








































































































































































































































































































































































































































iAPX 432 Interconnect ARM 

MCU Register 07 
Diagnostic 
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MCU Register Summary 

W: Writeable by interconnect access 
Setup during initialization 

Disable MACD bus parity detection 
Disable recovery 
Toggle master/checker role 
Disable error report 
Disable scrub report and log 
Disable ECC error reporting 
Disable MACD bus FRC detection 
Disable SLAD bus FRC detection 
Disable ECC access correction 
Enable scrubbing 
Disable refresh 
Enable continuous refresh 
Enable bus state modification 
Test mode 
Reserved 

The a field determines if detection of MACD bus parity errors is to be 
disabled (a=1) or enabled (a=O). 

The b field determines whether the MCU is to disable (b= 1) or enable 
(b=O) its fault recovery mechanisms. If fault recovery is disabled, 
the MCU wi 11 continue to report and log errors; but automatic bus 
switching is not allowed (except for the explicit Bus Interchange 
command). The value of the c field allows software to modify the 
master/checker FRC relationship from the one that was set on 
initialization. 

The c field determines whether the MCU should operate with a reversed 
(c=1) or an assigned (c=O) FRC master/checker role. For example, an 
MCU that was assigned on initialization to act as a master FRC device 
can be commanded to reverse roles (c=1) and operate as a checker. This 
capabili ty allows software to swap master and checker MCUs to verify 
correct operation of the original checker. 

The d field determines whether the MCU disables (d=1) or enables (d=O) 
error reporting. When error reporting is disabled, the MCU will 
continue to log its own errors and receive error reports from other 
agents. 
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The e field determines whether the MCU disables (e=l) or enables (e=O) 
the logging and reporting of ECC errors that occur while scrubbing 
memory. The reporting and logging of scrub errors might be disabled 
(e= 1) to stop the reports of a known hard-bit failure in the storage 
array, which will be detected on each scrubbing pass. 

The f field determines whether the MCU disables (f=l) or enables (f=O) 
the reporting of correctable and uncorrectable ECC errors. 

The g field determines whether the MCU disables (g=l) or enables (g=O) 
the detection of FRC errors on the memory address, control, and data 
(MACD) bus. 

The h field determines whether the MCU disables (h=l) or enables (h=O) 
the detection of FRC errors on the SLAD bus. 

The i field determines whether the MCU disables (i=l) or enables (i=O) 
ECC access correction. If ECC access correction is disabled (i=l), the 
MCU will not correct data read from the storage array, although 
detected ECC errors will continue to be reported and logged. For write 
accesses (a read-modify-write cycle in the storage array), an MCU with 
its ECC correction disabled (i=l) operates in the following manner: 
read the storage array with no ECC correction on data, form the 
composite data (modify), write the composite data to the storage array 
with the new ECC code (if an uncorrectable error did not occur -- see 
the j field for more details). 

The j field determines whether the MCU enables (j=l) or disables (j=O) 
scrubbing of the storage array. The j field also controls whether the 
wri te portion of a storage array RM\i cycle should be aborted when an 
uncorrectable error is detected in the read portion of the access. 
When j=l, an uncorrectable error in the read cycle of the request will 
be logged and reported and the write cycle will be aborted. When j=O, 
an uncorrectable error will be logged and reported but the write cycle 
will not be aborted. 

The k field determines whether the MCU disables (k=l) or enables (k=O) 
refreshing of the storage array. 

The 1 field determines whether the MCU enables (1=1) or disables (1=0) 
continuous refreshing of the storage array. Continuous refresh forces 
a refresh cycle whenever the storage array is not being accessed. 
Access to the storage array is permitted on a priority basis. 
Continuous refresh cycles (lowest priority) have less priority than 
memory bus accesses. Memory bus access cycles have less priority than 
refresh cycles that are requested by expiration of the refresh interval 
decrementer. 

The m field determines whether the MCU enables (m=l) or disables (m=O) 
modification of the bus state field in the state register (MCU Register 
06). The t field is used by Intel for testing purposes. A user must 
never set the t field to a one. 
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MCU Register 08 
Timeout Duration 

HHHHHHHH 
WWWWWWWW 

00000000 00000000 
15 8 7 a 

eeeeeeee 

H: Hardware-alterable 
W: Writeable by interconnect access 

Setup during initialization 

Timeout duration MSB 
MSB of the 24-bit timeout decrementer 

A timeout decrementer is used to regulate bus timeouts and the 
transient error window. When a timing function begins, the MCU loads 
the 24-bit timeout decrementer. The value from the timeout duration 
MSB field is loaded into the most significant 8 bits of the 
decrementer, and the value 128 is loaded into the least significant 16 
bits. As the decrementer operates, the value of the 8 most significant 
bits may be read from bits 8 through 15 of the Timeout Duration 
register. 

During initialization, the timeout duration MSB is set to the value 
zero. Thus, the shortest timeout (128 clock cycles) will be employed 
during the period when the system configuration is being determined. 
Once configuration is complete, the timeout duration must be lengthened 
so that normal accesses may complete before the decrementer has expired. 
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MCU Register 09 
Memory Start and End 

w\VW~MWWW WWWWWWWW 
00000000 00000000 

15 8 7 0 

eeeeeeee 

W: Writeable by interconnect access 
Setup during initialization 

Memory start address 
Memory end address 

The memory start address and the memory end address define the range on 
the most significant 8 bits of the 24-bit memory bus address, which the 
MCU will recognize as an access request. Note that the 24-bit memory 
bus address is not necessarily the same as the physical address from 
the processor since a BIU may have modified the address for 
interleaving. 

