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Abstract

This report describes in detail the architecture of an Adaptive-Hybrid Redundancy
(AHR) MIPS processor based upon the Basic MIPS processor [1] and Triple Mod-
ular Redundancy (TMR) processor [2]. The AHR MIPS processor is the result of
Adaptive-Hybrid Redundancy for Radiation-Hardening research and combines TMR
and Temporal Software Redundancy. The AHR MIPS processor is hybrid in that
it utilizes both hardware and software redundancy. It is adaptive because it has
the capability to switch between TMR and TSR modes. There may be many other

applications for the AHR MIPS processor beyond this specific research area.
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ADAPTIVE-HYBRID REDUNDANCY MIPS ARCHITECTURE VERSION 2.2

I. Introduction

The AHR MIPS Architecture integrates both Triple Modular Redundancy (TMR)
MIPS and Temporal Software Redundancy (TSR) MIPS. The key feature of this
architecture is an overarching controller that selects to run TMR MIPS or TSR MIPS
depending on the occurrence of errors. The controller begins executing in TMR
MIPS mode. If no errors occur in TMR MIPS during a predefined time interval, the
controller transitions operations from TMR MIPS to TSR MIPS. Operation continues
in TSR MIPS until an error occurs. If no error has previously occurred during TSR
MIPS operation or no error has occurred since the last time TSR MIPS created a
save/restore point, TSR MIPS will be allowed to recover from the error; however,
an error flag is set indicating that this error has occurred. After recovering from the
error, if TSR MIPS successfully creates a save/restore point, the error flag is cleared.
If a second error occurs before the error flag is cleared, the controller recovers from
the error and returns to TMR MIPS operation.

The controller is able to detect when errors occur by monitoring the TMR, Voter
outputs when operating in TMR mode and monitoring the outputs of a single Basic
MIPS processor when operating in TSR mode. The controller does not add clock cycle
delays to the memory accesses performed by the TMR Voter or single Basic MIPS
processor. The only added delay is due to combinational logic; this logic is utilized by
the controller to reroute signals when the controller needs to change between TMR
and TSR modes.

When switching between modes, the controller overrides the signals between the



TMR Voter and memory, the Basic MIPS processors and TMR Voter, and between
the Basic MIPS processor being used in TSR mode and memory. The controller
does this to send appropriate commands to the TMR Voter, Basic MIPS processors,
and memory to effectively switch between modes. During the transition period, the
controller will add clock cycle delays when relaying information to memory from the
TMR Voter or Basic MIPS processor used for TSR mode and from memory to the
TMR Voter or Basic MIPS processor used for TSR mode.

Special consideration must be made for the TSR mode when the program is com-
plete. Program completion causes memory to issue a DONE signal back to the Basic
MIPS processor running the TSR instructions. This DONE signal resets the Basic
MIPS processor and causes its program counter to return to 0. However, program
location 0 is the start of the TMR instructions. When this occurs, the controller
intervenes and issues a branch command to the Basic MIPS processor so that its

program counter will jump to the start of the TSR instructions.



II. Inputs and Outputs

The AHR Controller inputs and outputs are shown in Table 1. In order to make
the AHR Controller work with the TMR, Voter, two outputs were added to the TMR
Voter that are inputs to the AHR Controller. These signals are the NEXT_INSTR
and TMR_ERROR signals. The NEXT_INSTR signal is ‘1’ when the TMR Voter is in
state FSM_0 and ‘0’ otherwise. The AHR Controller detects the change in this signal
from ‘0" when the TMR Voter completes processing one instruction to '1” when the
TMR Voter begins processing the next instruction. When this occurs, the AHR Con-
troller increments an internal counter that tracks how many instructions have been
processes since the last error occurred or since TMR MIPS operation began. The
TMR_ERROR signal is ‘1’ when the TMR Voter encounters a type 0 (one processor)
or type 1 (multiple processor or timeout) error. When the TMR_ERROR signal is

‘1’, the AHR Controller resets its internal instruction counter to zero.

