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THEORY OF OPERATION

1.0 INTRODUCTION
This Document provides the theory of operation for the 12892 Memory
Protect/Parity option for the 2108 and 2112 computers. Discussion
is conducted on the functional block, programming, and detailed operation
levels. Block diagrams, generalized logic diagrams, and timing diagrams
are used to show operation. Understanding of this document is essential

when performing maintenance or trouble shooting on the 12892 option.

2.0 GENERAL DESCRIPTION
The following paragraphs describe the basic block diagram and define

signals which interface with other computer system components.

2.1 Basic Block Diagram
Refer to Figure 1 for the following discussions.
2.1.1 1Indirect Level Logic
This logic consists primarily of a counter which generates
a signal to allow normal I/O interrupts in the CPU during
indirect addressing routines, after three levels of indirection.
2.1.2 Parity Error Logic
This block of logic is used to enable and disable the 12892
option to interrupt on occurrence of a parity error. When a
parity error occurs, bit 15 of the Violation Register is set
high by this logic.
2.1.3 Memory and I/O Violation Detection Logic
This block consists of the logic necessary to determine if
an I/0 instruction has been fetched into the Instruction
Register in the CPU, what bounds to allow on protected
memory, and whether a reference to protected memory is imminent.
2.1.4 Interrupt and Control Logic
This block receives and decodes timing signals and I/0
commands from the CPU and controls the other logical blocks.

It also controls generation and handling of interrupts.
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2.1.5 Violation Register
The Violation Register is loaded from the M-Bus with the address
of the current instruction. When a 12892 option interrupt
condition is imminent, it is disabled, saving this address.
Occurrence of a parity error at any time will load it with

the offending address.

2.2 Interface Signal Definitions
This section describes the main signals which interface the 12892
option board to other elements of the computer. Standard busses and
I/0 signals are not included. The reader is referred to the signal
definitions and cross-references for the 2108A and 2112A for signals
not included here. All signals are TTL compatible, ground true
unless otherwise specified.

2.2.1 Input Signals

FTCH "Fetch". From the microinstruction Special field
on the CPU. Indicates that an instruction has been
fetched and that its address is present on the M-Bus.
Causes resetting of violation detect logic and

indirect counter, and loads the Violation Register.

HLTPE "Halt on Parity Error". From the parity option switch
on the CPU. Indicates the CPU is set to halt on
parity errors, and disables parity interrupts. Remains

in one state until switch is manually changed.

INCI "Increment indirect counter". From the microinstruction
Special field on the CPU. Signals another level of
indirect to the indirect level logic. Occurs during
one unfrozen PS5 period.

I0GSP "I/O group special". From the microinstruction
Special field on the CPU. Indicates that the I/0
group signals will be enabled on the next T2 period.
Lasts one T-period plus the number of T-periods to
the nearest T2 (freeze time): 1 to 5 T-periods in
length.

IRSTF "Instruction Register Store, freezable". From micro-

instruction store field on CPU. Indicates that data
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2.2.2

is being loaded into the Instruction Register on the
_CPU, and is currently present on the S-BUS. Used to
set up error-detection logic for the current instruc-
tion. Lasts one T-period, broken up by freeze time.

MEV "Memory Expansion Violation". Generated by Memory
Management Unit (MMU), Indicates violation of protected
memory in that unit. Occurs during P5 of imminent
violation in the MEU.

MPCK "Memory Protect Check". From microinstruction Special
field on the CPU. Causes check for possible protected
memory bounds violation. Occurs for one T period
pPlus freeze time, if any.

PE "Parity Error". From the Memory controller. Indicates
occurrence of parity error during memory reference.
Consists of a pulse generated when data is valid during
a Read operation.

DMAFRZ "DMA freeze condition". From the DMA board. Indicates
that DMA is using the S-BUS and the CPU is frozen.
Prevents error-checking the S-Bus until the CPU has
control of it again.

Output Signals

CTLS5 "Control 5". Signal to Memory Management to show state
of control flip-flop.

FLG5 "Flag 5". Signal to CPU indicating state of Flag
flip-flop. Used to disable the I/0 priority chain
and to generate a Special interrupt request.

MPCND "Memory Protect Conditional". Signal to Memory
Management Unit. Indicates a memory protect check
is in progress so the MEU can check for violations.

MPINTON "Memory Protect interrupt on". Signal to CPU.
Indicates more than three levels of indirection have
occurred, and enables normal I/O interrups to occur
during further indirect levels.

MPV "Memory Protect Violation". Generated when the control
is set and violations other than parity errors occur.
Prevents CPU or Memory from altering protected memory

or registers and disables I/O signals.
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RESPE "Regset parity error". Signal to CPU which clears the.
parity error light on servicing of a 12892 option
interrupt request.
SKF "Skip flag". Positive true. True when the skip
condition is met for a SFSS or SFC5 instruction.
Responds to state of the Memory Expansion Flag flip
flop (whether viclation occurred in the Memory
Management Unit).
INDIRECT
INCI LEVEL > MPINTON
LOGIC
_ VIOLSFF | VIO.
PE PARITY REG.
J— ERROR
HLTPE
M-BUS
S~BUS
MPCK
IRSTE
IOGSP
MEV
PMAFRZ
PER
MPIQOVIO
FICH NTERRUP' - IRQS
FROM |S-C.BUS COAN;‘nIiOL R
CPU I0GSP > RESPE
IRSTF LOGIC - MPY
I/0 AND ry » CTLS
TIMING ~» MPCND
Figure 1
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3.0

PROGRAMMING
The 12892 option interfaces with the CPU as a standard I/O device, except
with regard to interrupt generation and handling. It is accessed as

select code 5 in the I/0 system. It performs the function described below.

3.1 Memory Protect Feature
This feature prevents certain instructions from altering memory
below a programmed fence, and from jumping into protected memory.
The check for possible violations is initiated by a microcode
instruction field, so operation of this feature is very instruction-
dependent. The programmer should consult the microprogramming manual
and the specifications for the extra firmware packages installed in
his computer to determine the extent of memory protection for his
available instructions. The following discussions apply to Base Set
and Extended Arithmetic Unit instructions.
3.1.1 Feature Programming
Memory Protection is enabled by a STC 5 instruction. It is
disabled at power-ur or by pressing the Preset button in the
HALT mode, or by executing a trap cell instruction during an
interrupt which is a Halt or a non-I1/0 instruction.
3.1.2 Feature Operation
If Memory Protection is enabled, and the interrupt system is
enabled by a previous STF@ command, then an interrupt to trap
cell 5 will be generated if any of the following instructions

attempt to access protected memory:

a) 1Isz
b) JSB
c) STA
d) STB
e) DST
£) JoMP

g) Any other instruction, not in the base set, which provides
memory protection.
NOTE

The interrupt system should always be enabled before enabling
Memory Protection. If the interrupt system is off and Memory
Protect is on and a violation occurs the CPU will permanently
freeze and can recover only by going to reset.
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3.1.3 Protection Boundaries
The upper address bound of protected memory is loaded from the
A or B register into the Fence Register in the 12892 option by
an OTAS5/0TB5 command. Memory addresses below this Fence are
protected.

