















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































AND Immediate Upper Half Extended Ones (NIUO)

D6 R2 R3 |

The AND of the I-field extended on the right with 16 ones and the content of register R3 replace
the content of register R2. Condition status bits LT, EQ and GT are affected.

OR (O)
E3 R2 R3
0 8 12 15
The OR of the contents of registers R2 and R3 replaces the content of register R2. Condition
status bits LT, EQ and GT are affected.
OR Immediate Lower (OIL)
C4 R2 R3 I
0 8 12 16 31

The OR of the I-field extended on the left with 16 zeroes and the content of register R3 replaces
the content of register R2. Condition status bits LT, EQ and GT are affected.
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OR Immediate Upper (OIU)

C3 R2 R3 I

The OR of the I-field extended on the right with 16 zeroes and the content of register R3 replaces
the content of register R2. Condition status bits LT, EQ and GT are affected.

Exclusive OR (X)

E7 R2 R3

The EXCLUSIVE OR of the contents of registers R2 and R3 replaces the content of register R2.
Condition status bits LT, EQ and GT are affected.

Exclusive OR Immediate Lower Half (XIL)

C7 R2 R3 I

The EXCLUSIVE OR of the I-field extended on the left with 16 zeroes and the content of register
R3 replaces the content of register R2. Condition status bits LT, EQ and GT are affected.
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Exclusive OR Immediate Upper Half (XIU)

D7 R2 R3 I

The EXCLUSIVE OR of the I-field extended on the right with 16 zeroes and the content of register
R3 replaces the content of register R2. Condition status bits LT, EQ and GT are affected.

Count Leading Zeroes (CLZ)

F5 R2 R3

The content of register R2 is replaced by the binary representation of the number of leading zeroes
in the lower half of register R3 (that is, the number of zeroes to the left of the leftmost 1 bit in the
lower half of register R3).

Note: If the lower half of register R3 is equal to 0, the content of register R2 is replaced by the
binary representation of 16.
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Shifts

Shift instructions operate on either the content of a register or a register half. Immediate form shifts
specify a shift amount of 0 to 31 bits to the left or right based on the value of the immediate field.
Indirect shifts specify a shift amount of 0 to 63 bits to the left or right based on the low-order six
bits of register R3. A shift amount greater than 31 bits results in a 32-bit shift. All shifts set the
condition status bits LT, EQ and GT according to the resultant algebraic value returned to the
register. All instructions except the shift algebraic right instructions supply zeroes to the vacated bit
positions.

All shift instructions are unprivileged.

Shift Algebraic Right (SAR)

BO R2 R3

The content of register R2 is shifted right the number of bit positions specified by bits 26-31 of
register R3. Bits equal to the original sign bit (bit 0) are supplied to the vacated high-order
positions. Condition status bits LT, EQ and GT are affected.

Shift Algebraic Right Immediate (SARI)

A0 R2 I

The content of register R2 is shifted right the number of bit positions specified by the I-field. Bits
equal to the original sign bit (bit 0) are supplied to the vacated high-order positions. Condition
status bits LT, EQ and GT are affected.
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Shift Algebraic Right Immediate Plus Sixteen (SARI16)

Al

R2

12

15

The content of the register R2 is shifted right the number of bit positions specified by the I-field
plus 16. Bits equal to the original sign bit (bit 0) are supplied to the vacated high-order positions.
Condition status bits LT, EQ and GT are affected.

Shift Right (SR)

B8

R2

R3

12

15

The content of register R2 is shifted right the number of bit positions specified by bits 26-31 of
register R3. Zeroes are supplied to the vacated high-order positions. Condition status bits LT, EQ

and GT are affected.
Shift Right Immediate (SRI)
A8 R2 I
0 8 12 15

The content of register R2 is shifted right the number of bit positions specified by the I-field.
Zeroes are supplied to the vacated high-order positions. Condition Status bits LT, EQ and GT are

affected.
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Shift Right Inmediate Plus Sixteen (SRI16)

A9

R2

12

15

The content of register R2 is shifted right the number of bit positions specified by the I-field plus
16. Zeroes are supplied to the vacated high-order positions. Condition status bits LT, EQ and GT

are affected.

Shift Right Paired (SRP)

B9

R2

R3

12

15

The content of the register R2, shifted right the number of bit positions specified by bits 26-31 of
register R3 with zeroes supplied to the vacated high-order positions, is placed in the twin register
R2. The content of register R2 is not affected. Condition status bits LT, EQ and GT are affected.

Shift Right Paired Immediate (SRPI)

AC

R2

12

15

The content of register R2, shifted right the number of bit positions specified by the I-field with
zeroes supplied to the vacated high-order positions, is placed in the twin register R2. The content
of register R2 is not affected. Condition status bits LT, EQ and GT are affected.
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Shift Right Paired Immediate Plus Sixteen (SRPI16)

The content of register R2, shifted right the number of bit positions specified by the I-field plus 16
with zeroes supplied to the vacated high-order positions is placed, in the twin of register R2. The
content of register R2 is not affected. Condition status bits LT, EQ and GT are affected.

Shift Left (SL)

BA R2 R3

The content of register R2 is shifted left the number of bit positions specified by bits 26-31 of
register R3. Zeroes are supplied to the vacated low-order positions. Condition status bits LT, EQ

and GT are affected.
Shift Left Inmediate (SLI)
AA R2 I
0 8 12 15

The content of the register R2 is shifted left the number of bit positions specified by the I-field.
Zeroes are supplied to the vacated low-order positions. Condition status bits LT, EQ and GT are
affected.
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Shift Left Immediate Plus Sixteen (SLI16)

R2

12

15

The content of register R2 is shifted left the number of bit positions specified by the I-field plus 16.
Zeroes are supplied to the vacated low-order positions. Condition Status bits LT, EQ and GT are

affected.
Shift Left Paired (SLP)
BB R2 R3
0 12 15

The content of register R2 shifted is left the number of bit positions specified by bits 26-31 of
register R3 with zeroes supplied to the vacated low-order positions is placed in the twin of register
R2. The content of register R2 is not affected. Condition status bits LT, EQ and GT are affected.

Shift Left Paired Immediate (SLPI)

R2

12

15

The content of register R2 is shifted left the number of bit positions specified by the I-field with
zeroes supplied to the vacated low-order positions is placed in the twin of register R2. The content
of register R2 is not affected. Condition status bits LT, EQ and GT are affected.
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Shift Left Paired Inmediate Plus Sixteen (SLPI16)

The content of the register R2 is shifted left the number of bit positions specified by the I-field plus
16 with zeroes supplied to the vacated low order positions is placed in the twin of register R2. The
content of register R2 is not affected. Condition status bits LT, EQ and GT are affected.
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System Control

The system control instructions provide a means of examining and manipulating the state of certain
processor facilities. This is done through two subclasses of instructions. The first subclass operates
on the contents of the system control registers. These instructions allow the reading or writing of
any SCR or the setting or clearing of any of the low-order 16 bits of the SCR. A second subclass of
instructions within this class provides the necessary software interface to the interrupt facility
described in “Interrupts” on page 11-19.

The instructions that deal with the SCRs provide a general capability of operating on any of the
SCRs. However, because of the definition of certain SCRs, not every operation on an SCR gives a
predictable result. Moreover, bits in any SCR that have been specified as reserved bits cannot be
used in a predictable manner. These exceptional cases are specified along with the instruction
definitions. Finally, all SCRs except the ICS (SCR 14) are dynamically changed by the processor,
often asynchronously to instruction sequencing. Therefore, a read of an SCR following a write does
not necessarily get the same data that was written.

Only certain system control instructions are unprivileged. The unprivileged instructions are MTS,
MFS, SETSB, and CLRSB when the SCR referred to by these instructions is the MQ or CS, and the
SVC instruction. An attempt to execute any other system control instruction in unprivileged state
causes the privileged instruction exception bit in the program check status to be set and a program
check to occur. Refer to “Program-Check Status” on page 11-87 for a description of the program
check status.

Move to SCR (MTS)

B5 SRB R3

The content of system control register SRB is replaced by the content of register R3. Any reserved
bits in the specified SCR are not set to predictable values. If the specified SCR is the IAR (SCR
13), the results of this instruction are unpredictable.
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Move from SCR (MFS)

96

SRB

R3

12

15

The content of register R3 is replaced by the content of system control register SRB. The bits of
register R3 corresponding to reserved bits of the specified SCR are set to unpredictable values. If
the specified SCR is the IAR (SCR 13), the value that is loaded into register R3 is the address of
the instruction immediately following the MFS instruction in system memory.

Clear SCR Bit (CLRSB)

95

SRB

12

15

A bit in the lower half of system control register SRB is set to 0, where the bit is selected by the
immediate I-field. If the selected bit of the SCR is a reserved bit, it is not set to a predictable value.
If the specified SCR is the IAR (SCR 13), the results of this instruction are unpredictable.

Set SCR Bit (SETSB)

97

SRB

12

15

A bit in the lower half of system control register SRB is set to 1, where the bit is selected by the
immediate I-field. If the selected bit of the SCR is a reserved bit, it is not set to a predictable value.
If the specified SCR is the IAR (SCR 13), the results of this instruction are unpredictable.
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Load Program Status (LPS)

| Do [o0RT| R3 I
0 8 12 16 31

The content of the IAR (SCR 13) is replaced by the word in system memory addressed by
0/(R3) plus the sign extended I-field. The content of the ICS (SCR 14) is replaced by the
content of the system memory halfword addressed by 0/(R3) plus the sign extended I-field plus
four. The content of the CS (SCR 15) is replaced by the content of the system memory halfword
addressed by 0/(R3) plus the sign extended I-field plus six. Any reserved bits in the SCRs are set
to unpredictable values. If the processor is on the machine check level (see “Machine-Check
Status” on page 11-86) when the LPS is executed, the content of the MCS is set to 0. If the
processor is on the program check level (see “Program-Check Status™ on page 11-87) when the
LPS is executed, the content of the PCS is set to 0.

If bit 10 of this instruction is a 1, pending memory operations are restarted before instruction
execution is resumed. The exception control register (SCR 9) contains the count and system
memory address of the exception information for operations to be restarted.

If bit 11 of this instruction is a 1, interrupts remain pending until the target instruction of the
LPS instruction has been executed. If bit 11 is 0, interrupts may occur after the LPS instruction
is executed.

Programming Note:

The LPS instructions may be used to return from an interrupt. The LPS instruction may also be
used to trace instruction execution. This is accomplished by setting a bit in the IRB to generate
an interrupt request before executing the LPS instruction. The bit that is set should have a
corresponding interrupt request priority greater than the processor priority that is loaded by the
LPS instruction. If the interrupt mask that is loaded by the LPS is 0, and if bit 11 of the LPS
instruction is a 1, an interrupt occurs after the target instruction of the LPS has been executed.
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Wait (WAIT)

The processor enters the wait state. When the processor is in the wait state, it does not execute
any instructions nor make any memory accesses. The processor exits the wait state on a
interrupt, error, or power-on reset.

Supervisor Call (SVC)

11-82

| Co 1 o [ R3 I

The content of the IAR (SCR 13) is stored into the word in system memory beginning at
address X’190’. The content of the ICS (SCR 14) is stored into the halfword in system memory
beginning at address X’194°. The content of the CS (SCR 15) is stored into the halfword in
system memory beginning at address X’196’. The low-order 16-bits of the 32-bit sum 0/(R3) +
0[16]//1 is stored into the halfword in system memory beginning at address X’19E’. The content
of the TAR (SCR 13) is replaced by the word in system memory beginning at address X’198".
The content of the ICS (SCR 14) is replaced by the content of the halfword in system memory
beginning at address X’1 9C’. Any reserved bits in the IAR and the ICS are set to unpredictable
values.
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Input/Output

Programmed I/0 (PIO) instructions are used to transfer data between the general-purpose registers
and registers in the memory management unit.

All I/O addresses are considered to be device addresses. The upper byte of the I/O address is
checked to be 0. A nonzero high-order byte in the I/0 address causes a program check.

All PIO instructions are unprivileged. Each I/O device determines whether it is a privileged or
unprivileged device. Privileged I/0 devices accept I/0 commands from the processor only when
the processor is in privileged state. An attempt to access a privileged I/O device from unprivileged
state causes the data address exception bit in the program check status to be set and a program
check to occur. See “Privileged and Unprivileged States” on page 11-12 for a description of
privileged I/O device connection, and “Program-Check Status” on page 11-87 for a description of
the program check status.

Input/Output Read (IOR)

CB R2 R3 I

The content of register R2 is replaced by data transferred from the 1/0 device selected by the
effective address 0/(R3) + 0[16]//1. Bits 8-31 of the 32-bit effective address are interpreted as
the I/0 device address. Bits 0-7 of the effective address must be 0.

Input/Output Write (IOW)

DB R2 R3 I

The content of register R2 is transferred to the I/0 device selected by the effective address 0/(R3)
+ 0[16]//1. Bits 8-31 of the 32-bit effective address are interpreted as the I/O device address.
Bits 0-7 of the effective address must be 0.
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1/0O Capability
The system processor provides two capabilities for controlling I/O operations: programmed I/O
(PIO), and I/O interrupts.

Programmed I/0

Two programmed I/0 (PIO) instructions (IOR and IOW) provide I/O operations that are
synchronous to the program. For each PIO instruction executed, a 24-bit I/O address field is sent
to an I/0O device, and data is transferred between the I/O device and a general-purpose register.
These I/O instructions are used to access memory management unit registers.

1/0 Interrupt Requests

I/0 interrupt requests report asynchronous events. Each of these interrupt requests is assigned one

of seven priority levels. Processor logic allows I/O interrupts (unless masked) on a priority basis.
The interrupt facility is described in “Interrupts” on page 11-19.
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RAS Facilities

RAS Facilities provide for:
« Detection of processor errors
o Detection and isolation of program-related errors

e Decreased exposure to data loss and error situations.

Internal Diagnostics

The processor executes an internal microcode routine to perform register initialization when a
processor reset occurs. Successful completion of the register initialization routine normally indicates
that the processor is functional for instruction execution. The internal microcode diagnostic does
not verify any internal bus functions, or other system components. No other system components
are verified by the internal diagnostic.

Machine-Check Errors

Machine-check errors are those errors that are most often caused by hardware malfunctions.

Machine-Check Error Handling

Upon the detection of a machine-check error condition, other than an I/O trap, all current
processor activity is halted, regardless of that activity. If the detected error is an I/0 trap, the
processor completes its current activity before servicing the error. 1/0 traps are reported by
activating the >-TRAP’ input. The processor then takes one of two courses of action, depending on
the value contained in the check stop mask.

If the check stop mask has a value of 0, the processor enters the check stop state when any machine
check error is detected (including an error reported by -TRAP). This preserves the state of internal
processor latches for inspection by a support processor. The 1/0 pin -FAIL’ goes active to indicate
a failure.

If the check stop mask has a value of 1, and a machine-check error is detected other than one
caused by the *~-TRAP’ interrupt input, a reset packet is sent on the processor channel to clear any
pending processor channel operations. If the machine-check interrupt is caused by the ~-TRAP’
interrupt input, the reset packet is not sent on the processor channel. If the check stop mask has a
value of 1, the processor saves the current program status in the old program status location in the
Machine Check Old and New PS Pairs (beginning at location X’170’). The program status for
servicing the error is then loaded from the new program status location except for the condition
status, and the processor attempts to continue execution.
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The machine-check routine must execute a Load Program Status (LPS) instruction to return from
the machine check error.

Machine-Check Status

The machine-check status (MCS) provides a means for reporting hardware malfunctions.
Information is provided to assist an error-servicing routine in determining the type and source of the
error.

The MCS is an 8-bit field in system control register 11. Upon the detection of a machine-check
error, appropriate bits of the MCS are set to ones (except for the parity check bit (bit 18) which is
set whenever the processor receives a reply with invalid data parity).

The MCS is defined as follows:

Bit 16 Processor Channel Check. Set to 1 when a device on the processor channel detects
invalid parity on a processor-generated transfer over an abnormally large number of
retries. This bit is also set when the processor generates an interrupt to report an
processor channel retry that successfully corrected a parity error (See “Interrupt
Control Status” on page 11-24).

Bit 17 Reserved.

Bit 18 Parity Check. Set to 1 whenever the processor receives a reply on the processor
channel with invalid data parity. This bit is set whether or not a machine check occurs.

Bit 19 Instruction Timeout. Set to 1 when the processor fails to receive an expected reply to
an instruction fetch.

Bit 20 Data Timeout. Set to 1 when the processor fails to receive an expected reply to a data
fetch.

Bit 21 Processor Channel Timeout. Set to 1 whenever the processor has been unable to

transfer a request on the processor channel over an abnormally large number of cycles,
and no parity errors have been signalled. The request may be unsuccessful due to busy
responses or unsuccessful arbitration.

Bit 22 I/0 Trap. Set to 1 when an I/0 device signals a trap condition.
Bit 23 Reserved.

The MCS is cleared when a Load Program Status (LPS) instruction is executed to return from the
machine check level.

The MCS provides a summary of processor conditions that are present when a machine-check error
is detected. Thus, multiple bits of the MCS can be set on detection of an error. For example, if bits
16, 19, and 20 of the MCS are set, the processor failed to receive a reply to both an instruction and
a data fetch. In addition, a device on the processor channel has detected invalid parity on a
processor-generated request. In this case, invalid parity on the request has prevented the processor
from successfully transferring both instruction and data requests.
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Program-Check Errors
Program-check errors are those errors that are usually caused by software errors.

Program-Check Error Handling

On the detection of a program-check error condition, the processor completes its current activity
(such as, instruction, timer) unless that activity caused the program-check condition. The
processor then saves the current program status in the old program status location in the
Program Check Old and New PS Pair (beginning at location X’180’). The program status for
servicing the error is loaded from the new program status location, except for the condition
status.

The program-check routine must execute a Load Program Status (LPS) instruction to return
from the program-check error.
Program-Check Status

The Program-Check Status (PCS) provides a means for reporting certain programming errors.
Reported program-check errors include:

e Attempted execution of an unassigned or unimplemented operation code

e Attempted execution of a privileged instruction with the unprivileged state bit (bit 21 of
SCR 14) being set at 1

e An improper data condition which is detected by the execution of a trap instruction
e Attempted access of an invalid memory location.

The PCS is an 8-bit field in system control register 11. On the the detection of a program-check
error, all bits of the PCS are set to zeros. The appropriate bits of the PCS are then set to ones.

The PCS is defined as follows:

Bit 24 Program check with known origin. Set to 1 when a program check occurs and the
location of the failing instruction is determined from the IAR in the old program
status.

Bit 25 Program check with unknown origin. Set to 1 when a program check occurs and the

location of the failing instruction cannot be determined from the IAR in the old
program status.

Bit 26 Program Trap. Set to 1 when a trap exception condition is generated by a trap
instruction.
Bit 27 Privileged Instruction Exception. Set to 1 when the processor attempts to execute a

privileged instruction and the unprivileged state bit (bit 21 of SCR 14) is set to 1.
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Bit 28 Illegal Operation Code. Set to 1 when the attempted execution of an unassigned or
unimplemented operation code or illegal subject of a branch with execute
instruction is detected.

Bit 29 Instruction Address Exception. Set to 1 when no device on the processor channel
responds to a processor instruction fetch request, or when a reply to an instruction
fetch is accompanied by an invalid address indication, or when the processor is in
real mode and the high order address byte is not zero.

Bit 30 Data Address Exception. Set to 1 when no device on the processor channel responds
to a processor data request, or when a device on the processor channel responds to a
data request with an invalid address indication. This bit is also set when an access to
a privileged I/O device is attempted from unprivileged state. It is also set to 1 if the
high order address byte is not 0 and the processor is in real mode or the request is
an I/O Read or I/O Write.

Bit 31 Reserved.
The PCS is cleared by the Load Program Status (LPS) instruction.

The detection of a program trap condition sets bits 24 and 26 to ones. The IAR in the old
program status contains the address of the trap instruction.

The detection of an illegal branch with execute subject instruction sets both bits 24 and 28 to
ones. The IAR in the old program status contains the address of the branch with execute
instruction.

If a data address exception occurs, bit 30 of the PCS is set to 1, and either bit 24 or 25 is set to
1 to indicate the meaning of the IAR in the old program status. If bit 24 is set to |, the IAR in
the old program status contains the address of the instruction that attempted to access the
invalid memory location. If the subject instruction of a branch with execute attempts to access
an invalid memory location, the IAR in the old program status contains the address of the
branch with execute instruction. If bit 25 of the PCS is set to 1, the IAR in the old program
status contains the address of the instruction that was executing when the data address exception
was detected. If this instruction required the data which was accessed at the invalid address, it
did not complete successfully.
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Figure 11-9 provides a summary of program-check errors when address translation and memory

protect are disabled.

Figure 11-10 provides a summary of program-check errors when address translation or memory

protect is enabled.

PCS Bits
Program Check Error 24 25 26 27 28 29 30 31
Invalid instruction 1 0 o 0 0 1 0 o
address
Invalid data address 0 0 1
Successful trap 0 0 0
instruction
Privileged instruction 1 0 0o 1 0 O o0 o
exception
Illegal op-code 1 0 0 o0 1 0O 0 O

Figure 11-9. Program Check Errors (Memory Protect and Address Translation Disabled)

PCS Bits
Program Check Error 24 25 26 27 28 29 30 31
Invalid instruction 1 0 0 0 O 1 o0 O
address
Invalid data address 1 0 0 0
Successful trap 1 0
instruction
Privileged instruction 1 0 0o 1 0 0 o0 O
exception
Illegal op-code 1 0 o 0 1 0 o0 O

Figure 11-10. Program Check Errors (Memory Protect or Address Translation Enabled)
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Simultaneous Program-Check and Machine-Check Errors

Certain hardware error conditions can result in both a program-check and a machine-check error, as
the result of a single request. For example, a memory controller may generate both an exception
reply and activate the >-TRAP’ input to report an uncorrectable memory error (uncorrectable ECC
error or parity error). The exception reply causes a program check, and the -TRAP causes a
machine check. The exception reply is necessary to prevent the processor from using bad data from
the request, and requires "-TRAP’ to report hardware errors at the machine-check interrupt level. If
a machine-check and program-check error occur simultaneously, the processor performs both a
program-check PSW swap, and then a machine- check PSW swap. To guarantee that both the
program-check and machine-check interrupts are properly handled, system devices using both an
exception reply and ~-TRAP’ must report both errors simultaneously. Devices should activate
-TRAP’ when the error is detected, and send an exception indication with the reply.

Once the program-check and machine-check PSW swaps are completed by the processor, the
machine-check interrupt handler is executed. The machine-check and program-check interrupt
handlers must be properly designed to handle this multiple error condition. The machine-check
interrupt handler can determine the reason for the interrupt by examining status bits in the MCS
and status register in each system component. Once the source of the error has been isolated and
logged, the machine-check interrupt handler can complete and should execute an LPS instruction to
return from the machine-check interrupt. Executing an LPS on the machine-check level clears all
bits in the MCS and returns to the next highest priority level. In this case, a program-check
interrupt is pending so the machine-check interrupt handler returns to the program-check interrupt
handler.

System software must be constructed so that sufficient information is available to the
program-check interrupt handler. This determines that the program-check interrupt was due to the
machine check error that was previously handled. If the machine-check interrupt handler performed
all of the steps necessary to service the error, then the program-check interrupt handler executes an
LPS instruction to return from the program-check level. Executing the LPS on the program-check
level clears all bits in the PCS, and returns to the routine that was executing when the error was
detected.

A single error causes both a machine-check and a program-check interrupt, and that both interrupts
must be processed. The machine-check interrupt handler is always executed first, and returns to the
program-check interrupt handler by executing an LPS instruction. Once the program-check
interrupt handler completes, it returns to the routine in which the error was detected by executing
an LPS. Executing an LPS from the machine-check level terminates processing on the
machine-check level, clears all bits in the MCS, and returns to the next highest priority interrupt.
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Multiple Occurrence of Errors
The processor will enter the check-stop state, regardless of the value in the check-stop mask, under
the following conditions:
o The processor is servicing a machine-check error, and another machine-check error is detected.
« The processor is servicing a machine-check error, and a program-check error is detected.
« The processor is servicing a program-check error, and another program-check error is detected.