Table 1. AHR Controller Inputs and Outputs

Name Type | Width | Description

i NEXT_INSTR In 1 Signal indicating when the TMR
Voter is ready to access the next
instruction from memory

i_ TMR_ERROR In 1 Signal indicating when the TMR
Voter is performing error recovery
operations

i MEM_READ In 1 Voter’s memory read signal

i MEM_WRITE In 1 Voter’s memory write signal

i MEM_ADDRESS In 32 Voter’s memory address signal
i MEM_IN In 32 Data the voter is attempting to

write to memory

iMEM_READY In 1 Memory ready signal

Table 1 — Continued on next page



Table 1 — Continued from previous page

Name Type | Width | Description
i MEM_OUT In 32 Data memory provides in response
to a read request
i MEM_DONE In 1 Signal from memory at program
completion
i_MEM_READO In 1 Basic MIPS Processor 0 read
signal
i MEM_WRITEO In 1 Basic MIPS Processors 0, 1,
and 2 write signals
i MEM_ADDRESSO In 32 Basic MIPS Processors 0, 1,
and 2 address signals
i_MEM_INO In 32 Data Basic MIPS Processor 0 is
attempting to write to the voter
or memory
i MEM_READYO0 Ready signals sent from the voter
i MEM_READY1 Out 1 to Basic MIPS processors 0, 1, and 2
i MEM_READY?2
i MEM_OUTO Data or instruction the voter is
iMEM_OUT1 Out 32 providing to Basic MPS processors
iMEM_OUT2 0, 1, and 2
i_ RESETO Reset signals from the voter to
i RESET1 Out 32 Basic MIPS processors 0, 1, and 2
i_ RESET?2
o_MEM_READ In 1 Read signal sent to memory
o-MEM_WRITE In 1 Write signal sent to memory
o.MEM_ADDRESS In 32 Memory address signal sent to
memory
o-MEM_IN In 32 Data to write to memory
o.MEM_READY In 1 Ready signal sent to the voter
o.MEM_OUT In 32 Data sent to the voter in
response to a read request
o.MEM_DONE In 1 Done signal sent by the
controller to the voter
o.MEM_READYO0 Ready signals sent from the
o.MEM_READY1 Out 1 controller to Basic MIPS processors
o_MEM_READY?2 0, 1, and 2
o-MEM_OUTO Data or instruction the controller
o MEM_OUT1 Out 32 is providing to Basic MPS processors
o MEM_OUT2 0, 1, and 2
o_RESETO0 Reset signals from the controller
o_RESET1 Out 32 to Basic MIPS processors 0, 1, and 2

Table 1 — Continued on next page
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Name Type | Width | Description

o RESET?2




III. Internal Control Signals

Table 2 describes the AHR Controller’s internal control signals. These signals are
used to determine the outputs of the AHR Controller to the Basic MIPS processors,

TMR Voter, and Memory.



Table 2. AHR Controller Internal Control Signals Descriptions

Name

Description

f MEM_ADDRESS

Address to possibly send to memory for read and write operations.
Address sent to memory depends on { MEM_ADDRESS_SEL

f MEM_IN Data to possibly send to memory for write operations.
Data sent to memory depends on i MEM_WRITE_SEL

f MEM_OUT Data to possibly send to the voter. Data sent to voter
depends on i MEM_READY _SEL

f MEM_OUTO Data to possibly send to Basic MIPS processor 0.

Data sent to MIPSO depends on i MEM_READY0_SEL

f MEM_READ SEL

Determines which read signal to send to memory
00 - Pass Voter read signal to memory

01 - Pass MIPSO read signal to memory

10 - Send a ‘0’ read signal to memory

11 - Send a ‘1’ read signal to memory

f MEM_WRITE_SEL

Determines which write and data signals to send to memory
00 - Pass Voter write signal and i MEM_IN signal to memory
01 - Pass MIPSO write signal and i MEM_IN signal to memory
10 - Send a ‘0’ write signal and f MEM_IN signal to memory
11 - Send a ‘1’ write signal and { MEM_IN signal to memory

f MEM_ADDRESS_SEL

Determines which address signal to send to memory
00 - Pass Voter address signal to memory

01 - Pass MIPSO address signal to memory

10 - Send f MEM_ADDRESS signal to memory

11 - Send f MEM_ADDRESS signal to memory

f MEM_READY SEL

Determines which ready and data signals to send to the voter
00 - Pass memory ready signal and i MEM_OUTO signal to the voter
01 - Send a ‘O‘ready signal and a zero o MEM_OUT signal to the voter

Table 2 — Continued on next page




Table 2 — Continued from previous page

Name

Description

10 - Send a ‘1’ ready signal and f MEM_OUT signal to the voter
11 - Send a ‘1’ ready signal and { MEM_OUT signal to the voter

f MEM_DONE_SEL

Determine the done signal to send to the voter
00 - Pass memory done signal to the voter