The lower address bound depends on the instruction being
executed. For any instruction with a JMP format in the
Instruction Register at the time of a Memory Protect Check
in microcode, the lower bound of protection is address @
(the A-register). For all other instructions, the lower bound
is address 2. Addresses equal to or above the lower bound are
protected.

3.1.4 Indirect Addressing
Indirect addressing is permitted through protected memory for
protected instructions, but the final effective address must
be in unprotected memory.

3.1.5 Obtaining Violation Address
After a Memory Protect interrupt has occurred, the address of
the violating Instruction may be obtained by a LIA5/LIBS
command. If a parity error occurs after the Memory Protect
violation, the address loaded by LIA5/LIB5 will be that of the
parity error. BIT 15 is low if the address was related to
Memory Protection.

3.1.6 Memory Expansion Unit Memory Protection
The reader is referred to the Memory Expansion Unit (MEU)
specifications for programming Memory Protect for that
option. The 12892 option generates interrupts when notified

by the MEU that a violation has occurred.

3.2 I/0 Violation Feature
This feature provides protection of the system from illegal I/0
instructions by causing an interrupt when an illegal I/O instruction is

attempted.

IVA -10



3.3

3.2.1 Feature Programming
I/0 Protection is enabled and disabled simultaneous with Memory
Protection.

3.2.2 Feature Operation
The definition of an illegal I/O instruction is controlled by
jumper Wl. Instructions referencing select code 1 (front panel
display register or Overflow flip-flop) are always legal. The
jumper positions have the following meanings:
Wl-A: All other I/O instructions are illegal.
W1l-B: Only Halt instructions are illegal.
If this feature is enabled, and the interrupt system is enabled
by a previous STFO, an interrupt to location 5 is generated if
an illegal I/0 instruction is attempted. Whether or not the
interrupt system is enabled, the illegal instruction is treated
as a NOP.

3.2.3 Obtaining Violating Address
After an interrupt occurs, the address of the violating instruc-
tion may be obtained by a LIA5/LIB5 instruction. Bit 15 will be
low. Parity errors occurring subsequent to a violating I/0
instruction will cause the address of the parity error plus

bit 15 high to be loaded into the Violation Register.

Indirect Level Logic

Each time a level of indirect addressing is executed in the base set
routines, the Indirect Counter on the 12892 option is incremented,
until the third level. Then any pending interrupts are allowed to
cause termination of indirect addressing, resetting of the P-counter

to the start of the current instruction, and servicing of the interrupt
before attempting the indirect-addressing instruction again. This

prevents indirect addressing from holding off critical interrupt requests.

Parity Error Interrupt Feature

If the HALT/INTERRUPT feature is switch-selected on the CPU, the Parity
Error Logic is enabled on the 12892 option, and the priority chain is
high to the 12892 option board, then a parity error will cause an
interrupt to trap cell 5. This will occur whether or not the interrupt

system has been enabled by a previous STF@ command.
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3.4.1

3.4.2

Feature Programming

This feature is enabled by the following:

a) STFS instruction

b) Power turn-on

c) Pressing the PRESET button in the Halt mode.

The following occurrences disable the Parity Interrupt feature:
a) A memory parity error occurs during a Read operation.

b) A CLF5 command is performed.

c) The Halt-on-Parity optian is switch-selected on the CPU.
Obtaining the Error Address

After occurrence of a parity error interrupt, the address on
the M-Bus at the time of the parity error may be obtained by
a LIAS/LIBS instruction. BIT 15 will be a one.



4.0

DETAILED OPERATION

This section contains a detailed theory of operation for the 12892 Memory

Protect Option. The reader should refer to the detailed schematic for this

option, as well as the figures and diagrams referred to in this discussion.

IC pack numbers are given in parentheses.

4.1

Indirect Level Logic

This consists of the two J-K flip-flops INDIFF and IND2FF (U92) and
their associated logic. Refer to Figures 2 and 3. The flip-flops
form a simple counter, clocked by EEET, which occurs at P5 (freezable)
of a microinstruction which specifies INCI in its Special field.

This occurs in the indirect addressing routine. The counter increments

are shown in Figure 2, at each occurrence of INCI. MPINTON will go low
until the counter is reset by FTCH at the next instruction fetch, or by
IAK. This insures that each instruction, including interrupt trap cells,
is allowed no more than 3 levels of indirect before checking for interrupts.
MPINTON directly sets the Interrupt
Enable flip-flop (INTENFF) on the CPU, allowing normal interrupts to be
sensed during indirect addressing.
Parity Error logic
This logic consists of the Parity Enable flip-flop (PARENFF), Violation
Register 15 flip-flop (VIO1l5FF), and their associated gates. Refer
to Figure 4.
4.2.1 Parity Enable Flip-Flop
A STF5 or POPIO will cause this flip-flop (U96A) to be reset
on the next P5, setting PARENFF high. If HLTPE is low (HALT
on Parity option), then PARENFF will be set low on the next
P5. PARENFF will oscillate if STF5 or POPIO occur simultaneously
with HLTPE. But HLTPE will set PARENFF low on the next P5.
The parity interrupt feature is enabled when PARENFF is high.
4.2.2 Violation Register 15 Flip-Flop
This flip-flop (U86A) is set low at the same time that PARENFF
is set high, and is set high immediately on occurrence of a
parity error if the priority chain is intact to the 12892 option
(PRH5 is high).
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4.2.3 Parity Error Interrupts

The Eﬁﬁvsignal initiates an interrupt if a parity error occurs,

PRH5 is high, and PARENFF is high. PER will perform the following

actions:

a) Direct-set PARENFF low, disabling future parity interrupts.

b) Set VIOLSFF high, indicating occurrence of a parity error.

c) Set the 12892 option flag buffer in the interrupt logic.

d) Clock the contents of the M-Bus into the Violation Register.

e) Direct-reset EVRFF«@ to prevent further clocking of the
VIOLATION REGISTER.

FLG5 and IRQS will be generated, and the interrupt will be

serviced regardless of the state of the interrupt system

(enabled by STF@). See Section 4.4 for discussion of interrupts.

4.3 Memory Protect and I/O Violation Detect Logic
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This logic consists of buffers, a comparator, flip-flops, the Fence

Register, and associated logic necessary to decode the various

violation conditions. Refer to Figure 6.

4.3.1

4.3.2

Fence Register and Comparator

An OTA5/0TB5 instruction will cause generation of I00 and SELS
(select code 5) signals, which will load the buffered contents
of the S-BUS into the Fence Register (Ul4, US6). The Fence
Register and buffered S-Bus are inputs to the comparator logic
(U34, Ul2, US54, U46, U44) which constantly performs the sub-
traction "S-BUS MINUS FENCE". ADR CARRY is high if the Fence

is greater than the S-Bus. Thus, if an address is present on

the S-Bus, ADR CARRY indicates if it is below the upper bound

of protected memory. If an indirect address (bit 15 high) is

on the S-Bus, it will be compared as being above the fence,

and hence will not cause ADR CARRY to be high.

