... ___ .,..,, ___ ------ -------------
Resident Program Memory 000000-0CF F ff B,W,L Read-only 
Dynamic Data Memory 200000-3FFffF B,W,L Read and Write 
fl: a i n t e n a n c e Register 410000 L Read and Write 
IO Bl!ffer Cmnd Reg 43{JCJ0(; w Write-only 
IO Buffer Status Reg 430002 \.; Read-only 
ML I Result Reg 430004 w Read-only 
Ml I Command Reg 430tJ06 w Write-only 
I": l I Status Reg 430C08 w Read-only 
iV;L I Identification Reg 430Cl0A w Read-only 
l't,L l High Byte Counter 43000C w Read and Write 
i"ll I low Byte Counter 43000E w Read and Write 
IIO Buffer Address Reg 430014 w Read ana Write 
l/0 Bu1fer Limit Reg 430016 ~ Read and Write 
IIO 8us-A Stet us Reg 43LU18 w Read-only 
IIO 8us-B Status Reg 43001A w Read-only 
I/O Bus-A Command Reg 43(;01C w Write-only 
II 0 Bus-B Command Reg 430U1E w Write-only 
I/O But fer 600UOU-600H F L Read and Write 
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A .. 3 

A .. 4 

s~c INTERFACE REGISTER COMMANDS 

The SMC interface register handles the following types of 
tommands (the type is specified in bit 31:30). 

value 

I) 

1 
2 
3 

command type 

not used 
MCP configuration 
SMC diagnostic 
SMC maintenance 

SMC ~AINTENANCf COMMANDS 

Opcode 
Parameter 

Opcode 

00 
08 
09 
DA 
0 B 
OB 
GB 
OB 
OB 
OB 
OB 
OB 
UB 
08 
OB 
OB 
GB 
OB 
08 
OB 
08 
08 
08 
OB 
1 (i 
11 
1 2 
1 3 

= SMC Interfate Register 8it<29-24> 
= S~C Interface Register Bit<23-00> 

Parameter 

<value> 

FF 
00 
01 
02 
03 
04 
05 
06 
07 
08 
t19 
[!A 
[J8 

(Jc 

UD 
CE 
OF 
10 
11 
2 (l 
<value> 
<vaiue> 
<value> 
<va,lue> 

Command 

Load Memory Pointer 
Read Byte Through Memory Pointer 
Read Word Through Memory Pointer 
Read Long Through Memory Pointer 
Take Snapshot of Microprocessor 
Read Microprocessor Data Register D 
Read Microprocessor Data Register D 
Read Microprocessor Data Register D 
Read Microprocessor Data Register D 
Read Microprocessor Data Register D 
Read ~icroprocessor Data Register D 
Read Microprocessor Oata Register D 
Read Microprocessor Data Register 0 
Read Microprocessor Address Register 
~ead Microprocessor Address Register 
Read Microproces,or Address Register 
Read Microprocessor Address Register 
Read Microprocessor Address Register 
Read Microprocessor Address Register 
Read Microprocessor Address Register 
Read Microprocessor Address Register 
Read Microprocessor Program Counter 
Read Micro~rocessor Status Register 
Read Channel Status 
Write Byte through Memory Pointer 
Write Word through Memory Pointer 
Write Longword high 16-bit through ~ 
Write Longword low 16-bit through ~ 
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A.5 MCP CONFIGURATION COM~ANDS 

Or: code 
Pararreter 

= SMC Interface Register Bit<29-24> 
= SMC Interface Register Bit<23-00> 

opcode parameter corr:mand __ _. _ _,._ _...,.......,,...,,..,.. _____ 
--~-=~=~-----~-----------~---

OL <value> loao Base-D 
(jf <value> Load Base-F 
1 li <value> Load QwikDisk Base Address Word-1 
11 <value> Lead QwikDisk Base Address Word-2 
1 2 <value> Load QwikDisk Base Address word-3 
13 <value> Load Qwiktisk Base Address Word-4 
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A .. 6 ERROR LOGGING 

Data 
Scratchpad 
Location 

200040 
2(HiJ44 
200048 
20004C 
2D005C 
200054 
20{;058 
20005C 
20C06C 
200064 
200068 
20006C 
200070 
200074 
200078 
2L007C 
200080 
200084 
200088 
2CJ008C 
2(_,(JQ90 

