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L, 1.0 BUS CONTROL ELEMENT

-

The Bus Control Element (BCE) is a microprogrammed controller
specifically tailored for management of I/0 traffic on one of the
Space Shuttle system busses. Within each IOP there is one BCE for
each system bus, for a total of 24 BCE's. Each of +these BCE's is
capable of independent program execution, data buffering to and from
memory, and communication with the MSC. Further, each BCE

LM

is
2P = connected to its own bus via its own Multiplexer Interface Adapter
33 ¢ - (MTA), which performs all parallel to serial and serial to parallel
?j = 2 , conversions. Table 1.1 summarizas the basic characteristics of a BCE.
,j’m *.>‘ 4 ‘_,= . 9' .
z I3[ ™ Tha major purpose of a BCE is threefold:
z b

» ¥

(1) Initiate transmission of commands to subsystems

on the
bus.

(2) Handle data coming back from a commanded subsysten.
(3) Fetch data to be sent to a commanded subsystem.

To handle these tasks there are two classes of instructions

il > = (transmit and receive), and two special operating modes (Command, and’
5 = . Listen ) that are unique to the BCE.

{ The transmit instruc*ions allow transmission of both commands

and data to a subsystem. When transmitting data a BCE/MIA pair
performs:

(1) Update of main memory buffer addresssas.

(2) Conversion between 32 bit main memory data format and 25
+ Sync bit bus data format.

(3) Check on number of words to be transferred.

The receive commands allow a BCE to accept a stream of
data from a subsystem <through its MIA.
performs:

input
When receiving data a BCE

80-/8 SW

(1) Time outs on data arrival.
(2) Error checks con incoming data.

(3) Assembly into main memory 32 bit data format.

/> xog

=0
.
—
=
—

Maintenance of main memory buffer addresses.

{5) Transferral of data tc main memory.

sUBWN30(] YSYN J0 U0103jj0] oyAeWo| "3 sswer 1d

(6) Check on number of words to be received.
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The two operating modes that a BCE may be in influence the
way the BCE uses 1its bus. In Command mode, a BCE is master of its

bus, and is free to transmit both commands and data. This allows a
BCE to command a subsystem, receive data from it, or transmit data to
1%

In Listen mode a BCE monitors its bus for directions on how to
handle any data that might appear on the bus. 1In this mode a BCE may
only receive data, and may not transmit either commands or data. This
handles the common situation in the Space Shuttle where several IOP's
and thus several BCE's may be .connected to one bus. In such a
situation only one BCE is allowed to issue subsystem commands, but all
BCE's on that bus wish to receive copies of the resulting data. The

listening mode allows the commard BCE to tell the others what data to
expect, and when to expect it.

e
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TABLE 1.1
BCE CHARACTERISTICS gt
Typz == Programmable I/0 traffic controller
Number -- One per bus, 24 BCE's per IOP
Control Structure -- Microprogrammed

Proqrammabie Registers (per BCE)

18 Bit Base Register (BASE)

18 Bit Program Counter (PC)

18 Bit Maximum Time Out Registar (MTO)

5 Bit Interface Unit Address Register (IUAR)
1 Bit BCE/MSC Indicator Bit

Other BCE Registers (per BCE)
32 Bit Status Register

Bit Program Exception Register (part of STAT 1)

Bit Busy/Wait Bit (part of STAT 4)

Bit MIA Transmitter Enable

Bit MIA Receiver Enable

Bit Identify Registar

O — 3 = = )

Tnstruction Formats : 16 Bit Short/32 Bit Long/ 64 Bit Extended

Instruction Repertoire: 10 Short/5 Long/ 2 Extended

Addressing Space: 131,072 32 Bit Fullwords/262,144 16 Bit Halfwords

PC relative, Base relative, Absolute

Special Operating Modes: Command, Listen
Bus Data Format: 25 + Sync Bit serial
3
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1.1 FORMATS

1.1.1 Bus Formats

e e

There are four basic formats for data or commands carried
over a sSystem bus in serial form. These are pictured in Figure 1.1.
They are all 28 bits long, with 3 bit times for sync, 24 bits of

information, and 1 bit for word parity. These 28 bits are transmitted
at a serial rate of 1 bit per microsecond.