01 - Send a ‘0‘done signal to the voter

10 - Send a ‘1’ done signal to the voter

11 - Send a ‘1’ done signal to the voter

f MEM_READYO0_SEL

Determine which ready and data signals to send to MIPS0

00 - Pass memory ready signal and i- MEM_OUTO signal from the voter to MIPS0
01 - Pass memory ready signal and i MEM_OUTO signal from memory to MIPS0
10 - Send a ‘0’ ready signal and { MEM_OUTO signal to the voter

11 - Send a ‘1’ ready signal and { MEM_OUTO signal to the voter

f MEM_READY12_SEL

Determine which ready and data signals to send to MIPS1 and MIPS2
0 - Pass memory ready signal and i MEM_OUT1(2) signal from the voter to MIPS1(2)
1 - Send a ‘0’ ready signal and zero to MIPS1(2)

f MEM_RESETO0_SEL

Determine which reset signal to send to MIPS0
00 - Pass reset signal from the voter to MIPSO
01 - Send a ‘0’ reset signal to MIPS
10 - Send a ‘1’ reset signal to MIPS
11 - Send a ‘1’ reset signal to MIPS

f MEM_RESET12_SEL

Determine which reset signals to send to MIPS1 and MIPS2
00 - Pass reset signals from the voter to MIPS1(2)

01 - Send a ‘0’ reset signal to MIPS1(2)

10 - Send a ‘1’ reset signal to MIPS1(2)

11 - Send a ‘1’ reset signal to MIPS1(2)

f_loop

Temporary storage used to hold the value of the current loop iteration during
TMR to TSR and TSR to TMR transitions.

Table 2 — Continued on next page
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Name Description
This value may be updated to accomodate these transitions
f loopl Temporary storage used to hold the value of the current loop iteration during

TMR to TSR and TSR to TMR transitions.
This value is not updated to accomodate these transitions

f TEMP_ADDRESS

Stores the offset from the begininig of TSR save/recovery memory to the active
save/recovery point in memory, then added to the save/recovery memory start point
and the constant loop counter location offset

f_instr_count

Count the number of instructions since the last system reset or TMR Error.
Returns to 0 upon reset or TMR Error

f NEXT_INSTR

Stores the value of i NEXT_INSTR

ferr_flag

Indicates that TSR MIPS has encountered an error when 1

frec_flag

Indicates that TSR MIPS is attempting to create a save/restore when 1




IV. Finite State Machine (FSM)

Table 3 shows the states in the AHR Controller Finite State Machine (FSM). The
table shows the current state, next state, description, and condition upon which the
current state transitions to the next state. States 0 and 1 represent normal TMR
MIPS operation. State 2 is entered when TMR MIPS encounters an error. States
3 through 24 are the states that transition operations from TMR to TSR. State 25
represents normal TSR MIPS operation. Special handling is required when the pro-
gram is completed while operating in TSR and states 26 to 28 facilitate this. States

29 through 52 are the states that transition from TSR to TMR.

The transition from TMR to TSR is only permitted to occur at the beginning of
loops because there is no one-to-one mapping for internal registers, temporary mem-
ory, and save/restore point data between TMR and TSR, except for the loop counter.
The registers and save/recovery memory containing the register values at the active
save/recovery point will also not match because TMR allows 29 user defined regis-
ters while TSR only allows 14 (these counts exclude the loop counter and the zero
register). While permanent memory locations are the same for TMR and TSR, any
temporary memory usage will not. Variables stored to temporary memory by TMR
and TSR will not match. When loops begin, the values of the registers are yet-to-be
determined in the sense that normal program operation will overwrite the values in
the registers to be the correct values for TMR or TSR operation, so copying the loop
counter value from TMR to TSR or vice versa and starting at the beginning of that

loop will result in correct transition between operating modes.
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Table 3. AHR Controller FSM States

Current Next Transition Description

State State | Condition

FSM_0 FSM_1 | i.NEXT_INSTR = 1 and { NEXT_INSTR = 0) | Idle state. Waiting for TMR Voter
next instruction signal

FSM_0 FSM_2 | i TMR_ERROR =1 Idle state. Waiting for TMR error to
occur

FSM_0 FSM_3 | (fuinstr_count > k_switch_point and Idle state. Waiting to reach point at

i MEM_READ = 1 and which TMR to TSR transition occurs
i MEM_ADDRESS = k. TMR_LOOP_START)

FSM_1 FSM_0 | None Increment f_instruction_count

FSM_2 FSM O |iTMR_ERROR =0 Wait for TMR error to be resolved

FSM_3 FSM_4 | iMEM_READY =1 Start transition from TMR MIPS to
TSR MIPS. Wait for memory ready
signal

FSM 4 FSM5 | iMEM_READY =0 Provide TMR Voter command to write
loop count to TSR save/recovery
memory location 14. Wait for memory
read signal to return to 0.