Protected Memory Lower Bounds

The lower bound of protected memory is determined by the presence
or absence of a JMP instruction in the IR on the CPU. UllA and
U65C cause setting high of the JUMP flip-flop (U96). (3§§§§'goes
low) if a JMP instruction is present on the S-Bus when a STORE
into the IR is performed (IRSTF). JMPFF and U22, 42 and U52



4.3.5

decode violation of the lower bounds of protected memory, the
output of U52 is high if the instruction is a JMP, or if the
S-BUS is not @ or 1. If either of these conditions is true,
then if ADRCARRY is high, a violation condition is present.
Memory Protect Violation Detection

The 4-input NAND gate UllB decodes memory violation conditions.
One microinstruction before a STORE into memory is initiated,
the memory address is placed into the S-Bus, and MPCK is
specified in the Special field. MPCK is then sent to the
12892 option. The address is checked for violation by the
logic of sections 4.3.1 and 4.3.2 above. If there is a
violation, then during the next PS5, MEMVIO (U31) is low.
MEMVIO = BMPCK + PSNF +» ADRCARRY + (ADRF + I + JMPFF)

Memory Management Violation Logic
The Memory Management package has its own protection logic. It
is sent information from the 12892 option to allow it to perform

this function. CTL5 notifies Memory Management of the state

of the memory protect feature. MPCND = BMPCK * (ADR@ + 1 + JMPFF),
which is low if a STORE address is not below the lower bound of
protected memory. MEV is sent by Memory Management at P5 if

a violation occurs there. The MEFLAG flip-flop (MEFLGFF) is set
high on occurrence of MEV with setting of the Flag Buffer. It
is reset whenever CNTRLFF is SET, and is tested with SFS5

and SFC5 commands (U103).

I/0 Violation Logic

If at occurrence of IRSTF the S-Bus contains a HALT instruction,
as decoded by gate U2lA, then at the following P5, the Halt
instruction flip-flop will be set (HLTIRFF will go high). It
will be reset on the next IRSTF. Also during an IRSTF, the
low-order six bits of the S-Bus are decoded by U32B, U32C, and
U65B. If they decode to a value of @lg, then I/O Select Code 1
flip-flop is set on P5 (Eagﬁziff-goes low) .

IOGSP is low at the start of execution of I/0 instructions, and

comes from the Special field of microcode. If HLTIRFF or IOSELLFF
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is low during IOGSP, then an illegal I/O instruction is being
performed (HALT, or Select CODE ¥ 1). U76C and US52D decode I/O
violations (IOVIO). IOVIO is low during P5 of IOGSP for

violations.

U84C and U61C detect attempted execution of a HALT. HLTVIO is
low during P5 of IOGSP if HLTIRFF is high.

4.3.6 Violation Detection
U73A and W1 send a high pulse to the Interrupt Logic during P5
if any violating condition is met. Jumper W1 selects whether
any I/0 violation, or just HALTS are considered illegal I/O
instructions, so the output of U73 is high during MEMVIO
or MEV or either IOVIO or HLIVIO.

4.4 I/0 Interrupt and Control Logic
This part of the 12892 option consists of I/0O signal buffers, I/0

command decoding logic, and interrupt generation and response logic.

4.4.1 1I/0 Priority
The 12892 option occupies select code 5 in the I/0 system.
Hence, it has higher priority than any device except power
fail. Priority chaining is not done on the 12892 board, but
on the CPU in order to maintain it in the absence of the

option.

On the CPU (refer to Figure 5), IEN5 is high to the 12892
option if the interrupt system is enabled. If power fail
control is set (EBEEZFF-IOW), PRHS5 is high and the priority
chain is enabled. When the FLAG is set on the 12892 board,
FLG5 is low, which goes to the CPU to disable the priority

chain to higher select code devices.
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4.4.

Parity Error Interrupt Generation

Two methods of interrupt requesting are performed. Parity
errors generate different requests than other violations.
Refer to Figure 7. Parity errors cause setting of the Flag
Buffer flip-flop in y95 whether or not the interrupt system
is enabled. Hence, parity errors will result in an I/C

interrupt whether or not the system is enabled by STF@.

When PE occurs, and PARENFF and PRHS are high, then Eﬁﬁhgoes
low, setting FLGBFF. At the next T2 period, the FLAG (FLAGFF)
is set, and Ffag-goes low. FLG5 generates a special interrupt
request in the CPU and disables the priority to other devices.
So at conclusion of the current instruction, the interrupt
will be serviced, whether IRQ has been generated or not. At
the next T5 (SIR), IRQFF goes high. IRQFF goes high each T5
and low each T2 until the interrupt is acknowledged. NOTE
that FLG5 goes low to request a special interrupt early (T2)
to provide parity error interrupts preferential servicing.
IRQ5 need not be high until T6, when it is needed to load the
Central Interrupt Register on the CPU.

Note that if a CLF5 instruction begins the fetch phase before
FLG5 goes low, then CLF5 will reset the Flag and Flag Buffer,
and prevent the interrupt request, unless CNTRLFF is high, which

would result in an I/0 violation.

Memory Protect and I1/0 Interrupt Generation

Refer to Figures 7, 8, 10 and 11 for the following discussion.

Most of the time, Memory Protect and I/0 violations interrupt
before the next machine language instruction has entered the
fetch cycle. However, if MPCK occurs at T2 or T3, and the
next microinstruction specifies a return to the fetch routine,
then there is not enough time to generate IRQ5 and Ffag'by the

time the CPU is ready to read the CIR. To overcome this problem,
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if the CPU reads @ from the CIR, then it will go back and

read it again, allowing time for IRQ5 to be asserted. If

any other I/O device sends its IRQ before MPIOVIO can set
FLG5, then servicing of the Memory Protect vioclation interrupt
will be postponed until the first opportunity it has to
interrupt again. Unless the I/0 interrupt routine performs

a CLF5 command, there is no danger in postponing the Memory
Protect interrupt servicing in this manner. The violating
program will not be allowed to perform illegal machine

operations in any event.

If the Control flip-flop CNTRLFF, is set, then when MPIOVIO
goes high, the output of gate UB4B direct-sets the MPV flip-
flop. (Refer to Figure 7.) MPV goes to the CPU and the Memory
Controller to perform the following functions:

a. Inhibit alteration of the Program Counter and S-register
on the CPU.

b. 1Inhibit storing into the memory address specified in the
M-register of the CPU. DMA may store into protected
memory.

c. Clear the I/0 Group Enable flip-flop on the CPU, to
inhibit I/0 signals from the CPU.

d. If IEN5 and PRH5 are asserted, generate a Special Interrupt
Request (refer to Figure 8). This allows MPV interrupts

to occur before the next instruction is fetched.

MPV is returned to high state by either of two occurrences:

a. IAK: An interrupt is being serviced, so protection from
illegal operations is not required any longer.

b. FETCH: This would not occur with MPV low, unless the
interrupt system was not enabled, or the computer was in
the Halt mode. In either case, the next instruction is to
be allowed to execute freely until an illegal operation

is attempted.