On transmission from an IOP to a subsystem, a BCE provides
the middle 24 bits of information and an indication of the type of
sync to use -- either command or data sync. Command sync is used when
the 24 bits of information are to be treated as a command to be obeyed
by some subsysten. Data sync is wused when a BCE has previously
conditioned a device, via a ccmmand, to accept a stream of data, and
the word being put on the bus is a member of this stream.

Conversely, there are situations where a BCE may accept, through
R o > its MIA, words with either command or data sync. In such cases the
g8 3 = MIA simply provides the type of sync that a word had, the 24 bits of
o information present in the word, and appropriate error signals.
Command sync is recognized when a BCE is in the "Listening Mode" and
is expecting a command from another BCE connected to +he Same bus.
Data "sync 1is accepted when a BCE is expecting to receive a stream of
data from a subsystem oa ths bus. This subsystem was previously

commanded to send this data by a message with command sync from some
BCE on the bus.

The contents of the 24 bits of information in a bus word
depends both on the sync type and the direction of transfer -- from a
BCE or to a BCE. 1In all cases the upper 5 bits contain an interface
unit address (IUR). When wused in data words or commands to
subsystems, these 5 bits identify the subsystem on the bus who either
originated the data or is to accept the command or data. In Listen
Mode commands, the BCE in one IOP sends to all other BCE's .in +the
other TIOP's connected to this bus a command that has a "Common IOP
address". This special pattern is not used by any subsystem, and

allows a listening BCE to distinguish between listen commands and
commands to subsystems.

80-/8 SIN

In data transfers the remaining 19 bits consist of 16 bits of
data (one half of a standard 32 bit main memory fullword) and 3 ~bits’
nominally containing the pattern 101. In BCE to subsystem data
transfers, this pattern never changes. However, in subsystem to BCE
data transfers, any variation in the 101 pattern indicates to the BCE

that the sending subsystem has encountered a problem, such
surge, invalid commands, etc.

€ L, xog

as power

In commands sent by a BCE to a subsystem, the format of the

lower 19 bits of information is subsystem dependent, and not discussed
further here. :
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18

. In Listen Mode commands sent from one IOP to another, the
bits of the information contain a 5 bit number representing a terminal

B

on the BCE's bus and an 8 bit index into a table of BCE

branch addressses.

subsysten

oT
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1.1.2 Addressing_and_Instruction Formats

A BCE may directly address up to 262,132 16-bit halfwords or
131,071 32-bit fullwords. To achieve this, all main memory addresses
computed by the BCE are reapresented as 18-bit absolute numbers, as
pictured in Figure 1.2. The wupper 17-bits (bits 0 through 1€)
represent the fullword location, and the 1lowest bit (bit 17) +the
halfword portion of the addressed fullword. A O in this lower bit
rTefers to bits 0 - 15 of the 32-bit fullword; a 1 refers to bits 16 =
31.

When used as a fullword address, bit 17 is ignored.

Thus,
and H'277" refer to the same fullword.

HY276°

There are four basic instruction formats used by the BCE and
they are depicted in Figures 1.3 and 1.4.
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Short format 1 is used

primarily by instructions dealing with
the BCE register.

It has the following fields:

Field Field Description

oP . This 4-bit field defines the basic operation
to be performed by the BCE.

7 This bit serves either as an opcode extension
©r as an index mode specification in address
generation.

DISP

This 11-bit field serves either as immediate
data or as'a PC relative address displacement.

Nz Short format 2 is
< receive data.

used by instructions that transmit and
It has the following fields:

22 m Field Field Description
o w

0P This 3-bit field defines the basic

operation
to be performed (data read or write).
TC Transfer Count. This field defines the number
of inputs or outputs to be handled.
DISP

This 8-bit field serves as a displacement off
of the BCE's base register in the computation

of the main memory buffer addresses associated
with the I/0 data.

Most long format instructions use

] long format 1 (Pigure 1.4).
ggg = Long format provides the following fields:

=5 @ : . e

> 3 Field Field Description

g ¢ o

o M oP " This 3-bit field defines the basic operation
Sog & to be performed by the BCE.

=3 @ P Y

m

= =< - .

Exd VALUE This 18-bit address is  useil either for

c & immediate data cr as an address.

32 W ' -
§‘% 2 M This bit influences how +the Value .field is

7R} used.