If the processor is servicing a program-check error and a machine-check error is detected, the
machine-check error is handled as outlined in “Machine-Check Errors’ on page 11-85.
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Memory Management Unit

11-92

The memory management unit attaches to the processor channel and contains the logic required to
interface with up to 16M-bytes of memory. The memory management unit is functionally divided
into the three sections shown in Figure 11-11 on page 11-93. The function of each of these
sections is described below:

1. Processor Channel Interface. This logic consists of the common front end (CFE) macro that
provides the proper protocol from the processor channel to the address translation logic and
memory control logic. All communication to and from the processor channel is handled by this
logic.

2. Address Translation Logic. This logic provides the translation from a virtual address received
from the processor channel to a real address used to access memory. This logic contains a
translation look-aside buffer (TLB) organized as 2-way set associate with 16 congruence
classes. This logic automatically reloads TLB entries from page tables in system memory as
required. Operation and use of the address translation logic is described in “Address
Translation Process” on page 11-93 through “I/O Address Assignments” on page 11-136.

3. Memory Control. This logic provides the address, data, and memory control signals that link
the memory management unit to external RAM and ROS. This logic also provides ECC logic
and dynamic memory refresh control.

In addition to the memory control logic provided in the memory management unit, external interface
logic is contained on the processor board to adapt the memory management unit memory interface
to that required for ROM and RAM.
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Data

Memory Management Unit

RAM
- — | BankA
Processor Common
Channel —————— Front Translate Memory
End Logic Control
o RAM
B B
Address ank

Interface |— » Memory L— ROM
Logic Control

Memory Boards

Figure 11-11. Memory Management Unit Functional Partition

Address Translation Process

Whether an address is treated as virtual (translated) or treated as real is controlled by the value of
the translate mode bit on the processor channel. Each device that places a request on the processor
channel controls the value of the translate mode bit for each request. If the translate mode bit is
active, the address is treated as a virtual address and is translated. When the translate mode bit is
inactive, the address is not translated. A virtual equal-to-real addressing mode that allows selected
virtual addresses to bypass the normal address translation, memory protection, and lockbit
processing is provided. Virtual equal to real mode is enabled by a bit in the translation control
register (see “Translation Control Register” on page 11-117).
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Address Translation Overview

The memory management unit address translation mechanism provides support for the following:
e Multiple independent virtual address spaces

o Address space size of 4 gigabytes

o Demand paging

o Page size of 2048 or 4096 bytes

« Memory protection

o Shared segments for instructions and data

« Special segment support with high resolution protection

¢ Real memory addressability of up to 16 megabytes

+ Reference and change bits for each real page

o Hardware assist for load real address, invalidated TLB entries, and memory exception address.

Memory is treated as if it were mapped onto a single 40-bit virtual address space consisting of 4096
segments of 256 megabytes each. The 32-bit address received from the processor channel is
converted to a 40-bit (''long form virtual'') address by using the four high-order bits to select one of
16 segment registers, and the 12-bit contents which concatenated with the remaining 28 bits of the
effective address. The translation mechanism then converts the 40-bit virtual address to a real
address for memory access.

At any given instant, only 4 gigabytes of memory is addressable, namely the sixteen 256 megabyte
segments specified by the 16 segment registers. This fact allows the operating system to create
multiple independent virtual address spaces by loading appropriate values into the segment registers.
As a limiting case, 256 completely independent 4 gigabyte address spaces can be created in this
manner, although some segments (such as nucleus code) can be shared across multiple address
spaces.

Memory protection similar to System 370 is provided on a 2K or 4K-byte page basis. Memory
protect and fetch protect are supported, with the protect key (equivalent to the key in the S/370
PSW) specified independently for each 256 megabyte segment.

Support for special segments is provided by a set of lock bits associated with each virtual page. The
lock bits effectively extend the memory protection granularity to lines of memory (128 bytes for 2K
pages, or 256 bytes for 4K pages) and allow the operating system to detect and automatically
journal changes to persistent variables.

Each of the 16 segments can be marked as present or not present. The memory management unit
accepts a virtual address only if the selected segment register entry indicates that the segment is
present. This facility allows the virtual address space to be partitioned among multiple memory
management units (or other devices) on the processor channel.
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Isolation of system processor and I/O device access is provided on a segment basis which allows
each segment to be accessible by system processor requests only, I/O device requests only, both
requests, or neither. This function can be used to protect against unauthorized access of memory by
either the system processor or an I/O device (hard file).
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Address Translation Hardware Operation

The incoming 32-bit effective address is first expanded to a 40-bit virtual address by concatenating
a segment identifier to the effective address. The virtual address is then presented to the translation
hardware for conversion to the equivalent real address. Virtual addresses are translated to a real
memory address by the process described in ‘“Segment Register Selection” on page 11-96 through
“TLB Reload from System Memory Page Tables” on page 11-101.

Segment Register Selection

The high-order 4 bits of the incoming effective address index into the segment table to select one of
16 segments. A segment present bit, a system processor access protect bit, an I/O access protect
bit, a 12-bit segment identifier, a special segment bit, and a key bit are obtained from the selected
segment register. The segment present bit indicates the corresponding segment is assigned to the
memory management unit as described in “Segment Registers” on page 11-127. The system
processor access protect bit, the I/O protect bit, the special segment bit, and the key bit are used for
access validation as described in “Memory Access Control” on page 11-108. The 12-bit segment
identifier is used for formation of the virtual address. Figure 11-12 shows the segment table
format.
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Figure 11-12. Segment Register Format

Generation of The Virtual Address

The 12-bit segment identifier is concatenated with bits 4 through 31 of the incoming effective
address to form a 40-bit virtual address. The low-order 11 bits for 2K pages, or 12 bits for 4K
pages, of the effective address are used as the byte address for the selected real page. These bits are
not altered by the translation process. The remaining bits of the virtual address are then presented
to the translation hardware. Figure 11-13 shows the generation of the virtual address using the
segment identifier and the memory effective address.
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Figure 11-13. Generation of Virtual Address

TLB Operation

The memory management unit utilizes a translation look-aside buffer (TLB) to contain translations
of the most recently used virtual addresses. Hardware is used to automatically update TLB entries
from system memory page tables as new virtual addresses are presented to the TLBs for translation.
A simplified data-flow of the translation hardware is shown in Figure 11-14 on page 11-100 and

the format of each TLB is shown Figure 11-15 on page 11-101.
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The memory management unit utilizes two TLBs with 16 entries per TLB (2-way set associative
with 16 congruence classes). The low-order 4 bits of the virtual page index are used to address both
TLBs in parallel. The address tag entry in each TLB is compared with the segment identifier
concatenated with the remaining bits of the virtual page index (25 bits for 2K pages, or 24 bits for
4K pages). If either of the two compares are equal and the TLB entry is valid (as indicated by the
valid bit), the associated TLB contains the translation information for the given virtual address.

The real page number field in the selected TLB entry contains the real page number in system
memory that is mapped to the given virtual address. If this is not a special segment, the access is
checked for memory protect violations using the key bits from the TLB entry and the key bit from
the segment register before the access is allowed. If this is a special segment, as indicated by the
special bit in the segment register, lockbit processing is performed before the access is allowed. The
memory protect facility is described in “Memory Protection Processing” on page 11-109; and
special segment processing is described “Lockbit Processing” on page 11-110. If the access is
permitted, system memory is then accessed, and the reference and change bits associated with the
page are updated. “Reference And Change Bits” on page 11-111 describes the setting of the
reference and change bits.
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Figure 11-15. TLB Contents. One of two TLBs shown.

TLB Reload from System Memory Page Tables

If a match is not obtained from the two TLB compares, the address translation logic attempts to
reload the faulting TLB entry from the page table entries in system memory. The system memory
page table is resident in real memory and logically consists of two parts, a hash anchor table (HAT)
and an inverted page table (IPT). The HAT maps any virtual address to any real page through a
hashing function. The IPT defines which virtual address is currently assigned to each real page.
There is one HAT and one IPT entry for each page of real memory.

Translation of a virtual address to a real address is accomplished by first exclusive ’ORing’ selected
low-order bits of the effective address with bits from the segment identifier. This hashed address is
then used to index into the HAT. The selected HAT entry points to the beginning of a list of IPT
entries to be searched for the given virtual address. Entries in the list of IPT entries to be searched
are linked by a pointer in each entry that points to the next IPT entry to be searched. A flag bit in
the IPT entry indicates the end of the search chain. Since the hashing function can produce the
same HAT address for several different effective addresses, several virtual address entries in the IPT
chain must be searched.
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HAT and IPT Format

11-102

For hardware efficiency reasons, the HAT and IPT are combined into one structure that can be
addressed by one indexing structure. There is one entry in the combined HAT and IPT for each
page of real memory. For example, 1 megabyte of memory organized as 2K-byte pages requires
512 entries and 512K-bytes organized as 4K-pages requires 128 entries. The format of the
combined HAT and IPT entries is shown in Figure 11-16. The HAT/IPT contains 16 bytes for
each entry and starts on an address that is a multiple of the table size.

0 23 7 16 19 31
Word
‘00 Key | R Address Tag
01 E | Res HAT Pointer | L | Res IPT Pointer
10 Reserved |W TID Lock Bits
1 Reserved

L—— Last Bit
Special Segment
Write Protect Bit
Empty Bit

Figure 11-16. System Memory Inverted Page Table Entry Format

The first word in each entry contains the address tag which is composed of the segment identifier

| | virtual page index. Note that for 2K pages the address tag is 29 bits, and for 4K pages it is 28
bits. If a page size of 4K is used, the 28-bit address tag is stored in bits 3 through 30. Bit 2 is
reserved. The first word also contains a 2-bit key that is used for memory protection as described in
“Memory Protection Processing” on page 11-109.

The second word contains the HAT pointer, IPT pointer, and valid bits for each pointer. Use of the
pointers is described in “HAT Address Generation” on page 11-104 and “IPT Search” on
page 11-105.

The third word contains the write protect, lock bits, and TID for special segments. Use of these
fields are described in ‘“Memory Protection Processing” on page 11-109.

The fourth word is not used for TLB reloading, and is reserved for future use.
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HAT/IPT Base Address

The HAT/IPT base address is the starting address for the system memory inverted page table
(combined HAT/IPT), and is computed based on a field in the translation control register (TCR),
the memory size defined by the RAM configuration register, and the page size defined in the
translation control register. The value contained in the HAT/IPT base address field in the TCR is
multiplied by value shown in Figure 11-17 to get the starting address of the HAT/IPT. Also
shown in Figure 11-17 is the size of the HAT/IPT for each memory size and page size.

Memory Size | Page Size | HAT/IPT Size HAT/IPT Base Address
Bytes Bytes (Entries/Bytes Multiplier
64K 2K 32/512 512
64K 4K 16/256 256
128K 2K 64/51K 1024
128K 4K 32/512 512
256K 2K 120/2K 2048
256K 4K 64/1K 1024
512K 2K 256/4K 4096
512K 4K 128/2K 2048
1M 2K 512/8K 8192
M 4K 256/4K 4096
2M 2K 1024/16K 16284
2M 4K 512/8K 8192
4M 2K 1048/32K 32768
4M 4K 1024/16K 16284
M 2K 4096/64K 65536
8M 4K 2048/32K 32768
16M 2K 8192/128K 131072

Figure 11-17 (Part 1 of 2).

HAT/IPT Base Address Multiplier
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Memory Size | Page Size | HAT/IPT Size HAT/IPT Base Address
Bytes Bytes (Entries/Bytes Multiplier

16M 4K 4096/64K 65536

Figure 11-17 (Part 2 of 2). HAT/IPT Base Address Multiplier

HAT Address Generation

The HAT index is computed by exclusive ’ORing’ selected bits from the segment identifier with bits
from the effective address. The number of bits used is chosen so that the resulting index selects one
of the entries in the HAT/IPT. The bits used for generation of the HAT Index are listed in

Figure 11-18. The memory address of the selected HAT entry is computed as: HAT/IPT Base
Address + HAT Index | | 0100.

The selected HAT entry is accessed and the empty bit is checked to determine if the IPT search
chain is empty. If the empty bit is 1, there is no page mapped to the given virtual address and a
page fault is reported as described in “Memory Exception Register” on page 11-119. If the empty
bit is 0, entries in the IPT search chain exist, and they are searched. The HAT pointer field of the
selected HAT entry is then used as a pointer to the start of the IPT search chain.

Memory Page Number Segment Effective Index
Size Size of D Address (Number
(Bytes) (Bytes) Pages Bits Bits of Bits)
64K 2K 32 7-11 16 - 20 5

64K 4K 16 8-11 16 - 19 4

128K 2K 64 6-11 15-20 6

128K 4K 32 7-11 15-19 5

256K 2K 128 5-11 14 -20 7

256K 4K 64 6-11 14 -19 6

512K 2K 256 4-11 13-20 8

Figure 11-18 (Part 1 of 2). HAT/IPT Index Generation Source Fields
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Memory Page Number Segment Effective Index
Size Size of ID Address (Number
(Bytes) (Bytes) Pages Bits Bits of Bits)
512K 4K 128 5-11 13-19 7

M 2K 512 3-11 12-20 9

1M 4K 256 4-11 12-19 8

2M 2K 1024 2-11 11-20 10

M 4K 512 3-11 11-19 9

M 2K 2048 1-11 10-20 11

4iM 4K 1024 2-11 10-19 10

8M 2K 4096 0-11 9-20 12

8M 4K 2048 1-11 9-19 11
16M 2K 8192 0-11 8-20 13
16M 4K 4096 0-11 8-19 12

Figure 11-18 (Part 2 of 2). HAT/IPT Index Generation Source Fields

IPT Search

The HAT pointer previously accessed is used as the starting index into the IPT. The memory
address of the first IPT entry is computed as: HAT/IPT Base Address + HAT Pointer | | 0000.

The first entry in the IPT is accessed and the address tag is compared to the given virtual address. If
the two are equal, the real page assigned to the virtual address has been located, and the faulting
TLB entry can be reloaded. Reloading of the TLB entry is described in “TLB Reload from System
Memory Page Tables” on page 11-101. If the two are not equal, the IPT search continues by
accessing the IPT pointer. The IPT pointer address is computed as: HAT/IPT base address + HAT
pointer | | 0100. The IPT pointer is then accessed, and the last bit is checked to determine if
additional entries in the IPT search chain exist. If the last bit is a 0, there are additional entries and
the search process continues. If the last bit is a 1, there are no additional IPT entries to be
searched, and a page fault is reported as described in “Memory Exception Register” on

page 11-119.

If there are additional IPT entries to be searched, the address of the next IPT entry for searching is
computed as: HAT/IPT Base Address + IPT Pointer | | 0000. This address accesses the next
entry in the IPT search chain; the address tag contained in the selected entry is compared to the
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given virtual address. If the two are equal, the real page assigned to the virtual address has been
located and the faulting TLB entry can be reloaded. Reloading of the TLB entry is described in
“TLB Reload from System Memory Page Tables” on page 11-101. If the two are not equal, the
search process continues by accessing the pointer to the next entry to be searched. The address of
the pointer to the next entry is computed as: HAT/IPT base address + IPT pointer | | 0100. This
word is then accessed, and the last bit is checked to determine if there are additional entries in the
IPT search chain. If the last bit is a 1, there are no additional IPT entries to be searched, and a page
fault is reported as described in ‘“Memory Exception Register” on page 11-119. If the last bit is a 0,
there are additional entries and the search process continues. The current IPT pointer is used to
access subsequent entries using the previously described process, until either the address tag in the
IPT entry is equal to the given virtual address, or no match is found and the last bit indicates no
further entries exist in the search chain.

TLB Reload

If an IPT entry is found with an address tag field equal to the given virtual address, the faulting TLLB
entry is reloaded. Reloading consists of selecting the least recently used TLB entry for the
congruence class of the faulting virtual address and then loading the selected entry with the given
virtual address tag field, the corresponding real page number and the key bits. If this is a special
segment as indicated by the special bit in the segment register, then the write bit, TID, and lock bits
are also reloaded.

Hardware is used to determine the least recently used TLB entry in each congruence class. Since
the low-order bits of the virtual address determine the congruence class, the only decision to be
made is which TLB should have the selected entry replaced. One of the two TLBs is then selected
according to which TLB contained the entry in the given congruence class that was referenced the
furthest in the past.

Once the least recently used TLB entry for the given congruence class is determined, the selected
TLB entry can be reloaded. The address tag field and key bits are reloaded from the IPT entry
contained in system memory. The address of this entry was previously computed in the IPT search
process. Since the IPT index computed in the search process is equal to the real page number, this
value is used to reload the real page number field in the TLB. If this is a special segment, as
indicated by the special bit in the segment register, the write bit, TID, and lock bits are also
reloaded. The write bit, TID, and lock bits are reloaded by accessing the third word in the selected
IPT entry.
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TLB Reload Performance

The time required to reload a TLB entry is a function of the IPT search chain length, and whether
the TLB entry is for a special or nonspecial segment. The TLB reload time can be computed from
the sum of the following components.

« Base time

o IPT search time

« Special segment time

o Page fault time

o Correctable ECC error time.

The base time is approximately equal to 850 nanoseconds.

IPT search time is a function of the IPT search chain length. If the empty bit in the HAT pointer
indicates there are no entries in the IPT, the IPT search time is 0. If the empty bit in the HAT
pointer indicates there are valid entries in the IPT, the IPT search time can be computed as 510
nanoseconds times the number of entries searched in the IPT.

Special segment time is added only for special segments, and is equal to 340 nanoseconds.

Page fault time is added only if a page fault condition is detected during the IPT search. The page
fault time is equal to 170 nanoseconds.

Correctable ECC error time is added for each correctable ECC error, which occurs during the TLB
reload. Each correctable ECC error requires 170 nanoseconds for correction.

For example, consider the calculation of the TLB reload time for special segment which is successful
(that is, no page fault), and a search of two IPT entries. Also, assume no correctable ECC errors
occur during the reload. This results in a total TLB reload time of 850 nsec. + (510 nsec. times 2)
+ 340 nsec., or 2.2 microseconds.
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Memory Access Control

The memory management unit provides three access control facilities. The first facility determines
if an access is allowed, based on the source of the request (either system processor or an I/0
device) and the system processor access protect and I/O access protect bits in the selected segment
register. After an access has been validated on a segment basis, there is a second facility that
applies to nonspecial segments which provides read/write protection for each page of real memory.
A third facility applies only to special segments and is used to support the PL.8 Persistent data type.
These access control facilities apply only to translated requests. Memory protection and lockbit
processing are disabled for virtual equal to real mode. Virtual equal to real mode is enabled by the
segment register zero virtual equal to real bit (bit 16) in the translation control register. When this
bit is set to 1, translated accesses to segment register zero are treated as virtual equal to real. If a
violation is detected by any of these facilities, the memory access is terminated and an exception
reported to the system processor as described in “Memory Exception Register’” on page 11-119.

Segment Protection Processing

Segment protection processing applies to all translated requests, including requests made in virtual
equal real mode. The high-order 4 bits of the incoming effective address are used to index into the
segment table to select one of 16 segment registers. A system processor access protection bit and
an I/0 access protection bit are obtained from the selected segment register. These bits, in
conjunction with the source of the request (either system processor or an 1/0 device), determine
whether the requested access is permitted for the selected segment. The source determination of
the request is made by the tag field on the processor channel associated with each request. If the
tag indicates the request is from the system processor, the system processor access protect bit
determines if the access is valid. If the tag is from any device other than the system processor, (such
as the I/0O channel controller) the I/O access protect bit determines if the access is valid. Access is
controlled as shown in Figure 11-19.
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Access System Processor I/0 Access Access
Type Access Protect Bit Protect Bit Permitted
system processor 0 - Yes
system processor 1 - No

1/0 - 0 Yes

I/0 - 1 No

Figure 11-19. Segment Protection Processing

If the access is not allowed, then the translation is terminated, and a segment protection exception is
reported to the system processor as described in “Memory Exception Register” on page 11-119.

Memory Protection Processing

Memory protection processing applies only to virtual requests to nonspecial segments. Memory
protection processing is disabled for virtual equal real accesses. Once a correspondence between a
virtual and a real address is determined by the TLB, the requested access is verified to insure proper
access authority. This facility allows each page to be marked as no access, read only, or read/write.

Access control is a function of the 1-bit protection key in the selected segment register, the 2-bit
key in the TLB entry, and whether the access is a load or store operation. For memory protection
processing, a test-and-set (TSH) operation is treated as a store. Access is controlled as shown in
Figure 11-20 on page 11-110.
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Protect Access Permitted
Key In Key In
TLB Type of Page Seg Reg | Load Store
00 Key O fetch-protected | O Yes Yes

1 No No
01 Key 0 read/write 0 Yes Yes

1 Yes No
10 Public read/write 0 Yes Yes

1 Yes Yes
11 Public read-only 0 Yes No

1 Yes No

Figure 11-20. Protection Key Processing

If the access is not allowed, then the translation is terminated, and a protection exception is reported
to the system processor as described in ‘“Memory Exception Register” on page 11-119.

Lockbit Processing

11-110

Lockbit processing applies only to virtual requests to special segments as indicated by the special bit
in the selected segment register. Lockbit processing is disabled for virtual equal real accesses.
Lockbit processing allows the operating system to automatically monitor changes to persistent
variables and to journal changes, create shadow pages, and perform other processing required for
data base consistency. Lockbits also extend the protection from the page size resolution (either 2K
or 4K-bytes) provided by the memory protect facility to lines of either 128 or 256 bytes. A
resolution of 128 bytes is provided for 2K pages, and 256 bytes for 4K pages. The individual line
lockbit is selected by bits (21-24) of the effective address for 2K pages, and bits (20-23) for 4K
pages. The proper lockbit is selected by these four bits with a value of 0000 selecting lockbit zero
(bit 16 in the lockbit field in the HAT/IPT entry), and a value of 0001 selecting lockbit one (bit 17
in the lockbit field in the HAT/IPT entry). The selection of the proper lockbit continues in this
manner with a value of 1111 selecting lockbit fifteen (bit 31 in the lockbit field in the HAT/IPT
entry).

Access control is a function of the 1-bit write key in the selected TLB entry, the lockbit value of the
selected line, the TID compare, and whether the access is a load or store operation. For lockbit
processing, a test-and-set (TSH) operation is treated as a store. Access is controlled as shown in
Figure 11-21.
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Current TID Write Lockbit Value Access Permitted
Compared to | Bit For
TID In TLB In TLB Selected Line Load Store

1 Yes Yes
Equal 1

0 Yes No

Yes No

Equal 0

0 No No
Not Equal — —_ No No

Figure 11-21. Lockbit Processing

The data memory exception reports a lockbit violation. This violation may not represent an error; it
may be simply an indication that a newly modified line must be processed by the operating system.

Reference And Change Bits

Reference and change bits are provided for each page of real memory. These bits are in arrays
external to the memory management unit and are updated, as required, for each memory access.
The reference bit is set to 1 if the corresponding real page is accessed for either a read or write
operation. The change bit is set if the corresponding page is written.

Reference and change bits are accessible via I/O read and write instructions (IOR and IOW) from
the system processor. Reference and change bits for each page of real memory start at the I/O
address specified by the I/O Base Address Register plus X’1000’. The I/0 address of the reference
and change bits for a given page when 2K pages are used (TCR bit 23 set to zero) is given by the
following equation.

1/0 Address =  Address Specified by I/O Base Address Register X’1000’ Page Number

The I/O address of the reference and change bits for a given page when 4K pages are used (TCR
bit 23 set to 1) is given by the following equation.

I/0O Address =  Address Specified by I/O Base Address Register X’1000’Page Number * 2

Each I/0 address contains the reference and change bits for one page of real memory. The format
of the reference and change bits is shown in Figure 11-22.
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Reserved R|C

Figure 11-22. Reference and Change Bit Format

Data transferred by accesses to reference and change bits is defined as follows:
Bits 0-29 Reserved.

Bit 30 ‘Reference Bit. Set to 1 when the corresponding real page is accessed for a read or
write operation.

Bit 31 Change Bit. Set to 1 when the corresponding real page is accessed for a write
operation.

Reference and change bits are not initialized by hardware. They are initialized and cleared by
system software via IOW instructions. Since reference and change bits can be set or cleared by
program execution, a write to clear or set reference and change bits followed by a read, will not
necessarily read the same data that was written.