4.4.4

If MPIOVIO, CNTRLFF, IEN5, and PRH5 are all high, then the
Flag Buffer, FLGBFF, is set high. FLAGFF is set on the next
T2, which sends FLG5 to the CPU to disable the priority chain.
As long as FLAGFF is set, IRQ5 will be high only during T5
and T6 until the interrupt is granted. When IAK occurs and
IRQ5 is asserted, the FLAGFF and FLAGBFF are cleared, and

IRQS will no longer occur.

Interrupt Handling

When the CPU services a Memory Protect, Parity, or I/0 interrupt,

IAK is high during the last half of Té. IAK performs the

following functions (refer to Figures 7, 9).

a. In conjunction with IRQ5, direct-clears the Flag and Flag
Buffer flip-flops

b. 1In conjunction with IRQ5, sends a low level on RESPE to
the CPU to reset the Parity Error LED on the front panel.

c. Resets ﬁfv'high at the end of PS

d. Unconditionally sets the Interrupt flip-flop (INT1FF) on
P5, indicating occurrence of any interrupt (Figure 9).

e. Clears the Indirect Counter.

The Interrupt flip-flop (INT1FF, U94), Interrupt 2 flip-flop

(INT2FF, U94) and the control flip-flop (CNTRLFF) and their

associated logic (Figure 9) determine enabling and disabling

of the Memory Protect features. Recall that Memory and I/O

Protection are to be disabled on occurrence of any interrupt,

unless the interrupt trap cell contains an I/0 instruction

other than HALT.

Refer to Figures 9, 12, 13 for the following discussion.
Unconditionally, INT1FF is set high at the trailing edge of

P5 during IAK. If CNTRLFF is already low, then at the following
T2, INTIFF is set low again, preventing CNTRLFF from being set

high, except by a succeeding STC5 instruction.
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If CNTRLFF is high when INT1FF is high, then at the next TS5,
CNTRLFF is set low, disabling the Memory Protect and I/O Protect
features. If IOGSP does not go low by T2 following CNTRLFF
going low, then there was no I/0 instruction in the trap cell,

and INT1FF is set low, and CNTRLFF is left cleared.

However, if there is an I/0 instruction in the trap cell, then
TOGSP will be low at T2, then INTIFF will be set high at the

end of T2 and INT1FF will go low if the instruction is not a
HALT. One T-period later, CNTRLFF will be set high. The second
Interrupt flip-flop, INT2FF, introduces a delay prior to setting
of CNTRLFF to allow unprotected execution of the trap cell

instruction.

If IRQ5 is not generated by the time the CPU sends IAK and no
other I/0 device is interrupting, then the CIR becomes ¢.
Interrupt microcode tests for this, and attempts to load the

CIR again if it is @. By this time, IRQ5 will be present, and
the interrupt will be serviced. If INTIFF is high upon
receiving IAK, it is due to this condition. So this condition
direct-sets CNTRLFF again. This recreates the initial interrupt
conditions described in the first two paragraphs above. The

sequence will proceed normally from here (Figures 12, 13, case 2).

Violation Register
The Violation Register (Figure 14) monitors the M-Bus (15 bits). When
a parity error occurs, PER clocks the M-Bus into the Violation Register,

which will then contain the address of the parity error.

An STCS instruction causes setting of the Enable Violation Register
flip-flop (EVRFF), U72. As long as EVRFF is high, the Violation
Register is clocked during EEEE} while the address of the current
instruction is on the M-Bus. When any violation causes setting of
FLGBFF, EVRFF is set low, locking the offending address into the

Violation Register (unless clocked by a subsequent parity error).



EVRFF may not be re-enabled until after the current violation interrupt
has been serviced. (FLG5 must be high before STC5 will re-enable
the EVRFF.)

The Violation Register is buffered onto the S-Bus during an LI*5 or
MI*5 instruction. VIOlSFF is used as the high order bit to indicate

occurrence of a parity error.

Power-0On or Preset

If power is being turned on, or the Preset button is pressed in the
HALT mode, the following actions occur:

a. TIOSELIFF is set high (reset state)

b. JMPFF is set high (reset state)

c. PARENFF is set high, enabling parity error logic

d. VIO1lS5FF is set low (reset state)

e. EVRFF is set high (allow clocking of Violation Register)

f. INTIFF is set low (reset state)

g. INT2FF is set low (reset state)

i. FLGBFF, FLAGFF, IRQFF, CNTRLFF are set low (Memory Protect and
I/0 protect shut off)

j. MEFLGFF is set low (reset state)

k. HLTIRFF is set low (reset state)

1. MPV flip-flop is set low (reset state, ﬁiv'high).
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12892A Memory Protect Assembly Parts List (12892-60001) Sht. 1 of 2

REFERENCE
DESIGNATOR
{FIRST SIX)

ITEM
NO.

PART DESCRIPTION

PARENT
OPTION

PART NUMBER

COMmP.
OPTION

QUANTITY PER

1 OlVe
3 DlIve.
5 OlIVe

1IC4,45,

Cl=3,
14=2

W)

ca2s
h9926
El

"

R34

R1e2

W61965

Y52

V66

[

V82,87

[

32,67
U105
U1l

[ d

U231y 22

[

U711, 10

Ul

95

0
3
3

AP 04 1UF
'13

AP oOLlUF
111,12,

AP B20PF 5%

AP 10UF 10%

STUD SOLDER TERM

ES 1K 1%.125

ES 15K 1%.125

IN GRV +062Xe25

ES NET 7X1le5K

ES NET 7TX1K

IC MC3001P
291,106

IC MC3003pP
IC SNT&4&02N

IC SNT4HOON
»101

IC SNT74H1ON

IC SNT4H20N
IC SNT74HZIN

IC SNT74H3O0N
142

IC SNT4HO4N
u

IC SN74181N

1U12¢934,46454

IC SN74182N

IC 9314PC

0150=-0121

0160-2055

0160-3539
0180=0374
0360=0294
0757-0280
0757=0427
1480-0116
1810-0020
1810-0030

1820-0141

1820-0205
1820-0328

1820-~0370

1820-0371

1820-0373
1820-0374

1820-0375

1820-0424

1820~0606

1820-0611

1820-0626

N~

T & © & T T & © <

[

18

s ot N e
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12892A Memory Protect Assembly Parts List (12892-60001) Sht. 2 of 2

ITEM REFERENCE
DESIGNATOR PART DESCRIPTION
(FIRST Six)

PART NUMBER

U84 IC SNT4SOON

IC SNT4S04N
1U31,97

IC SNT4S10N
73,76

IC SNT4H106N
U72+81+86592 994,
96

W po

IC 9308PC
1491752756

IC HPl4T7a
16437

IC HPL1lO6A
264957

IC HP1l0O6B
36,67, 77

V103 |IC 87138
rl WIRE JUMPERS

EXTRACTOR=-PC

BOARD=ETCHED

EXTRACTOR=BLACK

1820-0681
1820-0683

1820-0685

1820-0715

1820-0742

1820-0755

1820-0759

1820-0760

1820~1080
81590005
5040-6001
5040-6068

12892-80001

c o
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128928 MEMORY PROTECT OPTION
THEORY Or OPERATION

——— . —_—— — o~ ——

1.0 INYRODUCTION

This Document provides the theory of operation for the 128928 Memory
Protect/Parity option for the 21MX computers. Uiscussion is conducted
on the functional block, programming, and detailed operation levels.
Block diagrams, generalized logic diagrams, and timing diagrams are
used to show operation. Understanding of this document is essential
when performing maintenance or trouble shooting on the 128928 option.