5 z-U

%j%gJ Long format 2 is used by the Transmit Command instruction to

95 provide 24 bits to be given to the MIA for command transmission.

= O

® 0O "

&5 Extended format 3 is used by the Message In/Out instructions

? % to specify Displacement, Transfer Counts and Commands.

]

2

S

s O
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1.2 BCE REGISTERS

1.2.1 CE_Programmable Register b

Fach BCE contains several registers

under direct program
control. They are:

BASE =-- ‘An 18-bit Base Register

BC == An 18-bit Program Counter

NTQ -- An 18-bit Maximum Time Out Register
IUAR =--

R 5-bit Interface Unit Address Register

A 1-bit indicator bit in the BCE/MSC Indicator
Register.

Indicator --

The BASE is us=d in locatipg I/0 buffers in main memory. 2all
.such buffers are base-relative, allowing the same BCE program to be

used with different buffers by simply changing the Base before
-entering the common program segment.

The Program Counter is an 18-bit register indicating the nmain
memory halfword or fullword location of +the BCE instruction being
executed by +this BCE. It should be emphasized that there is a
separate PC for each BCE, and that the contents of one PC need not
have any relation to ths contents of a different PC in another BCE.

The Maximum Time Out Register is used primarily during the
reception of data to indicate the maximum time a BCE should wait for
a subsystem to respond to a command with the beginning of a stream of
input data. This time is defined as the "latency" of the subsysten.

Failure of a subsystem to respond within this period of time results
in a BCE declared error conditien.

Thes Interface Unit 2Address Register contains the S-bit
subsystem address bf the subsystenm presently in communication with the
BCE. .This address is derived when a command is issued by a BCE
(Figure 1.1(c) ), and is used in the ‘construction of data words to be
sent to a subsystem (Figure 1.17(a)), and 4in checking for proper

subsystem r2sponse whan data words from a subsystem are being received
(Figure 1.1(b)) .

‘The: BCE/MSC Indicator Register has 1 bit associated with each
BCE. A BCE is free to set or clear this bi¢ wunder program control.
The MSC can read all such bits and monitor when various BCE's have set
or cleared their bits. The MSC may also reset a BCE's Indicator bit |
via an 2RBI instruction. This provides a means for BCE's to signal to

the MSC +the occurrence of various events 'such as execution of
listening mode prograams.

2

Th2 destection o0f various errors will also set a BCE's
Indicator bit to 1 (See Paragraph 2.2).

12
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1.2.2 . BCE_Status Registers™

The modes and status of each BCE is recorded in the foilowing
Tegisters:

(1) BCE Busy/Wait Bit =-- For BCE i this. is bit i of +he
X r Busy/ Wait Register (STAT 4). A 1 in this bit indicates
3 ! that the BCE is busy executing a program located in main
memory. A 0 'indicates it is not busy.

(2). BCE Frogram Exception Bit -- For BCE i this is bit i of
the Program Exception Register (STAT 1l). ‘A 0 indicates
that the BCE has encountered some problem in the
execution of a BCE progran. 2 1 indicates that no
problem was encountered. The Status Register associated

with that BCE contains a description of the cause of the
problem.

(3) Transmitter Enable Bit -- For BCE/MIA i this is bit i of

‘ the MIA Transmitter Enable Register. A 0 in this bit
prevents the BCE from issuing a command or transmitting
data over the bus to which its MIA is connected. This
bit may be changed only by-a PCO from the CPU.

(4) EKeceiver Enable Bit -- For BCE/MIA i this is bit i of
the MIA Recelver Enable BRegister. A 0 in this bit
prevents the MIA from transferring any data or coamands

'_L it receives on the bus to the BCE. This bit may be
M changed only by a PCO from the CPU.

(5) BCE Status Register. @PBach BCE maintains a unique 32-bit
. status register describing what, if any, errors the BCE

has encountered during the execution of a progranm.

Table 1.2 describes the format used in these registers.
) (6) BCE Identity Register. Each BCE maintains a register

that contains +twice its own BCE number. This register
[ is used in computing addresses during direct mode BCE
instruction. The register 1is set while the BCE is
leaving the Halt state and entering the Wait state,
[ is not altered by the BCE at any other tinme.