Translated accesses which do not have a corresponding TLB entry causes a superfluous memory
access to the last page of the 16M-byte real memory address space. This superfluous access causes
the reference bit for this page (page 8191 for 2K page size systems, and page 4095 for 4K page size
systems) to be set. There are no other side effects from this superfluous access, other than setting
of the reference bit for the last page.
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Control Registers

There are 4 control registers used for defining the I/O base address, the RAM and ROM memory
configuration, and the translation control information. There are 2 registers used to report errors
detected by memory management unit, one register for use with the Compute Real Address
function, one for the transaction identifier, and 16 segment registers. These registers are accessed
by system software via I/O read and I/0O write (IOR and IOW) instructions from the system
processor. These registers are accessible only from privileged state. All control registers are
initialized to O by the power-on-reset (POR) sequence.

I/0 Base Address Register

The 1/0 base address register specifies which 64K block of I/O addresses are assigned to memory
management unit. The I/O base address is equal to the value contained in the I/0 base address
register multiplied by 65536 (X’10000’). The format of the I/O base address register is shown in
Figure 11-23.

0 24 31

RESERVED 1/0 BASE ADDR

Figure 11-23. 1/0 Base Address Register

The I/0 base address register is defined as follows:
Bits 0-23 Reserved.

Bits 24-31 1/0 Base Address. This 8-bit value defines which 64K-byte block of 1/O addresses
are assigned to the memory management unit (these 8 bits are the most significant 8
bits in the I/O address recognized by memory management unit).

RAM Specification Register

The RAM specification register defines the RAM size and RAM starting address. The format for
the RAM specification register is shown in Figure 11-24 on page 11-114.
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20 28 31

Reserved Starting Addr Size

Figure 11-24. RAM Specification Register

The RAM specification register is defined as follows:

Bits 0-19
Bits 20-27

Size

64K
128K
256K
512K
1M
2M
4M
SM
16M

Reserved.

RAM Starting Address. This 8-bit field defines the starting address of RAM for
nontranslated accesses. Translated accesses are unconditionally directed to RAM.
For nontranslated accesses, the RAM starting address is used in conjunction with
RAM Size to determine if an address is within the address range specified for
memory management unit. The starting address of RAM is defined as a binary
multiple of the RAM size, and is computed by multiplying the bits indicated below
by the value specified by RAM Size.

Bits Bits

20 21 22 23 24 25 26 27 Multiplier

> P4 4K X X

X X X 64K
X X - 128K
X - - 256K
- - - 512K
- - = 1M
M
4M
- - - - - M
- - - = - 16M

(R
[P > X

(R R R Rl

I P4 X K a4 X

X = bit used in address calculation
— = bit not used in address calculation

For example, if a memory size of 256K is specified, bits 20-25 specify which one
of sixty four 256K-byte boundaries is the RAM starting address. If bits 20-25 are
011101, the RAM starting address is X’00740000°. If a RAM size of 1M-byte is
specified, bits 20-23 specify which one of 16 1M-byte boundaries is the RAM
starting address. If bits 20-23 are 1001, the RAM starting address is
X’00900000°.

Note: To provide memory for the system processor PSWs, the RAM starting
address must be set to zero.
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Bits 28-31 RAM Size. This 4-bit field defines the size of RAM attached to memory
management unit. RAM size is selectable from 64K-bytes to 16M-bytes as
defined below.

Bits 28-31 RAM Size
0000 No RAM
0001

thru

0111 64K
1000 128K
1001 128K
1001 256K
1010 512K
1011 1M
1100 M
1101 iM
1110 SM
1111 i6M

ROM Specification Register

The ROM specification register defines the ROM starting address, ROM size, and whether parity is
provided by ROM. ROM can be accessed only in non translated mode. The format of the ROM
specification register is shown in Figure 11-25.

0

19 20 28

31

Reserved

[

Starting Addr

Size

Figure 11-25. ROM Specification Register

The ROM specification register is defined as follows:
Bits 0-18 Reserved.

Bit 19 [P] ROM Parity Enable. This bit is used to enable internal memory management unit
parity checking for ROM accesses. When this bit is set to 1, parity is checked by
the memory management unit for ROM accesses (the ROM has parity bits).
When set to 0, parity is not checked by the memory management unit for ROM
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accesses. In both cases, the memory management unit generates parity for
processor channel replies to ROM requests.

Note: Parity is not implemented on the processor board ROM, which requires
that this bit always be set to 0.

Bits 20-27 ROM Starting Address. This eight-bit field defines the starting address of ROM
for nontranslated accesses. For nontranslated accesses, the ROM starting address
is used in conjunction with ROM size to determine if an address is within the
address range specified for this memory controller. The starting address of ROM
is defined as a binary multiple of the ROM size, and is computed by multiplying
the bits indicated below by the value specified by ROM size.

Note: The processor board provides only a 64K-byte ROM.

ROM Bits Bits

Size 20 21 22 23 24 25 26 27 Multiplier
64K X X X X XX XX 64K
128K X X XX X X X - 128K
256K X X X X X X - - 256K
512K X X X X X - - - 512K
1M X X X X - - - = M
2M X X X - - - = = 2M
4M X X - - - - = - M
sM X - = = - - - - SM
16M - - - - - - - - 16M

X = bit used in address calculation
— = bit not used in address calculation

For example, if a ROM size of 64K is specified, bits 20-27 specify which one of
256 64K-byte boundaries is the ROM starting address. If bits 20-27 are
11001000, the ROM starting address is X’00C80000°.
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Bits 28-31 ROM Size. This 4 bit field defines the size of ROM attached to the memory
management unit. The processor board provides a 64K-byte ROM. ROM sizes
of 128K thru 16M are not supported.

Note: The processor board provides a 64K-byte ROM. ROM sizes of 128K to
16M are not supported by the system processor board. The ROM size bits must
be set to either no ROM or 64K-byte only.

Bits 28-31 ROM Size
0000 ‘No ROM
0001

thru

0111 64K
1000 128K
1001 256K
1010 512K
1011 1M
1100 2M
1101 4M
1110 sM
1111 16M

Note: If the ROM address space, as defined by the ROM starting address and the ROM size,
overlaps any of the RAM address space, as defined by the RAM starting address and the RAM size,
the results are unpredictable. This means that if any ROM is used (bits 28 - 31 not zero ), the
maximum RAM size is 8M.

Translation Control Register

The translation control register (TCR) specifies:

» If segment register zero accesses are treated as virtual equal to real

« If interrupts are generated on a successful processor channel parity error retry
o If RAS diagnostic mode is enabled

o If unusually long IPT searches are terminated

« If interrupts are generated on correctable ECC errors

o If interrupts are generated on successful hardware TLB reload,

o The size of each page (either 2K or 4K-bytes)
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o The starting address of the system memory page table (combined HAT and IPT).

The translation control register format is shown in Figure 11-26.

0

16 31

Reserved |V |E (D |1 |C |R|-|S| HAT/IPT Addr

Figure 11-26. Translation Control Register

The translation control register is defined as follows:

Bits 0-15
Bit 16 (V)

Bit 17 (E)

Bit 18 (D)

Bit 19 ()

Reserved.

Segment Register Zero Virtual Equal To Real. When set to 1, all accesses to
segment register zero are treated as a real (untranslated) address. In this mode,
memory protection checking and lockbit processing are disabled, and the low-order
24 bits of the 32-bit virtual address are used as the memory address. Contents of
the TLBs are not altered by virtual equal to real accesses. When segment register
zero virtual equal to real is set to 0, normal protection processing and address
translation applies to virtual accesses to segment register zero.

Interrupt On Successful Parity Error Retry. When set to 1, this bit enables a
machine check interrupt, unless RAS diagnostic mode is enabled, when a processor
channel retry successfully completes a memory management unit reply that was
previously unsuccessful due to detection of a parity error by the receiving device. A
successful parity error retry sets the ACKD and NAKD bits in the MER (bits 15 and
16) to 1. When interrupt on successful parity error retry is set to 0 or RAS
diagnostic mode is enabled (TCR bit 18 set to 1), no interrupt results from a
successful retry.

Enable RAS Diagnostic Mode. When set to 1, this bit enables ECC diagnostic
checking. When set to 0, diagnostic mode is disabled. When RAS diagnostic mode
is enabled, all machine check interrupts and exception replies (except addressing
errors) from the memory management unit are disabled. Also, all store operations
use the alternate check bits stored in the RMDR instead of the memory management
unit generated ECC check bits for the stored data. See “RAS Mode Diagnostic
Register” on page 11-132 for a complete description of RAS diagnostic mode.

Terminate Long IPT Search. When set to 1, this bit terminates hardware searching
of the IPT after 127 entries have been compared in a given search chain, and a
matching entry is not found. When the IPT search is terminated, an exception reply
is generated and the IPT specification error bit (bit 25) in the MER is set to 1.
When terminate long IPT search is set to 0, the IPT search continues until a
matching entry is found, or until the end of the search chain is detected.
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Bit 20 (C)

Bit 21 (R)

Bit 22
Bit 23 (S)

Bits 24-31

Since each IPT search chain should contain only a few entries, use of this facility will
normally report only software errors in constructing the search chains. Unusually
long search chains, or search chains which contain an infinite loop are detected and
reported by enabling this facility.

Enable Interrupt On Correctable ECC Error. When set to 1, this bit enables
reporting of correctable ECC errors via the machine check interrupt line to the
system processor, unless RAS diagnostic mode is enabled. A correctable ECC error
sets the correctable ECC error bit (bit 21) in the MER to one, and the MEAR is
loaded with the memory address of the correctable error, if it is not locked. The
MEAR is then locked to all subsequent real errors and no further ECC error
machine check interrupts are reported until the RMDR is read. When enable
interrupt on correctable ECC error is set to 0 or RAS diagnostic mode is enabled
(TCR bit 18 set to 1), correctable ECC errors are not reported.

Enable Interrupt On Successful TLB Reload. This bit enables reporting of
successful hardware TLB reloading. When set to 1, a successful hardware TLB
reload generates a exception reply, and sets the TLB reload bit (bit 22) in the MER
to 1. When enable interrupt on successful TLB reload is set to 0, successful
hardware reloading of TLB entries is not reported. This facility is used for software
performance measurement of the TLBs.

Reserved.

Page Size. A value of 0 is used for 2K-byte pages, and a value of 1 is used for
4K-byte pages.

HAT/IPT Base Address. This 8-bit field specifies the starting address of HAT/IPT
entries in system memory. The value contained in this field is multiplied by a
constant determined by the size of real memory and the page size, to determine the
starting address of the HAT/IPT entries. For a page size of 2K-bytes, the base
address is specified by bits 25-31, and for 4K-pages by bits 24-31. The constant for
each memory size and page size configuration is listed in Figure 11-17 on

page 11-103.

Memory Exception Register

The memory exception register (MER) reports errors in the translation process, system errors, and
ECC errors for a memory access. Individual bits are provided to report each error condition
detected by the memory management unit. In multiple errors, each error is reported by setting of
the appropriate bit. Bits which were set by previous errors are not reset by subsequent errors.

The MER is initialized to 0 by the POR sequence. Once an exception is reported, system software
is responsible for clearing the MER (via an IOW instruction) after the exception is processed.
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The memory management unit provides a -PGM Check output to report suspected software errors.
The - PGM Check output is activated when software related errors are detected. Reading the MER
by an IOR instruction resets the -PGM CHECK output.

The memory exception register format is shown in Figure 11-27.

0 14 31

Reserved VIA(IN|B|(O|[L{U|(C|T}-({W|I|E|M|F|S|P|D

Figure 11-27. Memory Exception Register

The memory exception register is defined as follows:
Bits 0-13 Reserved.

Bit 14 (V) Segment Protection Violation. This bit is set to 1 when translation is terminated
because segment protection processing determines that a memory access is not
allowed. This bit is set only for protection errors detected during the processing of
system processor generated requests.

Detection of a segment protection violation for any processor channel request
generates a exception reply, unless RAS diagnostic mode is enabled. If the segment
protection violation is caused by a system processor generated load or store, and the
MEAR is not locked, the MEAR is loaded with the effective address causing the
segment protection violation, and is set to the locked state.

Bit 15 (A) Processor channel ACKD. This bit is set to the value of the processor channel data
cycle ACK signal when a reply from the memory management unit to another device
on the processor channel is rejected. This bit, combined with the processor channel
NAKD bit, allows software to determine the reason a reply was rejected. The four
combinations of ACKD and NAKD are defined below:

ACKD NAKD Meaning

No Device Responded

Device Busy

Transfer Successful

=l Bl K=R K=}
=IO =]

Parity Error

Whenever a memory management unit reply is rejected, the memory management
unit will retry the reply two times.
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Bit 16 (N)

Bit 17 (B)

Bit 18 (O)

Programming Note: Setting Of ACKD And NAKD Bits

The processor channel ACKD and NAKD bits are loaded with the proper values
whenever an processor channel retry occurs. This can occur during system
operation, or when a support processor is used for system testing. In normal system
operation, the ACKD and NAKD bits are loaded if there is no response to a memory
management unit reply (ACKD=0, NAKD=0), a device responds busy to a memory
management unit reply (ACKD=0, NAKD=1), or a device indicates a parity error
to a memory management unit reply (ACKD=1, NAKD=1).

System software reads the value of the ACKD and NAKD bits to determine the
reason a reply was rejected. Software is responsible for resetting these bits once
they have been read.

Processor channel NAKD. This bit is set to the value of the processor channel data
cycle NAK signal when a reply from the memory management unit to another device
on the processor channel is rejected. This bit, combined with the processor channel
ACKD bit, allows software to determine the reason a reply was rejected. The four
combinations of ACKD and NAKD are defined above.

Invalid Memory Address. This bit is set to 1 when an address is within the address
range specified for ROM or RAM by the ROM specification register and RAM
specification register, but is not within the address range defined on the ROM and
RAM memory boards attached to the memory management unit. For example, if
the RAM specification register defines 4M-bytes of RAM starting at address 0, and
only 3M-bytes of memory are actually attached to the memory management unit, an
address from 0 to 4M will be accepted by the memory management unit, but
addresses greater than 3M set this bit (invalid memory address). This bit is set for
invalid memory addresses generated by any processor channel device.

Detection of an invalid memory address generates an exception reply for read
accesses or translated write accesses, and activates the program check interrupt line
for nontranslated write accesses. The MEAR is loaded with the invalid memory
address, if it is not locked.

Invalid I/O Address. This bit is set to 1 when an I/O operation to a reserved
address within the 64K address range recognized by the memory management unit is
detected, or when an I/O read to a write only address (such as a read to the address
for purge TLB, purge TLB segment, purge TLB entry, or load real address) is
detected.

Detection of an invalid I/O address generates an exception reply for I/O reads,
unless RAS diagnostic mode is enabled, and activates the program check interrupt
line for I/0O writes. The MEAR is loaded with the invalid I/O address, if it is not
locked.
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Bit 19 (L)

Bit 20 (U)

Bit 21 (C)

Bit 22 (T)

Bit 23
Bit 24 (W)

Bit 25 (I)

Access Type. This bit is set to 1 when an exception is caused by a load, and set to 0
when the exception is caused by a store or test-and-set. This bit is valid only for
segment protection violation, IPT specification error, TLB specification error, page
fault, protection, and data exceptions caused by a system processor load or store.

Uncorrectable Memory Error. This bit is set to 1 when there is an uncorrectable
ECC error.

Detection of an uncorrectable memory error generates an exception reply for read
accesses or translated write accesses, and activates the machine check interrupt line,
unless RAS diagnostic mode is enabled. The MEAR is loaded with the address of
the uncorrectable memory error, if it is not locked. The MEAR is then locked to all
subsequent real errors and ECC error machine checks are not generated until the
RAS mode diagnostic register is read. The RMDR is loaded with ECC bits of the
failing memory operation and locked until read.

Correctable ECC Error. This bit is set to 1, unless the uncorrectable memory error
bit is already set, when a correctable ECC error is detected during a memory
operation for any processor channel device,

If interrupt on correctable ECC error is enabled (TCR bit 20 set to 1), and a
correctable ECC error is detected, the machine check interrupt line is activated,
unless RAS diagnostic mode is enabled. The MEAR is loaded with the memory
address of the correctable ECC error, if it is not locked. The MEAR is then locked
to all subsequent real errors and ECC error machine checks are not generated until
the RAS mode diagnostic register is read. The RMDR is loaded with ECC bits of
the failing memory operation and locked until read.

Successful TLB Reload. This bit is set to 1 when interrupt on successful TLB reload
is enabled (TCR bit 21 set to 1), and a TLB entry is successfully reloaded for any
processor channel device.

If a successful TLB reload occurs and interrupt on successful TLB reload is enabled,
an exception reply is generated, unless RAS diagnostic mode is enabled (such as
successful TLB reload interrupts are disabled whenever RAS diagnostic mode, bit 18
in the TCR, is settoa 1).

Reserved.

Write To ROM Attempted. This bit is set to 1 when an attempt to write to an
address contained in the ROM address space is made by any processor channel
device.

Detection of a write to ROM activates the program check interrupt line. The MEAR
is loaded with the memory address causing the error, if it is not locked.

IPT Specification Error. This bit is set to 1 when:
¢ Terminate long IPT search is enabled (TCR bit 19 set to 1)
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Bit 26 (E)

Bit 27 (M)

Bit 28 (F)

Bit 29 (S)

o TLB miss causes an IPT search which fails to find a matching IPT entry
o The end of the IPT search chain after 127 IPT entries.

This bit is set only for IPT specification errors detected during the processing of
system processor generated requests. Detection of an IPT specification error for any
processor channel request generates an exception reply, unless RAS diagnostic mode
is enabled. If the IPT specification error is caused by a system processor generated
load or store, and the MEAR is not locked, the MEAR is loaded with the effective
address causing the IPT specification error, and is set to the locked state.

External Device Exception. This bit is set to 1 when an exception (segment protect,
IPT specification error, page fault, protection, or data) is caused by the IOCC.

Multiple Exception. This bit is set to 1 when more than one exception (segment
protect, IPT specification error, page fault, protection, or data) has occurred before
the exception indication has been cleared in the memory exception register and the
MEAR is currently locked with a virtual error. This bit is set only if the multiple
exception is caused by system processor loads or stores.

This bit normally indicates that system software has failed to process an exception.
However, if an exception is caused by a Load Multiple (LM) or Store Multiple
(STM) instruction, this bit can be set since the LM or STM instruction attempts to
load or store all the registers specified in the instruction before the instruction is
terminated due to an exception. If two virtual error bits are set, and the multiple
exception bit is not set, one of the errors was caused by an unexecuted instruction
prefetch.

Page Fault. This bit is set to 1 when:

« Translation is terminated because no TLB entry or system memory page table
entry contains the translation for a virtual address

e A TLB reload operation is in progress when a reset packet is received

e A TLB reload operation is terminated because an invalid address or an
uncorrectable memory error is detected during a TLB reload operation.

This bit is set only for page faults detected during the processing of system processor
generated requests. Detection of a page fault for a IOCC request generates a
exception reply, unless RAS diagnostic mode is enabled. If the page fault is caused
by a system processor load or store, and the MEAR is not locked, the MEAR is
loaded with the effective address causing the page fault, and is set to the locked
state.

TLB Specification. This bit is set to 1 when translation is terminated because two
TLB entries were found for the same virtual address for any processor channel
request.
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Detection of a TLB specification error generates a exception reply and activates the
machine check interrupt line, unless RAS diagnostic mode is enabled. The MEAR is
loaded with the effective address causing the TLB specification error, if it is not
locked, and is set to the locked state.

If a TLB Specification error occurs during a store operation, the store occurs to an
address that is the logical OR of the real page number value in the two matching
TLB entries.

Bit 30 (P) Protection. This bit is set to 1 when translation is terminated because memory
protection processing for a non-special segment determines that a memory access is
not allowed. This bit is set only for protection errors detected during the processing
of system processor generated requests.

Detection of a protection error for any processor channel request generates a
exception reply, unless RAS diagnostic mode is enabled. If the protection error is
caused by a system processor generated load or store, and the MEAR is not locked,
the MEAR is loaded with the effective address causing the protection error, and is
set to the locked state.

Bit 31 (D) Data. This bit is set to 1 when translation is terminated because transaction
ID/lockbit processing for a special segment determines that a memory access is not
allowed. This bit is set only for data errors detected during the processing of system
processor generated requests.

Detection of a data error for any processor channel request generates a exception
reply, unless RAS diagnostic mode is enabled. If the data error is caused by a
system processor generated load or store, and the MEAR is not locked, the MEAR
is loaded with the effective address causing the data error, and is set to the locked
state.

Reading of the MER by Diagnostic Routines

Diagnostic routines must be aware that a cycle of delay exists between the occurrence of a memory
error and the reporting of that error in the MER. If a load or store instruction which is expected to
cause an error is followed immediately by an IOR of the MER, the value returned by the IOR may
not have the corresponding error bits set. A load to register RX should be followed by a CAS RX,
RX, RO and then the IOR to guarantee that the correct MER value is read. If the faulting
instruction is a store, insert an intervening load instruction before the IOR to assure that the correct
MER value is returned.
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Memory Exception Address Register

The memory exception address register (MEAR) contains the 32-bit effective address causing an
exception reported by the memory exception register (MER) for an IPT specification error, page
fault, TLB specification, segment protection violation, protection, or data exception, if the exception
was caused by a system processor generated load or store operation. The MEAR is not loaded for
exceptions caused by system processor instruction fetches, or by IOCC requests for the exceptions
previously listed. System processor generated load and store operations cause the MEAR to be
loaded with the 32-bit effective address causing the exception, if the MEAR is not locked.
Detection of a TLB specification error for any virtual request causes the MEAR to be loaded with
the 32-bit effective address causing the specification exception, if the MEAR is not locked. Once
the MEAR is loaded with an effective address, it is set to the locked state.

In addition, the MEAR contains the 24-bit memory address causing an error reported by the MER
for an invalid memory address, invalid I/O address, uncorrectable ECC error, correctable ECC
error, or write to ROM attempted error. The MEAR is loaded when the system processor or any
other processor channel devices causes one of these errors, and the MEAR is not locked. Loading
of the MEAR with a memory address does not set the MEAR to the locked state. However,
loading of the MEAR for all uncorrectable ECC errors and correctable ECC errors when interrupt
on correctable ECC error or RAS diagnostic mode are enabled (bits 18 or 20 in the TCR set to
one), prevents the MEAR from being loaded by other memory related errors until the RMDR is
read by an IOR instruction. All virtual exceptions will still be loaded into the MEAR for system
processor loads and stores, and the MEAR is then placed in the locked state.

The MEAR is initialized to the not locked state as part of the POR sequence. Writing of the
MEAR as a result of an IPT specification error, page fault, TLB specification, segment protection
violation, protection, or data exception causes the MEAR to be set to the locked state. Locking the
MEAR prevents further exceptions from writing the MEAR. Reading or writing of the MEAR by
software (via an IOR or IOW instruction) sets the MEAR to the not locked state.

In multiple errors (bit 27 of the MER set to one) the MEAR contains the address of the oldest
exception. The memory exception address register format is shown in Figure 11-28.

0 31

Memory Exception Address Register

Figure 11-28. Memory Exception Address Register

The memory exception address register is defined as follows:

Bits 0-31 Memory Exception Address. The 32-bit effective memory address causing the
exception reported by the MER for virtual accesses, or the 24-bit real memory
address reported by the MER for real accesses. The 24-bit real memory address is
contained in bits 8-31, and bits 0-7 are set to 0. In multiple errors (bit 27 of the
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MER set to 1), the address contained in the MEAR is the address of the oldest
exception.

Reading of the MEAR by Diagnostic Routines

Diagnostic routines must be aware that a cycle of delay exists between the occurrence of a memory
error and the loading of the address of that error in the MEAR. If a load or store instruction which
is expected to cause an error is followed immediately by an IOR of the MEAR, the value returned
by the IOR may not have the corresponding error address. A load to register RX should be followed
by a CAS RX,RX,R0 and then the IOR to guarantee that the correct MEAR value is read. If the
faulting instruction is a store, insert an intervening load instruction before the IOR to assure that the
correct MEAR value is returned.

Translated Real Address Register

The translated real address register (TRAR) contains the real memory address determined by the
Compute Real Address operation. The Compute Real Address function is used to determine if a
virtual address is currently mapped in real memory, and the corresponding real address if the virtual
address is mapped. The Compute Real Address function is described in “Compute Real Address”
on page 11-135. The translated real address register format is shown in Figure 11-29.