The first memory bus address supported by the MCU is defined by the 24 
bit address: 

23 16 15 o 

ssssssss 0000000000000000 MCU memory bus starting address 

The last memory bus address supported by the MCU is defined by the 24 
bit address: 

23 16 15 o 

I eeeeeeee I 1111111111111111 I MCU memory bus ending address 

Thus, if the memory start and end addresses are identical, the memory 
size is 64K bytes. 
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MCU Register OA 
Spare Bit Select 

xxxxxxxxxx 

WWV1WWW 
111111 

W: Writeable by interconnect access 
Setup during initialization 

Spare bit select 
Reserved 

The spare bit select field specifies the bit position in the storage 
array which is to be replaced with the spare RAM chip. With the spare 
RAM chip, the MCU can be commanded to repair any single hard failure in 
the storage array. When a cold INIT occurs, the MCU sets the spare bit 
select field to 63 (all ones) to signify that no spare RAM chip is 
selected. 

Physically, the storage array must be organized in the following manner. 

6 

38 
39 

o 
31 

32 31 
33 32 

o 
o 

o 

I eeeeeee I dddddddddddddddddddddddddddddddd I s I 
L 

ECC position 
Data position 
Swap code 
RAM chip 

Spare bit 
32-bit data 

~----------------------------------------- ECC bits 

The sssssss field must be programmed with the swap code for the RAM 
chip that is to be replaced. For example, sssssss=OOOOOOO (swap code 
0) will cause the MCU to replace data bit 0 (RAM chip 1) with the spare 
RAM chip. With sssssss=0100000 (swap code 32) the MCU will replace ECC 
bit 0 (RAM chip 33) with the spare RAM chip. 
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!-ICU Register OB 
Array Low-Order Address 

W~~W W: Writeable by interconnect access 
MACD15 .. 0 Setup during initialization 

15 0 

~---------Low-order address 

The 16-bi t low-order address is the least significant 16 bits of a 
20-hit address used by the MCU to perform a Clear Location, Access ECC 
Bi ts, or Access Data command. The most significant 4 bits of the 
20-bit address are contained in the Array High-Order Address register 
(MCU Register OC). 

When IN IT occurs, the Array Low-Order Address register is loaded with 
the 16 bits on the MACD bus. MACD11 (warm-start bit) and MACD10 •. MACD8 
(bus number) have assigned roles but the remainder may be defined by 
the user. 

The Array Low-Order Address register may also be used as a 
general-purpose 16-bit register. 
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MCU Register DC 
Array High-Order Address 

15 

xxxxxxxxxxxx 

WWWVl 
0000 

430 

W: Writeable by interconnect access 
Setup during initialization 

High-order address 
Reserved 

The high-order address field contains the most significant 4 bits of a 
20-bi t storage array address used by the MCU to perform the Clear 
Location, Access ECC Bits, and Access Data commands. The low-order 16 
bi ts of the 20-bi t storage array address are provided by the Array 
Low-Order Address register (MCU Register DB). 

The high-order address field is set to zero when INIT occurs. 

Recall that the address presented to the MCU on the MACD bus may be 
different from the address that a BIU receives (from its associated 
processor) if the BIU is performing interleaving. 

C-21 



MCU Register Summary 

MCU Register DD 
Array Error Log-Low 

HHHHHHHHHHHHHHHH H: Hardware-alterable 
15 D 

Low-order error address 

iAPX 432 Interconnect ARM 

The 16-bit low-order error address is the least significant 16 bits of 
the 2D-bit storage array address at which an ECC error occurred. The 
Array Error Log-High register (MCU Register DE) contains additional 
information about the ECC error. 
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H 

a 

15 

MCU Register OE 
Array Error Log-High 

HHHHHHH H H H 
W W W 

a a a 

14 8 7 6 5 

I s I eeeeeee I f I a I u I 

H HHHH 
\-1 

a 

4 3 a 

c I hhhh I 
L 

MCU Register Summary 

H: Hardware-alterable 
W: Writeable by 

interconnect access 
Setup during cold 
initialization 

High order error address 
Correctable error 
Uncorrectable error 
Additional unlogged error 
FBE executed 
ECC error syndrome 
Scrub error logged 

The high-order error address contains the most significant 4 bits of 
the 20-bit storage array address at which the error occurred. The high 
order error address is set to zero when INIT (cold initialization) 
occurs. The least significant 16 bits of the storage array address are 
contained in the Array Error Log-Low register (MCU Register aD). 

The c field indicates if a correctable ECC error (c= 1) has occurred. 
Correctable errors may arise from single-bit errors in either the data 
or the ECC fields of the storage array. Single-bit errors in the 
address field are considered uncorrectable errors. 

The u field indicates if an uncorrectable ECC error (u=1) has occurred. 
Uncorrectable errors arise either from double-bit errors in the data or 
ECC fields of the storage array or from single-bit errors in the 
address field of an access. The single-bit address errors are fixed by 
a retry of the access by the BIU that requested it. 

When the MCU detects an ECC error (either correctable or uncorrectable) 
the storage array address of the error is latched into the Error Log 
register along with the ECC syndrome bits and an indication if the 
error was caused by a scrubbing operation (s = 1) or a normal memory 
access (s=O). 
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The a field (additional unlogged error) indicates if two or more ECC 
errors have occurred (a=l) before software has serviced the error log. 
The MCU sets the a field to one when an ECC error occurs, and either 
the c field or the u field is already set to one. The MCU inhibits new 
error address, syndrome information, and scrub indicator from being 
loaded into the Error Log register so that the information about the 
first ECC error is retained. 