80-/8 SIN

and

*PROGRAMMING NOTE

The BCE Status Registers should not be

changed via- PCO
commands while the BCE is busy.
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G X 1
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P T 0
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T
0
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0 A8 03L03104Hd

{31V SIHL

BIT

31 - 30
29 - I

28 - BRA
27 - BTO
26 - 70
25 = ITO
24
23 - XMT

12 13 14 15 16

Reserved

Illegal Opcode

Boundary
Block Time

Time Out =-- A Receive Data

. Initial Time Out ==

Reserved

Transmitter Disabled

14

Alignment

‘Out--R  Receive

21 22 23 24 25 26 27 28 29 30 31

== This BCE

encountered
illegal instruction in the

execution of a progranm.

Error —
encountered
instruction on

halfword boundary.

Data
timed out

end.

out while

inputs
first.

other

timed out
for the
to arrive.

execution of a
Data instruction
associated
had its

abled. This

while

while

This
a. long format

Instruction

timed
waiting for a
-data word to arrive.
time out occurred on

than

the

dis=-
bit is also

Instruction
waiting
for an interblock gap to

This
data
the

A Recelve Data .Instruction
waiting
first input word -

-=- At some point in the
Transmit
MIZ
with * this BCE
transmitter

'
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Self Test Error--A BCE Self Test

Gap of greater than 20 usec.

Reserved.

Sync Error =-=- While executing a Receive

Reserved

6246556A

set if the MIR was
busy when it was time to
"initiate +transmission of
a new data word.

found

Instruction
has detected a fault in
the BCE.

occurred during
execution of a transmit

"data instruction, or 5
usec during a MOUT.

Data
Instruction, an input word
with comnand sync was
received. (See #RDS
Instruction)

Subsystem Address =- This field is the logical

"OR"™ of the received sub-
system addresses of all
input words that were de-
tected to have errors

during execution of
previous Receive Data
Instrs.

SEV -- This field is the logical "OR" of +the
SEV bits of all input
words that were detected
to have errors during
execution of previous

Receive Data Instruction.
The S and V bits vere
inverted before the "OR",
Thus, any pattern other
than 101 will be recorded
in these bits.

Parity -- While executing a Receive Data

Signature

15

Mismatch

Instruction, an input word

with bad parity vas
detected.

-- While executing a
Receive Data Instruction,
a . mismatch between the
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BCE IMPLEHENTATION

Any BCE implemented within an IOP consists of:

(1) A segment of Local Store. This consists of 4 words from
each of Banks 2 and B, and 8 words from Bank C.

{(2) A bit in the IOP Busy/Wait Register.

{3) A bit in the IOP Program Excéption Register.
(Uf A bit in the IOP Halt Register.

{(5) A bit in the BCE-MSC Indicator Register.

(6) fhe associated MIRA.

(77 A buffer location in the MIA Buffer.

(8) A bit in the MIA Transmitter Enable Register.
(99 A bit in the MIA Receiver Enable Register.

(10) One of the Microprogram Counters. This contains the ROM

address of the next micro instruction to be executed for
+his BCE.

As described in the IOP Functional Description (IBM No. 7u-

A31-01€63;), *he operation of all BCE's and the MSC is time-shared.

Each BCE executes its next microinstruction from ROS at

one

intervals of

every 16.5 microseconds. During other periods of time the only
BCE-related operations still carried on are
memory

previously requested
operations, MIA reception/transmission of data, and CPU

directed PCI/O.

Figure 1.5. All unlabelled words are used as temporary
registers during instruction execution.

The general makeup of a BCE's Local Store segment is shown in
or working

17
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\
My LH

EANK A BANK B BANK C
PC IH : - IL

5 ID MTO BASE

o) i

0

c

w .
, IUAR

2o

c STATUS HIGH

STATUS LOW

PC = Program. Counter '

IH = High half of Instruction Register

ID = BCE Identify Register '

IL = Low Half of Instruction Register

MTO = . Max. Time Out Register

BASE = Base Register

TUAR = Interface Unit Address Register

STATUS HIGH = High Half of Status Register

STATUS LOW =

Low Half of Status Register

,Figure 1.5. BCE Local Store Usage
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2.0 . GENERAL BCE_OPERATION

During normal operation a BCE can be in one of three. states:
Halt, Wait and Busy. In the Halt state the BCE is physically
restrained from performing any operations; in the Wait state +the BCE
mis awaiting a command to execute a program; and in the Busy state the
) BCE is executing BCE programs from main store. Pigure 2.1 summarizes
0 these states and the transitions between then.