FSM_5 FSM_ 6 |iMEM_READ =0 Wait for TMR Voter ready signal signal
to return to 0.

FSM_6 FSM_2 | i TMR_ERROR =1 Wait for TMR error to occur

FSM_6 FSM_7 | iMEM_WRITE =1 Wait for TMR Voter write signal signal

FSM_7 FSM.8 | i MEM_WRITE = 0 Wait for TMR Voter write signal signal
to return to 0. Store the loop value
presented as i MEM_IN to f_loop
and f_loopl

FSM_8 FSM 9 | None Add 1 to f loop, but leave f_loopl

Table 3 — Continued on next page
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Table 3 — Continued from previous page

Current Next Transition Description
State State | Condition

unchanged

FSM_9 FSM_10 | iMEM_READY =1 Write f_loop to TSR save/recovery
memory location 14. Wait for memory
ready signal

FSM_10 | FSM_11 | iMEM_READY =0 Wait for memory ready signal to return
to 0

FSM_11 | FSM_12 | iMEM_READY =1 Write f loop to TSR save/recovery
memory location 29. Wait for memory
ready signal

FSM_12 | FSM_13 | i MEM_READY =0 Wait for memory ready signal to return
to 0

FSM_13 | FSM_14 | i MEM_READY =1 Write active save/recovery point to
TSR save/recovery memory location 30.
Wait for memory ready signal

FSM_14 | FSM_15 | i MEM_READY =0 Wait for memory ready signal to return
to 0

FSM_15 | FSM_16 | None Reset all MIPS Processors

FSM_16 | FSM_17 | i MEM_READO =1 Wait for MIPSO read signal

FSM_17 | FSM_18 | i MEM_READO = 0 Send LW R31 0 command to MIPS 0.
Wait for MIPSO read signal to return
to 0

FSM_18 | FSM_19 | i MEM_READO =1 Wait for MIPSO read signal

FSM_19 | FSM_20 | i MEM_READO =0 Send f_loopl to MIPS 0.

Wait for MIPSO read signal to return
to 0

Table 3 — Continued on next page
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Table 3 — Continued from previous page

Current Next Transition Description
State State | Condition

FSM_20 | FSM_21 | i MEM_READO =1 Wait for MIPSO read signal

FSM_21 | FSM_22 | i MEM_READO = 0 Send ADDI R31 R30 0 to MIPS 0.
Wait for MIPSO read signal to return
to 0

FSM_22 | FSM_23 | iMEM_READO =1 Wait for MIPSO read signal

FSM_ 23 | FSM 24 | i MEM_READO = 0 Send BEQ RO RO TSR Branch
Distance to MIPS0. Wait for MIPS0
read signal to return to 0

FSM_24 | FSM_25 | iMEM_READO =1 Wait for MIPSO read signal.
Once in FSM_25, normal TSR
operations begin

FSM_25 | FSM_25a | i MEM_READO = 1 and Wait for MIPSO read signal,

i MEM_ADDRESSO = k. TSR_RECOVERY and | MIPSO to read an instruction
ferr_flag =0 from the recovery code, and

the error flag to be 0. This is
the first error to occur since
the start of the TSR program
or the creation of the last
save/restore point

FSM_25a | FSM_25 | i MEM_READO = 0 Wait for MIPSO read singal to
to return to 0. This ensures
that the read operation is
completed and the error
will not trigger TMR recovery

FSM_25 | FSM_25 | iMEM_READO =1 and Wait for MIPSO read signal

i MEM_ADDRESSO = k- TSR_SAVE and

and MIPSO0 to read an instruction

Table 3 — Continued on next page
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Table 3 — Continued from previous page