2.0 GENERAL DESCRIPTION

The following paragraphs describe the basic block diagram and define
signals which interface with other computer system components.

2.1 Basic Block Diagram
Refer to fFigure 1 for the following discussions.

2.1.1 Indirect Level Logic
This logic consists primarily of a counter which generates
a signal to allow normal [/0 interrupts in the CPU during
indirect addressing routines, after three levels of
indirection.

2.1.2 Parity Error Logic
This plock of logic is used to enable and disable the 12892¢
option to interrupt on occurrence of a parity error. When
a parity error occurs, bit 15 of the violation Register is
set high by this logic.

2.1.3 Memory and I/0 Violation Detection Logic
This block consists of the logic necessary to determine
if an I/0 instruction has been fetched into the Instruction
Register in the CPU, what bounds to allow on protected
memory, and whether a reference to protected memory is
imminent.

2.1.4 Interrupt and Control Logic
This block receives and decodes timing signals and I/o
commands from the CPU and controls the other logical blocks.
It also controls generation and handling of interrupts.

2.1.5 Memory Protect Violation Register
The Memory Protect violation Register is loaded from the
M-Bus with the address of the current instruction. WwWnen a
128928 coption interrupt condition is imminent, it is
disabled, saving this address.
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Parity Violation Register

The Parity VvViolation Register is loaded from the M-Bus on
the trailing edge of every memory read command. The
occurance of a parity error innhibits subsequent

clocking of this register.

Interface Signal pefinitions

Inls section describes the main signals wnich interface the 12892B
option board to other elements of the computer. Standard busses
and [/0 signals are not included. All signals are TTL compatible,
ground true unless otherwise specified.

2.2.1

Input Signals

Frcd

HLTPE

IRSTF

“Fetch". From the microinstruction Special field
on the CPU. Indicates that an instruction has
been fetched and that its address is present on
the M-Bus. Causes resetting of violation detect
logic and indirect counter, and loads the Memory
Protect vViolation Register.

"Halt on Parity Error". From the parity option
switcn on the CPU. Indicates the CPU is set to
nalt on parity errors, and disables parity
interrupts. Remains in one state until switch
is manually changed.

"Increment indirect counter". Ffrom the
microinstruction Special field on the CPU. Signals
another level of indirect to the indirect level
logic. Occurs during one unfrozen P5 period.

"I[/0 group special". Ffrom the microinstruction
sSpecial field on the CPU. Indicates tnat the 1/0
group signals will be enabled on tne next T2 period.
Lasts one [-period plus the number of T-periods to
the nearest I'2 (freeze time): 1 to 5 T-periods in
leng th.

"Instruction Register Store, freezable". From
microinstruction store field on CPU. Indicates
that data is being loaded into the Instruction
register on the CPU, and is currently present on
the S-BUS. Used to set up error-detection logic
for the current instruction. Lasts one T-period,
broken up by freeze time.
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protected memory in that unit. Occurs during P4
of imminent violation in the MEU.

"Memory Protect Check". From microinstruction
Special field on CPU. Causes check for possible
protected memory bounds violation. Occurs for one
T-period plus freeze time, if any.

"Parity Error". From the Memory Controller.
Indicates occurrence of parity error during memory
reference. Consists of a pulse generated when
data is valid during a Read operation.

"DMA freeze condition". From the DMA board.
Indicates that DMA is using the S-BUS and the CPU
is frozen. Prevents error-checking the S-Bus
until the CPU has control of it again.

Qutput Signals

CILS

FLG5

MPCND

MP INTON

MPV

RESPE

"Control 5". Signal to Memory Management to show
state of control flip-flop.

"Flag 5". Signal to CPU indicating state of Flag
flip-flop. Used to disable the I/0 priority chain
and to generate a Special interrupt request.

"Memory Protect Conditional". Signal to Memory
Management Unit. 1Indicates a memory protect
check is in progress so the MEU can check for
violations.

"Memory Protect interrupt on". Signal to CPU.
Indicates more than three levels of indirection

have occurred, and enables normal I/0 interrupts
to occur during further indirect levels.

"Memory Protect Violation". Generated when the
control is set and violations other than parity
errors occur. Prevents CPU from altering
protected memory or registers and disables I/0
signals.

"Reset parity error". 8Signal to CPU which clears
the parity error light on servicing of a 12892B
option interrupt request.

"Skip flag". Positive true. True when the skip
condition is met for a SFS5 or SFC5 instruction.
Responds to state of the Memory Expansion Flag
flip flop (whether violation occurred in the
Memory Management Unit).
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PROGRAMMING

The 12892B option interfaces with the CPU as a standard I/0 device,
except with regard to interrupt generation and handling. It is accessed
as select code 5 in the I/0 system. It performs the function described
below.

3.1 Memory Protect Feature

This feature prevents certain instructions from altering memory
below a programmed fence, and from jumping into protected memory.
The check for possible violations is initiated by a microcode
instruction field, so operation of this feature is very instruction
dependent. The programmer should consult the microprogramming
manual and the specifications for the extra firmware packages
installed in his computer to determine the extent of memory
protection for his available instructions. The following
discussions apply to Base Set and Extended Arithmetic Unit
Instructions.

3.1.1 Feature Programming
Memory Protection is enabled by a STC 5 instruction.
It is disabled at power—up or by pressing the Preset
putton in the HALT mode, or by executing a trap cell
instruction during an interrupt which is a Halt or a
non-1/0 instruction.

3.1.2 Ffreature Operation
I1f Memory Protection is enabled, and the interrupt
system is enabled by a previous STF0 command, then an
interrupt to trap cell 5 will be generated if any of
the following instructions attempt to access protected

memory:
a. 154
b. JsB
Ce. oTA
d. S8TB
e. psT
£f. JMmP

g. Any other instruction, not in the base set, which
provides memory protection.

The interrupt system must always be enabled before
enabling Memory Protection. If the interrupt system
is off and Memory Protect is on and a violation occurs
the CPU will permanently freeze and can recover only
by yoing to reset.
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Protection Boundaries

The upper address pbound of protected memory is loaded from
the A or B register into the Fence Register in the 1289ZB
option by an OTA5/0r85 command. Memory addresses below
this Fence are protected.

Tne lower address pound depends on tne instruction peing
executed. For any instruction with a JS8 format in the
Instruction Register at tne time of a memory protect check
in microcode, the lower pound of protection is address 0
(the A-register). [(or all otner instructions, tne lower
bound is address 2. Addresses equal to or apove

tne lower bound are protected.

ilndirect Addressing

Iindirect addressing is permitted through protected memory
for protected instructions, put the final effective
address must be in unprotected memory.