Typical state transitions are as follows:

(1) During any system or CPU-directed BCE reset, the BCE is
in the Halt state.

(2) Upon release from the Halt state, the BCE enters the
Wait state.

(3) A signal from the MSC initializes a BCE, and places it
in the Busy state.

(4) In the Busy state, the BCE is executing a progranm

? located in main memory. It exits the Busy state only
upon execution of a Wait instruction, detection of an

invalid instruction or operating error, or some reset
signal. ZIn all but the latter case, the BCE re-anters

the Wait state; in the latter case it is forced to the
Halt state. 3

The two bits that indicate the current state of BCE i are its
Ealt bit (Bit i of the IOP Halt Register) and its Busy/Wait bit ({Bit
i of +the IOP Busy/Wait BRegister). In addition, the BCE Progranm
Exception bit indicates if the BCE has found an error during its 1last

pericd of time in the Busy state. If it has found an error, the BCE
Status Register contains a record of the 'exact error.

Tha follbwing sections describe each state in detail.

2.1 HALT STATE

The primary purpose of the Halt state is two-fold:

80-/8 SIN

| (1) Allow the external world to reset

BCE operation to a
known condition.

{2) Upon the detection of very serious IOP faults (such: as
failure in the microstore) +to isolate +the BCE and

prevent it from performing potentially

erroneous
operations.

T /» xog

Entry and exit frem <the Halt state are controlled by the
value of a single "BCE Halt" status bit which is part of the IOP Halt
Register. There is one such bit for each BCE. As long as this bit is

set, the BCE micrcprogram counter is forced to point to a micro-

susWINoog YSYN 40 Uonas|jo) oxfewo] "3 sawer 1q
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instruction that performs no operation other <than <clear <+he BCE
Busy/Wait bit. The Halt bit may be set to 0 at any time, and
, effectively terminates anything that the BCE is doing.

The signals that set a BCE Halt bit to 0 (Halt) include:

m (1) BCE/MSC disable discrete, Discrete Input 0, or a Master
é Reset PCO from the CPU.
i o :
v o (2) Setting of the Fail Latch for this GPC by either the
o A Redundancy Management voting logic or IOP detected
o serious errors such as ROS parity error.
F;

{3) A ™Halt Processor" PCO from the CPU with a 1 in bit
position i (when BCE i is to be halted).
The first two signal classes halt all BCE's.

Exit <£from

this state to the Wait state occurs only when the
following occurs: ‘

(1) BCE Disable Discrete is reset.

(2y Fail Latch is reset.

and a CPU "Enable Processors" PCO with bit i (for BCE i) " set
present. The PC I1/0 manual (IBM No. 6246556)
set/reset the Halt register.

to 1 is
describes the PCO that

Upon any exit from the Halt state, the BCE Program Exception

bit is set to one (no errors). The BCE Status Register is cleared to

all zeroes, and the BCE Identity Register is set to twice +the BCE's
number.

3 v

Although a BCE's Halt bit may be changed at any time, it does
not affect the BCE's operation ‘until the next time +hat the BCE
‘executes a microinstruction. Consequently, to guarantee that a BCE
has - been halted, the BCE's Halt bit should be at 0 (halted) for a
minimum of 18 usec. before being reset to 1 (enabled). This will

guarantee that the BCE has truly been forced to the halt state for at
least one BCE microcycle.

For similar reasons, a BCFE should not be considered released
from the Halt state and in the Wait state the instant its Halt bit is
set to 1 (enabled). Release frcm the Halt state does not begin until
the first BCE microcycle after +the Halt bit has been reset, and
continues for several BCE microcycles (about 100 usec.) as the BCE
resets its internal registers and prepares to enter the Wait state.
After this transition, the BCE will be in the Wait state, and will
perform as described in the next section.

20
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2.2 WAIT STATE

In the Wait state, a BCE is prepared to be told to pérform a
BCE progran. This wait loop is implemented by a micro-routine that
monitors ths status of the BCE's Busy/Wait bit. The BCE remains in
th2 Wait state as long as its bit is reset to the "Wait" value (0) .
When the MSC (via an 25I0) s=ts this bit to busy, the BCE transits +to
the Busy state. This transition consists of using the present value

of the BCE's Program Counter as the starting address of a BCE progranm
in main store.