0 1 7 8 31
1{00 0 0 0 00O Real Memory Address

Figure 11-29. Translated Real Address Register

The translated real address register is defined as follows:

Bit 0 (I) Invalid Bit. This bit is set to 1 if the translation failed, and is set to O if the
translation is successful. Segment protection, memory protect, and lockbit checking
are not included in determination of the invalid bit.

Bits 1-7 Zeros. This 7-bit field is always 0.

Bits 8-31 Real Memory Address. This 24-bit field contains the real memory address mapped
to the given virtual address if translation was successful. This field is unpredictable
if translation fails.
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Transaction Identifier Register

The transaction identifier register (TID) contains the eight-bit identifier of the task currently
defined as the owner of special segments. If a segment is defined as a special segment by the special
bit in the selected segment register, then lockbit processing as described in “Lockbit Processing” on
page 11-110 applies to the memory access. Lockbit processing uses the value contained in the TID
and compares it against the TID entry in the TLB to determine if the memory access is permitted.
The format of the transaction identifier register is shown in Figure 11-30.

Reserved Transaction ID

Figure 11-30. Transaction Identifier Register

The transaction identifier register is defined as follows:
Bits 0-23 Reserved.

Bits 24-31 Transaction Identifier. This 8-bit value specifies the owner of special segments.

Segment Registers

The sixteen segment registers contain the segment present bit, the system processor access
protection bit, the I/O access protection bit, the segment identifier, special bit, and key bit. The
segment present bit indicates whether the corresponding segment is assigned to the memory
management unit. The system processor and I/ access protect bits indicate whether system
processor or I/0 accesses are permitted to the corresponding segment. The 12-bit Segment
Identifier specifies one of 4096 256M-byte virtual memory segments. The special bit indicates this
is a special segment and lockbit processing applies. The key bit indicates the level of access
authority associated with the currently executing task with respect to memory accesses within the
given segment. The format of each segment register is shown in Figure 11-31.

Reserved PR | I Segment ID S| K

Figure 11-31. Segment Register (One Of Sixteen)

The content of each segment register is defined as follows:
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Bits 0-14

Bit 15 (P)

Bit 16 (R)

Bit 17 (I)

Bits 18-29
Bit 30 (S)

Bit 31 (K)

TLB Entries

11-128

Reserved.

Segment Present. This bit is set to 1 if the corresponding segment is assigned to the
memory management unit. A virtual request will only be accepted by the memory
management unit if the selected segment is assigned to the memory management
unit. Virtual requests which select a segment that is not assigned to the memory
management unit (segment present bit set to 0) are not accepted. This facility
allows multiple memory management units (or other processor channel devices) to
accept only selected virtual addresses.

System Processor Access Protect. This bit is set to O if system processor accesses
are allowed for the given segment, and set to 1 if system processor accesses are not
allowed for the given segment. Use of this bit for segment protection is described in
“Segment Protection Processing” on page 11-108.

1/0 Access Protect. This bit is set to 0 if I/O (non system processor) accesses are
allowed for the given segment, and set to 1 if I/O (non system processor) accesses
are not allowed for the given segment. Use of this bit for segment protection is
described in “Segment Protection Processing” on page 11-108.

Segment Identifier. This 12-bit quantity specifies one of 4096 256M-byte virtual
memory segments.

Special Bit. This bit is set to 1 for special segments, and set to 0 for non special
segments.

Key Bit. This bit determines the level of access authority of the currently executing
task for accesses within the given segment. Use of this bit for memory access
control is described in “Memory Protection Processing’ on page 11-109.

Each of the two TLBs contain sixteen entries, which provide the necessary translation and control
information for the conversion of a virtual address to a real address. In addition, each TLB entry
contains information used for memory access control. Since the TLB contents are automatically
updated from the system memory page table by hardware, writing of a TLB entry followed by a
read will not necessarily read the same data which was written. Also, altering TLB entries can
cause unpredictable results since the correspondence between virtual and real addresses will be
destroyed. Access to the TLB contents is provided for diagnostic purposes only, and should only be
made in non-translated mode. A write to a TLB entry in non-translated mode with all other
translated accesses disabled, followed by a read, will read the same data that was written.

Each TLB entry is logically a 66-bit quantity composed of:
e A 25-bit address tag
e A 13-bit real page number
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« A valid bit

e« A 2-bit key

e A write bit

« A 8-bit transaction ID
« And 16 lockbits.

Each TLB entry is partitioned into three fields which are individually addressable. The format for
each of the TLB fields are described in ‘“TLB Address Tag” on page 11-129 through “TLB Write

Bit, Transaction ID, and Lockbits” on page 11-131.

TLB Address Tag

The TLB Address Tag field contains the high-order 25 bits of the segment identifier | | virtual page
index for 2K pages, and the high-order 24 bits for 4K pages. The format of the address tag field for
each TLB entry is shown in Figure 11-32.

28 31

Res

Address Tag

Res

Figure 11-32. TLB Address Tag Field (One Of Sixteen Per TLB)

The content of each TLB address tag field is defined as follows:

Bits 0-2
Bits 3-27

Bits 28-31

Reserved.

Address Tag. This field contains the high-order 25 bits of the segment identifier | |
virtual page index for 2K pages, and the high-order 24 bits for 4K pages. For 4K

pages, the address tag is contained in bits (3-26).

Reserved.
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TLB Real Page Number, Valid Bit, and Key Bits

This field contains the real page number assigned to the virtual address contained in the address tag
field of the TLB entry. This field also includes a valid bit to indicate the given TLB entry contains
valid information, and key bits for the access authority required for a given page. The format of this
field for each TLB entry is shown in Figure 11-33.

0 16 29 3t
| Reserved I Real Page Number I \ I Keyl

Figure 11-33. TLB Real Page Number, Valid, and Key Bits (One of Sixteen Per TLB)

The content of the real page number, valid, and key Bits field is defined as follows:
Bits 0-15 Reserved.

Bits 16-28 Real Page Number (RPN). This 13-bit field specifies one of 8192 real pages. If less
than 8192 pages are implemented, only those low-order bits required to address the
number of implemented pages are used. The RPN is contained in bits (16-27) for
4K pages, and in bits (16-28) for 2K pages. Bit 28 is 0 for 4k pages.

Bit 29 (V) Valid Bit. This bit is 1 when the selected TLB entry contains valid information.
This bit is 0 if the TLB entry contains invalid information.

Bits 30-31 Key Bits. This 2-bit field defines the access authority for each page. Use of the key
bits are described in ‘“Memory Protection Processing” on page 11-109.
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TLB Write Bit, Transaction ID, and Lockbits

This field contains the write bit, transaction ID, and lockbits assigned to the virtual address
contained in the address tag field of the TLB entry, if the TLB entry is for a special segment. The
format of this field for each TLB entry is shown in Figure 11-34.

0 7 8 16 31

Reserved | W | Transaction ID | Lockbits

Figure 11-34. Write Bit, Transaction ID, and Lockbits (One of Sixteen Per TLB)

The content of each TLB write bit, transaction ID, and lockbit field is defined as follows:
Bits 0-6 Reserved.

Bit 7 (W) Write Bit. This bit defines the access authority associated with each page for special
segments. Use of this bit in lockbit processing is described in “Memory Protection
Processing” on page 11-109.

Bits 8-15 Transaction Identifier. This 8-bit field defines the task which currently owns the
selected page within a special segment. Use of these bits in lockbit processing are
described in “Memory Protection Processing” on page 11-109.

Bits 16-31 Lockbits. This 16-bit field defines the access authority for each line within a 2K or
4K page for special segments. A line is 128 bytes for 2K pages, and 256 bytes for
4K pages. Use of these bits in lockbit processing are described in ‘“Memory
Protection Processing” on page 11-109.
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RAS Mode Diagnostic Register

11-132

The RAS mode diagnostic register (RMDR) is used to verify operation of the ECC logic, and to
identify failing bits in memory. The RMDR allows systems software to determine which memory
bits are failing by examining the check bits read from the location causing the ECC error. Alternate
ECC check bits can be supplied from a field in the RMDR to verify proper operation of the ECC
logic in the memory management unit. The format of the RMDR is shown in Figure 11-35.

0 16 24 3

Reserved | Check Bits | Alternate Bits

Figure 11-35. RAS Mode Diagnostic Register

The RAS mode diagnostic register is defined as follows:
Bits 0-15 Reserved.

Bits 16-23 Array Check Bits. This 8-bit field is loaded with the eight ECC check bits read
from RAM for the first load or read-modify-write store (such as store character,
store half, or test-and-set) when a correctable or uncorrectable ECC error is
detected and RAS diagnostic mode or interrupt on correctable ECC error are
enabled (bits 18 or 20 of the TCR set to 1). If RAS diagnostic mode and
interrupt on correctable ECC error are disabled (bits 18 and 20 of the TCR set to
0), this field will be loaded only by uncorrectable ECC errors. Once this field is
loaded, the value in the RMDR is locked, and is not altered until the RMDR is
read by system software via an IOR instruction. The MEAR remains locked to all
memory related errors until the RMDR is read. The eight array check bits are
read only, an I/O write to these bits will not alter their value. The
correspondence of the eight array check bits to the eight ECC check bits
described in “ECC Checking” on page 11-141 is defined below:

RMDR Bit ECC Check Bit

Bit 16 ECCO
Bit 17 ECC1
Bit 18 ECC2
Bit 19 ECC3
Bit 20 ECC4

Bit 21 ECCs
Bit 22 ECC6
Bit 23 ECC7
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Bits 24-31 Alternate Check Bits. This 8-bit field contains alternate ECC check bits that are
written to RAM for store accesses when RAS diagnostic mode is enabled (bit 18
of the TCR set to 1). This field allows software to supply a source of ECC check
bits for diagnostic or error recovery procedures. When RAS diagnostic mode is
enabled, the alternate check bits are supplied to the RAM as ECC check bits in
place of the ECC check bits which are normally generated by internal memory
management unit hardware. When RAS diagnostic mode is disabled (bit 18 of the
TCR set to 0), check bits generated by the internal memory management unit
ECC logic are supplied to RAM. The correspondence of bits in this field to ECC
check bits are defined below:

RMDR Bit ECC Check Bit
Bit 24 ECCO
Bit 25 ECC1
Bit 26 ECC2
Bit 27 ECC3
Bit 28 ECC4
Bit 29 ECC5
Bit 30 ECCé6
Bit 31 ECC7
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Translation Assist Functions

The memory management unit provides hardware support for frequently required translation
functions. This hardware provides the ability to selectively invalidate TLB entries, and to perform a
"compute real address' function.

Purging TLB Entries

As changes to the virtual-to-real address mapping are made, it is necessary for system software to
synchronize the contents of the TL.Bs with the contents of the page table in system memory.
Entries must be purged (invalidated) to ensure that obsolete mapping information is not used for a
subsequent translation.

The memory management unit provides three functions to assist in the synchronization of TLB
entries with the contents of the page table in system memory. These functions can be used to
invalidate the entire TLB contents, or to invalidate only selected TLB entries. These functions are
invoked by I/O write instructions (IOW) directed to specific I/O addresses within the 64K-byte
block of I/0 addresses recognized by the memory management unit. The address assignment for
each of these functions is given in “I/O Address Assignments” on page 11-136.

Invalidate Entire TLB

This function causes all TLB entries to be invalidated. This will force the TLB contents to be
updated from page tables in system memory for subsequent translations.

An I/O write to the address associated with this function causes all TLB entries to be invalidated.
The data transferred by the I/O write instruction is not used.

Invalidate TLB Entries In Specified Segment

11-134

This function causes all TLB entries with the specified segment identifier to be invalidated.
Subsequent translations using this segment identifier causes the TLB contents to be updated from
page tables in system memory.

An I/0 write to the address associated with this function causes TLB entries with the specified
segment identifier to be invalidated. Bits (0-3) of the data transferred by the 1/O write instruction
are used to select the segment identifier. All TLB entries containing this segment identifier are
invalidated. Subsequent translations with an effective address within the invalidated segment causes
the TLB contents to be updated from the page table in system memory.
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Invalidate TLB Entry For Specified Effective Address

This function causes the TLB entry with the specified effective address to be invalidated.
Subsequent translations with an effective address within the page containing the specified effective
address causes the TLB contents to be updated from the page table in system memory.

An I/0 write to the address associated with this function causes the TLB entry with the specified
effective address to be invalidated. Bits (0-31) of the data transferred by the I/O write instruction
are used as the effective address. The normal translation process is applied using the segment
register contents contained in the memory management unit.

Compute Real Address

The compute real address function is used by system software to determine if a given virtual address
is currently mapped in real memory, and what real address is assigned to the virtual address if it is
mapped.

The compute real address function is invoked by an I/O write to the address associated with this
function. Bits (0-31) of the data transferred by the 1/0 write instruction are used as the effective
address. This effective address is then used for the normal translation process, except the results of
translation are loaded into the translated real address register (TRAR), rather than being used to
access memory. The TRAR contains a bit indicating whether the translation was successful, and the
corresponding real memory address if the translation was successful. The indication of successful
translation ignores the segment protection and present bits, as well as normal memory protection
processing and lockbit processing. Results of the compute real address function are obtained by an
1/0 read of the TRAR.
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I/0O Address Assignments

A 64K-byte block of I/0 addresses are assigned to the memory management unit. This 64K-byte
block begins at an I/O address specified by the I/O base address register (see “I/O Base Address
Register”’). The I/O base address is defined to be on 64K boundaries. The I/O address
assignments listed below are displacements in the specified 64K-byte block. The absolute I/0
address is equal to the I/O base address plus the hex displacement as shown below.

Hex
Displacement Assignment

0000-000F  Segment Registers O through 15

0010 1/0 Base Address Register

0011 Memory Exception Register

0012 Memory Exception Address Register
0013 Translated Real Address Register
0014 Transaction ID Register

0015 Translation Control Register

0016 RAM Specification Register

0017 ROM Specification Register

0018 RAS Mode Diagnostic Register

0019-001F  Reserved

0020-002F TLBO Address Tag Field for TLBO entries 0 through 15

0030-003F TLBI1 Address Tag Field for TLBO entries O through 15

0040-004F  TLBO Real Page Number, Valid Bit, and Key Bits for TLBO entries O through 15
0050-005F TLBI1 Real Page Number, Valid Bit, and Key Bits for TLBO entries O through 15
0060-006F  TLBO Write Bit, Transaction ID, and Lockbits for TLBO entries O through 15
0070-007F TLB1 Write Bit, Transaction ID, and Lockbits for TLBO entries O through 15

0080 Invalidate Entire TLB

0081 Invalidate TLB Entries In Specified Segment

0082 Invalidate TLB Entry For Specified Effective Address
0083 Load Real Address

0084-0FFF Reserved
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1000-2FFF  Reference and Change bits for pages 0 through 8191
3000-FFFF Reserved.
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I1/0 Base Address Register Initialization

Before any control registers in the memory management unit can be accessed, the I/O base address
register must be initialized to define which 1/O addresses are assigned to the memory management
unit. Initializing the I/O base address register gives addressability to the other control registers in
the memory management unit. The address of the various control registers are defined in “I/0
Address Assignments” on page 11-136.

1/0 address X’808000’ is reserved for initialization purposes, and provides access to the I/O base
address register. System software must first execute an I/O write instruction to this address to
define which I/O addresses are assigned to the memory management unit. Since the memory
management unit I/0 base address register is loaded with all zeros at POR, the memory
management unit recognizes all valid I/O addresses in the first 64K of the I/O address space until a
different value is written into the I/O base address register using an IOW instruction. Once the I/0O
base address register contents are defined, the other I/O registers in the memory management unit
can be initialized by 1/O write instructions to the individual registers. Once the contents of the I/O
base address register are defined, the I/O base address register is addressable at two separate I/0
addresses; at address X’808000° and at the address within the specified I/O address range of the
memory management unit.

Memory Management Unit Control Register Initialization

11-138

Once the I/0 base address register has been initialized, system software can then initialize other
memory management unit control registers using I/O write instructions to the address of the
individual control registers. System software will normally first define the actual size and beginning
address of RAM and ROM. The memory management unit will initially accept any memory
request, and direct it to RAM or ROM. The determination of whether the request is to RAM or
ROM is based on whether the first access after POR was a read or write. If the first access was a
read, all memory requests are directed to ROM. If the first access was a write, all memory requests
are directed to RAM. Master mode is disabled by initializing either the RAM specification register
or the ROM specification register. System software must insure that the address defined in the
ROM specification register or the RAM specification register provides access to the instructions
being used for initialization purposes. Once an I/O write is executed to define the ROM
specification register or the RAM specification register, master mode is disabled, and only memory
addresses within the range specified by the initialized specification register is be accepted. Incorrect
specification of the ROM specification register or RAM specification register can result in system
lock-up, since the memory management unit will no longer recognize addresses generated by the
system processor. An example of the proper initialization sequence of the ROM specification
register and RAM specification register is given below.

Assuming that the memory management unit is initialized to master mode, and ROM is used to
contain the initialization code, the address map recognized by the memory management unit before
the ROM specification register or the RAM specification register is initialized is shown in
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Figure 11-36 part A. The ROM image is repeated at all addresses in the memory map. For
example, with a 64K-byte ROM, the 64K-byte ROM image repeats every 64K-bytes. This means
that the first word in the ROM can be accessed at address X’000000’, X’010000’, X’020000’,

. . . X’FF0000’, and the second word at X’000004’, X’010004’, X°020004°, . . . X’FF0004’,
with the last word at addresses X’00FFFC’, X’01FFFC’, X’02FFFC’, . . . X’FFFFFC’. Since
the ROM is 32 bits wide, the byte address of consecutive words differ by four.

FFFFFF
ROM Not Not
Recognized Recognized
FE0000
ROM ROM ROM
FD0000
Not
Recognized
100000
ROM
O0F0000
Not RAM
020000 Recognized
ROM
010000
ROM
000000
A B C
Master Mode, ROM Spec Reg ROM and RAM
ROM Spec Reg Initialized Spec Reg
Not Initialized Initialized

Figure 11-36. Address Space Recognized by Memory Management Unit During Initialization

The initialization code in ROM must first define the actual ROM address space by writing the
appropriate size and base address information to the ROM specification register. Assuming that the
ROM size is 64K- bytes, and it is desired to start the ROM address space at X’FD0000’, writing the
ROM specification register with this information would change the address map recognized by the
memory management unit to that shown in Figure 11-36 part B. Be aware that addresses which
were previously recognized by nature of master mode, are no longer recognized. The initialization
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code contained in ROM must be written assuming it is at the address range specified by the value it
writes to the ROM specification register. If the IAR used by the system processor for fetching
subsequent instructions after the I/O write of the ROM specification register is not within the range
defined by the ROM specification register, the memory management unit will fail to accept any
instruction fetches and the system processor will time-out and machine check. The initial IAR
contained in ROM location 000000 should contain the address of instructions within the ROM
address range written to the ROM specification register by these instructions.

After initializing the ROM specification register, the RAM specification register can be initialized to
define the RAM address range recognized by the memory management unit. Once the ROM
specification register and RAM specification register have been initialized, the memory management
unit accepts memory requests for addresses within each range, and will appropriately direct that
request to either ROM or RAM. Assuming that 1M-byte of RAM is defined starting at address
X’000000’, the memory address map recognized by the memory management unit after
initialization of the RAM specification register is shown in Figure 11-36 part C. RAM should be
defined starting at address X’000000’, since the system processor PSW vectors require RAM at
addresses X’000100’ through X’000190°.

For example, after POR, loading ROM location 0 with X’E80004’ causes the system processor to
begin execution with the instruction contained in the second word of the ROM. If that first
instruction is a branch absolute to location X’E80008’, the system processor continues execution
with the instruction located in the third ROM word. The ROM starting address in the ROM
specification register can then be loaded with X’E8’ while still allowing the memory management
unit to accept ROM instruction fetches. Once the ROM specification register is loaded, the RAM
specification register can be safely loaded with the proper values for the system configuration. At
that point, RAM accesses are accepted by the memory management unit.

Note: Because of the POR sequence just described, ROM must be able to recognize two address
ranges, X’00XXXX’ and X’E8XXXX’. This means that if address checking is performed for ROM
addresses, only those bits actually used to access the ROM are checked for their proper value. The
high order address bits are checked by the memory management unit ROM specification register.
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ECC Checking

The memory management unit implements 32/40 ECC which detects and corrects all single bit
failures, and detects all double bit failures. In addition, the 32/40 code detects several multiple bit
failures not detected by a 32/39 code. ECC check bits are computed as an exclusive OR of the
data bits shown in Figure 11-37.

Data
ECC

Byte 0 Byte 1 Byte 2 Byte 3 Check
Bits 0-7 Bits 0-7 Bits 0-7 Bits 0-7 Bit

10101010 | 10101010 | 11000000 | 11000000 | ECCO
01010101 | 01010101 ([ 00110000 | 00110000 | ECCI1
11111111 | 00000000 | 00001100 | 00001100 | ECC2
00000000 | 11111111 | 00000011 | 00000011 | ECC3
11000000 | 11000000 | 11111111 | 00000000 [ ECC4
00110000 | 00110000 | 00000000 | 11111111 |[ECCS5
00001100 | 00001100 | 10101010 | 10101010 [ECCe6
00000011 | 00000011 | 01010101 | 01010101 | ECC7

Figure 11-37. Check Bit Matrix For 32/40 ECC

bit used in check bit generation

1=
0 = bit not used in check bit generation
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Appendix A. Instruction Mnemonics

Instruction Set By Mnemonic

The following table lists the instruction set by mnemonic and provides information for
instruction execution time. These are typical execution times, and do not include potential
degradation due to concurrent DMA operations.