Obtaining violation Address

After a Memory Protect interrupt has occurred, the address

of the violating Instruction may be obtained by a LIA5/LIBS
command. If a parity error occurs after the Memory Protect
violation, the address loaded by LIA5/LIBS5 will be that of

tne parity error. BIT 15 is low if the address was related
to Memory Protection.

Memory Expansion unit Memory Protection

I'he reader is referrea to the Memory Expansion Unit (MEU)
specifications for programming Memory Protect for tnat
option. The 128Y28 option generates interrupts when
notified py the #4EU that a violation has occurred.

I/0 violation reature

Tnis feature provides protection of the system from illegal I/V
instructions py causing an interrupt when an illegal I/0
instruction is attemptea.

3.2.1
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Feature Programming

I/0 protection is enabled and disabled simultaneous with
Memory Protection.



3.2.2 ‘feature uperation

Ine definition of an illegal I/0U instruction 1s controlled
by jumper w/. Instructions referencing select code 1 _
(front panel display register or Uverflow f£lip-flop) are
always legal. f{ne jumper positions nhave tne following
meanings:

wl-0OUT: All other I/U instructions are illegal.

W7-1nNz: Unly dalt instructions are illegal,

1f this feature 1is enabled, and tne interrupt system is
enabled oy a previous SI'FU, an interrupt to location 5 is
generated if an illegal 1/0 instruction is attempted.
Wnether or not the interrupt system 1s enablea, tne
illegal instruction is treateda as a wub.

3J.2.3 Obtaining violating Address

After an interrupt occurs, the adaress of tne violating
instruction wmay e obtalneu trom the memory protect
violation register by a LLlA5/Lip> instruction. sit 1o
will pe low. vrarity errors occurring subpseyguent to a
violating 1/0 instruction will cause tne auaress of the
parity error plus pit 15 nign to pe loadeu 1ato tine
bParity violation register.

Inairect Level Logic

gacn time a level of inairect addressing 1s executed in the base
set routines, the lndirect Counter on the 124928 option is
incremented, until tne tnird level. <Tnen any pendiny interrupts
are allowed to cause termination of indirect addressing, resetting
Oof the P-counter to the start of the current instruction, and
servicing of tne interrupt pefore attempting tne indirect
addressing again. This prevents indirect addressing from noldainj
off critical interrupt reguests.

Parity Brror Interrupt Feature

If the INTERRUPIL/IGNURE feature 1is switch—-selected on tne CpkU,
the Parity Error Logic is enablea on the 128923 option, and thne
priority chain 1is niyn to the 129928 option poard, then a parity
error will cause an interrupt to trap cell b. 7Tnis interrupt
will occur whetnher or not the iInterrupt system nas peen enaoled
(by a previous s5/rv). An LIAS/LIsS5 will fetch the address ot
tne parity error plus pit 15 hiyn.
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If the HALYl OnN PARLITY feature is switch-selected on the CPU and
jumper W3 is installed, no interrupt will be generated. An
LIAS/LIBS5 will return meaningless data. If jumper W3 is not
installed, tne 128928 will interrupt following the HALT 1if RUN
is pressed before PRESET. If PRESET is not pressed an LIA5/LIBS
will fetch the address of the parity error with bit 15 nhign.

3.4.1

Feature Programming
This feature is enabled by the following:

a. STFKFS instruction
. Power turn-on
Cc. Pressing the PRESET button in the Halt mode.

The following occurrences disable the Parity Interrupt
feature:

a. A memory parity error occurs during a Read operation.

b. A CLF5 command is performed.

c. YThe dalt-on-Parity option is switch-selected on the
CPU and W3 1installed.

Obtaining the Error Address

Af ter occurrence Of a parity error interrupt, tne address
on the M-Bus at the time of the parity error may be
obtained by a LIA5/LIBS5 instruction unless Halt-On-Parity
selected and W3 installed. BIT 15 will be a one.



4.0 DETAILED OPERATLION

I'his section contains a detailed theory of operation for the 12892B
Memory protect Option. The reader should refer to the detailed
schematic for this option, as well as the figures and diagrams
referred to in this discussion. 1IC pack numbers are given in
parentheses.

4.1 Indirect Level Logic

This consists of the two J-K flip-flops ICA, ICB (u42), and
their associated logic. Refer to Figures 2 and 3. The flip-
flops form a simple counter, clocked by INCI, which occurs

at P5 (M-Series) or P3 (E~-Series) of a microinstruction which
specifies INCI in its special field. This occurs in the
indirect addressing routine. The counter increments are
shown in Figure 2, at each occurrence of INCI. When ICA=0

and ICB=1 the counter will not increment further, and MPINTOW
will go low until the counter is reset by FICH at the next
instruction fetch, or by IAK. Tnis insures that each
instruction, including interrupt trap cells, is allowed no
more than 3 levels of indirect before checking for interrupts.
MPINTON directly sets the Interrupt Enable flip-flop (INTENFF)
on the CPU, allowing normal interrupts to be sensed during
indirect addressing.

4,2 Parity Error Logic

Tnis logic consists of the Parity Enable flip-flop (PARENFF),
the pParity wrror flip-flop (PARERRFF), the Parity violation
Register, and their associated gates.

4,2,1 Pparity Enable flip-flop (PARENFF-U51B)

A STF5 or PUOPIU will set this flip-flop setting
PARENFEF (U51-9) high, enabling clocking of the
parity violation register and parity interrupts.

A CLF5 or a Parity interrupt will reset PARENFF
(U51-9) low, inhibiting parity violation register
clocking.

4.,2.,2 Parity EBrror flip-flop (PARERRFF U51A)

A STC5 or POPIO will reset this flip-flop setting
PARERRFF (U51-5) low, selecting the memory protect
violation register on the next LIA5/LIBS.

A parity error will set this flip-flop
causing PARERRFEF (U51-5) to go high,
selecting the parity violation register
on the next LIA5/LIBS.
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Parity Error Interrupts

The PE signal initiates an interrupt if a parity error
occurs, PRH5 is high, PARENFF is high, and L[NTERRUPT/
IGNORE is selected or HALT ON PARIIY is selected and
jumper W3 is not installed. PE will perform the
following actions:

a. Direct set PARERRFI selecting Parity Violation
register.

b. Reset PARENFF, disabling future parity interrupts.

c. Set the PLGBFRFF in the interrupt logic.

d. Reset EVRFF, preventing further clocking of the
Memory Protect Violation register.

Memory Protect and 1I/0 violation Detect Logic

This logic consists of buffers, a comparator, flip-flops, the
fence register, and associated logic necessary to decode the
various violation conditions. Refer to Figure 6.

4.3.1

Fence Reglster and Comparator

An OTA5/0T35 instruction will cause generation of 100
and SELS (select code 5) signals, wnich will load tne
puffered contents of the S-3us into the Fence Register
(U34, Uu74). The Fence Register and buffered S-Bus are
inputs to the comparator logic (uU24, Ul4, US54, U84, U44)
which constantly performs the subtraction "M-8US MINUS
FENCE". MPCARRY is hign if the fence is greater than
the M-pBus. Thus, if an address is present on the M-Bus,
MPCARRY indicates if it is below the upper bound of
protectea memory.