The f field indicates when a Force Bad ECC (FBE) command has been 
executed (f= 1). The ECC syndrome field will contain all ones for an 
error logged as a result of the FBE command. 

The eeeeeee 
calculated 
encountered. 

field contains the ECC 
for the storage array 

error syndrome 
location where 

bits which 
the error 

were 
was 

The s field indicates if the ECC error occurred during the scrubbing of 
a storage array location (s= 1). If an ECC error occurred, but was 
associated with a normal memory access, the scrub error logged field 
will be cleared (s=O). 
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15 

MCU Register OF 
Refresh Interval 

WWWWWWWW 
01001101 

870 

xxxxxxxx 

W: Writeable by interconnect access 
Setup during initialization 

~--- Refresh interval count 
Reserved 

The refresh interval count determines the nominal time between refresh 
cycles for the storage array. When the refresh interval decrementer 
(MCU Register 10) counts to zero, the decrementer is reloaded with the 
refresh interval count (rrrrrrrr field). Each MCU component clock 
cycle decrements the count in MCU Register 10. 

Upon initialization, the refresh interval count is loaded with the 
binary value 01001101 (77 decimal). This value will provide the 
storage array RAM chips with 128 refresh cycles about every 2 
milliseconds (exactly 1.9712 milliseconds) for an MCU that is operated 
with a 5-MHZ clock. Any changes in the MCU component clock or the type 
of RAM chip refresh cycles requires that software modify the refresh 
interval count from the default value. 

If it is necessary that memory data be preserved during initialization, 
the length of IN IT must be included in the calculation for the revised 
refresh interval. The HCU will not refresh the storage array during 
INIT. Furthermore, the MCU will not begin the INIT sequence until it 
completes any storage cycle that may be in progress. For example, when 
using a 5-MHz (200-nanosecond) MCU with 64K dynamic RAMs with 128 
cycle/2 millisecond refreshing, the MCU must perform 128 refresh cycles 
in each refresh period. The time available for refresh in each refresh 
period is: 

Time For Refresh = (2 milliseconds) - time (INIT) - time (write cycle). 

The refresh interval value for this example would be calculated: 

Refresh Interval = Integer ((Time For Refresh/128) / 200 nanoseconds). 
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i1CU Register 10 
Refresh Interval Decrementer 

HHHHHHHH H: Hardware-alterable 
WWWWWWWW W: Writeable by interconnect access 

15 8 7 0 

xxxxxxxx 

Refresh interval 
Reserved 

The rrrrrrrr field indicates the number of MCU component clocks 
remaining until the next refresh request. 

This register holds its current value (does not decrement) during 
initialization. After initialization, the Clear Memory command must be 
issued to load the Refresh Interval register into the refresh interval 
decrementer. This preconditioning of the refresh interval decrementer 
must be performed in a FRC system before it can be read error-free. 

Note that the disable refresh field in the Diagnostic register (MCU 
Register 07) does not disable the decrementation of the rrrrrrrr 
field. Only refresh requests from the decrementer are disabled. 
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MCU Register 11 
Array Address Size 

WWWWWl-J 
nnn 

1514 13 8 7 o 

W: Writeable by interconnect access 
I: Initialized from SLAD bus 

Reserved 
~------------- Array address size 

Reserved 

The ssssss field specifies the amount of memory which is scrubbed by 
the MCU. The Array Address Size register works in conjunction with the 
refresh address decrementer (MCU Register 12). 

The ssssss field is loaded into the top 6 bits of the 20-bit refresh 
address decrementer when the decrementer count reaches zero or when the 
Clear Memory command is issued. The low-order 14 bits of the refresh 
address decrementer are all set to one when the decrementer reloads. 
The ssssss field value plus one specifies the number of regions (each 
containing 16K storage array locations) that will be scrubbed. 

The ssssss field is loaded from the SLAD15 •• SLAD10 field of the SLAD 
bus during the D1 phase of MCU initialization 
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MCU Register 12 
Refresh Address Decrementer 

HHHHHHHHHHHHHH 
11111111111111 
WWW\VWWWWWWWWw\i 

1514 13 0 

H: Hardware-alterable 
A: Alterable by Clear Memory command 
tv: Writeable by interconnect access 

~------ Refresh address decrementer 
least significant 14 bits 

~------------------ Reserved 

The least significant 14 bits of a 20-bit refresh address decrementer 
are accessible through this register. The upper 6 bits of the refresh 
address decrementer may be cleared by an interconnect access 
double-byte write to MCU Register 12. (A byte write to this register 
will modify only a portion of the register.) The upper 6 bits of the 
refresh address decrementer are loaded from the Array Address Size 
register (MCU Register 11) during cold-start initialization, each time 
the decrementer reaches the count of zero, and whenever the Clear 
Memory command is issued. The Clear Memory command also loads the 
least significant 14 bits of the refresh address decremeter with all 
ones. 
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MCU Register 14 
Access Data-Low Command 

WWWWWWWWWWWWWWWW W: Writeable by interconnect access 
15 0 

Array data low 

Interconnect access of MCU Register 14 commands the MCU to read or 
write the least significant 16 bits of one of the 32-bit storage array 
locations. The Array Low-Order Address (MCU Register OS) and the Array 
High-Order Address (MCU Register OC) specify the location of the 
storage array which is to be accessed. 

For an interconnect read of MCU Register 14, the storage array is read 
and the least signi ficant 16 bits of data are returned with no ECC 
correction taking place. This allows direct access to the least 
significant 16 bits of the storage array location. Any errors detected 
during the operation will be logged and reported. 