Mnemonic

A

ABS

AE

AEI

Al

AIS
BALA
BALAX
BALI
BALIX
BALR
BALRX
BB

BBR

BBRX

Op-Code

EF

Format

(R)

Instruction

Add
Absolute
Add Extended
Add Extended Immediate
Add Immediate
Add Immediate Short
Branch And Link Absolute
Branch and Link Absolute With Execute
Branch And Link Immediate
Branch And Link Immediate With Execute
Branch And Link
Branch And Link With Execute
Branch On Condition Bit Immediate
Unsuccessful
Successful
Branch On Condition Bit
Unsuccessful
Successful
Branch On Condition Bit With Execute
Unsuccessful
Successful

Cycles

~~
—
~—

NN NN

[P UV Y

Note
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Mnemonic

BBX

BNB

BNBR

BNBRX

BNBX

Op-Code
8F

88

E8

E9

89

Format

(BD)

(BD)

(R)

(R)

(BD)

(R)
(D)
D)
(X)
(D)
(R)
(D)
(R)
(R)
(D)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(D)

Instruction

Branch On Condition Bit Immediate With Execute
Unsuccessful
Successful
Branch On Not Condition Bit Immediate With
Execute
Unsuccessful
Successful
Branch On Not Condition Bit
Unsuccessful
Successful
Branch On Not Condition Bit With Execute
Unsuccessful
Successful
Branch On Not Condition Bit Immediate With
Execute
Unsuccessful
Successful
Compare
Compute Address Lower Half
Compute Address Lower Half 16-Bit
Compute Address Short
Compute Address Upper Half
Compute Address 16-Bit
Compare Immediate
Compare Immediate Short
Compare Logical
Compare Logical Immediate
Clear Bit Lower Half
Clear Bit Upper Half
Clear SCR Bit
Count Leading Zeros
Divide Step
Decrement
Extend Sign
Increment
Input/Output Read

Cycles

N
\]

[ N S I N e e e e e R B Y B
~~
—
~—

Note
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Mnemonic Op-Code Format Instruction Cycles Note
1 (0)%Y DB (D) Input/Output Write 2
JB 08-0F J1) Jump On Condition Bit
Unsuccessful 1
Successful 5-7 1
JNB 00-07 J1) Jump On Not Condition Bit
Unsuccessful 1
Successful 5-7 1
L CD (D) Load 1-6 2
LC CE (D) Load Character 1-6 2
LCS 4 (DS) Load Character Short 1-6 2
LH DA (D) Load Half 1-6 2
LHA CA (D) Load Half Algebraic 1-6 2
LHAS b} (DS) Load Half Algebraic Short 1-6 2
LHS EB (R) Load Half Short 1-6 2
LIS A4 (R) Load Immediate Short 1-6 2
LM 9 (D) Load Multiple 3
LPS DO (D) Load Program Status 12-16 6
LS 7 (DS) Load Short 1-6 2
M E6 (R) Multiply Step 4 (1) 7
MCO03 F9 R) Move Character Zero From Three 1
MCI13 FA (R) Move Character One From Three 1
MC23 FB (R) Move Character Two From Three 1
MC33 FC (R) Move Character Three From Three 1
MC30 FD (R) Move Character Three From Zero 1
MC31 FE (R) Move Character Three From One 1
MC32 FF (R) Move Character Three From Two 1
MES 96 (R) Move From SCR 2
MFTB BC (R) Move From Test Bit 1
MFTBIL 9D (R) Move From Test Bit Immediate Lower Half 1
MFTBIU 9C (R) Move From Test Bit Immediate Upper Half 1
MTS BS (R) Move To SCR 3(4) 7
MTTB BF (R) Move To Test Bit 1
MTTBIL 9F (R) Move To Test Bit Immediate Lower Half 1
MTTBIU 9E (R) Move To Test Bit Immediate Upper Half 1
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N
NILO
NILZ
NIUO
NIUZ
0]

OIL
Oo1u
ONEC
S

SAR
SARI
SARI16
SE
SETBL
SETBU
SETSB
SF

SF1

SIS

SL

SLI
SLI16
SLP
SLPI
SLPI16
SR

SRI
SRI16
SRP
SRPI
SRPI16
ST
STC

(R)
(D)
(D)
(D)
(D)
(R)
(D)
(D)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(D)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(R)
(D)

D) -

Mnemonic Op-Code Format Instruction

And

And Immediate Lower Half Extended Ones
And Immediate Lower Half Extended Zeroes
And Immediate Upper Half Extended Ones
And Immediate Upper Half Extended Zeroes
OR

OR Immediate Lower Half

OR Immediate Upper Half

Ones Complement

Subtract

Shift Algebraic Right

Shift Algebraic Right Immediate

Shift Algebraic Right Immediate Plus Sixteen
Subtract Extended

Set Bit Lower Half

Set Bit Upper Half

Set SCR Bit

Subtract From

Subtract From Immediate

Subtract Immediate Short

Shift Left

Shift Left Immediate

Shift Left Immediate Plus Sixteen

Shift Left Paired

Shift Left Paired Immediate

Shift Left Paired Immediate Plus Sixteen
Shift Right :

Shift Right Immediate

Shift Right Immediate Plus Sixteen

Shift Right Paired

Shift Right Paired Immediate

Shift Right Paired Immediate Plus Sixteen
Store :

Store Character

[NE Y O Y S U T U E G W A e e e e i e e e

Cycles  Note
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Mnemonic Op-Code Format Instruction Cycles Note
STCS 1 (DS) Store Character Short » 2-6 4
STH DC (D) Store Half 2-6 4
STHS 2 (DS) Store Half Short . 2-6 4
STM D9 (D) Store Multiple 5
STS 3 (DS) Store Short , 2-6
SvC Co (D) Supervisor Call 16-20 6
TGTE BD (R) Trap If Register Greater Than Or Equal
Unsuccessful , 2
Successful 16
TI CC (D) Trap On Condition Immediate
Unsuccessful 2
Successful 16
TLT BE (R) Trap If Register Less Than
Unsuccessful ' 2
Successful 16
TSH CF (D) Test And Set Half 1-6 2
TWOC E4 (R) Twos Complement 1
WAIT FO (R) Wait 1
X E7 (R) Exclusive OR 1
XIL C7 (D) Exclusive OR Immediate Lower Half 1
XIU D7 (D) Exclusive OR Immediate Upper Half 1
Notes:

1.

Execution cycles for successful branch instructions and jump instructions depend on system
memory conditions, and the alignment of the branch or jump target instruction. Execution
cycles do not include any TLB reload times if there is a TLB miss. Actual execution cycles

~are determined by the following conditions:

Execution time is 5 cycles if the target instruction is in a nonbusy memory bank, and is
either a 2-byte instruction, or is a 4-byte instruction aligned on:a full-word boundary.

Execution time is 6 cycles if the target instruction is in a busy memory bank, and is
either a 2-byte instruction, or is a 4-byte instruction aligned on a full-word boundary.
Execution time is also 6 cycles if the target instruction is in a nonbusy memory bank
and is a 4-byte instruction not aligned on a full-word boundary.

Execution time is 7 cycles if the target instruction is in a busy memory bank, and is a
4-byte instruction not aligned on a full-word boundary.
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2. Execution cycles for load instructions and Test and Set Half (TSH) depends on whether
address translation is enabled, and which subsequent instruction uses the load (or TSH) data
if address translation is disabled. Execution cycles also depend on whether the load
instruction accesses data in system memory or on the I/O channel. Actual execution cycles
are determined by the following conditions:

If address translation is enabled, using the original processor board, the system processor
unconditionally waits for a response from the memory management unit before
executing the next instruction. This is necessary to guarantee that the load instruction
can be restarted if there is a memory management exception. In this case, the load
instruction executes in 5 cycles if the load operand is in a nonbusy memory bank, and 6
cycles if the bank is busy. These times do not include any TLB reload times, if there is
a TLB miss.

If address translation is disabled, using either processor board, the system processor
continues to execute subsequent instructions while the load is being processed by the
memory management unit, if the subsequent instructions do not require data from the
load instruction. If the load data is required, the system processor waits until the data is
returned by the memory management unit before the next instruction is executed. The
load data is available after 5 cycles if the load operand is in a nonbusy bank, and 6
cycles if the bank was busy. This results in a minimum load execution time of 1 cycle if
no subsequent instructions use the load data before the 5 (or 6) cycles have elapsed. For
example, assume there is a load to a nonbusy memory bank, and there are three
single-cycle instructions after the load which do not use the load data, and the fourth
instruction does use the load data. In this case, the load executes in one cycle, and the
next three instructions execute in one cycle each. However, the fourth instruction that
requires the load data must wait for 2 cycles for the load to complete. In this case, the
load appears to execute in 3 cycles (1 for the load plus 2 waits). Additional cycles can be
required for Loads and Stores if the previous instruction is held off due to memory or
PMUC contention.

If the load instruction references data in an adapter on the I/O channel, execution time
is dependent on the speed of the adapter. For typical adapters, the load instruction
executes in 9 to 11 cycles for the original processor and 15 to 20 cycles for the advanced
Pprocessor.

3. Execution cycles for Load Multiple (LM) depend on .whether address translation is enabled,
and the number of registers loaded by the LM instruction. The number of registers loaded
by the LM instruction is represented by R in the following equations.

The number of execution cycles is independent of translation mode.

- 3+ 2*R When R is even.

- 4 + 2*R When R is odd

These times do not include any TLB reload times, if there is a TLB miss. Refer to

Appendix B for serialization and synchronization effects caused by the advanced
processor.
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Execution cycles for store instructions depend on whether address translation is enabled or
disabled. If address translation is disabled, execution time for store instructions is 2 cycles. If
address translation is enabled, execution time for store instructions is 5 cycles if the store is
to a nonbusy memory bank, and 6 cycles if it is to a busy bank. Store execution times with
address translation enabled do not include any TLB reload times, if there is a TLB miss.
The execution time for Stores can increase by 0, 1, or 2 cycles due to I-fetch traffic.

Execution cycles for Store Multiple (STM) depend on whether address translation is
enabled, and the number of registers stored by the STM instruction. The number of registers
stored by the STM instruction is represented by R in the following equations. Actual
execution cycles are:

e 3 4+ 3*R If address translation is enabled.
e 2 4+ 2*R If address translation is disabled.

These times do not include any TLB reload times, if there is a TLB miss when address
translation is enabled. Refer to Appendix B for serialization and synchronization effects
caused by the advanced processor.

Execution cycles for Load Program Status (LPS) and Supervisor Call (SVC) varies based on
previous instruction. Minimum and maximum execution cycles are shown for both LPS and
SVC. Refer to Appendix B for serialization and synchronization effects caused by the
advanced processor.

Execution cycles required with the advanced processor board are listed in parenthesis.
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Privileged Instructions

Mnemonic Op-Code
CLRSB 95

LPS DO

MFS 96

MTS BS
SETSB 97
WAIT FO

Format

(R)
(D)
(R)
(R)
(R)
(R)

Instruction

CLEAR SCR BIT

LOAD PROGRAM STATUS
MOVE FROM SCR

MOVE TO SCR

SET SCR BIT

WAIT

Note: Clear SCR Bit (CLRSB), Move From SCR (MFS), Move To SCR (MTS), and Set SCR
Bit (SETSB) are privileged if the referenced SCR is the Counter Source (SCR 6), Counter
(SCR7), Timer Status (SCR8), Machine Check Status (SCR 11), Program Check Status (SCR
11), Interrupt Request Buffer (SCR 12), Instruction Address Register (SCR 13), or the Interrupt
Control Status (SCR 14). Clear SCR Bit (CLRSB), Move From SCR (MFS), Move To SCR
(MTS), and Set SCR Bit (SETSB) are unprivileged if the referenced SCR is the Multiplier
Quotient (SCR 10), or the Condition Status (SCR 15).

A-8 Reference Manual




TNL SN20-9844 (March 1987) to 75X0232

Appendix B. Advanced Processor Board

This appendix describes the changes made to the original processor board to make it an
advanced processor board. Use this appendix along with Section 11 of this manual. Since only
the advanced processor board changes are discussed in this appendix, you will have to refer to
Section 11 for the information that remained the same as on the original processor board.

Processor Module

The following information summarizes the changes incorporated in the advanced processor
module.

Overlapped Load and Store Operations

For improved system performance in a virtual memory system, the advanced processor overlaps
subsequent instruction execution with memory and [/O accesses whenever possible. In the event
of an exception during a memory access (such as page fault) or I/O access, the advanced
processor saves information concerning the memory or I/O operations in system memory. Once
system software has processed the exception, the failing memory or I/O operations can be
restarted by executing an Load Program Status (LPS) instruction with restart enabled. Execution
of the LPS instruction with restart enabled causes the advanced processor to restart the
previously failing memory or I/O operations before subsequent instruction execution is resumed.

Memory and I/O Operation Restart

Since the advanced processor overlaps memory and I/O accesses with subsequent instruction
execution whenever possible, the machine state can be altered between the time a memory or
I/O operation occurs, and the time an exception is detected. The exception can be due to
various reasons such as page fault, memory protection violation, or generation of an invalid
memory or I/O address. Since the machine state has potentially been modified by the time the
exception is detected, the failing instruction is not guaranteed to be restartable. The machine
state can be modified by execution of subsequent instructions that modify the Instruction
Address Register (IAR) or any registers used to compute the data or effective address for the
memory or I/O operation.
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When supporting a virtual memory system, it is necessary to restart failing memory operations
after software has resolved an exception. The advanced processor provides hardware that saves
sufficient information for each memory or I/O access to allow that access to be restarted at a
later time, if the access fails. This is accomplished by saving control information defining the
type of operation (memory or I/O, load or store, operation length, memory operation type) the
effective address, the register number, and data for store operations in memory for each failing
operation.

When any memory or I/O access instruction is executed, the advanced processor saves various
information concerning the operation in internal registers. When an exception is detected (due
to either an exception reply, no ACK/NAK response to a request, a nonzero high-order byte in
24-bit addressing mode, or a nonzero high-order byte in the 32-bit effective I/O address), the
advanced processor determines which operations were in progress, and which need to be
restarted once the exception has been resolved. Notice that this implementation of the advanced
processor allows up to two memory or I/O operations to be in progress at any given time. As a
result, up to two storage or I/O operations need to be restarted when an exception is detected.
The advanced processor saves the proper restart information in memory when an exception is
detected to guarantee that once the restart is complete that the machine state is the same as if
no exceptions occurred.

For example, if a store is followed by a load to the same address, the store can fail due to a
store protect violation (lockbits for processor channel DMA segments) and the load can
successfully complete. This causes the load to read unmodified data from memory. The
advanced processor does not load this unmodified data into the destination register. The
advanced processor detects cases such as this, and restarts both the store and load after the
exception is resolved to guarantee that operations appear to execute in order.

In the case of Load Multiple (LM) and Store Multiple (STM), the advanced processor holds off
until all registers have been loaded or stored (subsequent instructions are not executed until the
LM of STM completes). As a result, none of the registers used by the LM or STM have been
altered by subsequent instructions. When an LPS with restart enabled is executed and an LM or
STM is restarted, the restart uses the data contained in the general purpose registers (GPRs).
The LM or STM is restarted with the first register that previously caused an exception. In the
case of a STM, the exception data saved in the third word of the exception information is not
used and is undefined.

Exceptions detected during the execution of an LPS to load a new IAR, ICS, and CS are exact
(the IAR in the program check old program status points to the LPS instruction). The processor
status is not altered, if there is an exception, during loading of the new IAR, ICS, or CS.

If an exception occurs during execution of the restart operations for an I.PS, a program check
interrupt occurs, and the failing operations are saved in the exception information. The IAR and
ICS that were loaded during execution of the LPS is saved in the program check old program
status.
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Notice that not all combinations of operation length and memory operations are valid (an
operation length of halfword test and set with a memory operation of store multiple is illegal).
Only valid combinations of operation length and memory operation are saved in the exception
information by the advanced processor. If an LPS instruction with restart enabled is executed
with an invalid combination of operation length and memory operation, the restart does not
occur for that operation. This does not prevent other restart operations with valid combinations
of operation length and memory operation from executing.

Since the advanced processor saves the status for all failing memory and I/O access operations,
software is responsible for determining if the failing operations should be restarted. For example,
in a nonvirtual memory system, an invalid memory address is generally an unrecoverable error,
and the program should be terminated. However, in a virtual memory system the same invalid
memory address can indicate that the operating system should bring in a new page. In this case,
the failing memory operations should be restarted after the new page is brought in. Since the
advanced processor does not distinguish between virtual memory systems and nonvirtual
memory systems, software must determine when failing memory operations should be restarted.

Under certain conditions, the advanced processor reports exceptions from cancelled memory
operations. A cancelled operation occurs when a read (either a memory load or an IOR) is
followed by an instruction which specifies the read register as the destination, before the read
data has been loaded into the register. In this case, the data from the read is no longer needed
and should not be written into the register when the data returns from the load of I/O read. The
advanced processor detects this condition and marks the load or I/O read operation cancelled so
that the load or I/O read will not destroy the new value computed for the register. However, if
there is an exception associated with the cancelled operation, the memory controller (MMU)
may have saved status information which must be cleared by system software. If a cancelled
memory or I/O operation occurs, the cancelled bit (bit 31) in the first exception information
word is set to 1. If an operation is cancelled, system software should clear any status
information saved in the memory controller and execute an LPS instruction to return from the
interrupt. An LPS instruction with restart enabled can be executed and the advanced processor
will restart only noncancelled operations.

To aid in restarting failing memory operations, the advanced processor provides a Load Program
Status (LPS) instruction with a restart option that causes the advanced processor to restart
previously failing memory operations before subsequent instruction execution is resumed. If an
LPS instruction with restart enabled is executed, the advanced processor uses exception
information previously saved in system memory to restart the failing memory operations. The
exception control register (SCR 9) contains the count and memory address of the exception
information used to restart the failing memory operations. System software needs only to resolve
the exceptions and then execute an LPS instruction with restart enabled to restart the failing
operations. Once the restart is completed by the advanced processor, instruction execution is
resumed at the point where the exception was detected. At this point, the machine state has
been restored to the state it would have been if no exceptions occurred.
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When there is more than one exception in the stack, LPS restarts the operations one at a time
from the oldest to the newest. If an exception is encountered on the restart of an operation, then
the restart is halted without restarting any exceptions newer than the one that regenerated. At
this point, the exception stack contains the exceptions not yet restarted, and the one that
regenerated.

Processor Use of Memory Mapped 1/0O

Advanced processor systems which implement memory mapped I/O must consider the side
effects of restarting failing load and store operations. In certain cases, memory mapped I/O
devices may provide an implied operation (auto increment of an internal counter) with access to
a particular I/O address. Systems employing such devices must be aware of the conditions which
cause the advanced processor to restart failing operations, and that a single exception can result
in the restart of two operations.

In order to guarantee apparent sequential execution of instructions, the advanced processor must
potentially restart two memory operations when only one has failed. Up to two operations must
be restarted since this implementation of the advanced processor allows up to two memory data
operations to be in progress at any given time. Notice that a valid instruction sequence is a store
to a specific address followed by a load to the same address. Since the advanced processor allows
up to two memory data operations to be in progress, both the store and load can be executed by
the advanced processor before an exception is reported for the store. The store exception can
simply be a signal to a control program to copy the current page contents and then grant write
access. In this case, failure to restart both the store and the load would result in the load
obtaining the old (unmodified) value from memory. The advanced processor does not compare
effective addresses for stores followed by loads, it simply restarts both the store and the load, if
the store fails.

Note: The Test and Set Half (TSH) instruction followed by a load does not cause the load to
restart even though the TSH causes a store in memory.

This potentially results in two accesses to the same memory location if one operation fails.
Systems which employ memory mapped 1/O devices must insure that this has no undesirable
effect on the I/O device. An example of an affected I/O device is one that contains internal
sequencers and supplies sequential data by reads to the same address. Systems which employ
memory mapped I/O devices with these characteristics can execute any of the serializing
instructions following a store to guarantee that the store completes before subsequent
instructions are executed. The serializing instructions are defined in “Serialization” on page B-5.

When a store is followed by a load, and the store faults, the advanced processor forces the load
onto the stack also. However, the load data is not saved on the stack or in the destination
register. There are some cases when the load cannot be restarted (memory mapped 1/0O). The
I/O interface module captures and retains the load data in the last PMUC reply register.
Software must then load the data from that register into the destination register.

B-4 Reference Manual



TNL SN20-9844 (March 1987) to 75X0232

Memory Protection and Address Translation

The advanced processor systems which employ memory protection or address translation
functions may use part of memory to contain the protection or translation tables which are
automatically accessed by hardware as required. Updates (stores) to these tables must be made
in a manner that guarantees the update operation has completed before a subsequent access is
made using the new data. Access to these tables is normally restricted to the control program
running in privileged mode (a mode in which faults during the update operation cannot occur).
However, if an update is attempted in translate or protect mode and an exception is detected
during the processing of the update, the value in memory will not be changed, and any
subsequent accesses will use the old data. If accesses to these tables can possibly cause an
exception, software should execute a serialization instruction (see “‘Serialization”) after the
update. This guarantees the update successfully completes before subsequent accesses occur.

Serialization

To restart failing instructions in the same system processor environment they were originally
executed in, it is necessary to serialize certain system operations. Serialization consists of
compileting all logically prior advanced processor memory and I/O data operations before the
next system operation occurs. The advanced processor serializes all interrupts and the execution
of the following instructions:

e Load Multiple (LM) and Store Multiple (STM).

e Move to SCR (MTS), Set SCR Bit (SETSB), and Clear SCR Bit (CLRSB).

¢ Supervisor Call (SVC).

e Load Program Status (LPS).

e Input/Output Write (IOW).

The following events occur during serialization:

e All logically prior advanced processor memory and I/O data operations are completed.

e The normal function associated with the serialized operation is performed. In the case of
instruction execution, the instruction is executed after all logically prior advanced processor
memory and I/O data operations have completed. In the case of interrupts, the PSW swap is
performed after all logically prior advanced processor memory and I/O data operations have
completed.

e Normal instruction execution resumes.
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Exception Control Register

The exception control register is SCR 9 of the system control registers. The exception control
register contains the exception count and memory address for information saved by advanced
processor board for failing memory and I/O operations. This information is also used by the
Load Program Status (LPS) instruction when restart is enabled to restart previously failing
memory or PIO operations. The exception control register is defined as follows:

Bits 0-3
Bits 4-7

Bits 8-31

Reserved

Exception count: This 4-bit field contains the exception count. Each exception
causes this count to be incremented by one, and four words of exception
information to be stored at the address specified by the exception address field. The
exception count is decremented by one as each failing operation is successfully
restarted by executing an LPS instruction with restart enabled.

Exception Address: This 24-bit field contains the real memory address for storing
the exception information. Each exception causes four words of exception
information to be stored in system memory starting at the address specified by this
field. The exception address is decremented by four as each exception information
word is stored. When failing memory or I/O operations are restarted by executing
an LPS instruction with restart enabled, the exception address is incremented by
four as each word of the exception address is accessed. The exception address is
decremented by 16 for each failing operation that is saved, and is incremented by 16
as each failing operation is successfully restarted. The exception address is initialized
to X’000200’ at power-on reset.

Exception Status Information

The advanced processor board saves four words (16 bytes) of status information for each
exception. This information is saved at the memory address specified by bits 8 — 31 of the
exception control register. The four words of exception status are shown in Figure B-1.

Word

Definition

Word 0

Exception Control

Word 1

Exception Address

Figure B-1 (Part 1 of 2). Exception Information Words
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Word Definition
Word 2 | Exception Data
Word 3 | Reserved

Figure B-1 (Part 2 of 2). Exception Information Words

The first exception information word is the exception control word. The exception control word
consists of the following fields.

Bits 0-15
Bits 16-18

Bit 19
Bits 20-23

Bits 24-25

Bits 26-28

Bits 29-30

Reserved

Register Set Number: This 3-bit field indicates which one of the eight register sets
was active when the exception occurred. Since there is only one register set in this
implementation, this field is set to 0.

Reserved

Register Number: This 4-bit field specifies which one of the 16 general purpose
registers (GPRs) contains the data that caused the exception for load and store
operations. For a load, this register number specifies which GPR was being loaded.
For a store, this register number specifies which GPR contained the store data. For
Load Multiple (M) and Store Multiple (SM) operations, this field specifies the first
register that caused the exception.

Operation Length: This 2-bit field specifies the length of the storage or I/O
operation as defined below.

00 Byte

01 Halfword

10 Fullword

11 Halfword test and set.

Storage Operation: This 3-bit field specifies the type of operation that caused an
exception as defined below.

000 Load

001 Load Multiple
010 PIO Read

011 Algebraic Load
100 Store

101 Store Multiple
110 PIO Write

111 Reserved

Reserved
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Bit 31 Cancelled: This bit indicates whether the operation was cancelled when the
exception was detected. If this bit is set to 1, the operation is cancelled and is not
restarted. If this bit is set to 0, the operation has not been cancelled and is restarted.

The second exception information word is the exception address word. The exception address
word consists of the following information.

Bits 0-31  Exception Address: This word contains the 32-bit effective memory address for the
failing store and I/O operations. Since the I/O address space consists of 24 bits, bits
0 through 7 of the 32-bit effective address will normally be O for failing [/O
operations. However, in the case of an I/O addressing error due to a nonzero
high-order byte in the effective address, bits 0 through 7 will contain the high-order
byte of the 32-bit effective address.

The third exception information word is the exception data word. The exception data word
consists of the following information.

Bits 0-31  Exception data: This word contains the 32-bit data quantity for the failing storage or
I/O operation if the failing operation was a single store or I/O write. This word is
undefined if the failing operation is a load, Load Multiple (LM), I/O Read (IOR), or
Store Multiple (STM).

The fourth exception information word is reserved.

Program Check Handler

The processor module requires that the first instructions of the program check handler be a
NOOP followed by a store of register 15 and a Branch and Link Absolute (BALA) instruction.
The branch target should be the following instruction. Register 15 must then be restarted.

Tag Hold Offs

The advanced processor provides two register tags which are allocated for all read and write
memory operations, and all I/O read and write operations. This permits two of these operations
to be in progress at any time. If an attempt is made to execute an instruction and there are
already two allocated tags, advanced processor is forced into a hold off state until a tag becomes
available. If a tag is allocated for any memory read, any I/O read, or memory write operation
when address translation or memory protect is enabled, the tag is freed in the cycle following
the reply. If the tag is allocated for any I/O write operation or a memory write operation when
address translation and memory protect are disabled, the tag is freed in the cycle following a
successful transfer on the processor/MMU channel (PMUC) as indicated by the ACK/NAKD
response.
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For example, if the instruction sequence includes three successive load operations, the first two
loads are executed with no hold offs, and the third must wait for the first load to complete. In a
system with 300 nanosecond memory, there would be a hold off of two cycles before the third
load instruction would execute. The two cycle hold off occurs since a tag is not available until
three cycles after execution of a load instruction, and only one cycle has elapsed since execution
of the first load operation.