200094 
2u0098 
20009C 
2000AO 
20COA4 
200GA8 
20()0AC 
200080 
2COOB4 
200088 
20COBC 
2DGOCO 

Field Description 

IOMC undertlow count 
IOMC overflow count 
IOMC ECCIO single bit error count 
IOMC ECCIO rrultiple tit error count 
IOMC MDECC01 single bit error count 
IOMC MDECC23 single bit error count 
IOMC MDECC mutiple bit error count 
Memory Bus single bit RAM error count 
Memory Bus single bit Bus error count 
Memory Bus multiple one bit RAM error count 
Memory Bus "ultiple ore bit BUS error count 
Memory Bus multiple bit RAM error count 
Memory Bus multiple bit Bus error count 
Memory Bus Error Parity error count 
Memory Bus ~PC malfunction error count 
not used 
l/O Bus timeout error count 
IIO Bus bus busy error count 
I/O Bus arbitration error count 
IIO Bus preempt error count 
I/O Bus module not present error count 
I/0 Bu& module busy error count 
I/O Bus illegal disconnect error count 
1/0 Bus single bit send error count 
I/O Bus single bit receive error count 
l/O Bus rrultiple bit trror count 
IIO Bus hardware error count 
not used 
not used 
not used 
not used 
not used 
Miscellaneous error count 
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A.7 BAC~PLANE PlN ASSlGN~ENTS 

The following table lists the I/O bus signal namts and 
backplane pin assignments for the IOMCs, the SMC, and the 
Bus hO connection to the DT~s. 

Signal Name Card BP __ ..,.._,.... _______ -----------
TI01DATA-00P AOS A7P4 
TJ01DATA-01P cos A7P6 
ll01DATA-u2P A06 A8P4 
TIC1 DATA-u3P c (J 6 A8Pl 
TI01DATA-04P AC? A9F4 
TI01DATA-05P C07 A9P6 
TI01DATA-06P A08 BOF4 
TI01DATA-07P t 08 BLF6 
TI01DATA-08P A09 81P4 
TI010ATA-09P CU9 B1Pt 
TI01DATA-10P A10 B2P4 
TIC1DATA-11P C10 B2P6 
TI01DATA-12P A 11 B3P4 
TJ01DATA-13P c 11 B3F6 
TiiJ10ATA-14P A12 B4F4 
TlCi1 DATA-1 SP c 1 A ,i, B4P6 
TID10,&,TA-·t 6P A13 BSP4 
Tl01DATA-17P C13 B5P6 
TI01 DAT A-18P A14 86P4 
Tl01DATA-19P C14 B6P6 
T 101 Dll.T A-20P A15 B7P4 
TI01DATA-21P c 1 5 B7F6 
TI01DATA-22P A16 B8F4 
lIL\1DATA-23P C16 B8F6 
TI01DATA-24P A17 B9P4 
TI01 DATA-25P C17 B9F6 
TIC1DATA-26P A18 COP4 
1UJ1DATA-27P C18 C0f6 
TI!J1DATA-28P A19 C1P4 
TI01DATA-29P C19 C: 1 P6 
TJ01 DATA-30P A20 C2F4 
TI01DATA-31P c 20 C2f'6 
llu1DATA-32P A24 C6P4 
TI01DATA-33P C23 CSPl 
1101 OATA-34P A23 C5P4 
TIU1DATA-35P C2Z C4ft 
TIC11 DATA-36P A22 C4P4 
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A.7 BACKPLANE PIN ASSIGN~ENTS (Continurd) 

Signal Name 

TI01DATi!-37P 
TI01DATA-38P 
TI(,1BUSREF$P 
TJ01BU5REQ$N 
Tl01BUSBUSYN 
TI01M(lDREQ$N 
TI01MOOPRSNN 
TICl1 MODAVALN 
TIC1MODBUSYN 
TI01TRANSFRN 
TI01 ERROfH=$N 
TIC3IIORE"Q$N 
TI01110ACK$N 

Ca rd 

C21 
A 21 
c 27 
C26 
c 2 8 
A26 
A27 
A29 
A28 
C29 
A25 
c 2 4 
C25 

BP 

C3P6 
C3P4 
C9P6 
C8P6 
00P6 
C8P4 
C9P4 
D1P4 
DOP4 
D1F6 
t7P4 
C6P6 
C7P6 

The DT~s drive and receive the control signals through 
different pins. Those listed above are the driver pins; 
t~e receiver pins are as follows: 

Signal Name Card p i fl ____ ,,,.,,,. ____ ,__ ___ 
TI03BUSREF$P C32 D4P6 
TI03BUSREQ'lN C33 05F6 
TI03BUSBUSYN c 31 D3P6 
TI03MCDREQ$N A33 D5P4 
TI03MODPRSNN A32 D4P4 
TifJ3MIJDAVAlN A30 D2P4 
TI03MODBUSYN J.\ 31 03P4 
TI03TRANSFRN C3C fi2P6 
TI03EPROP$$N A34 D6P4 

In addition, NormalRequest and EmergencyRequest are driven 
by the DTM~ on the following pins: 

Signal Name 

TI01NORMREQN 
TI!J1EMERGRQN 

Card 

A35 
C35 

p i ri 

D7P4 
07P6 

These two pins are wired on the backplane 
appropriate data bus wires. 

to the 
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A .. 7 BACKPLANE PIN ASSIGNMENTS (Continued) 

F c• r th€ DTMs, there a re a second set of backplane pins for 
IIO Bus # 1 ... as follows: 

Si gnat Name Ca r-d BP ---_ ..... _____ ..... ...., --- _______ ,,.... 