Entry to the Wait state occurs either upon exit from the Halt
as described above, or by a transition from the Busy state. 2
BCE performs this latter transitiorn when any of the following

state,

occurs:
(1) 2 "Wait" instruction is executad.

(2) An instruction with an illegal opcode is =ncountered.

(3) A valid long format instruction is found starting on an
odd halfword boundary.

(u) A significant error occurs. (suck as in transmit o1
Teceive data instruction).

In the final +three cases, a BCE

performs the following
actions before entering the Wait state:

{1) It sets its bit in the Program Exceptlon Eeglster (STAT
1) to 0.

(2) It sets its BCE-MSC Indicator bit to 1.

{3) It records the cause of the error in its own BCE

sStatus
register.
(4) It leaves the Program Counter pointing to the offending
instruction.

The BCE's Indicator bit is set, upon detection of an error,
to aid in handliag Listen mode programs where +his bit is used to

signal completion of soms operation to the MSC (via a Repeat on
Indicator instruction).

Exit from the Wait state is normally to the Busy state. This
is done, by the ¥SC, via a sequence of MSC instructions that include:

1) A "load BCE Base" instruction +o set +he BCE's

Base
Tegister.

2) - A "Load BCE Program Counter" instruction to 'set the
BCE's Program Counter.

22
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3) A "Start I/O" instruction to set +the BCE's

L ' bt

Note that the CPU can perform the equivalent of the first two
functions via PCO's to the BCE's Local Store. Also, via PCO's, the
CPU can reset the BCE's Status Register and Program Exception bit.
The CPU cannot, however, directly set a BCE's Busy/Wait bit.

Busy Wait E

Note also that a BCE's Program Counter need not always be set
before the HMSC

P

i sets the BCE to busy, since the BCE Wait instruction
. (#WAT) when executed, leaves the PC pointing to the next sequential
3' instruction. This next instruction may be programmed as a simple
¢ branch to the beginning of the next BCE program segment. In this
g case,

the MSC need only execute an SIO ifnstruction to restart the BCE
at the next segment.

While a BCE is in the Wait state, the CPU may perform PCI/0O
activity without disturbing the BCE.

2.3 BUSY STATE

In the Busy state, BCE i is in the process of executing a

_program out of main store. A value of 1 in the ith bit of the IOP
Busy/ Wait Register dindicates this condition.

Th2 Busy state may be entered only from the Wait state, as
'iL/ described in the previous section. When the transition occurs, the
o BCE uses the value in 1its Program Counter to fetch the first
instruction from memory and start executing it. The BCE continues
executing instructions until either a Wait instruction or some kind of

invalid . instruction is encountered. In either case, the ECE
transitions back to the Wait state, again as described in the previous
section. 2 b

) Although an MSC @SIO instruction will set a BCE's Busy/Wait
bit to busy within the time frame of the 4instruction's execution on
the MSC, the BCE will not necessarily begin immediate execution of the
first instruction. The fpossible delays include:

80-/8 SIN

: o] The time required for the BCE to recognize that
i its Busy/Wait bit is set (up to 16.5 usec.)

‘ o The time reguired to bring out the PC and request
W the instruction word from memory (up to 33 usec)
g . and;

-j: ; o Any time reﬁuired for the memory read‘request to
O reach the DMA channels, be read from memory, and

be returned to the BCE.
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% enabled, but the BCE's MIA transmitter is disabled.
) both transmitter and receiver are enabled.

~ Mode rTelies

62&6556@

The memory read request time delays the BCE setup only when
handling time exceeds 16 usec. This situation can occur when several
BCE/MSC processors have requested memory reads simultaneocusly.