The advanced processor serializes (holds off before execution) and synchronizes (holds off after
execution) under certain conditions to guarantee that failing memory operations can be properly
restarted. Serialization and synchronization results in additional hold off cycles that must be
included in performance calculations. Synchronization hold offs occur after execution of Load
Multiple (LM), Store Multiple (STM), and Load Program Status (LPS) instructions. Execution
of subsequent instructions is delayed until all memory operations required for execution of these
instructions complete.

Instruction Prefetch Buffer Loop Mode

The advanced processor includes logic to capture loops of 16 bytes or less in the Instruction
Prefetch Buffer (IPB). Loop mode improves the performance of small special purpose loops such
as those used for block moves, or to initialize all elements in an array. The second time through
the loop, the instructions are captured in the prefetch buffer and no additional instruction
fetches are required during subsequent execution of instructions in the loop. This improves
performance by eliminating PMUC traffic due to instruction fetches, and the branch at the end
of the loop executes in one cycle (assuming the branch is successful). Loop mode operation is
handled automatically by hardware, with no special action required by software.

The advanced processor automatically enters loop mode whenever a successful Jump on
Condition Bit (JB) or Jump on Not Condition (JNB) instruction is encountered with a
displacement of zero (X’00’) to minus seven (X’F9’) halfwords. This captures backwards loops
containing from one to eight instructions. Loops can contain any mix of 2- and 4-byte
instructions, provided the loop ends with a JB or JBN instruction with a displacement of X’00’
to X’F9’. A loop ending with a JB or JNB instruction with a displacement of X’F9” will only be
captured if the loop is full word aligned. Notice that any successful branch instruction within
the loop terminates loop mode.

The advanced processor assumes that the TIB/JNB at the end of the loop will be successful. In
cases where the JB/JNB is successful, the JB/JNB executes in one cycle. When the loop ending
condition is met (the JB/JNB is successful), an additional delay of three CPU cycles plus one
memory access time will be required to fetch the next instruction.
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TLB Reload Performance

The time required to reload a translation look-aside buffer (TLB) entry is a function of the
inverted page table (IPT) search chain length, and whether or not the TLB entry is for a
processor channel DMA segment. The TLB reload time can be computed from the sum of the
following components:

e Base time

e IPT search time

e Special segment time

e Page fault time

e Correctable ECC error time.

The base time is approximately equal to 500 nanoseconds.

IPT search time is a function of the IPT search chain length. If the empty bit in the HAT
pointer indicates there are no entries in the IPT, the IPT search time is 0. If the empty bit in
the HAT pointer indicates there are valid entries in the IPT, the IPT search time can be
computed as 300 nanoseconds times the number of entries searched in the IPT.

Time is only added when the search is actually for the processor channel DMA segment.

Page fault time is added only if a page fault condition is detected during the IPT search. The
page fault time is equal to 100 nanoseconds.

Correctable ECC error time is added for each correctable ECC error, which occurs during the
TLB reload. Each correctable ECC error requires 100 nanoseconds for correction.

For example, consider the calculation of the TLB reload time for special segment which is
successful (that is, no page fault), and a search of two IPT entries. Also, assume no correctable
ECC errors occur during the reload. This results in a total TLB reload time of 500 nsec. +
(300 nsec. times 2) + 200 nsec., or 1.3 microseconds.
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Memory Management Unit (MMU) Serialization

The advanced processor allows multiple load and store requests outstanding. If the first request
has an exception reply (due to page fault or protection violation) but the second request is
successful, then these requests are processed out of order from the software point of view. Even
though the first request may get restarted after the exception condition is resolved, the first
in-first out (FIFO) ordering of memory requests that software expects is violated.

The Advanced Processor Memory Management Unit (MMU) contains serialization logic which
causes virtual loads and stores to memory to occur in order. The serialization logic has a locked
mode and an unlocked mode. When not locked, it simply monitors MMU replies of loads and
stores to system requests. An advanced processor load or store is indicated by a PMUC tag of 6
or 7, and an advanced processor coprocessor load or store is indicated by a processor/MMU
(PMUC) tag of 1E or 1F. When a reply is returned to the system with an exception, the MMU
serialization logic goes into locked mode.

While in locked mode, MMU will do the following:

e Force exception replies

e Cancel store operations

e  Monitor for IOR or IOW of the SEAR to go unlocked.

While locked, MMU will unconditionally force exception replies to all system virtual memory
requests (loads, stores, and I-fetches) and coprocessor virtual memory requests. All virtual write
operations to memory are cancelled, meaning that store data does not overwrite the contents of
memory while in locked mode. PIO reads and writes of MMU are not affected. MMU will leave
the locked mode when a PIO read or write of SEAR occurs.

The exception conditions that will cause MMU to go into serialization locked mode are:
e Page fault

e Memory protection violation (page protection in processor channel DMA)

e Lock fault (line protection in special segments)

e Segment protection violation (processor segment versus 1/O segment)

o IPT specification error

s TLB specification error.

The above exceptions cause the MMU to go into serialization lock only if it is a reply to a
system virtual load or store, with the exception of TLB specification error which includes
instruction fetches and coprocessor requests.
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I/O Interface Module

Figure 2-6 on page 2-21 shows that the processor channel is created by a piece of logic called
the I/O interface module. One I/O interface module connects the system processor and memory
management unit channel (PMUC) to the processor channel. A second I/O interface module
provides support for the MC68881 floating-point processor that resides on the processor board.

The original processor board had a block of logic analogous to the I/O interface chip 1, which
generates the processor channel from the processor/MMU channel (PMUC). On the original
processor board, the logic function was completely defined in the hardware. On the advanced
processor board, the function is somewhat programmable. This appendix describes those
programmable features. The information presentedhere applies to programming both I/O
interface chips. I/O interface chip 1 creates the processor channel in the RT-RC. As such, its
registers are set up by software during system initialization.

I/0 interface chip 2 is programmed to support the MC68881 floating-point unit. This includes
an operational mode in which the I/O interface module chip hardware assists the floating-point
protocol required by the MC68881. As with I/O interface chip 1, the function is set up by
system software during system initialization.

The control registers are accessed in a manner similar to the control registers on the MMU. This
is via the IOR/IOW instructions to an address that matches the value in their I/O base register.
The value in the I/O base register is compared with bits 8-15 of the incoming address. If a
match is detected and bits 16-27 are 0, then the offset defined by bits 28-31 addresses the
particular control register in the I/O interface chip.

The I/O base register must be initialized before the rest of the registers can be accessed. On I/O
interface chip 1, I/O address X’800400” will access the I/O base register at initialization time.
On I/0O interface chip 2, the initialization address is X’800100’.

I/O Base Address Register (Offset 0)

I/O base address register bits 16-23 are compared to bits 8-15 of all incoming processor channel
read and write requests. If there is a match, the request will access an I/O interface module
internal control or status register. Although this is nominally an 8-bit field, the first 4 bits are
fixed in hardware at B’1010’.
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Bits 24-31 of the I/O base address register are compared to bits 8-15 of all incoming PMUC
read and write requests. If there is a match, the request will access an I/O interface module
internal control or status register. Although this is nominally an 8-bit field, the first 4 bits are
fixed in hardware at B’1001°.

Last PMUC Reply Register (Offset 1)

0 8 16 24 31
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The last PMUC reply register holds a copy of the last reply that the I/O interface module sent to
the system processor. This information is necessary for certain error recovery procedures. The
register contains the unformatted reply which was sent to the processor channel, so software
needs to format it to form the value that would be placed in the system processor register for
load halfword or load character instructions.

For halfword loads, if bit 30 of the load effective address is 0, then the load data is located in
reply register bits 0-15. If bit 30 of the load effective address is 1, then the load data is loaded in
reply register bits 16-31.

For byte loads, the value of bits 30 and 31 of the load effective address determine where the
load data is located in the reply register. The value of bits 30 and 31 and the corresponding
positions of the load data in the reply register is as follows:

Bits 30-31 Load Data is in Bits
00 0-7 (C0)

01 8-15 (C1)

10 16-23 (C2)

11 24-31 (C3)

Also, this register changes for each reply to the system processor, so the software which reads it
must assure that the IOR that reads it is the first request following the error condition.
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Miscellaneous Control Register (Offset 2)
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Miscellaneous control register bits 16-19 are called the processor channel pass-through base
register. This field is compared to bits 8-11 of incoming PMUC I/O reads and writes. If there is
a match, then the request is passed through to the processor channel.

Miscellaneous control register bits 20-23 are called the PMUC segment present register. This
field is compared to bits 0-3 of each incoming PMUC Load and Store requests. There must be a
match for the request to be accepted.

Miscellaneous control register bits 24-31 are called the processor channel virtual segment append
register. If a Load or Store request is received from the processor channel and passed to the
PMUC, and the translate bit is active, then this field is sent to the PMUC as address bits 0-7.
Otherwise, zeros are appended.

Subsegment Control Registers

The five subsegment control registers act as a table with the five subsegment control registers
sitting one on top of the other. The registers appear to be 32 bits wide, but only bits 16 through
31 are used. The registers are used by indexing or selecting a column of 5 bits, one from each
register. Bits 4 through 7 of an incoming PMUC Load or Store are used to index into the table
of registers. For example, if bits 4-7 equal B’0000°, then bit 16 of each subsegment control
register is selected as the indexed bit. These five registers control various 16-bit functions which
are settable on a subsegment basis.

1. Subsegment present register (Offset 3)

e The indexed bit must be a logical 1 for the request to be accepted.
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Allow privileged state access (Offset 4)

o If the incoming request came from a privileged state program, then the indexed bit must
be 1 or the request will be ignored.

New translate bit (Offset 5)

o If the incoming Load or Store is sent to the processor channel, then the indexed bit will
be substituted for the translate bit which arrived on data address line 5 from the PMUC.

Floating point assist mode active (Offset 6)

0 8 16 24 31
rrvr v r rvr 1 1vrr1r v 111 1 7% v 1 1T 1711 v TV 17T 17717

000O0O0O0OO0O0

N N N Y S U T T T U T T O | I T T B I Y Y T |

e If the indexed bit is a logical 1, then the request invokes floating-point assist mode. The
first 8 bits of this register are fixed at 0. This implies that floating point assist mode
cannot be activated for subsegments 0 through 7.
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5. Alternate bus timing mode (Offset 7)

0 8 16 24 31
T rrrri1i1rT7ir 1T v it 1T 17 rvyrr 111717171717 i1v 1711

j I W W N N G N N S NN W SN N A | I N SR O S B | | N N W T I N

o If the indexed bit is a logical 1, then alternate bus timing mode is invoked. In this
mode, bus timing is altered to be suitable for connecting the MC68881 and parity is not
checked. If both the floating point assist mode and alternate bus timing mode bits are
active for a given request, and an MC68881 FPU is connected to the I/O interface
module, then hardware assist mode for an MC68881 coprocessor protocol is invoked.
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General Control Register (GCR - Offset 8)

T 17 rrrrr 77 17 1v 1717 17717 T T 17T 1T 1T 7171 LS

I U VA W N U N N O N U W N W | | I U N U N N T NS (N N U N I I |

This read/write register contains miscellaneous single-bit fields for specifying I/O interface
module operation, as described in the following table:

Bit | Function

16 |Reserved

17 |Reserved

18 |Reserved

19 |Reserved

20 |Reserved

21 [Suspends fairness in arbitration (Not supported by system)

22 | Disable system board DMA -read cache (See note below)

23 [Reserved (I/0 module 1) / + Disable processor loop mode (I/O module 2)
24 |IPL ready (Read only)

25 |Reserved

26 |Reserved

27 |Reserved

28 |Disable data parity checks (This bit should be set to 1)

29 |Disable serialization on error '

30 |2 Cycle memory (Should be set to O for original memory boards)
31 | Enable interrupts (Not supported by system)

Note: Ordinarily, system board DMA reads cause double-word reads of system memory. The
two words are stored in a small cache on the I/O interface module for future fast access.
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Interrupt Control Register (Offset 9)

0 8 16 24 31

The eight active interrupt control register bits are ORed together and presented on the Interrupt
Out pin of the I/O interface module, causing a level 5 processor interrupt. In a multiple
processor system, this line is connected to an interrupt input of the local processor. A
programmed write of this register sets the register bits if the corresponding incoming data bit is a
1. It will not reset any bits. A programmed read will read the register, then clear it.

Processor Subsegment Present Register (Offset A)

0 8 16 24 31
rrrrTrrTrrTrrrTr T T T T T rrrTrT T T T T T TrTToTT

I VY TN N N VY WO [N WA Y W S N | B T OO NN W T | 1 11 1§ 1 1

This register specifies which memory addresses appearing on the processor channel are accepted
for passing to the PMUC. The 4-bit address extension from the processor channel indexes into
this register, bits 16-31, and if the corresponding entry is 1, the request is accepted.
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General Status Register (GSR - Offset B)

(0] 8 16 24 31
T T I 1 1717 1T 1T 7T T 71T 17 171 LI L L LS L L O L I A L |
w T STATUS
I U W U N U U N N U N N N A | 1 1 ¢ 1 & ¢ &+ 13 4 1 114

Bits 1 and 5 of the general status register apply to the address of the exception condition. Bit 1
is 1 if the request was a write. Bit 5 is 1 if the request had the translate bit active. The bits are
only saved for exceptions which occurred while processing the processor channel DMA
subsegment control register.

Bits 16-23 deal with requests appearing on the PMUC and sent to the processor channel. Bits
24-29 deal with requests appearing on the processor channel and sent to the PMUC, and are
only preserved for incoming requests to the processor channel DMA subsegment control
register.

Bits 15-31 are defined below:

Bit | Function

15 | Exception not reported for I/O Write or Real Write. (See note 2)

16 | Request sent to processor channel and received no Busy signal.

17 | Exception returned on a request from system processor. (See note 1)

18 |Bad parity was received on PMUC data and the processor channel request was
aborted.

19 | Bad parity was signaled by the receiver of an outgoing processor channel
request. The request was aborted.

20 | Error indication detected in reply from processor channel.
21 | Error detected in reply from processor channel.

22 | Error signalled by system processor in attempt to return reply.
23 | Reserved.
24 | No response to a request sent to PMUC.
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Bit Definition
25 Exception reply to a request sent to the PMUC.

26 Parity error was signalled in response to request sent to PMUC.
27 Reserved.

28 Request disappeared on PMUC.
29 Bad parity detected on reply from PMUC.

30 Exception on request to PMUC but not reportable. (System board DMA).
(See note 2)

31 Reflects state of external level 5 interrupt request.

Notes:

1. If either bit 24 or 25 is active, either a no response or an exception reply occurred for the
DMA request.

2. After an exception has been returned to the system processor, no more system processor

requests will be processed, attempts will receive exception replies. Normal operation resumes
after the status register has been read.

3. Level 2 interrupt reported to system processor while these bits are active.
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Processor Channel DMA Subsegment Control Register (Offset C)

0 8 16 24 31
T 17 1T 17T T 17T 17T 7T T 1T 7T 7T 17T 771 T T LI L | LI

NEW A8 NEWAS9 | SSSEGP | PCSEG

TS VRS W U W W W N D SN T W I I | .| | L1 1 111

This register describes a subsegment which is used for system board DMA accesses. The
subsegment facility allows system board requests to be mapped to four different processor boards
at any given time. This subsegment is split into four pieces, addressed by address bits 8 and 9.
The four pieces can be independently made present or absent.

Bits 0-15 of the DMA subsegment control register operations are effective only if the segment
present bit for the subsegment is 0, as defined in the processor channel subsegment present
register. Bits 12-15 specify which subsegment is used. Bits 8-11 are present bits for the four
pieces of the subsegment. Bits 0-3 specify values for address bit 8 to be substituted for the
corresponding address bit which was used to index the present bit, and bits 4-7 specify
corresponding new values for address bit 9.

As mentioned, the processor channel DMA subsegment function provides support for DMA
requests which come from the system-board. These requests provide only a 24-bit address, so if
the system board is to access multiple processor boards, extra address partitioning is necessary.

Miscellaneous Module Configuration Register (Offset D)

0 8 16 24 31
T 1 1 r1r1rrrr1 1 vr 1 11 T 1T 11T 17 T T 1T 1T v 1T 171717

[ Y S WS Y WA (NN TR N N N N N S | | N N TR N N S SN O W TR VY W U

The miscellaneous module configuration register specifies the PMUC tag used on DMA
operations, and the processor channel arbitration level at which the I/O interface module
arbitrates. When read, it also shows the state of eight, sometimes unused, I/O interface module
inputs, which are strapped to show card EC level and configuration.
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Bit

Function

I/O Interface Module 1

I/O Interface Module 2

16

Module input pin sense

+ FEAT ID 5

0

17

Module input pin sense

+ FEAT ID 6

0

18

Module input pin sense

+ FEAT ID 7

0

19

Module input pin sense

— RAM on board

— MC68881 DSACK 0

20

Module input pin sense

—MC68881 DSACK 1

21

Module input pin sense

+ MC68881 ID 5

22

Module input pin sense

+ MC68881 ID 6

23

Module input pin sense

=3 =1 =3

— MC68881 sense

24

Reserved

25

PMUC Tag Select 1
(See note 2)

26

PMUC Tag Select 2
(See note 2)

27

Reserved

28

Reserved

29

Arbitration 0 (MSB)

30

Arbitration 1

31

Arbitration 2 (LSB)

Notes:

L.

Bits 20 through 23 represent a board ID and is strapped to a different value for each EC

level of the board.

Bits 25 and 26 uniquely identify a particular I/O interface module for all DMA operations
on the PMUC. The two I/O interface modules must be programmed to have these bits

different from each other.
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Floating-Point Status Register (Offset E)

(o] 8 16 24 31

T T T 1 T 1 r1rr1rrrrrT7 | LI L L B DL T T 17 T 17T 1771
ADDRESS STATUS

U W WY S (R W SN S T S A J I N N W (N N B | B S U T N I |

Floating-point status register bits 15-21 contain bits 23-27 of any address which was sent to the
PMUC on a floating-point operation and received an error. The address cannot subsequently
change until the register is read. The address in the register may be different from the address
that caused the error for read operations because of overlapped operation. A 1 in bit 23
indicates that the address in the register is ahead of the correct value by 4.

Bits 24-31 contain status information about the type of error that occurred as defined below:

Bit | Function

24 | No response to a request sent to PMUC.

25 | Exception reply to a request sent to the PMUC.

26 | Parity error was signalled in response to request sent to PMUC.
27 |Reserved.

28 | Request disappeared on PMUC.

29 |Bad parity detected on reply from PMUC.

30 [Exception reported by MC68881.

31 | Last MC68881 operation not completed.

Notes:
1. Bits 24-29 have exact counterparts in the general status register.

2. [If either bit 24 or 25 is active, either a no response or an exception reply occurred for the
DMA request.
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Last MC68881 Op Code Register (Offset F)

0 8 16 24 31
T T I T T 7T 1T T 1T 1T T 717 177 T r v 17T ¢+ 1T T 1T 7T v 1 1 1771

Last MC 68881 Op Code

1 NS NN (N W NN U NN U WO U N N T A | | SN S S (N SO N W N TR U U WO o A |

This 16-bit register is loaded by the I/O interface module with the op code of the last MC68881
instruction that was started. The loading is done when the MC68881 asks for the program
counter as part of the normal protocol in hardware assist operation.

The register is also written by software using an IOW to offset F.

I/0 Interface Module Error Handling

B-24

This describes the error handling provided by the 1/O interface module.

The I/O interface module has two status registers for preserving certain error conditions, the
general status register and the floating-point status register.

Three types of transactions can be processed in which errors might be detected. These are:
e Requests which originate on the PMUC

e Requests which originate on the processor channel

¢ Requests which are exclusively related to floating-point assist transactions.

The first transaction type, requests which originate on the PMUC, causes the I/O interface
module to become master of the processor channel and issues requests. It also includes the
portions of floating point cycles which do not involve memory data transfers. If errors occur on
these transactions, status is set in bits 15-23 of the general status register.

The second transaction type includes requests which originate on the processor channel and are
processed by the I/O interface module. Because the I/O interface module may be acting on
behalf of several originators, it is difficult to retain valid information in the event of multiple
errors. For this reason, the I/O interface module assumes that most devices which can originate
requesis will retain their own status information, and does not ordinarily set status bits when
errors occur on this type of transfer. However, it does provide status bits for one device. If an
incoming subsegment is marked as special, meaning that it is probably used by the system
board, status information will be retained. General status register bits 1, 5, and 24-29 contains
status information about the exact nature of the problem.
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The third transaction type includes the errors which occur in processing the data transfer
portion of a floating-point cycle. The errors are the same as those which can occur in
transmitting processor channel requests to the PMUC, so equivalent bits to general status
register (24-29) are contained in the floating-point status register. Also, bits 22-29 of the address
which was sent to the PMUC are saved in the floating-point status register. Because of the
limited length of a floating-point data transfer, this small field is sufficient to allow the system
processor to reconstruct the entire offending address in the event of a page fault.

Registers are set whenever an appropriate error occurs, and their value is retained until the
register is read, at which time status bits are cleared. Figure B-2 on page B-26 and Figure B-3 on
page B-28 tell the exact results of the various types of errors.

After the I/O interface module sends an exception reply to the processor, the module enters a
serializing state which prevents processing of any more Load or Store requests from the
processor. Instead the module returns exception replies. This serializing state is reset when the
general status register (offset B) is read using an IOR instruction. The serializing state can be
disabled by writing a 1 into bit 29 of the general control register (offset 8).
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Symptom

Probable Cause

Action

I/O interface module
wants to send exception
reply to PMUC, but can’t
because PMUC reply not
required.

(Real Wrt or I/O Wrt.)

Set GSR bit 15. Activate
system processor interrupt
level 2.

PMUC request sent onto
processor channel, no Busy
signal received.

Program error.

Return reply to PMUC,
with exception active. Set
GSR bits 16 and 17.

PMUC request sent to
processor channel, reply
received from processor
channel with exception
active.

Program error.

Pass the exception reply
through. Set GSR bit 17.

PMUC request is received.
Bad parity detected on
write data from PMUC.,

PMUC hardware problem.

This error is detected too
late to avoid starting
processor channel cycle.
Send request to processor
channel. Activate channel
error with data. Complete
processor channel cycle.
Accept a reply if it comes,
but discard. Return
exception reply to PMUC.
Set GSR bits 17 and 18.

PMUC Request received,
sent to processor channel.
Channel error sensed.

Hardware problem.

Abort the processor
channel cycle. No reply
will be sent. Send
exception reply to PMUC.
Set GSR bits 17 and 19.

PMUC request received,
sent to processor channel.
Receiving device returns
reply, but channel error is
sensed.

Receiving device
encountered hardware
problem while processing
request.

Send reply through to
PMUC, with exception
active. Set GSR bits 17
and 20.

Figure B-2 (Part 1 of 2). Errors on Requests Which Originate on PMUC
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Symptom

Probable Cause

Action

PMUC request received,

Receiving device returns
reply, but invalid data
parity sensed.

sent to processor channel.

Hardware problem.

Pulse channel error. Send
reply through to PMUC,
with exception active. Set
GSR bits 17 and 21.

PMUC request received,

Reply returns OK. Error
indicated in attempt to
return reply to system
processor.

sent to processor channel.

PMUC hardware problem.

Retry reply. Set GSR bit
22,

Figure B-2 (Part 2 of 2). Errors on Request Which Originate on PMUC

Note: GSR bit 17 is only sent for exceptions to system processor requests.
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Errors in Requests Originating on Processor Channel

Symptom

Probable Cause

Action

Processor channel request
recognized and sent to
PMUC. No response.

Software error.

Retry PMUC request
twice and cancel. Return
exception reply to
processor channel. Set
GSR bit 24,

Processor channel request
accepted and sent to
PMUC. Exception reply
comes from PMUC.

Software error.

Pass the exception reply to
processor channel. Set
GSR bit 25.

Processor channel request
is recognized, but channel
error is sensed with data.

Hardware error.

This request is being
aborted. Do not process.

Processor channel request
is recognized, but parity
error is detected on address
or data.

Hardware error.

Activate channel error. Do
not process.

Processor channel request
is passed through to
PMUC, parity error is
signalled.

Hardware error.

Retry until timeout, send
reply to processor channel
with channel error. Set
GSR bit 26.

Processor channel request
is sent to PMUC, no reply
comes back.

Hardware error.

Cancel the request. Send
reply to processor channel
with channel error. Set
GSR bit 28.