For an interconnect write to MCU Register 14, the storage array is read 
and any errors in the most significant 16 bits of the location are 
corrected. Then the composite 32-bit value is written to the array 
with correct ECC bits. Any errors detected during the operation will 
be logged and reported. 

Recall that ECC correction and the reporting of ECC errors can be 
disabled via the Diagnostic register (MCU Register 07). 

C-29 



MCU Register Summary iAPX 432 Interconnect ARM 

MCU Register 15 
Access Data-High Command 

WWW\OOJWWVIWWWWWWW W: Wr i teable by interconnect access 
15 0 

dddddddddddddddd 

~-------- Array data high 

Interconnect accesses to MCU Register 15 command the MCU to read or 
wri te the most significant 16 bits of one of the 32-bi t storage array 
locations. The Array Low-Order Address (MCU Register DB) and the Array 
High-Order Address (MCU Register DC) specify the location of the 
storage array to be accessed. 

For an interconnect access read of MCU Register 15, the storage array 
is read, and the most significant 16 bits of data are returned with no 
ECC correction taking place. This allows direct access to the most 
significant 16 bits of the storage array location. Any errors detected 
during the operation will be logged and reported. 

For an interconnect access write to MCU Register 15, the storage array 
is read and any errors in the least significant 16 bits of the location 
are corrected. Then the composite 32-bit value is written to the array 
wi th correct ECC bits. Any errors detected during the operation will 
be logged and reported. 

Recall that ECC correction and the reporting of ECC errors can be 
disabled via the Diagnostic register (MCU Register 07). 
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MCU Register 16 
Access ECC Bits Command 

~vWW\fWW1v W: Writeable by interconnect access 
15 7 6 0 

xxxxxxxxx 

ECC bits 
~-------------- Reserved 

The Access ECC Bits command may be used to directly access the 7 ECC 
bi ts associated with each location in the storage array. The Array 
LO\r/-Order Address (MCU Register OB) and the Array High-Order Address 
(MCU Register OC) specify the storage location to access. 

An interconnect access read of MCU Register 16 causes the MCU to read 
the storage array with no ECC checking or correction. The value of the 
ECC bits for the addressed storage location is returned by means of a 
memory bus reply. 

An interconnect access write to MCU Register 16 causes the MCU to read 
the storage array, check and correct the 32 bits of data, and then 
write the ECC bits provided by the interconnect access to the storage 
array with the data. 

C-31 



MCU Register Summary iAPX 432 Interconnect ARM 

MCU Register 17 
Toggle Normal and Back-up Bus Command 

An interconnect access write to MCU Register 17 will cause the MCU to 
toggle the middle bit of the bus ID field of the Interconnect Device ID 
register (MCU Register 02). The value of the data written to MCU 
Register 17 is ignored. 

The MCU will perform the command by the following sequence of 
operations: 
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• Immediately acknowledge acceptance of the command by means of 
the memory bus 

• Internally modify the middle bit of the bus ID field, thereby 
switching to the alternate bus 

• Report a "toggle error" on the bus to flush the bus pipeline 
and cause each outstanding access to be retried 
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MCU Register 18 
Clear Memory Command 

MCU Register Summary 

An interconnect access write to MCU Register 18 causes the MCU to clear 
the storage array by writing data zeroes to all locations. The MCU 
utilizes the refresh address decrementer to generate the required 
sweeping address sequence. 

The MCU performs the Clear Memory command in the following sequence: 

• Immediately acknowledge the acceptance of the command via a memory 
bus reply. 

• Load the array address size (MCU Register 11) into the most 
significant 6 bits of the 20-bit refresh address decrementer. Load 
ones into the least significant bits of the 20-bit refresh address 
decrementer. Load the Refresh Interval register (MCU Register OF) 
into the refresh interval decrementer (partly accessible by means 
of MCU Register 10). 

• Clear all storage locations. 

The value of the data that accompanies the interconnect access write to 
MCU Register 18 is ignored. Though it will continue to accept memory 
requests until the MACD pipeline is filled, the MCU will not reply to 
the requests until the Clear Hemory command has been completed. 

The user must guarantee that the Timeout Duration register (MCU 
Register 08) contains a sufficient time length for this operation to 
complete. 

C-33 



MCU Register Summary iAPX 432 Interconnect ARM 

MCU Register 19 
Clear Location Command 

An interconnect access write to MCU Register 19 causes the MCU to clear 
one location of the storage array. The storage location to be cleared 
is specified by a 20-bit address formed from fields of the Array 
High-Order Address register (MCU Register OS) and the Array Low-Order 
Address register (MCU Register OA). The addressed location is cleared 
by writing a zero to each of the 32 data positions and by computing and 
storing 7 ECC bits (based on the 32 bits of data and 20 bits of storage 
array address). The data that accompanies the intclconnect access 
write is ignored by the MCU. The interconnect access write is 
acknowledged by means of the memory bus after the Clear Location 
command has been performed. 
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MCU Register 18 
Test Detection Command 

An interconnect access read of MCU Register 18 causes the MCU to 
execute the Test Detection command. This command may be issued to 
check that all the detection circuits (FRC circuits. MACD bus parity 
circuits. and buffer checking circuits) are operating correctly. 

The FRC circuits contain comparators (exclusive-OR gates) that check 
that the external signals bear the same information that internal 
circuits computed. The MCU tests the FRC circuits by issuing 
information on its external signal paths. providing the complement of 
the information to internal FRC circuits. and checking that all FRC 
comparators indicate an error. The MCU checks the MACD bus parity bits 
and the buffer checking logic in a similar fashion. 