While +the BCE is in the Busy state, the CPU may execute any
PCI without problem. However, all PCO*s that write into BCE Local
Store should be carefully controlled since the MSC is not aware that

this action has occurred, and the resulting BCE program execution may
be wunpredictable. -

Busy State Operating_Modes

In the Listen Mode +the BCE's MIA receiver is
In Command mode

- The BCE Mode affects the way certain BCE instructions are
I executed. In the Command Mode, a BCE is in command of its bus and is
) free to transmit commands and data over the bus. A BCE in the Listen
- on a BCE in another IOP to indicate the operations to be

performed and to issue the appropriate commands to subsystems on the

bus %o perform the operations. Consequently, a BCE in Listen mede
will handle instructions that transmit commands in a different manner
than a BCE executing the same program in +the command nmode.
Additionally, a BCE in the 1Listen mode uses a Wait for Index
instruction as an dinstruction to wait for some other BCE in another
IOP to provide a signal as to what it should do. This signal is used

by +the Listening BCE in a table-look up process to determine an
appropriate BCE program for execution.

Section 4 describes the differences between Command Mode and
Receive Mode in greater detail.

2.3.2 - Summary of Error_ Modes

Table 2.1 summarizes all the errors detectable during a BCE
program and the resulting actions. Separate columns indicate which,
if any status bits are set, and whether or not the BCE enters the wait
state. If any status bits are set, the BCE Program Exception bit is
also assumed set to 0, and the BCE/MSC Indicator bit is set to 1.
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Tllegal BCE
Tnstruction

3
1

9
\HILYW SIH

aid

Long Format
BCE
Instruction
on Cdad
Boundary

L 314D
0 A8 O
HDS‘?’BSHH HO4

8N L
v
7

a3
1900

AV LHDIHALO
AV

0 3sn

: Bad Command
nngeceived in
< #WIXY

A
(2

—(

;:;'»\-'fi_-i
N

11 %
it

DMA
" Parity Error
on Instruc-
: L; tion Read

33

DMRA

DKA Timeout,

T

on Data read
for Transmit

tion

DMA )
Parity Error,

Parity Error,

Data Instruc-

SUMHARY OF BCE-RELATED ERRORS

TABLE 2.1

Status Bit
Detected BY Sat?
Microcoede Bit 29
Microcode Bit 28
Microccde/ Nomne
MIZ

Channel Logic

Channel Logic
Microcode

cr Time Out
Queue Overflow

Channel Logic

DMA Timeout, or

on other data
reads

ROS Parity
Error, Clock
FTailure,
Termination
Latch Set

{

Queue Overflow

IOP Hardware

(see Tllegal Instruction)

21

None

No

25

Action

Wait State
Entered?

No

Yes

No

No

624655€A

Other
Action

Command
ignored.
Wait continuzd.

Write all
0's into
‘Instruction
register
(illegal
opcode) CPU
interrupt.

CPU Inter-
rupt

CPU Inter-
rupt. BCE
does not
receive-
data.

BCE Reset to
halt. CPU
Interrupt
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Self Test Bce Self Test Bit 22
Detected Instruction
BCE Fault '
Excessive Microcode 21
_,Concurrency Time out
qqesultlnq
mn > 20 usec
gap in
%ransmit
Tv,Transmlttor Microcode 23
‘mPisabled Test
durlng
transmit
data
Transmitter Microcode 23
Busy too Test
long
Parity MIA 4
Errpr on
input data
Wrong SEV Microcode/ 5,6,7
bits Hardware
Command Microcode 15
Sync in
Recelve
Data
Wrong IUR Yicrocode/ 3
in incoming Hardware
data
Failure of Microcode 25
Subsysten time-out
to respond
with data
(1st word)

26

- No

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

62465567

BCE Loops

Save ITA
from data.
Data not
stored in
MIA Buffer.

i "

{(See #RDS)
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26,27 Yes

Microcode
time out

Excessive
gap in

interword

L

e

Data is not
BCE will time ou

stored in
MIA Buffer.

Yes

27

26

MIA/Microcodg

time-out

incoming
data

ing
bit count

«Wrong bit
;_ﬁencod‘

O

I

tn 4

m m
Oz pError.

e
X
]
—i
m
g

WICHITA STATE UNIVERSITY LIBRAR! ‘ mw
SPECIAL COLLECTIONS ‘ MS 87-08 Box 4 4 FF O

ﬂlrweiﬁx twu_r]i,w?umwﬁww%za%ﬂmwndm\hﬂx ...‘, Dr. James E. Tomayko Collection of NASA Documents A . .
.{.f& ?.{Rl ,- E_nsmﬁmmﬁm#mc:zmﬁm_qCcﬂm:.mm_mnmnwm_Oo__moﬁ._o_._mm:a C:Emﬂm@?a:.:mw