Figure B-3 (Part 1 of 2). Errors on Request Which Originate on Processor Channel
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Symptom Probable Cause Action

Processor channel request |Hardware error. Cancel the request. Send

is sent to PMUC, invalid. reply to processor channel

parity sensed on reply. with channel error. Set
GSR bit 29.

Reply is sent back to Hardware error. Ignore, bus master will

processor channel, but bus handle.

master signals channel

error.

Figure B-3 (Part 2 of 2). Errors on Request Which Originate on Processor Channel

Note: Status bits are only saved if the request is to the processor channel DMA control register.
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1/O Interface Module Floating-Point Assist Interface

The I/O interface module implements a burst cycle for the purpose of assisting tightly coupled
coprocessors, such as floating-point units.

When this cycle is engaged by a request from the PMUC, the 1/0 interface module performs
data transfers between the floating-point unit and memory.

The floating-point assist data transfer cycle uses a special bursting DMA protocol which has
been defined for the processor channel. In this context there are two operations. The
floating-point load moves data from memory to the floating-point adapter using a burst write
cycle. The I/O interface module is the bus master for the operation and is writing data to the
floating-point adapter. The floating-point store moves data from the floating-point adapter to
memory, and uses the burst read operation. The I/O interface module is the bus master and is
reading data from the floating-point adapter.

Floating-point assist mode operation in the I/O interface module is invoked when a suitable
request is received from the PMUC. Specifically, a request is accepted and processed as a
floating-point assist mode request if the bit in subsegment control register 4 (offset 6)
corresponding to the request subsegment is active. This means that floating-point assist mode
can be made active for any subsegment under program control. The standard location in the
RT-PC is subsegment E.

When an incoming request invokes floating-point assist mode operation, the low 24 address bits
are assumed by the I/O interface module (and the AFPA) to contain control information.
Several of these bits specify the data transfer. The remainder are ignored by I/O the interface
module.

These control bits specify one of the following:

e The direction and length of a burst transfer which should be performed
e The transfer length register is to be written or read

e No burst transfer is to take place.

In the latter two, the PMUC request is simply passed through to the processor channel as a
normal request, without a burst cycle being invoked.
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If the operation is intended to create a burst transfer, then the request must be a store. The
effective address for the memory access is taken from the 32-bit data field which arrives with the

request.
0 8 16 24 31
B S O R T N T A G I T I T I L L O L L L T 1T 17 1T T 171
Address 1717111110 TTTT L L
[URS WRS WU U NS TNUO NS G N (N (R N G N TR (NS WY A (SO T I | | I W W S |
0 8 16 24 31
T 1T r 1 r rrrvrrrrrvrrrrr1rr0 17 r17v 17T 17m 17T 17T 1T 7T
Data 32-Bit Effective Address
[N S WS W WS VAN WS NN (N N VRN NN U (N SN S WS IV SO TN N N T N N SN S N |

Figure B-4. PMUC Request to I/O Interface Module

Figure B-4 shows the request that is sent to the I/Ointerface module. The upper byte is decoded
to determine acceptance from the PMUC and engagement of FP assist mode. Bits 4-31 are sent
through to the FP adapter. In addition, the bits marked T are decoded by the I/O interface
module and have the following function:

0111 Access length register (LL must = 11)

1x11 Perform FP Store operation (move data from AFPA to memory)

0x11 Perform FP Load operation (move data from memory to AFPA, use length
register)

Others Perform FP Load operation.

The L bits normally control the transfer length and are
described below:

00 No transfer

01 Transfer 1 word

10 Transfer 2 words

11 Transfer n words, where n is the content of the length register.

The I/0 interface module contains a 6-bit register which specifies transfer length when LL
equals 11. This register contains a binary representation of the number.of words to be
transferred. A register content of 0 specifies a 64-word transfer.
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Floating Point Function on Advanced Processor Board

Overview of the Motorola MC68881 Floating Point Module

The MC68881 implements the full IEEE floating point standard. In addition, it provides
trigonometric and transcendental functions. It allows seven data types (converting each type to
extended precision for all calculations), and has eight general purpose data registers.

The MC68881 used on the Advanced Processor Board

The MC68881 requires a special communications protocol for proper operation. On the
advanced processor board, this protocol is handled for some operations by the I/O interface
module (hardware assist), and by software for other operations. It is important to note that even
the simplest MC68881 arithmetic operation requires at least two accesses to the MC68881,
writing the command register and reading the response register. For every operation, hardware
assisted or not, the MC68881 is controlled via system processor initiated I/O interface module
accesses to the MC68881 interface registers. All transfers of information, including floating point
data, are handled by accesses to the interface registers. Direct accesses to the eight general
purpose data registers are not allowed by the MC68881.

Software may access the MC68881 in two ways, either as it would a standard PIO device,
referred to as software mode, or using the hardware assistance provided by the I/O interface
module.

In the software mode, the program must use PIO transfers with the MC68881 and implement
the MC68881 coprocessor protocol in software. The 1/O interface module logic does nothing
other than pass commands.

In the hardware assisted mode, a system processor Store containing the MC68881 command,
specification of any operand transfer, and an address is sent to the I/O interface module. The
I/O interface module manages initiation of the command and the MC68881 protocol handling
with the MC68881, as well as the transfer of memory operands. System processor involvement
is limited to execution of a single Store instruction.

Addressing

Access to the MC68881 is through two subsegments which may be defined by the 1/O interface
module program control. One of these subsegments will be set up to invoke hardware assist
mode, and the other will be set up to simply pass through PIO operations. For example, the
system might be set up so that hardware assisted mode would be initiated through addresses

X’ FCXXXXXX’, and software conirol mode through addresses X’FDXXXXXX’.
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Software Mode (PIO Mode)

In this mode, the MC68881 appears simply as a PIO device which may be written or read by
the program. It appears as a set of registers which are individually addressed via bits 27-30 of
the effective address. Bits 8-26 are 0. For example, if subsegment FD is used as the subsegment
for software mode, the address would appear as follows:

0 8 16 24 31
T r 1Ty 17 1t r1ryvrryryrryvr.7vr17rr7vr0— 17 171717 v o7 1T 1 1717
171111101000000000000 0O0O0O0O0O0OOAAAAD
ST WS U N DA S NN VA N U AN U NN WA (N TN S N TN T S N N (N VN WO N Wy e

Figure B-5. PMUC Address for MC68881 - Software Mode

0 8 16 24 31
rr1r1rr1rrrrr 11 ryrrrr1rr1r— 1117 17T 1T TrTr T 1711,

Ir—* 32 BIT 68881 REGISTER DATA 1
FIS WS WS N NN U S VAN N T SN TN NS SO NN AN U N N TN R I T S IS W N N T

0 8 16 24 31

T 117117 v 1T 17T 1T 7T 17T T 1 r 7 17T 1717
/.

T I L L
16 BIT 68881 REGISTER DATA—l |-————-——(RESERVED)
[ S U U D W SN N U VNS N W I | N U N U VN T N T W e |

Figure B-6. PMUC Data for Read or Write of MC68881 - Software Mode

In this mode, PMUC address bits 27-30 correspond to MC68881 address bits A4-Al, and
PMUC data bits 0-31 correspond to MC68881 data bits D31-D0. All figures show IBM standard
bit notation (most significant bit = 0).

Please note that the MC68881 transfers all 16 bit registers on the upper 16 data bits (PMUC
data bits 0-15), and therefore fullword accesses should be used on all MC68881 transfers to
ensure proper operation. If halfword accesses are done, the system processor may expect
(depending on the effective address used) the data to be on the lower 16 bits and therefore zeros
out the upper bits containing the register contents. On writes to a 16-bit MC68881 register, the
lower 16 bits should be 0; on reads, the lower 16 bits are undefined. Also note that only one
register is accessed for each system processor Load or Store.
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A typical protocol sequence (for instance, a memory to register add) using software mode
commands to the I/O interface module would be as follows:

1. Write the command to the MC68881 command register.

2. Read the MC68881 response from the response register. Continue doing this until the
MC68881 says it is ready for data.

3. Write the data to the MC68881 operand register for the required number of words. (This
transfers the floating point data.)

4. Read the MC68881 response from the response register. Continue doing this until the
MC68881 says it needs no further servicing.

The program may do any of the MC68881 operations using software mode. However, the
overhead of implementing the MC68881 protocol is high, if done by software. Nevertheless,
certain MC68881 interactions need to be performed by software control, as described later.
Complete information on MC68881 protocol, individual instructions, interface and data registers
is provided in the Motorola MC68881 manual.

Hardware Assist Operation

Hardware assist mode may be used for any MC68881 operation that is initiated by writing the
MC68881 command register. In this mode the command is started by a system processor Store
command. For example, if subsegment FC is used as the subsegment for hardware assist
operations, the address and data would appear as follows:

0 8 16 24 31
T r7 17 T ¢ rrrr 17 v vy rr1rvrr 1 1T T 7T U T 711

Address |1 111110 0 0O TTTTCCCCCCCcCCcCc|cccccclLL
N NS WS T I Y W T N SO U O T A N TN TN T W N W T I T I T '

0 8 16 24 31
11T T TrTrrrrrrr 17vVieiyr2yrvyvvrrverrirrrortrtorreirrorgyd
Data 32 - Bit Effective Address
N W WU (NN (N (N NN NN VAN U VAN WS NN NN NN NN S (N N Y (U (N (NN TN W N N TS W O |

Figure B-7. PMUC Address and Data - MC68881 Hardware Assist Mode
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The field marked C is the 16-bit command which will be sent to the MC68881. This command
is defined in the MC68881 documentation. The field marked T is a transfer control field, and
instructs the I/O interface module how to transfer data. For MC68881 operations, only three
combinations are valid:

0000 Transfer from system memory to MC68881
0111 Transfer to or from length register (LL must = 11)
1111 Transfer from MC68881 to system memory.

These bits work in conjunction with the length field, marked L, which defines how many words
are to be transferred:

00 No data transfer
01 Transfer | word
10 Transfer 2 words
11 Transfer N words, N is in length register.

The length register retains whatever value is written into it until it is written again. It may also
be read.

The I/O interface module manages its transfer according to this field rather than the
information it receives from the MC68881 response register. In order to improve performance
(and also for better commonality with the Advanced Floating-Point Accelerator) conflict
between this information and the needs of the MC68881 causes an exception to be generated.

When a hardware assist operation is started by a system processor store, the I/O interface
module does two things.

1. It sends the command field to the MC68881 and prefetches any operands that may be
required.

2. It then carries out the MC68881 protocol, interacting with the MC68881 until no further
action is required.

When the sequence is complete, a reply is sent to the system processor. If problems are
encountered in the protocol, an exception reply is sent to the system processor.

A typical protocol sequence (for instance for a memory to register add) using hardware assist
mode would be as follows:

I. Perform a write to the I/O interface module containing the MC68881 command and the
32-bit effective address.

2. The I/O interface module writes the MC68881 command register and begins reading from
memory at the effective address.

3. The I/O interface module repeatedly reads the MC68881 response register until the
MC68881 is ready for data.
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4. The I/O interface module writes the MC68881 operand register using the memory data for
the required number of words.

5. The I/O interface module reads the MC68881 response register until the MC68881 says it
needs no further servicing.

6. The I/O interface module returns reply to the system processor if in virtual mode.

When Software Mode Should be Used

Use of hardware assist mode gives a significant performance improvement, but it cannot be used
for all operations. The first class of operations for which it cannot be used are those which are
not initiated by writing the MC68881 command register. This class includes Save/Restore,
conditional, and control (abort) operations. Implementation of these operations is fairly complex
and irregular, and could not be justified in hardware.

The second class of operations includes operations which may be very slow, such as some
transcendentals. Hardware assist operation uses hardware interlocks which are not interruptable.
Execution of these long operations can cause subsequent operations to be queued in hardware,
with no possibility for interrupt. Locking up for an extended time period could cause system
problems (interrupt latency) so it should be avoided. To solve the problem, long operations
should be followed by a software mode NOP command to the MC68881, followed by repeated
reads of its response register until it is no longer busy. This holds off the program until the long
operation is complete without creating a hardware barrier to other processor operations. Please
note that the actual long operations may be started using the hardware assist mode, but must be
followed by the above softwaremode sequence.
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A. Ampere.
ac. Alternating current.

accumulator. A register in which the result of an
operation is formed.

ACKO. A transmission control character for even
positive acknowledgement.

ACKI1. A transmission control character for odd
positive acknowledgement.

active high. Designates a signal that has to go high
to produce an effect. Synonymous with positive
true.

active low. Designates a signal that has to go low
to produce an effect. Synonymous with negative
true.

adapter. An clectronic part used to connect two
unlike parts or machines.

address. (1) A name, label, or number identifying
a location in storage, a device in a network, or any
other data source. (2) A number that identifies the
location of data in memory.

address bus. One or more conductors used to
carry the binary-coded address from the processor
throughout the rest of the system.

addressing. (1) In data communications, the way
that the sending or control station selects the
station to which it is sending data. (2) A means of
identifying storage locations.

algorithm. A finite set of well-defined rules for the
solution of a problem in a finite number of steps.

All Points Addressable (APA) display. A display
that allows each pel to be individually addressed.

Glossary

An APA display allows for images to be displayed
that are not made up of images predefined in
character boxes.

alphameric. Consisting of letters, numbers and
often other symbols, such as punctuation marks
and mathematical symbols.

alphanumeric (A/N). Pertaining to a character set
that contains letters, digits, and usually other
characters, such as punctuation marks.
Synonymous with alphameric.

alternating current (ac). A current that periodically
reverses its direction of flow.

American National Standard Code for Information
Exchange (ASCII). The code developed by ANSI
for information interchange among data processing
systems, data communications systems, and
associated equipment. The ASCII character set
consists of 7-bit control characters and symbolic
characters.

ampere (A). The basic unit of electric current.
A/N. Alphanumeric.

analog. (1) Pertaining to data in the form of

‘continuously variable physical quantities. (2)

Contrast with digital.

array. An arrangement of elements in one or
more dimensions.

asynchronous transmission. In data
communications, a method of transmission in
which the bits included in a character or block of
characters occur during a specific time interval.
However, the start of each character or block of
characters can occur at any time during this
interval. Contrast with synchronous transmission.

Glossary X-1
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bandwidth. The difference, expressed in hertz,
between the two limiting frequencies of a band.

base address. The beginning address for resolving
symbolic references to locations in storage.

base register. A general purpose register that the
programmer chooses to contain a base address.

basic assurance test (BAT). An internal diagnostic
program activated each time the system is turned
on.

baud. (1) A unit of signaling speed equal to the
number of discrete conditions or signal events per
second. For example, one baud equals one bit per
second in a train of binary signals, one-half dot
cycle per second in Morse code, and one 3-bit
value per second in a train of signals each of
which can assume one of eight different states.
(2) In asynchronous transmission, the unit of
modulation rate corresponding to one unit of
interval per second; that is, if the duration of the
unit interval is 20 milliseconds, the modulation
rate is 50 baud.

binary. (1) Pertaining to a system of numbers to
the base two; the binary digits are 0 and 1.

(2) Involving a choice of two conditions, such as
on-off or yes-no.

binary digit. (1) In binary notation, either of the
characters O or 1. (2) Synonymous with bit.

binary notation. Any notation that uses two
different characters, usually the binary digits
Oand 1.

binary synchronous communications (BSC). A
form of communications line control using
transmission control characters to control the
transfer of data over a communications line.

bit. Either of the binary digits 0 or 1 used in
computers to store information. See also byte.

bits per second (bps). A unit of measurement
representing the number of discrete binary digits
transmitted by a device in one second.
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block. (1) A group of records that is recorded or
processed as a unit. Same as physical record. (2) In
data communications, a group of records that is
recorded, processed, or sent as a unit. (3) A block
is 1024 bytes long.

block check character. The character used in BSC
to check that all bits transmitted were received.

bps. Bits per second.

branch. In a computer program an instruction
that selects one of two or more alternative sets of
instructions. A conditional branch occurs only
when a specified condition is met.

buffer. (1) A temporary memory unit, especially
one that accepts information at one rate and
delivers it at another rate. (2) An area of memory,
temporarily reserved for performing input or
output, into which data is read, or from which
data is written.

bus. One or more conductors used for
transmitting signals or power.

byte. The amount of storage required to represent
one character; a byte is 8 bits.

C. Celsius.

cathode ray tube (CRT). A vacuum tube in which
a stream of electrons is projected onto a
fluorescent screen producing a luminous spot. The
location of the spot can be controlled.

CCITT. International Telegraph and Telephone
Consultative Committee.

Celsius (C). A temperature scale. Contrast with
Fahrenheit (F).

central processing unit (CPU). Term for
processing unit.

channel. A path along which data passes. Also a
device connecting the processor to I/O.

character. A letter, digit, or other symbol.

character generator. (1) In computer graphics, a
functional unit that converts the coded
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representation of a graphic character into the
shape of the character for display. (2) In word
processing, the means within equipment for
generating visual characters or symbols from
coded data.

character key. A keyboard key that allows the
user to enter the character shown on the key.
Compare with function keys.

character set. A group of characters used for a
specific reason; for example, the set of characters a
printer can print or a keyboard can support.

characters per second (cps). A standard unit of
measurement for the speed at which a printer
prints.

check. (1) An error condition. (2) To look for a
condition.

clocking. In data communications, a method of
controlling the number of data bits sent on a
communications line in a given time.

CMOS. Complementary metal oxide
semiconductor.

code. (1) Instructions for the computer. (2) To
write instructions for the computer; to program.
(3) A representation of a condition, such as an
error code.

coding scheme. Synonym for code.

command. A request to perform an operation or
execute a program. When parameters, arguments,
flags, or other operands are associated with a
command, the resulting character string is a single
command.

communications adapter. A hardware feature
enabling a computer or device to become a part of
a data communications network.

complementary metal oxide semiconductor
(CMOS). A logic circuit family that uses very
little power. It works with a wide range of power
supply voltages.

complement of a number. The value that can be
added to the number to equal a given value.

concatenate. (1) To link together. (2) To join two
character strings.

configuration. The group of machines, devices,
and programs that make up a computer system.

conjunction. Synonym for AND operation.

connector. A part of the system unit or remote
controller to which cables for display stations and
printer are attached.

counter. A register or storage location used to
accumulate the number of occurrences of an
event.

coupler. A device connecting a modem to a
telephone network.

cps. Characters per second.

CPU. Central processing unit.

CRC. Cyclic redundancy check.

CRT. Cathode ray tube.

CRT display. Cathode ray tube display.

CTS. Clear to send. Associated with modem
control.

cursor. (1) A movable symbol (such as an
underline) on a display, used to indicate to the
operator where the next typed character will be
placed or where the next action will be directed.
(2) A marker that indicates the current data access
locatton within a file.

cyclic redundancy check (CRC). (1) A redundancy
check in which the check key is generated by a
cyclic algorithm. (2) A system of error checking
performed at both the sending and receiving
station after a block-check character has been
accumulated.

cylinder. All fixed disk or diskette tracks that can
be read or written without moving the disk drive
or diskette drive read/write mechanism.
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data. (1) A representation of facts, concepts, or
instructions in a formalized manner suitable for
communication, interpretation, or processing by
human or automatic means. (2) Any
representations, such as characters or analog
quantities, to which meaning is, or might be
assigned.

data transmission. Synonym for transmission.
dec. Direct current.

Deutsche Industrie Norm (DIN). (1) German
Industrial Norm. (2) The committee that scts
German dimension standards.

digit. (1) A graphic character that represents an
integer; for example, one of the characters 0 to 9.
(2) A symbol that represents one of the non-
negative integers smaller than the radix. For
example, in decimal notation, a digit is one of the
characters 0 to 9.

digital. (1) Pertaining to data in the form of digits.
(2) Contrast with analog.

DIN. Deutsche Industrie Norm.

DIN connector. One of the connectors specified by
the DIN committee.

DIP. Dual in-line package.

DIP switch. One of a set of small switches
mounted in a dual in-line package.

direct current (dc). A current that always flows in
one direction.

‘direct memory access (DMA) device. A
component that can read or write to system
storage directly, without processor intervention.
Two device types are identified: 1) a first party
DMA device resides on a hardware adapter and 2)
a third party DMA device resides on the system
planar. DMA capability permits simultaneous use
of input/output devices and the processor.

disable. A processing unit is disabled when it
prevents the occurrence of certain types of
interrupts.
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disabled. Pertaining to a state of a processing unit
that prevents the occurrence of certain types of
interruptions. Synonymous with masked.

disk. Loosely, a magnetic disk unit.

disk drive. A mechanism for moving a disk pack
and controlling its movements.

diskette. A thin, flexible magnetic plate that is
permanently sealed in a protective cover. It can be
used to store information copies from the disk.

diskette drive. The mechanism used to read and
write information on diskettes.

display. (1) A visual presentation of data. (2) A
device for visual presentation of information on
any temporary character imaging device. (3) To
present data visually. (4) See cathode ray tube
display.

display attribute. In computer graphics, a
particular property that is assigned to all or part of
a display; for example, low intensity, green color,
blinking status.

DMA. Direct memory access.

double precision. Pertaining to the use of two
computer words to represent a number in
accordance with the required precision.

DSR. Data set ready. Associated with modem
control.

DTR. Data terminal ready. Associated with
modem control.

dual in-line package (DIP). A widely used
container for an integrated circuit. DIPs have pins
in two parallel rows. The pins are spaced 1/10
inch apart. See also DIP switch.

duplex. Pertains to communications data that can
be sent and received at the same time. Same as
Sfull duplex. Contrast with Aalf duplex.

duty cycle. In the operation of a device, the ratio
of on time to idle time. Duty cycle is expressed as
a decimal or percentage.
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dynamic memory. RAM memory using transistors
and capacitors as the memory elements. This
memory requires a refresh (recharge) cycle every
few milliseconds. Contrast with static memory.

EBCDIC. See extended binary-coded decimal
interchange code.

ECC. Error checking and correction.

edge connector. A terminal block with a number
of contacts attached to the edge of a printed-circuit
board to facilitate plugging into a foundation
circuit.

EIA. Electronic Industries Association.

enable. A processing unit is enabled when it
allows certain types of interrupts.

F. Fahrenheit.

Fahrenheit (F). A temperature scale. Contrast with
Celsius (C).

falling edge. Synonym for negative-going edge.
FCC. Federal Communications Commission.

feature. A programming or hardware option,
usually available at an extra cost.

fetch. To locate and load a quantity of data from
storage.

field. An area in a record or panel used to contain
a particular catagory of data. The smallest
component of a record that can be referred to by
name.

fixed disk. A flat circular plate with a
magnetizable surface layer on which data can be
stored by magnetic recording.

fixed-disk drive. The mechanism used to read and
write information on fixed disk.

flag. (1) Any of various types of indicators used
for identification. (2) A character that signals the
occurrence of some condition, such as the end of a
word.

flexible disk. Synonym for diskette.

format. (1) A defined arrangement of such things
as characters, fields, and lines, usually used for
displays, printouts, or files. (2) The pattern which
determines how data is recorded.

function keys. Keys that request actions but do
not display or print characters. Included are the
keys that normally produce a printed character,
but when used with the code key produce a
function instead. Compare with character key.

G. (1) Prefix giga; 1 000 000 000. (2) When
referring to computer storage capacity, 1 073 741
824. (1 073 741 824 = 2 to the 30th power.)

gate. (1) A combinational logic circuit having one
output channel and one or more input channels,
such that the output channel state is completely
determined by the input channel states. (2) A
signal that enables the passage of other signals
through a circuit.

G-byte. 1 073 741 824 bytes.

general-purpose register (GPR). An explicitly
addressable register that can be used for a variety
of purposes (for example, as an accumulator or an
index register. accumulator, as an index register, or
as a special handler of data.

giga (G). Prefix 1 000 000 000.

gram (g). A unit of weight (equivalent to 0.035
ounces).

graphics. A type of data created from
fundamental drawing units such as lines, splines,
curves, polygons, and so forth.

graphic character. A character that can be
displayed or printed.

half-duplex. Pertains to communications in which
data can be sent in only one direction at a time.
Contrast with duplex.

hardware. The equipment, as opposed to the
programming, of a computer system.
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HAT. Hash anchor table.

head. A device that reads, writes, or erases data on
a storage medium; for example, a small
electromagnet used to read, write, or erase data on
a magnetic disk.

hertz (Hz). A unit of frequency equal to one cycle
per second.

hex. Common abbreviation for hexadecimal.

hexadecimal. Pertaining to a system of numbers to
the base sixteen; hexadecimal digits range from 0
(zero) through 9 (nine) and A (ten) through F
(fifteen).

high-order position. Most significant; leftmost. For
example, bit 0 in a register.