The MCU exercises the storage array side signals by issuing a storage 
array read of the location addressed by the contents of the Array 
High-Order Address (MCU Register OC) and the Array Low-Order Address 
(MCU Register 08). The MCU exercises the memory bus signals. including 
parity. by returning the 2 least significant bytes of the data returned 
from the storage array. 

If any FRC comparator fails to indicate an error or the buffer checking 
logic fails. the MCU will issue a MODULE ERROR error report. Otherwise 
the MCU will issue a NO ERROR error report. 
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MCU Register 1C 
Test Report Command 

iAPX 432 Interconnect ARM 

An interconnect access write to MCU Register 1C causes the MCU to 
execute the Test Report command. The MCU acknowledges the command by 
means of a memory bus reply before the command is executed. The MCU 
performs this command by sending the TEST REPORT error report by means 
of the Module Error Report Line (MERL) and Bus Error Report Line (BERL) 
circuits. The least significant bit of the data associated with the 
interconnect access write controls whether the master (MACDO = 0) or 
the checker (MACDO = 1) generates the report. 
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MCU Register 1D 
Bus Interchange Command 

An interconnect register write to MCU Register lD causes all nodes in 
the system to interchange buses, i. e., to switch to thei r redundant 
buses. This command allows software to test that each bus, and its 
error recovery mechanisms, is working correctly. If a bus does not 
have a back-up bus, the command has no effect. 

The MCU will acknowledge receipt of the command, by means of a memory 
bus reply, before the command is executed. The MCU will transmit a BUS 
INTERCHANGE error report after the command is executed. The error 
report counters (cc field of the error report log, MCU Register 00) are 
cleared when a BUS INTERCHANGE error report is recei ved. The data 
associated with the interconnect register write is ignored. 
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MCU Register lE 
Detach Command 

iAPX 432 Interconnect ARM 

An Interconnect register write to MCU Register lE detaches 
(deactivates) the bus to which the MCU is attached. The MCU will 
acknowledge receipt of the commmand before executing it. The MCU will 
issue a DETACH error report after the command is performed. When a bus 
is detached, it can no longer support memory requests, but it will 
continue to support interconnect access requests. The data associated 
with the write to this interconnect register is ignored. 

The Detach command allows software to perform exactly the same recovery 
sequence that the hardware automatically follows if it detects a 
permanent bus error. 
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MCU Register IF 
Attach Command 

MCU Register Summary 

When an Interconnect register write is performed on MCU Register IF, 
the MCU will attach (activate) a bus which had previously been out of 
service. The Attach command can be issued only to an ~1CU that is 
operating on a working back-up bus. 

The MCU acknowledges receipt of the command, by means of a memory bus 
reply, before it is performed. The MCU transmits an ATTACH error 
report after the command is completed. The data associated with the 
write to this interconnect register is ignored. 
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INTRODUCTION 

APPENDIX D 
EXTERNAL INITIALIZATION 

Appendix D describes the information that each BIU and MCU acquires 
from external logic when the device is initialized. This information 
transfer allows the required configuration data and optional 
customer-defined parameter s to be loaded into fields of Interconnect 
registers in order to specify the actual hardware environment. Once 
the devices are ini tiali zed, the information may be accessed by the 
usual Interconnect register operations. 

For each component type, the physical location of each field of the 
initialization parameters is presented. Then a cross-reference is 
provided to locate the destination field in the interconnect registers 
that receive the parameters. Further information about initialization 
is provided in the applicable register descriptions for the BIU 
(Appendix B) and MCU (Appendix C). 
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BIU EXTERNAL INITIALIZATION PARAMETERS 

During ini tiali zation, the BIU acquires ini tiali zation parameters that 
are present on its processor side (ACD15 •• ACDO signals) and its memory 
bus side (MACD15 •• MACDO signals). 

On the processor-side, the BIU acquires the following information. 

15 8 7 6 5 

IIIIIIII 

3 2 o ACD signals 

Master 
Module ID pari ty 
Reserved 
Processor type 
Board type 
Processor ID 

On the memory bus side, the BIU acquires the following information. 

15 11 10 8 7 o MACD signals 

Reserved 
L-____________ Bus ID 

Reserved 

Two valid memory bus parity bits must also be presented to the BIU that 
receives this data. 
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BIU INITIALIZATION PARAMETER DESTINATIONS 

The BIU initiali zes various fields of its interconnect registers with 
fields of the initialization parameters. 

The 16-bit value on MACD15 .• MACDO is loaded into the Test Detection 
Data register (BIU Register OB). 

The M field is loaded into the internal master flip-flop, which 
determines if the BIU is to be a master (M=l) or checker (M=O) device 
for FRC purposes. The state of the master flip-flop may not be read by 
interconnect register access. The master/checker role of the BIU may be 
reversed from this assigned role by setting the Toggle Master/Checker 
bit in the BIU Diagnostic register (BIU Register 07). 

The E field is loaded into an internal flip-flop in the BIU. This 
flip-flop contains the even parity bit for the module ID. 

The PPP field is loaded into the Processor Type field of the 
Interconnect Device Type register (BIU Register 01). 

The TT field is loaded into the Board Type field of the Interconnect 
Device Type register (BIU Register 01). 