TI02DATA-OOP A45 FOP4 
TID2DATA-U1P C45 FOP6 
TIG2DATA-02P A46 F1F4 
TI02DATA-03P C46 F1P6 
TI02DATA-U4P A47 f 2P4 
TI02DATA-05P C47 f2Pe 
TI02DATA-06P A48 F3P4 
TI02DiHA-07P C48 f3P6 
TI 0 2 DAT A-0 8 P A49 F4P4 
TI02DATA-09P C49 f4P6 
TI02DATA-10P ASO FSP4 
TI02DATA-11P cso FSP6 
TI02DATA-12P A 51 F6F4 
TI02DATA-13P C51 F6P6 
TI02DATA-14P A52 F7P4 
TI02DATA-15P C52 f7P6 
TI02DAT A-16P /i, 5 3 F8P4 
Tl02DATA-17P C53 F8P6 
Tl02DATA-18P PS4 F9F4 
TlU2DATA-19P C54 F9P6 
TI02DATA-20P ASS GOP4 
TI02DATA-21P (55 G0F6 
TI02DAT A-22P A56 G1P4 
TI020IHA-23P (; 5 6 G1F6 
TI020ATA-24P /l, 5 7 G2P4 
TI02DATA-25P C57 G2F6 
TI02DATA-26P A58 G3F4 
Tl020ATA-27P C58 G3F6 
TI02DATA-28P A59 G4P4 
TI02DATA-29P C59 G4P6 
TI02DATA-30P A60 GSP4 
TI02DATA-31P C60 G5f'6 
TIU2DATA-32P A64 G9F4 
TI02DATA-33P C63 G8P6 
TI02DATA-34P A63 G8P 4 
1I02DATA-35P C62 G7P6 
TIU2DATA-36F A 62 G7F4 
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----------------- - ---------------------------------------------------
A.7 BACKPLANE PIN ASSIGNMENTS (Continued) 

Signal Name Card BP 
------------- ----------
TI02DATA-37P C61 G6P6 
TI02DAT/l.-38P A 61 G6P4 
TIIJ2BUSkEF$P C67 H2P6 
TI02BUSREQ$N C66 P.1P6 
TIU2BUS8USYN (, 68 H3F6 
TI02MuDRfQ$N A66 H1P4 
TI02MODPRSNN A67 H2P4 
Tl 0 2 MOD AV JI, L N A69 H4P4 
1I02MOD8USYN A68 H3P4 
TI02TRANSFRN C69 H4P6 
T102ERROR$$N A65 HOP4 
TI04IIOREG!N C64 G9P6 
TI02IIUACK$N C65 HOFC. 

for I/O Bus It 1 " t h E' control signal receiver pins are: 

Signal Name c ei rd Pin ..., _________ .,.._ 

Tl048USREf$P C72 H7P6 
TI04BUSREG$N C73 H8P6 
TI04BUSBUSYN C71 H6P6 
TI04MOOREQ$N /l, 7 3 118 p 4 
TI04MODPRSNN A72 H7P4 
TI04MODAVAlN A70 H5P4 
TI04~i0D8USYN A 71 "16P4 
TI04TRANSFRN Cf 0 H5P6 
T ll)4ERROR$$N A74 H9F4 

NormalRequest and Emerge:ncyRequest are driven on the 
foU.owing pins: 

Signal Name Card Pin 
........ ------ -- .,,,......,, 

Tl02t\'QRfliREQN A75 I0F4 
TI02EMERGRQN C75 IOP6 

Fins 804 CA6P5) to 885 (JOPS), and 004 (A6P7) to 085 (JOP7) 
are hard grounds; the~ are cornected directly to the ground 
~lane for all the DTM slots. 
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APPENDIX e - MESSAGE LEVEL INT~RFACE FUNCTIONAL DESCRIPTION 

The ~LI is a 25-line connection between the MLI controller 
module and the DLP base. This provides a communication 
path between the controller and the distribution card, 
~hich is by the controller and the ~LI to establish a path 
to a specific DLP (Poll Test). 