Hz. Hertz.

immediate data. Data appearing in an instruction
itself (as opposed to the symbolic name of the byte
of data). The data is immediately available from
the instruction and therefore does not have to be
read from memory.

immediate instruction. An instruction that
contains within itself an operand for the operation
specified, rather than an address of the operand.

index. (1) A table containing the key value and
location of each record in an indexed file. (2) A
computer storage position or register, whose
contents identify a particular element in a set of
elements.

index register. A register whose contents may be
used to modify an operand address during the
execution of computer instructions.

indicator. An internal switch that communicates a
condition between parts of a program or
procedure.

infinity. A name for the upper boundary of the set
of numbers.

inhibited. (1) Pertaining to a state of a processing
unit in which certain types of interruptions are not

X-6 Reference Manual

allowed to occur. (2) Pertaining to the state in
which a transmission control unit or an audio
response unit cannot accept incoming calls on a
line.

initialize. To set counters, switches, addresses, or
contents of storage to 0 or other starting values at
the beginning of, or at prescribed points in, the
operation of a computer routine.

input/output (I/0). Pertaining to either input,
output, or both between a computer and a device.

input-output channel controller (I0CC). A
hardware component that supervises
communication between the input/output channel
and the processor.

instruction. A statement that specifies an
operation to be performed by the computer, along
with the values or locations of operands, if any
exist. This statement represents the programmer’s
request to the processor to perform a specific
operation.

instruction set. The set of instructions of a
computer, of a programming language, or of the
programming languages in a programming system.

interface. A shared boundary between two or
more entities. An interface might be a hardware
component to link two devices together or it might
be a portion of memory or registers accessed by
two or more computer programs.

interrupt. (1) To temporarily stop a process. (2) In
data communications, to take an action at a
receiving station that causes the sending station to
end a transmission. (3) A signal sent by an I/O
device to the processor when an error has occurred
or when assistance is needed to complete I/O. An
interrupt usually suspends execution of the
currently executing program.

1/0. See input/output.
I/O area. Synonym for buffer.

IOCC. I/O Channel Controller. A hardware
component that supervises communication
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between the input/output channel and the system
processor.

IPT. Inverted page table.

irrecoverable error. An error that makes recovery
impossible without the use of recovery techniques
external to the computer program or run.

k. Prefix kilo; 1000.

K. When referring to memory capacity, 1024.
(1024 = 2 to the 10th power.)

K byte. 1024 bytes.

kg. Kilogram; 1000 grams.
kHz. Kilohertz; 1000 hertz.
kilo (k). Prefix 1000
kilogram (kg). 1000 grams.
kilohertz (kHz). 1000 hertz

latch. (1) A simple logic-circuit memory element.
(2) A feedback loop in sequential digital circuits
used to maintain a state.

least-significant digit. The rightmost digit. See
also low-order position.

LED. Light-emitting diode.

light-emitting diode (LED). A semiconductor
device that gives off visible or infrared light when
activated.

load. (1) To move data or programs into memory.
(2) To place a diskette into a diskette drive, or a
magazine into a diskette magazine drive. (3) To
insert paper into a printer.

logarithm. A mathematical operation related to
the base of a numbering system.

low-order position. The rightmost position in a
string of characters. See also least-significant digit.

m. (1) Prefix milli; 0.001. (2) Meter.

M. (1) Prefix mega; 1 000 000. (2) When referring
to computer memory capacity, 1 048 576. (1 048
576 = 2 to the 20th power.)

mA. Milliampere; 0.001 ampere.

machine language. A language that can be used
directly by a computer without intermediate
processing.

mark. A symbol or symbols that indicate the
beginning or the end of a field, of a word, of an
item of data, or of a set of data such as a file, a
record, or a block.

mask. A pattern of characters that controls the
keeping, deleting, or testing of portions of another
pattern of characters.

masked. Synonym for disabled.

matrix. An array arranged in rows and columns.
M byte. 1 048 576 bytes.

mega (M). Prefix 1 000 000.

megabyte. One million bytes.

megahertz (MHz). 1 000 000 hertz.

memory. Storage on electronic memory such as
random access memory, read only memory, or
registers.

Memory Management Unit (MMU). Hardware on
the system board that manages virtual memory by
providing translation from a virtual address to a
real address.

meter (m). A unit of length (equivalent to 39.37
inches).

MFM. Modified frequency modulation.
MHz. Megahertz; 1 000 000 hertz.
micro (i) Prefix 0.000 001.

microcode. (1) One or more microinstructions. (2)
A code, representing the instructions of an
instruction set, implemented in a part of memory
that is not program-addressable.

microinstruction. (1) An instruction of microcode.
(2) A basic or elementary machine instruction.
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microprocessor. An integrated circuit that accepts
coded instructions for execution; the instructions
may be entered, integrated, or stored internally.

milli (m). Prefix 0.001.

milliampere (mA). 0.001 ampere.
millisecond (ms). 0.001 second.
MMU. See memory management unit

mnemonic. The field of an assembler instruction
that contains the acronym or abbreviation for a
machine instruction. Using mnemonics frees the
programmer from having to remember the
machine’s numeric operator codes.

mode. (1) A method of operation; for example, the
binary mode, the interpretive mode, the
alphanumeric mode. (2) The most frequent value
in the statistical sense.

modem (modulator-demodulator). A device that
converts data from the computer to a signal that
can be transmitted on a communications line, and
converts the signal received to data for the
computer.

modified frequency modulation (MFM). The
process of varying the amplitude and frequency of
the ’write’ signal. MFM pertains to the number of
bytes of storage that can be stored on the
recording media. The number of bytes is twice the
number contained in the same unit area of
recording media at single density.

modulation. Changing the frequency or size of one
signal by using the frequency or size of another
signal.

modulation rate. The reciprocal of the measure of
the shortest nominal time interval between
successive significant instants of the modulated
signal. If this measure is expressed in seconds, the
modulation rate is expressed in baud.

monitor. (1) A device that observes and verifies
the operation of a data processing system and
indicates any significant departure from the norm.
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(2) Software or hardware that observes, supervises,
controls, or verifies the operations of a system.

most-significant digit. The leftmost (non-zero)
digit. See also high-order position.

ms. Millisecond; 0.001 second.

multiplexer. A device capable of interleaving the
events of two or more activities, or capable of
distributing the events of an interleaved sequence
to the respective activities.

multipoint. In data communications, pertains to a
network that allows two or more stations to
communicate with a single system on one line.

multiprogramming. The processing of two or more
programs at the same time.

n. Prefix nano; 0.000 000 001.

nano (n). Prefix 0.000 000 001.
nanosecond (ns). 0.000 000 001 second.
negative true. Synonym for active low.

negative-going edge. The edge of a pulse or signal
changing in a negative direction. Synonymous
with falling edge.

non-return-to-zero (inverted) recording
(NRZI). Deprecated term for non-return-to-zero
change-on-ones recording.

nonvolatile random access memory. A portion of
random access memory that retains its contents
after electrical power to the machine is shut off.

NRZI. Non-return-to-zero change-on-ones
recording.

ns. Nanosecond; 0.000 000 001 second.
NUL. The null character.

null character (NUL). The character hex 00, used
to represent the absence of a printed or displayed
character.

NVRAM. See nonvolatile random access memory.
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odd-even check. Synonym for parity check.

offline. Pertaining to the operation of a functional
unit without the continual control of a computer.

one-shot. A circuit that delivers one output pulse
of desired duration for each input (trigger) pulse.

op code. See operation code.

operand. An instruction field that represents data
(or the location of data) to be manipulated or
operated upon. Not all instructions require an
operand field.

operating system. Software that controls the
running of programs; in addition, an operating
system may provide services such as resource
allocation, scheduling, input/output control, and
data management.

operation code. A numeric code indicating to the
processor which operation should be performed.

OR. A logic operator having the property that if P
is a statement, Q is a statement, R is a

statement, . . ., then the OR of P, Q, R, .. . is true
if at least one statement is true, false if all
statements are false.

OR gate. A gate in which the output is 1 only if
at least one input is 1.

output. The result of processing data.

output process. (1) The process that consists of the
delivery -of data from a data processing system, or
from any part of it. (2) The return of information
from a data processing system to an end user,
including the translation of data from a machine
language to a language that the end user can
understand.

overcurrent. A current of higher than specified
strength. '

overflow indicator. (1) An indicator that signifies
when the last line on a page has been printed or
passed. (2) An indicator that is set on if the result
of an arithmetic operation exceeds the capacity of
the accumulator.

overrun. Loss of data because a receiving device is
unable to accept data at the rate it is transmitted.

overvoltage. A voltage of higher than specified
value.

page. A block of instructions, data, or both.

page fault. A program interruption that occurs
when a page of memory not in real memory is
referred to by an active page.

parallel. (1) Pertaining to the concurrent or
simultaneous operation of two or more devices, or
to the concurrent performance of two or more
activities. (2) Pertaining to the concurrent or
simultaneous occurrence of two or more related
activities in multiple devices or channels. (3)
Pertaining to the simultaneity of two or more
processes. (4) Pertaining to the simultaneous
processing of the individual parts of a whole, such
as the bits of a character and the characters of a
word, using separate facilities for the various parts.
(5) Contrast with serial.

parameter. Information that the user supplies to a
panel, command, or function.

picture element (pel). In computer graphics, the
smallest element of a display space that can be
independently assigned color and intensity.

phototransistor. A transistor whose switching
action is controlled by light shining on it.

picture element (PEL). The smallest displayable
unit on a display.

PMUC. processor/memory management unit

polling. A method for determining whether any of
the stations sharing a communications line has
data to send.

port. An access point for data input to or data
output from a computer system.

positive true. Synonym for active high.

positive-going edge. The edge of a pulse or signal
changing in a positive direction. Synonymous with
rising edge.

Glossary X-9
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power supply. A device that produces the power
needed to operate electronic equipment.

precision. A measure of the ability to distinquish
between nearly equal values. See single precision
and double precision.

printed-circuit board. A usually copper-clad plastic
board used to make a printed circuit.

priority. The relative ranking of items. For
example, a job with high priority in the job queue
will be run before one with medium or low
priority.

privileged instructions. System control instructions
that can only run in the processor’s privileged
state. Privileged instructions generally manipulate
virtual machines or the memory manager; they
typically are not used by application programmers.
See privileged state.

privileged state. A hardware protection state in
which the processor can run privileged
instructions. The processor’s privileged state
supports the virtual machine’s VRM state.

processing program. A program that performs
such functions as compiling, assembling, or
translating for a particular programming language.

processing unit. A functional unit that consists of
one or more processors and all or part of internal
memory.

processor. (1) In a computer, a functional unit
that interprets and executes instructions. (2) A
functional unit, a part of another unit such as a
terminal or a processing unit, that interprets and
executes instructions. (3) Deprecated term for
processing program. (4) See microprocessor.

processor channel. The interface used directly by
the system processor and the memory
management unit.

program. A file containing a set of instructions
conforming to a particular programming language
syntax.
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propagation time. The time necessary for a signal
to travel from one point on a communications
line to another.

protocol. (1) A specification for the format and
relative timing of information exchanged between
communicating parties. (2) The set of rules
governing the operation of functional units of a
communication system that must be followed if
communication is to be achieved.

pulse. A variation in the value of a quantity, short
in relation to the time schedule of interest, the
final value being the same as the initial value.

RAM. Random access memory. Read/write
memory.

random access memory (RAM). Read/write
memory.

raster array. In computer graphics, a
predetermined pattern of lines that provides
uniform coverage of a display space.

read. To acquire or interpret data from a storage
device, from a data medium, or from another
source,

read-only memory (ROM). A memory device
whose contents cannot be modified. The memory
is retained when power is removed.

read/write memory. A memory device whose
contents can be modified. Also called RAM.

Real Address. A 24 bit address on the processor
channel which will be applied to memory by the
memory management unit without modification
by the translation mechanism of MMU.

real number. A number, containing a decimal
point, stored in fixed-point or floating-point
format.

Real Resolved Address. A real processor channel
address in which the 8 high order bits as received
from a DMA adapter have been replaced by the
I0CC.
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recoverable error. An error condition that allows
continued execution of a program.

red-green-blue-intensity (RGBI). The description
of a direct-drive color monitor that accepts input
signals of red, green, blue, and intensity.

redundancy check. A check that depends on extra
characters attached to data for the detection of
errors. See cyclic redundancy check.

Region. The term region is used within the IOCC
document to reference to a 128K byte block of
memory on a 128 KB boundary. The MMAT and
TCW table map each entry onto a region for
purpose of control.

register. (1) A memory area, in a computer,
capable of storing a specified amount of data such
as a bit or an address. (2) See general purpose
register and system control register.

register pair. See register twin.

register twin. The twin of a general purpose
register is the binary value of the register with the
low-order bit inverted. For example, the twin of
register 5 with a binary value of 0101 is register 4
with a binary value of 0100.

retry. To resend the current block of data (from
the last EOB or ETB) a prescribed number of
times, or until it is entered correctly or accepted.

reverse video. A form of highlighting a character,
field, or cursor by reversing the the color of the
character, field, or cursor with its background; for
example, changing a red character on a black
background to a black character on a red
background.

RGBI. Red-green-blue-intensity.
rising edge. Synonym for positive-going edge.
ROM. Read-only memory.

ROM/BIOS. The ROM resident basic input/
output system, which provides the level control of
the major I/O devices in the computer system.

RS232C. A standard by the EIA for
communication between computers and external
equipment.

RTS. Request to send. Associated with modem
control.

schematic. The representation, usually in a
drawing or diagram form, of a logical or physical
structure.

second level interrupt handler (SLIH). A routine
that handles the processing of an interrupt from a
specific adapter. An SLIH is called by the first
level interrupt handler associated with that
interrupt level.

sector. (1) An area on a disk track or a diskette
track reserved to record information. (2) The
smallest amount of information that can be
written to or read from a disk or diskette during
a single read or write operation.

signal. A variation of a physical quantity, used to
convey data.

sink. A device or circuit into which current
drains.

Soft Reset. A system processor reset issued by the
locator adapter upon detection of a unique
3-keystroke sequence.

software. (1) Computer programs, procedures, and
rules concerned with the operation of a data
processing system. (2) Contrast with hardware.

source. The origin of a signal or electrical energy.
SS. Start-stop.

start bit. (1) A signal to a receiving mechanism to
get ready to receive data or perform a function.
(2) In a start-stop system, a signal preceding a
character or block that prepares the receiving
device for the reception of the code elements.

start-stop system. A data transmission system in
which each character is preceded by a start bit and
is followed by a stop bit.

Glossary X-11
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start-stop (SS) transmission. (1) Asynchronous
transmission such that a group of signals
representing a character is preceded by a start bit
and followed by a stop bit. (2) Asynchronous
transmission in which a group of bits is preceded
by a start bit that prepares the receiving
mechanism for the reception and registration of a
character and is followed by at least one stop bit
that enables the receiving mechanism to come to
an idle condition pending the reception of the next
character.

static memory. RAM memory using flip-flops as
the memory elements. Data is retained as long as
power is applied to the flip-flops. Contrast with
dynamic memory.

stop bit. (1) A signal to a receiving mechanism to
wait for the next signal. (2) In a start-stop system,
a signal following a character or block that
prepares the receiving device for the reception of a
subsequent character or block.

memory. (1) A memory device. (2) A device, or
part of a device, that can retain data. (3) The
retention of data in a memory device. (4) The
placement of data into a memory device.

STX. Start-of-text.

supervisor call (SVC). An instruction that
interrupts the program being executed and passes
control to the supervisor so it can perform a
specific service indicated by the instruction.

symbol. (1) A conventional representation of a
concept or a representation of some thing by
reason of relationship, association, or convention.
(2) A representation of something by reason of
relationship, association, or convention.

synchronization. The process of adjusting the
corresponding significant instants of two signals to
obtain the desired phase relationship between these
instants.

synchronous transmission. (1) Data transmission
in which the time of occurrence of each signal
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representing a bit is related to a fixed time frame.
(2) Data transmission in which the sending and
receiving devices are operating continuously at
substantially the same frequency and are
maintained, by means of correction, in a desired
phase relationship.

syntax. The rules for the construction of a
command or program.

system memory. Program-addressable memory
from which instructions and other data can be
loaded directly into registers for subsequent
execution or processing.

system unit. The part of the system that contains
the processing unit, the disk drive and the disk,
and the diskette drive and diskettes.

TLB. Translation look-aside buffer.

TCW. Translation Control Word used within the
IOCC to translate and/or reformat the incoming
DMA address.

time-out. (1) A parameter related to an enforced
event designed to occur at the conclusion of a
predetermined elapsed time. A time-out condition
can be cancelled by the receipt of an appropriate
time-out cancellation signal. (2) A time interval
allotted for certain operations to occur; for
example, response to polling or addressing before
system operation is interrupted and must be
restarted.

track. A circular path on the surface of a disk or
diskette on which information is magnetically
recorded and from which recorded information is
read.

transistor-transistor logic (TTL). A popular logic
ircuit family that uses multiple-emitter transistors.

translate. To transform data from one language to
another.

transmission. (1) The sending of data from one
place for reception elsewhere. (2) In ASCII and
data communication, a series of characters
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including headings and text. (3) The dispatching of
a signal, message, or other form of intelligence by
wire, radio, telephone, or other means. (4) One or
more blocks or messages. For BSC and start-stop
devices, a transmission is terminated by an EOT
character. (5) Synonymous with data transmission.

trap. An unprogrammed, hardware-initiated jump
to a specific address. Occurs as a result of an error
or certain other conditions.

TTL. Transistor-transistor logic.

two’s complement. Representation of negative
binary numbers. Formed by subtracting each digit
of the number from zero, then adding one to the
result.

typamatic key. A key that repeats its function
multiple times when held down.

unprivileged state. A hardware protection state in
which the processor can only run unprivileged
instructions. The processor’s unprivileged state
supports the virtual machine’s operating system
state and problem state.

V. Volt.

video. Computer data or graphics displayed on a
cathode ray tube, monitor, or display.

Virtual Address. A 32 bit address on the internal
bus intended to be translated by Memory
Management.

volt. The basic practical unit of electric pressure.
The potential that causes electrons to flow through
a circuit.

W. Watt.
watt. The practical unit of electric power.

word. A contiguous series of 32 bits (four bytes) in
storage,

write. To make a permanent or transient
recording of data in a storage device or on a data
medium.

write precompensation. The varying of the timing
of the head current from the outer tracks to the
inner tracks of the diskette to keep a constant
’write’ signal.
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A

address maps
I/O channel 5-12, 6-48
system memory 1-34
address translation 11-93

segment register selection 11-96

TLB operation 11-98
TLB reload 11-101

virtual address generation 11-97

addressing modes
DMA 5-15
system board 5-14

Advanced Floating-Point Accelerator

See Floating-Point Accelerator
Advanced Processor Board B-1
See also processor board

B

battery
connector 5-150, 5-154, 9-32
block diagram

Floating-Point Accelerator 4-4, 4-42

I/O channel protocol 6-21
interrupt line 6-46
memory boards 3-6

power distribution 10-7, 10-10

processor board 2-6
system board 5-11
system unit 1-8

C

connector
battery 5-150, 5-154
I/O channel 6-58
keyboard 5-144, 9-23
locator 5-145, 9-29
operator panel 5-149, 5-153
power supply 5-146, 5-151
serial port 5-150
conventions
bit 1-13
byte 1-15
I/O channel 1-16, 1-20
memory 1-18

D

data flow 1-8, 5-11
DMA
controllers 5-41, 6-15
description  5-39, 6-15
types 6-16

ECC checking 11-141
error handling 11-85, 11-87

Index
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F

Floating-Point Accelerator 1-10, 4-4, 4-42
block diagram 4-4, 4-42
command encoding 4-12, 4-52
pin assignments 4-90
programming considerations 4-40, 4-88
register sets 4-6, 4-44

G

general-purpose registers 11-12

I/O address assignments
See address maps
I/O channel 6-1
address maps 5-12, 6-48
compatibility 8-4
connector/pin description 6-58
data transfer 6-15
features 6-4
interrupts 6-45
operations 5-37
signal definitions 6-8
subsystem adapters 1-11, 5-75
instruction formats
memory access 11-30
system processor 11-29
instruction set
mnemonics A-1
system processor 11-27
interrupt controllers 5-56
interrupt lines 6-46
interrupts  1-36, 5-57
IPL ROM
boot record 7-34
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display codes 7-32

location 7-14

NVRAM used by ROM  7-8
register conventions 7-17

K

keyboard 9-4
adapter 5-85
cable connector 9-23
command set 9-5
layout 9-7
outputs 9-6
keyboard, locator, speaker adapter
commands 5-98
I/O operations 5-88
speaker control 5-117

L

locations
system board 5-8, 5-10
Locator 9-24
cable connector 9-29
commands 9-25
data frame 9-28
operation modes 9-24
operational characteristics 9-24
voltage interchange information 9-28

M

machine check errors
See error handling

memory 3-4
board description 1-10
board pin assignments 3-23
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channel 1-10
configurations 3-7
exception address register 11-125
exception register 11-119
signal definitions 3-5
timing waveforms 3-19

Memory Management Unit 11-92
address translation 11-93
address translation hardware operation 11-96
address translation overview 11-94
control register initialization 11-138
control registers 11-113
ECC checking 11-141
I/O address assignments 11-136
I/O base address register initialization 11-138
lockbit processing 11-110
memory access control 11-108
memory protection processing 11-109
reference and change bits 11-111
segment protection processing 11-108
segment registers 11-127
TLB entries 11-128
translation assist functions 11-134
translation control register 11-117

0)

operator panel 9-30
battery connector 5-150, 5-154, 9-32
connector 5-149, 5-153
keylock 9-31
two-digit display 9-31

P

pin assignments
Floating-Point Accelerator board 4-90
memory board 3-23
processor board 2-32

power
distribution program 10-7, 10-10
input 10-4
output 10-5
signals 10-11
privileged instructions A-8
processor board
Advanced Processor Board B-1
channel 1-10
description 1-9, 2-4, 2-17
function overview 2-6, 2-21
interfaces 2-6, 2-21
memory channel interface 2-16, 2-31
pin assignmeénts 2-32
processor channel interface 2-8, 2-23
processor board 2-21
signal definitions 2-11, 2-26
program check errors
See error handling

R

RAS mode diagnostic register 11-132
ROM
See IPL ROM

S

segment registers 11-127
system addressing model 1-26
system arbitration 5-33
system board
addressing modes 5-14
battery connector 5-150, 5-154, 9-32
description 1-9
I/O address assignments 5-12
I/O subsystem adapters 1-11, 5-75
interrupt controllers 5-56
keyboard adapter 5-85

Index X-17
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keyboard connector 5-144, 9-23
locations 5-8, 5-10
locator connector 5-145, 9-29
operator panel connector 5-149, 5-153
power supply connectors 5-146, 5-151
RS-232C interface 5-83
serial port connectors 5-150
system board connectors 5-144
system compatibility 8-1
system memory addressing conventions
See conventions
system memory boards
See memory
system nomenclature 1-13
system overview 1-7
system performance 1-12
system processor 11-8
address map 1-34
general-purpose registers 11-12
instruction formats 11-29
instruction set 11-27
interrupt registers 11-24
interrupt servicing 11-26
interrupts 1-36, 11-19
machine check errors 11-85
privileged and unprivileged states 11-12
processor channel 11-9
processor priority 11-20
processor states 11-10
program check errors 11-87
program status 11-21
RAS facilities 11-85
system control registers 11-14
system memory 11-9
system timer facility 11-17
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system processor instructions
address computation 11-37
arithmetic operations 11-56
branching 11-40
input/output 11-83
load and store 11-31
logical operations 11-67
moves and inserts 11-51
shifts 11-73
system control 11-79
traps 11-49

system unit
block diagram 1-8

T

TLB reload
HAT address generation 11-104
HAT and IPT format 11-102
HAT/IPT base address 11-103
IPT search 11-105
transaction identifier register 11-127
translated real address register 11-126
translation modes 5-17

U

Unique Features
IBM 6150 5-7
IBM 6151 5-9
user input/output devices 9-1
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