The 11111111 field is loaded into the processor ID field of the 
Processor ID register (BIU Register OA). The least Significant 6 bits 
of the 11111111 field (ACD13 •• ACD8) are loaded into the module ID field 
of the Interconnect Device ID register (BIU Register 02). The least 
significant 6 bits of the 11111111 field (ACD13 •• ACD8) are also loaded 
into the logical ID field of the Logical ID register (BIU Register 04) 
in reversed bit order. The BBB field is loaded into the Bus ID field 
of the Interconnect Device ID register (BIU Register 02). 

Any information present in reserved fields of the external parameters 
is ignored by the BIU. 

D-3 



External Ini tialization iAPX 432 Interconnect ARM 

MCU EXTERNAL INITIALIZATION PARAMETERS 

The MCU acquires external initialization parameters from both its 
memory bus side (MACD15 .• MACDO signals) and its storage array side 
(SLAD19 •• SLADO signals) during ini tiali zation. The storage array side 
information is presented in two phases (D1 and D2). 

On the memory bus side, the MCU acquires the following information. 

15 12 11 10 8 7 a l'1ACD signals 

Customer-defined value1 
Bus ID 

~----------------- Warm start 
Customer-defined value2 

The 2 valid MACD bus parity bits mu~t also be presented to the MCU when 
the above data is generated. 

On the storage array side, the MCU acquires the following information. 

19 1817 1615 14 9 8 7 6 

I x I TT f BB I AAAAAA I x I p I 

19 5 4 3 2 

xxxxxxxxxx 

a SLAD signals during D1 

14MMMMM I x I 

a 

L Reserved 
Module ID 
Module ID parity 
Reserved 
Storage array size 
Board type code 
Partial RAH type 
Reserved 

SLAD signals during D2 

RAM type 
RAM speed 
Boundary check 
E field 
Speed read 

~------------------------- Reserved 
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MCU INITIALIZATION PARAMETER DESTINATIONS 

The MCU loads fields of the ini tiali zation parameters into specific 
fields of its interconnect registers. 

The value on MACD15 •• MACDO is loaded into the Array Low-Order Address 
register (MCU Register OB). 

The BBB field is loaded into the Bus ID field of the Interconnect 
Device ID register (MCU Register 02). 

The W field is loaded into the Warm-Start INIT field of the State 
register (MCU Register 06). 

The MMMMHM field is loaded into the module ID field of the Interconnect 
Device ID register (MCU Register 02). 

The P field is loaded into the module ID even parity field of the 
Interconnect Device ID register (MCU Register 02). 

The AAAAAA field is loaded into the array address size field of the 
Array Address Size register (MCU Register 11). 

The BB field is loaded into the board type code field of the 
Interconnect Device Type register (MCU Register 01). 

The TT field is loaded into the partial RAM type field of the 
Interconnect Device Type register (HCU Register 01). 

The RR field is loaded into the RAM type field of the Interconnect 
Device Type register (MCU Register 01). 

The S field is loaded into the array speed field of the Interconnect 
Device Type register (MCU Register 01). 

The C field is loaded into the boundary check field of the Interconnect 
Device Type register (MCU Register 01). 

The E field is loaded into the E field of the Interconnect Device Type 
register (MCU Register 01). 

The R field is loaded into the speed read field of the Interconnect 
Device Type register (MCU Register 01). 

Any information presented in reserved fields of the external parameters 
is ignored by the MCU. 

D-5 





INTRODUCTION 

APPENDIX E 1 
ADDRESS FORMATS 

Appendix E describes the format of addresses in the interconnect 
archi tecture. The interconnect architecture supports three distinct 
address spaces: the P-local (processor-local) , N-local (general 
interconnect register access), and physical memory address space. 

P-LOCAL ADDHESSES 

The P-local (short for Processor-local) address space is independent of 
the Interconnect system-and allows a processor to obtain its processor 
ID and to use the interprocessor communication (IPC) facility. The 
P-local address space is normally accessed only by an iAPX 432 
processor. The format of a P-local address, appearing on the ACD bus 
between a processor and its associated BIU follows: 

23 21 20 8 7 

xxxxxxxxxxxxx 

o 

P-local address format 

Processor register 
Reserved 
P-local designator 

The RRRRRRRR field indicates which processor register is to be 
accessed. Currently, two of the RRRRRRRR codes are assigned and the 
remainder are reserved. RRRRRRRR=OOOOOOOO provides access to the 
processor ID register, which is also accessible as BIU Register OA of 
the N-local address space. RRRRRRRR=00000010 provides access to IPC 
regi ster, which is also accessible as BIU Regi ster OC 0 f the N-local 
address space. P-local accesses are generated by specifying the 
P-local address format with the iAPX 432 Move to Interconnect and Move 
from Interconnect instructions. 
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N-LOCAL ~DDRESSES 

The N-Iocal (short for Node-local) address space provides access to 
interconnect registers in any interconnect component located at a node 
in the system. The format of an N-Iocal address, as it appears on the 
ACD bus and on the MACD bus, follows: 

23 21 20 15 14 10 9 7 6 o 

I 111 I xxxxxx J RRRRR 1 BBB I MMMMMM I b , 

L 
N-Iocal address format 

Byte select 
Module 
Bus 
Register 
Reserved 
N-Iocal designator 

The byte select field indicates if the access is to begin on the even 
(b=O) or odd (b=1) interconnect address boundary. 

The module field indicates which module is addressed. The module 
address of -"Ill ones (111111 binary or 63 decimal) is reserved as the 
"my-BIU" address and allows direct access to registers in the same 
module as the processor. Access of a "my-BIU" address does not 
generate a memory bus interconnect register access. 

The bus field indicates which bus is to be used for the access. 