After connecting to a DLP, the distribution card passes 
deta and becomes trensparent to the operation. When the 
ulP is connected, it sends a 4-bit status code to the MLI. 
The ML! controller receives the DLP status and determines 
~hat state the DLP is in, and ~hat action is required. The 
distribution card also pertorms functions tor the DlP 
requesting reconnection (Poll Request). 

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

ADDS El 

AG+SIO/ 

TR~+MC 

Address Select. Whfn ADDSFL and Channel 
Select are made active at the same time, 
that indicat~s that the MLI controller is 
attempting connection to a DLP9 After 
connetting, Channel Select is made 
inactive. The distribution card that 
receives Address Select but not Channel 
Select assumes that the MLI controller is 
busy. 

Access Grant or Strobe 1/0. This 
indicates that a reouesting OLP has 
granted access during a Poll Request. 
also provides the handshake strobe 
the tontroller to the DLP for 
information on the data line. 

line 
been 

It 
from 

the 

Terminate or Master Clear 
termi~ates a DLP data 

This signal 
transfer to 

selectively clear a DLP. 

The following lines are unidirectional from the 
oistribution card to the MLI controller. 

LCFST OLP Strobe. This is a handshake strobe 
from the OLP for the information on the 
data lines. 
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APFENDIX 8 - ~ESSAGE LEVEL INTERFACE FUNCTIONAL DESCRIPTION 
<Continued) 

ER+ST8/ 

IP+ST4/ 

PB+ST2/ 

Emergency Reauest or 8-tit of the DLP 
Status. If Address Select is inactive, 
this tine indicates that a CLP in the base 
is requesting service. If Address Select 
is active, t~is line is the 8-bit cf the 
connected DLF's status. 

OLP Request, Poll Test Error, or 4-bit of 
the OLP Status If Addr~•s Select is 
inactive, this line indicates that a DLF 
is requesting connection. During Poll 
Test, this line .indicates that the address 
received ~Y the distribution card 
contained .a parity errcr. If Address 
Select is active~ t~is line is .the e DC 
cotained a parity 4-bit of -the connected 
DLP 1 s status. 

Port Busy or_2-bit of DLP status. D~ring 
a Poll Test, this tine indicates Port Busy 
(multiple distribution card bases such as 
Shared Systerr 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+ST1/ 

Parity/ 

DAT Arn/ 

Channel Select or 1-b;t of OLP status. 
This line (in corjunction with Address 
Select) irdicates trat the MLI controller 
is atte~pting to connect to a DLP in the 
base. If Address S~lect is active, this 
line is the 1-bit of the connected DLP's 
status. 

Parity bit for the data lines. This is 
the parity Codd) line for the information 
on the data lines. 

Sixteen data lines. These lines transfer 
the information tetween the OLP and the 
MLI controller. The infor"ation rray be 
the MLI op code er variarts, descriptor 
Links, result descriptors, LP words, or 
data. 
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APFENDIX B - ~ESSAGE LEVEL INTERFACE FUNCTIONAL DESCRIPTION 
(Continued) 

~R+ST8/ 

IP+Sl4/ 

PB+ST2/ 

CS+ST1/ 

DAT Ann/ 

Emergency ReQuest or ~-tit of the PLP 
Status. If Address Select is inactive, 
this line indicates that a OLP in the base 
is requesting service. If Address Select 
is active, this line is the 8-bit of the 
connected DLF's status. 

DLP ReQuest, Poll Test Error, or 4-bit of 
the OLP Status If Address Select is 
inactive, this line indicates that a OLP 
is requesting connection. During Poll 
Test, this line 1ndicates that the address 
received by the distribution card 
contained .a parit~ error. If Address 
Select is active, this line is the e DC 
cotained a parity 4-bit of the connecte~ 
DLP's status. 

Port Busy or 2-bit of OLP status. During 
a Poll Test, this line indicates Port Busy 
(multiple distribution card bases such as 
Shared Syste" Processor only). If Address 
Select is active, this is the 2-bit of the 
connected DLP's status. 

Channel Select or 1-bit of OLP status. 
This line (in conjunction with Address 
Select) irdicates ttat the ~LI controller 
is atte~pting to connect to a OLP in the 
base. If Address S~lect is active, this 
line is the 1-bit of the connected OLP's 
status. 

Parity bit for the data lines. This is 
the parity (odd) line for the information 
on the data lines. 

Sixteen data lines. These lines transfer 
the information between the DLP and the 
MLI controller. The information way be 
the ~LI op code or variants, descriptor 
links, result descriptors, LP words, or 
data. 
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