Current
State

Next
State

Transition
Condition

Description

from the save/restore creation
code. Set frec flag =1

FSM_25

FSM_25

i MEM_READO = 1 and
i MEM_ADDRESSO j= k- TSR_END and
frecflag =1

Wait for MIPSO read signal,
MIPSO0 to read an instruction
from the TSR instruction set,
and thre recovery flag to be 1.
TSR has successfully created a
new save/restore point after an
error. Set the f_err_flag = 0
and the f rec_ flag = 0

FSM_25

FSM_26

i MEM_DONE =1

Wait for memory done signal

FSM_26

FSM_27

i MEM_READO =1

The program is complete. Without
appropriate intervention, MIPSO will
reset and try to read address zero
(TMR instructions) rather than the
TSR instructions. Interrupt
communications between MIPS0
and Memory. Wait for MIPSO Read
Signal after reset.

Set the ferr_flag = 0

and the f rec_flag = 0

FSM_27

FSM_28

i-MEM_READO = 0

Send branch instruction to branch

to start of TSR instructions to MIPSO0.
Wait for MIPSO read signal to return
to 0

FSM_28

FSM_25

i MEM_READO =1

Wait for MIPSO read signal

Table 3 — Continued on next page
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Table 3 — Continued from previous page

Current
State

Next
State

Transition
Condition

Description

to resume normal TSR operation

FSM_25

FSM_29

i MEM_READO = 1 and
i MEM_ADDRESSO = k_ TSR_RECOVERY and
ferrflag =1

Wait for MIPSO read signal,

MIPSO0 to read an instruction

from the recovery code, and

the error flag to be 1. A second
error has occured before save/restore
point creation could be completed

FSM_29

FSM_30

i-MEM_READY =0

Intercept all communications from
memory to MIPS0. Wait for memory
ready signal to return to 0.

Reset MIPS0O

FSM_30

FSM_31

i MEM_READY =0

Wait for memory ready signal
to return to 0

FSM_31

FSM_32

iMEM_READY =1

Read active save/recovery point
from memory and wait for memory
ready signal

FSM_32

FSM_33

i MEM_READY =0

Wait for memory ready signal

to return to 0. Store i MEM_IN

to . TEMP_ADDRESS to keep track
of the active save/recovery

memory location

FSM_33

FSM_34

i MEM_READY =1

Read active save/recovery loop
counter from memory and wait for
memory ready signal

FSM_34

FSM_35

i MEM_READY =0

Wait for memory ready signal
to return to 0. Store the loop value

Table 3 — Continued on next page
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Table 3 — Continued from previous page

Current
State

Next
State

Transition
Condition

Description

presented as i MEM_IN to f_loop
and f_loopl

FSM_35

FSM_36

None

Subtract 1 from f_loop, but leave
f loopl unchanged

FSM_36

FSM_37

i MEM_READY =1

Write f loop to save/recovery
memory location 30. Wait for
memory ready signal

FSM_37

FSM_38

i MEM_READY =0

Wait for memory ready signal
to return to 0

FSM_38

FSM_38

i MEM_READY =1

Write f_loop to save/recovery
memory location 62. Wait for
memory ready signal

FSM_39

FSM_40

i-MEM_READY =0

Wait for memory ready signal
to return to 0

FSM_40

FSM_41

i-MEM_READY =1

Write the memory address for the
start of the TMR instruction loop (2)
to recovery memory location 31.
Wait for memory ready signal

FSM_41

FSM_42

i MEM_READY =0

Wait for memory ready signal
to return to 0

FSM_42

FSM_43

i MEM_READY =1

Write the memory address for the
start of the TMR instruction loop (2)
to recovery memory location 63.
Wait for memory ready signal

FSM_43

FSM_44

i-MEM_READY =0

Wait for memory ready signal

Table 3 — Continued on next page
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Table 3 — Continued from previous page

Current Next Transition Description
State State | Condition

to return to 0

FSM_ 44 | FSM 45 | i MEM_READY =1 Write active save/recovery point
to recovery memory location 64.
Wait for memory ready signal

FSM_45 | FSM_46 | iMEM_READY =0 Wait for memory ready signal
to return to 0

FSM_46 | FSM_ 47 | iMEM_READ =1 Allow TMR MIPS operations to
begin. Wait for voter read signal

FSM 47 | FSM 48 | i MEM_READ =0 Send LW R31 RO 0 instruction
to the TMR Voter. Wait for voter
read signal to return to 0

FSM_ 48 | FSM_49 | i MEM _READ =1 Wait for voter read signal

FSM_49 | FSM_50 | iMEM_READ =0 Send f_loop to the TMR Voter.
to load the loop counter into R31
Wait for voter read signal to
return to 0