Protected Memory Lower Bounds

The lower bound of protected memory is determined by the
presence or absence of a JspP instruction in the IR on the
CPU. UB86 causes setting low of the JuMp flip-flop (UY3).
UY3-15 goes low if a JMP instruction is present on the
S-Bus wnen a STORE into the IR is performed (IRSTF).
Uv3-15, UY4, and U83D decode violation of tne lower

bounds of protected memory, the output of U83D is high

if the instruction is a JMpP, or if the M~Bus is not 0 or 1.
If either of these conditions is true, then if MPCARRY

is high, a violation condition is present.



Memory Protect Violation petection

UllA decodes memory violation conditions. One
microinstruction before a STORE into memory is
initiated, the memory address is placed on the S-Bus
(M-Series only, the E~Series checks on the M-Bus)

and MPCK is specified in the special field. MPCK

is sent to the 128928 and the address is checked for
a violation by the logic of sections 4.3.1 and 4.3.2
above. If there 1is a violation, then during the next
P, MPVIO (Ull-12) is low.

Memory Management Violation Logic

The Memory Management package has its own protection
logic. It is sent information from the 128928 to
allow it to perform this function. CTLS5 notifies
Memory Management of the state of the memory protect
feature. MPCND=MPCK ® (A0l + JMP) wnich is low if a
STORE address is above the lower bound of protected
memory. If Memory Management detects a violation, it
will assert MEV at the next P4, setting the Memory
Expansion Violation flip-flop (MEVFF U81B), and the
FLGBFR flip-flop. MEVFF is reset by POPIO or STCS.
The state of MEVFF may be tested with SFS5 and SFC5.

I/0 violation Logic

If at occurrence of IRSTF the S5-Bus contains a HALT
instruction, as decoded by gate UY5, then at the
following P5, the Halt instruction flip-flop will be
set (UY3~10 will go low). It will be reset on the
next IRSTF. Also during an IRSTF, the low-order

SiXx bits of the S-Bus are decoded by U73D and U85.
I1f they decode to a value of 01 octal, then I/O Select
Code 1 flip-flop is set on P5 (u93-6 goes low).

I0GSP is low at the start of execution of 1/0
instructions, and comes from the special field
of microcode. If U9Y93-10 or U93-6 is low during
I10G5P, then an illegal I1/0 instruction is being
performed (HALT or select code x 1). U92A and
U328 decode I/0 violations (IOVIO). IOVIQ is
low during P5 of I0GSP for violations.

I/0 vViolation Detection

HALT instructions are always illegal. Jumper w7
selects the action to be taken for all other 1I/0
instructions. If W7 is installed, I/0O instructions
to any select code are legal. With W7

out, only I/0 instructions to select code 1

are permitted.
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4.4 1I/0 Interrupt and Control Logic

This part of the 128928 option consists of I/0 signal buffers,
I/0 command decoding logic, and interrupt generation and
response logic.

4.4.1 1I/0 Priority

The 12892B option occupies select code 5 in the I/0
system. Hence, it has higher priority than any
device except power fail. Priority chaining is not
done on the 12892B board, but on the CPU in order
to maintain it in the absence of the option.

On the CPU (refer to Figure 5), IEN5 is high to the
128928 option if the interrupt system is enabled.
If power fail control is set (CONT4FF low), PRH5 is
nigh and the priority chain in enabled. When the
FLAG is set on the 128928 board, FLG5 is low, which
goes to the CPU to disable the priority chain to
higher select code devices,.

4.4.2 PpParity Error Interrupt Generation

Two methods of interrupt requesting are performed.
Parity errors generate different reguests than other
vioclations. Refer to Figure 7. Parity errors cause
setting of the Flag Buffer flip-flop in U81 whether or
not the interrupt system is enabled. Hence, parity
errors will result in an I/0 interrupt whether or

not the system is enabled by STFO.

[f PARENFF, PRH5 and HLTPE are high and PE occurs,
then u52-8 goes low, setting the PARERRFF and the
FLGBFRFEF. At the next ENF (T2) period, the FLGFF
will set and FLGS will go low. FLG5 generates a
special interrupt request in the CPU and aisables
the priority to select codes 6 and above. At the
next SIK (15), the IRYFF will set asserting IRY5 to
tne Cru. IRUFF will go high each T5 and low

eacn 12 until the interrupt 1s acknowkedged

Note that LG5 goes low to

regquest a special interrupt early (T2) to provide
parity error interrupts preferential servicing.
IRYS need not be hign until T6, when it is needed
to load the Central Interrupt Register (CIR) on
the CPU.

Note that if a CLKS instruction begins the fetch
phase pefore FLG5 goes low, tnen CLF5 will reset
the rFlag and rlag sBuffer, and prevent the interrupt
request, unless CWNIRKLFY 1is nigh, which would result
in an 1/0 violation.
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4.4.3

Memory Protect and 1/0 Interrupt Generation

rRefer to Figures 7, 8, 10, and 11 for the following
discussion.

Most of the time, Memory Protect and [/0 violations
interrupt pefore the next machine language instruction
nas entered the fetch cycle. However, if MPCK occurs
at T2 or T3, and the next microinstruction specifies

a return to the fetch routine, then there is not

enough time to generate IR(Y5 and FLG5S by the time the
CPU is ready to read the CIR. To overcome this problem
if the CPU reads 0 from the CIR, then it will go back
and read it again, allowing time for IRQ5 to be asserted.
If any other I/0 device sends its IRQ before MPIOVIQO can
set IF'LGS5, then servicing of the Memory Protect violation
interrupt will be postponed until the first opportunity
it has to interrupt again. Unless the I/0 interrupt
routine performs a CL¥5 command, there is no danger in
postponing the Memory Protect interrupt servicing in
this manner. The violating program will not be allowed
to perform illegal machine operations in any event.

If the Control flip-flop (CNTRL¥F), is set, then when
MPIOVIO goes high, the output of gate U92D sets the
MPV flip-flop on the next P5. (Refer to Figure 7).
MPV goes to the CPU and the Memory Controller to
perform the following functions:

a. Linnibit alteration of the Program Counter and
S-register on the CPU.

b. Inhibit storing into the memory address specified
in the M-register of the CPU. DMA may store into
protected memory.

c. Clear the I/0 Group Enable flip-flop on the CPU, to
innibit I/0 signals from the CPU.

d. If IEN5 and PRH5 are asserted, generate a Special
Interrupt Request (refer to Figure 8). This allows
MPV interrupts to occur before the next instruction
is fetched.

MPV is returned to the nigh state by IAK. An interrupt
is peing serviced, so protection from illegal operations
is not reguired any longer.

If MPIOVIO, CNTRLFF, IEN5, and PRHS5 are all high, then
the Flag Buffer, FLGBFRFF, is set high. FLAGFF 1is set
on the next 12, which sends FLG5 to the CPU to disable
the priority chain. As long as FLAGFF is set, IRQ5 will
be high only during T5 and T6 until the interrupt is
granted. wWhen l1AK occurs and [R(Q5 is asserted, the
FLAGBFF 1s cleared, FLGFF clocked off at next 12,
and IRQ5 will no longer occur.
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Interrupt Handling

when the CPU services a Memory Protect, barity, or 1/0
interrupt, IAK 1s nign auring the last half of To. IAK
perforns the following functions (refer to rigures 7, 9).

a. ILn conjunction with Iry5, clears tne Flag
pufter flip-flop.