The register field corresponds to the number of the interconnect 
register to be accessed. For example, the Interconnect Device ID 
register (BIU Register 02 or MCU Register 02) of an interconnect 
component is accessed with RRRRR=00010. 

N-local accesses are generated by specifying the N-Iocal address format 
wi th the iAPX 432 Move to Interconnect and Move from Interconnect 
instrllct.ions. 

PHYSICAL MEMORY ADDRESSES 

The physical memory address format is a 24-bi t binary byte address. 
Note that a memory address from a processor may be modi fied by a BIU 
before it is presented to the memory bus if interleaving is used. 

23 0 

AAAAAAAAAAAAAAAAAAAAAAAA Physical Memory Address Format 

'------- Physical f1emory Address 
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APPENDIX F I 
MEMORY BUS 

Appendix F describes the iAPX 432 interconnect system memory bus and 
the protocol that governs communication between iAPX 432 BIUs and 
MCUs. First, the memory bus message formats are described. Then, the 
algorithms that regulate the use of the memory bus are provided. 
Finally, the state diagrams that describe automatic bus switching are 
presented. 
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MEMORY BUS MESSAGE TYPES 

There are three categories of memory bus messages: 

1. Requests 
2. Replies 
3. Bus Notifications 

Each BIU and MCU on a memory bus maintains a three-level pipeline of 
unsatisfied requests. Each memory bus request message deposits one 
entry into the pipeline. Each memory bus reply message removes one 
entry from the pipeline. The entries in the pipeline are serviced on a 
first come-first served (FCFS) basis. The order of requests and 
replies is always rigorously preserved. Bus notification messages do 
not affect the state of the pipeline. 

The format for each of the three memory bus message types is presented 
in the following pages. The message format tables indicate the values 
on the high- and low-order byte positions of the memory bus (MACD 
signals). and the corresponding bus control code for each step in a 
message transfer. The progression of time (0 •• C-1 where C is the 
number of bus cycles required to complete the message) is indicated in 
the T field of the tables. 

The following abbreviations are used in the message format tables: 
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MADRB(n) - Memory Address Byte "n". 
DATAB(n) - Data Byte "n". 
IADRB(n) - Interconnect Address Byte "n". 
T - Bus Time. 
IDLE - Data bus is high-impedance. 
DDDDDDDD - Destination processor ID for 

interprocessor communication. 
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The eee field indicates the value of the three BUSeTL signals that 
control the activity on the memory bus. The activity of the eee field 
is indicated in the message format tables. The interpretation for the 
eee field follows. 

eee Interpretation 

111 Idle 

001 Request 
000 Request 

011 Reply 
010 Reply 
110 Reply 

101 Reply 

MAeD data bus is high-impedance. 

Normal. 
Last cycle warning. 

Normal. 
Last cycle warning. 
First cycle of write acknowledge. 
Non-data reply (last cycle significance). 
Last cycle of a RMW Read Reply. 

101 Other Other replies and acknowledges. 
100 Bus Notification 

: Last cycle warning. 

The LLLL field indicates the number of bytes of memory data to be 
transferred by a memory access. The encoding of the LLLL field follows. 

LLLL Memory Access Length 

0000 byte 
0001 2 bytes 
0010 3 bytes 
0011 4 bytes 
0100 5 bytes 
0101 6 bytes 
0110 7 bytes 
0111 8 bytes 
1000 9 bytes 
1001 10 bytes 
1010 11 bytes 
1011 12 bytes 
1100 13 bytes 
1101 14 bytes 
1110 15 bytes 
1111 16 bytes 
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The B field indicates the number of bytes of information to be 
transferred by an interconnect access. If B=O, 1 byte of Interconnect 
register data will be transferred. When B=O, the least significant bit 
of the 24-bit interconnect address indicates whether the upper or lower 
byte of the Interconnect register is to be transferred. If B= 1, 2 
bytes of Interconnect register data will be transferred. When B=1, the 
24-bit interconnect address must be aligned to a double byte boundary; 
i.e., the least significant bit of the interconnect address must be 
zero. 

The following tables summarize the information sequences for the three 
types of memory bus (or MACD bus) messages. Table F-1 describes the 
memory bus request message formats. Table F-2 describes the reply 
message formats. Table F-3 describes the bus notification message 
formats. 
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Table F-1. Memory Bus Request Message Formats 

Upper Lower 
CCC MACD Byte MACD Byte T Request Message 

2 0 15 8 1 0 

000 OOOOLLLL MADRB(2) 0 Memory Read Request 
001 MADRB(1) MADRB(O) 1 

000 0001LLLL MADRB(2) 0 Memory RMW Read Request 
001 MADRB( 1) MADRB(O) 1 

001 00 1 OLLLL MADRB(2) 0 Memory Write Request 
001 MADRB( 1) MADRB(O) 1 
001 DATAB( 1) DATAB(O) 2 

· · · · · · · · 000 DATAB(N-3) DATAB(N-4) C-2 
001 DATAB(N-1) DATAB(N-2) C-1 

001 0011LLLL MADRB(2) 0 Memory RMW Write Request 
001 MADRB(1) MADRB(O) 1 
001 DATAB( 1) DATAB(O) 2 

· · · · · · · · 000 DATAB(N-3) DATAB(N-4) C-2 
001 DATAB(N-1) DATAB(N-2) C-1 

000 0100000B IADRB(2) 0 Interconnect Read Request 
001 IADRB( 1) IADRB(O) 1 

001 0101000B IADRB(2) 0 Interconnect Write Request 
000 IADRB( 1) IADRB(O) 1 
001 DATAB( 1) DATAB(O) 2 
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Table F-2. Memory Bus Reply Message Formats 