FSM.50 | FSM_51 | iMEM_READ =1 Wait for voter read signal

FSM.51 | FSM_52 | i MEM_READ = 0 Send NOP command to Voter
so TMR MIPS can proceed to
instruction 2, the beginning
of TMR MIPS instruction loop

FSM_52 FSM_0 | None Begin normal TMR operations
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Table 4. AHR Controller Outputs

Current | Outputs
State
FSM O | {MEM_ADDRESS =0

f MEM_IN = 0

f MEM_OUT =0

t MEM_OUTO = 0

f MEM_READ_SEL = 00

f MEM_WRITE_SEL = 00
f MEM_ADDRESS_SEL = 00
f MEM_READY _SEL = 00
f MEM_DONE_SEL = 00

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL = 0
f MEM_RESET0_SEL = 00
f MEM_RESET12_SEL = 00

FSM_1

f MEM_ADDRESS = 0

f MEM_IN = 0

t MEM_OUT = 0

t MEM_OUTO = 0

f MEM_READ_SEL = 00

f MEM_WRITE_SEL = 00
f MEM_ADDRESS_SEL = 00
f MEM_READY _SEL = 00
f MEM_DONE_SEL = 00

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL =0
f MEM_RESETO0_SEL = 00

Table 4 — Continued on next page
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12_SEL = 00

FSM_2

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT =0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 00

f MEM_WRITE_SEL = 00
f MEM_ADDRESS _SEL = 00
f MEM_READY _SEL = 00
f MEM_DONE_SEL = 00

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 00
f MEM_RESET12_SEL = 00

FSM_3

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 00

f MEM_WRITE_SEL = 00
f MEM_ADDRESS_SEL = 00
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL = 0
f MEM_RESETO0_SEL = 00

Table 4 — Continued on next page
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12_SEL = 00

FSM 4

f MEM_ADDRESS =0

f MEM_IN =0

f MEM_OUT = SW R31 RO save/recovery memory location 14
f MEM_OUTO =0

f MEM_READ _SEL = 10

f MEM_WRITE_SEL = 10

f MEM_ADDRESS_SEL = 10
f MEM_READY_SEL = 11

f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL = 0
f MEM_RESETO0_SEL = 00
f MEM_RESET12_SEL = 00

FSM_5

f MEM_ADDRESS =0

f MEM_IN = 0

f MEM_OUT = SW R31 RO save/recovery memory location 14
f MEM_OUTO = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10

f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01

f MEM_DONE_SEL = 01

f MEM_READY0_SEL = 00
f MEM_READY12 SEL =0
f MEM_RESETO0_SEL = 00

Table 4 — Continued on next page
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12_SEL = 00

FSM_6

f MEM_ADDRESS = 0
f MEM_IN = 0

f MEM_OUT = SW R31 RO save/recovery memory location 14

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10

f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01

f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 00
f MEM_RESET12_SEL = 00

FSM_7

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY_SEL = 10
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL = 0
f MEM_RESETO0_SEL = 00

Table 4 — Continued on next page
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12_SEL = 00

FSM_8

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 00
f MEM_RESET12_SEL = 00

FSM_9

f MEM_ADDRESS = Save/recovery memory location 14
f MEM_IN = f_loop

f MEM_OUT =0

f MEM_OUTO =0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 11

f MEM_ADDRESS_SEL = 11
f MEM_READY_SEL = 01

f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 00
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12_SEL = 00

FSM_10

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 00
f MEM_RESET12_SEL = 00

FSM_11

f MEM_ADDRESS = Save/recovery memory location 29
f MEM_IN = f_loop

f MEM_OUT =0

f MEM_OUTO =0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 11

f MEM_ADDRESS_SEL = 11
f MEM_READY_SEL = 01

f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 00
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12_SEL = 00

FSM_12

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 00
f MEM_RESET12_SEL = 00

FSM_13

f MEM_ADDRESS = Save/recovery memory location 30
f MEM_IN =0

f MEM_OUT =0

f MEM_OUTO =0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 11

f MEM_ADDRESS_SEL = 11
f MEM_READY_SEL = 01

f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 00
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12_SEL = 00

FSM_14

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 00
f MEM_RESET12_SEL = 00

FSM_15

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 11
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_16