L. In conjunction witn [Ry5, sends a low level on
RESPE to the CPU to reset tne Parity Error LED on
the front panel.

c. Resets MPV nign at p5.

d. unconaitionally sets the Interrupt flip-flop (INTPTFF)
indicating occurence of any interrupt (Figure 9).

e. Clears the indirect counter.

1ne Interrupt flip-flcp (INTPIFF, U3lp) and the control
tlip-flop (CNTRLFF) and their associated loygic (Figure Y)
determine enabling anao aisacling of tne Memory Protect
features. Recall that Memory and [/O Protection are to
e disabled on occurrence of any interrupt, unless tne
interrupt trap cell contains an 1/0 instruction other
than HAL!,

The interrupt flip-flop (LINIPTKFF) 1is set nign auring

lak if CILrbF is nign. At pb5, during IAK, the CILFF 1is
direct cleareu disabling the Memory Protect ana IL/u
rProtect teature. [t the trap cell contains an [/0
instruction, L[OGsP 1s asserted before the next FTCH and
if the trap cell instruction is not a HLT, the CILFF is
set nigh at P5 during the IOGSP, thus re-enabling Memory
Protect and I,/0 Protect features,

1f the trap cell does not contain an I/0 instruction
(or it contains a HLT) the CILFF remains low.

In either case, the next fI'CH clears the INTPIFF preventing
a subseguent I0GsP from setting the CTLEF.



4.5

Violation Registers

4.5.1

Parity vViolation Register

The M-Bus is clocked into the PVR on the trailing edge of
every RZAD (Read command from the CPU or DMA to memory) as
long as the PAR&NFF (U518) is set. When a parity error
occurs, the PARENFF is reset inhibiting the PVR clock

thus holding the address of the parity error in the PVR.

The PVvR 1s pbuffered onto the s~Bus during an Ll1* 5 or
M1* 5 instruction. Bit 15 of the PVR is always a one.

Memory Protect violation Register

An STC5 instruction causes setting of the Enable Violation
Register flip-flop (EVRFF), U338. As long as EVRFF is high
the Memory Protect violation Register is clockeda during

FIrC, while the address of tne current instruction is on
the M-bus. When any violation causes setting of FLGBFF,
EVRFF 1s set low locking the otffending address into the

violation register.

EVRFF may not be re-enabled until after tne current
violation interrupt has been serviced.

Tne MP Violation Register is pbuffered onto the 5-Bus
during an LI*5 or wI*5 instruction. Bit 15 of the
MPVR is always a zero.

Power-On or Preset

[f power is being turned on, or the Preset button is pressed in
the HALT mode, the following actions occur:

a. [LOSELLFf is set high (reset state)

p. JMPFF is set high (reset state)

C. PARsNFI is set hign, enabling parity error logic

a. EVRKr is set hign (allow clocking of violation Register)

e. INTPIFr 1s set low (reset state)

. PLGBFY, FLAGFF, IRQFPF, CNTRLFF are set low (Memory Protect
ana [/0 protect shut off)

g. MEVFLGrE 1is set low (reset state)

h. HLTFF 1s set high (reset state)

i. MPVv flip-flop is set low (reset state, MPV high).
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SPECIAL INTERRUPT LOGIC ON THE CPU
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Figure 9

Interrupt Response Logic
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Violation Register Logic
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12892B Memory Protect Assembly Parts List (12892-60003) Sht. 1 of 3

'L'c'; oﬁifé',fi'f& PART DESCRIPTION g:';fg,: PART NUMBER OC,?,TJL (l) QUANTITY PER
FIRST SIX: C

CAP L01UF 0160=205% U 10
QIC1=%,9,6,3=12

CAP RQOOPF S% 0160=-3539 L 1
vact 3

CAr 1QUF 10% 01B0~1746 ) °
OC 4,7

STUD SOLDER TERH 0360-0UT74 L 3
OaF 1 =3

SUCKET 16 DIP LY 12700=0482 14 1

JMPR FLUG ,3"C=( 1298=-0124 v 3
Nlni=g

PIN GRY ,062X,.,29 14R0=-0116 U P4

NETWORK=RES SIP 181N=0164 y 3
NQR =3

TC SMNT74S112N 1820=0629 y K
03T, N1,k

IC Siv7u8non 1820=0681 ] 1
nolissy

IC SNT7uS04N 1R20=0683 ) 1
ngL4a 3

ic SNT7USIONM 1820«0685% U 1
ogu

IC  SN74Sea4t 1820=0691 U 1
Ol u

IC AT13R 1820=1080 u 1
0CQUEZ

IC SNT74SSIN 1820=1158 J )]
oqQuai

TC SN74S175N 1820=1191 u 1
cqus’

IC SN74LSOON 1R20=1197 u P
0lu72,92

IC SN74LSOUN 1820=«1199 u 1




12892B Memory Protect Assembly Parts List (12892-60003) Sht. 2 of 3

ITEM

REFERENCE
DESIGNATOR
(FIRST SIX)

PART DESCRIPTION

PARENT
OPTION

PART NUMBER

come. | L

OPTION

o]
C

QUANTITY PER

1820=1199

oqu9t

I1C SN74L.8S08N 1820=1201 U 1
oQuU71

IC SN74LS1O0ON 1820=1202 U 1
oQuUse

IC SN741LS11IN 1820«1203 u 1
ooue?

IC SN74LS20N 1820=1204 % 1
o003z

1C SNT74L 830N 1820=1207 1] 3
03juURS,94,95%

IC SN7T4LS3I2N 1820=1208 U i
oouas

IC SN74LSt12N 1820-1212 U 3
oNu3t,d42,62

IC SN74LS8S 85 1820=-1284 u |
nouUeEe

IC SN7482857w 1820=-1301 U 1]
01[!15,2'5,11'-3,55

1¢C SN745132h 1820=1307 i 1
0gig3

IC SNT74S802N 1820=1322 § 2
01u3s, 7y

TC SNTUSOARMNM 1820=1367 i 3
023 ,mK1,96

IC SN74.S88HN 1820«1419 U /]
oOfued,d4,54,84

IC SN74L5158N 1820=1428 L a
NIU3e,da,75,76

IC SN74832N 1R20=1449 U 1
ooy e

IC SNT74273N 1B20=1461 U 6
G116 ,26,34,56
N3 66,74

LAREL=-USA 7120=6830 [y 1

EXTRACTNR=-PC S040=-6001 W 1
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12892B Memory Protect Assembly Parts List (12892-60003) Sht. 3 of 3

REFERENCE
1TEM PARENT COMP.
NG, | DESIGNATOR PART DESCRIPTION OPTION PART NUMBER OPTION

[FIRST SIX*

QUANTITY PER

L
o
C
[

EXTRACTOR-BL ACK 5040=6068 1
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