Upper Lower 
CCC MACD Byte MACD Byte T Request Message 

2 0 15 8 7 0 

Read Replies 

010 DATAB( 1) DATAB(O) 0 Read Reply 
111 IDLE IDLE 1 1 or 2 Bytes 

011 DATAB( 1) DATAB(O) 0 Read Reply 

· · · · More than 2 Bytes 

· · · · 011 DATAB(N-5) DATAB(N-6) C-3 
010 DATAB(N-3) DATAB(N-4) C-2 
011 DATAB(N-l) DATAB(N-2) C-1 

RMW Read Replies 

010 DATAB( 1) DATAB(O) 0 Memory RMW Read Reply 
101 IDLE IDLE 1 

011 DATAB( 1) DATAB(O) 0 Memory RMW Read Reply 

· · · · · · · · 011 DATAB(N-3) DATAB(N-4) C-3 
010 DATAB(N-l) DATAB(N-2) C-2 
101 IDLE IDLE C-1 

Other 

110 11111111 11111111 0 Write Acknowledge 
111 IDLE IDLE 1 

110 11111111 11111110 0 Memory RMW Write Acknowledge 
111 IDLE IDLE 1 

110 11111111 11111100 0 Memory RMW Locked Read Reply 
111 IDLE IDLE 1 
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Table F-3. Memory Bus Notification Message Formats 

Upper Lower 
CCC MACD Byte MACD Byte T Bus Notification Message 
2 0 15 8 7 0 

100 00000000 DDDDDDDD 0 Interprocessor Communication 
111 IDLE IDLE 1 

100 11111111 11111111 0 RMW Enqueue 
111 IDLE IDLE 1 
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.2 CYCLES REMAIN 

>2 CYCLE REQUEST 

< -2 CYCLE REQUEST 

,. 2 BYTES· RMW 

,.. 2 BYTE REPLY 

< - 2 IIYTE REPLY 

WRITE ACKNOWLEDGE 

}tACO - OFFFFH 

RMW WRITE ACKNOWLEDGE 

HACD - OFFrEH 

RMW READ-LOCKED REPLY 

MACD • OFFrCH 

IPe 

NACD - ()(x)()()()()()DDDDDDDD 

IUS HOTIFlCATlON 

!tACD - OFFFFH 

NO IUS MESSAGE 

NEXT BUS MESSAGE SLOT 

Figure F-1. State Diagram for MACD Bus Messages/Control Codes ~ooo. 

F-8 



iAPX 432 Interconnect ARM Memory Bus 

BUS SWITCHING 

The BIUs and MCUs in a system are capable of automatically switching 
memory buses when an error occurs. Each BIU and MCU contains a state 
machine that monitors the current state of the bus and of the error 
report logs to determine if and when to switch to an alternate bus. 
Interconnect components may be commanded to switch buses by means of 
the Attach, Detach, and Bus Interchange commands. 

The three diagrams on the following pages present state transition 
diagrams that describe bus switching activity. In Figure F-2, the 
fully general version of the bus switching state machine is provided. 
Figure F-3 shows simplified versions of bus switching activity in a 
large continuous processing system and in a mlnlmum continuous 
processing system. In Figure F-2, F-3, and F-4 the four-digit binary 
number inside each state element corresponds to the 4-bi t bus state 
code located in the State register (BIU Register 06 and MCU Register 
06). 

Other configurations are possible, but they will not perform automatic 
bus switching. In these cases, bus switching must be performed under 
program control by direct access of the Bus State bits in the State 
register. This direct control of bus switching must be performed only 
when the interconnect system is in a quiescent state. 
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LEGEND: AN - ATTACH FR~ NORMAL BUS 
AB - ATTACH FROM BACKL'P BUS 
DN - DETACH FROM NORMAL BUS OR PERMANENT BrS ERROR 
DB - DETACH FROM BACKUP BUS OR PERHANE~T BllS ERROR 
RED - REDUNDANT Bt.:S IS ENABLED 

iAPX 432 Interconnect ARM 

1 - INTERCHANGE BrSSES 
SPARE - SPARE BCS AVAILABLE 
4WAY - FOl'R WAY II\T£RLE..;,n:-':G 
PME - PERMA.."lEKT MODL'U ERROl'. 
INIT - INITlAlIZATlO:\ 

Figure F-2. General State Machine for Memory Bus Switching F-0003 
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AN::= ATTACH NORMAL BUS 
AB::= ATTACH BACKUP BUS 
DN::= DETACH NORMAL BUS 
DB::= DETACH BACKUP BUS 
I:: = INTERCHANGE COMMAND 

Memory Bus 

Figure F-3. State Machine for Large Continuous Processing System 
F-0450 
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LEGEND: .u; - ATTACH FROM NORMAl ilL'S 
AS - ATTACH FROM BACKLTP Res 
ON - DETACH FROM NORMAl BUS OR PERMANENT BUS ERROR 

DB - DETACH FROM BACKUP BUS OR PERMANENT BUS ERROR 
1 - INTERCHANGE BL'SSES 
RED - REOL'NDANT Bes IS ENABLED 
SPARE - SPARE Bl'S IS AVAILABLE 

2 BUSSl:.S (0 At\O 2) 
I GOP Al\D 1 I P 
REDUNDA.q BL'S HABLED 
NO INTERLEAVI};G 

Figure F-4. State Machine for Minimum Continuous Processing System 
F-0002 
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