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 10
f MEM_RESET12 SEL = 11

FSM_17

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = LW R31 RO 0
f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10

f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 11
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 10
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_18

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO = LW R31 RO 0
f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10

f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 10
f MEM_RESET12 SEL = 11

FSM_19

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO = f_loopl

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 11
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 10
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_20

f MEM_ADDRESS =0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = f_loopl

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 10
f MEM_RESET12_SEL = 11

FSM_21

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO = ADDI R30 R31 0
f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10

f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 11
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 10
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_22

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO = ADDI R30 R31 0
f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10

f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 10
f MEM_RESET12 SEL = 11

FSM_23

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = BEQ RO RO TSR Branch Distance
f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10

f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 11
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 10
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_24

f MEM_ADDRESS =0

f MEM_IN =0

f MEM_OUT =0

f MEM_OUTO0 = BEQ RO RO TSR Branch Distance
f MEM_READ _SEL = 10

f MEM_WRITE_SEL = 10

f MEM_ADDRESS_SEL = 10
f MEM_READY_SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12 SEL = 1
f MEM_RESETO0_SEL = 10
f MEM_RESET12_SEL = 11

FSM_25

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 01

f MEM_WRITE_SEL = 01
f MEM_ADDRESS SEL = 01
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 01
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 01
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_25a

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 01

f MEM_WRITE_SEL = 01
f MEM_ADDRESS SEL = 01
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 01
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 01
f MEM_RESET12 SEL = 11

FSM_26

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 10
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_27

f MEM_ADDRESS =0

f MEM_IN =0

f MEM_OUT =0

f MEM_OUTO0 = BEQ RO RO TSR Branch Distance
f MEM_READ _SEL = 10

f MEM_WRITE_SEL = 10

f MEM_ADDRESS_SEL = 10
f MEM_READY_SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 11
f MEM_READY12 SEL = 1
f MEM_RESETO0_SEL = 10
f MEM_RESET12_SEL = 11

FSM_28

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = BEQ RO RO TSR Branch Distance
f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10

f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 10
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Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_29

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 11
f MEM_RESET12 SEL = 11

FSM_30

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 11
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_31

f MEM_ADDRESS = Save/recovery memory location 30

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 11

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 11
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 11
f MEM_RESET12 SEL = 11

FSM_32

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 11
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_33

f MEM_ADDRESS = Save/recovery memory location 14 + f TEMP_ADDRESS

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 11

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 11
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 11
f MEM_RESET12 SEL = 11

FSM_34

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12 SEL =1
f MEM_RESETO0_SEL = 11
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Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_35

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 11
f MEM_RESET12 SEL = 11

FSM_36

f MEM_ADDRESS = Save/recovery memory location 30
f MEM_IN = f_loop

f MEM_OUT = 0

f MEM_OUTO = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 11

f MEM_ADDRESS_SEL = 11
f MEM_READY_SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL = 1
f MEM_RESET0_SEL = 11
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_37

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 11
f MEM_RESET12 SEL = 11

FSM_38

f MEM_ADDRESS = Save/recovery memory location 62
f MEM_IN = f_loop

f MEM_OUT = 0

f MEM_OUTO = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 11

f MEM_ADDRESS_SEL = 11
f MEM_READY_SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL = 1
f MEM_RESET0_SEL = 11

Table 4 — Continued on next page




8¢

Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_39

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 11
f MEM_RESET12 SEL = 11

FSM_40

f MEM_ADDRESS = Save/recovery memory location 31
f MEM_IN = TMR loop start address
f MEM_OUT =0

f MEM_OUTO =0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 11

f MEM_ADDRESS_SEL = 11

f MEM_READY_SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10

f MEM_READY12_SEL = 1

f MEM_RESET0_SEL = 11
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_41

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 11
f MEM_RESET12 SEL = 11

FSM _42

f MEM_ADDRESS = Save/recovery memory location 63
f MEM_IN = TMR loop start address
f MEM_OUT =0

f MEM_OUTO =0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 11

f MEM_ADDRESS_SEL = 11

f MEM_READY_SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10

f MEM_READY12_SEL = 1

f MEM_RESET0_SEL = 11
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Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_43

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 11
f MEM_RESET12 SEL = 11

FSM_44

f MEM_ADDRESS = Save/recovery memory location 64
f MEM_IN =0

f MEM_OUT =0

f MEM_OUTO =0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 11

f MEM_ADDRESS_SEL = 11
f MEM_READY_SEL = 01

f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL = 1
f MEM_RESET0_SEL = 11
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Current
State

Outputs

f MEM_RESET12 SEL = 11

FSM_45

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 11

f MEM_READYO0_SEL = 10
f MEM_READY12_SEL =1
f MEM_RESETO0_SEL = 11
f MEM_RESET12 SEL = 11

FSM_46

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL = 0
f MEM_RESETO0_SEL = 10
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Table 4 — Continued from previous page

Current
State

Outputs

f MEM_RESET12 SEL = 01

FSM_47

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = LW R31 RO 0
f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10

f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 11

f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 10
f MEM_RESET12 SEL = 01

FSM_48

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL = 0
f MEM_RESETO0_SEL = 10
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Current
State

Outputs

f MEM_RESET12 SEL = 01

FSM_49

f MEM_ADDRESS =0

f MEM_IN =0

f MEM_OUT = f_loop

f MEM_OUTO =0

f MEM_READ _SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY_SEL = 11
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL = 0
f MEM_RESETO0_SEL = 10
f MEM_RESET12_SEL = 01

FSM_50

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL = 0
f MEM_RESETO0_SEL = 10
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Current
State

Outputs

f MEM_RESET12 SEL = 01

FSM_51

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = NOP

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE _SEL = 10
f MEM_ADDRESS SEL = 10
f MEM_READY _SEL = 11
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12_SEL = 0
f MEM_RESETO0_SEL = 10
f MEM_RESET12 SEL = 01

FSM_52

f MEM_ADDRESS = 0

f MEM_IN = 0

f MEM_OUT = 0

f MEM_OUTO0 = 0

f MEM_READ_SEL = 10

f MEM_WRITE_SEL = 10
f MEM_ADDRESS_SEL = 10
f MEM_READY _SEL = 01
f MEM_DONE_SEL = 01

f MEM_READYO0_SEL = 00
f MEM_READY12 SEL = 0
f MEM_RESETO0_SEL = 10
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Current
State

Outputs

f MEM_RESET12 SEL = 01




V. Figures Illustrating AHR Controller Operation

Figure 1 shows the external connections to the Basic MIPS processor, excluding
the clock and reset inputs. The inputs are on the left and the outputs are on the

right. Signals with an “i.” preceding them are input signals and those with an “o_”

preceding them are output signals.

: | 32 32 |
_MEM_OUT | | 0_MEM_IN |

ok }7 Basic_MIPS.vhd 4‘ o MEM_READ ‘
i_reset — —— 0_MEM_WRITE |

Figure 1. Basic MIPS Inputs and Outputs

|
| i_MEM_READY |— ji{ o_MEM_ADDRESS |
|
|

Figure 2 shows how Basic MIPS processors are connected to the TMR Voter and
Memory at a high-level where the individual memory access and memory response

signals are replaced by single lines for simplicity.
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1 CPUO

TMR Voter

\ 4
N
A 4

1 CPUI1 Memory

1 CPU2

Figure 2. TMR MIPS High-Level Block Diagram

Figure 3 shows a detailed view of the interconnections between the Basic MIPS
processors, TMR Voter, and Memory. This figure illustrates each individual connect-
ing wire. The elongated hexagon blocks are used to label signals. If the routing of
these signals were shown in the figure, it would be very difficult to discern where all
of the signals were connecting. The gates used to determine the reset signals to be
sent to the Basic MIPS processors are two and three input OR gates. The i_clk inputs
on the Basic MIPS processors and TMR Voter are connected to the master clock and

the i_reset signal on the TMR Voter is connected to the master reset (i-RESET).
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w_MEM_READY0

w_MEM_READY1

w_MEM_READY2

Basic_MIPS0 TMR_Voter Memory
i MEM_OUT o MEM_READ i MEM_READO o MEM_READ i MEM_READ o MEM_READY
i MEM_READY o_MEM_WRITE i MEM_WRITEO o_MEM_WRITE i MEM_WRITE o_MEM_OUT
i clk o MEM_ADDRESS i MEM_ADDRESS0 o MEM_ADDRESS i MEM_ADDRESS o_DONE
i reset o MEM_IN i MEM_INO o_MEM_IN i MEM_IN
Basic_MIPS1
i MEM_OUT o MEM_READ i MEM_READI o_MEM_OUTO
i MEM_READY o MEM_WRITE i MEM_WRITE1 -
i clk o_MEM_ADDRESS i MEM_ADDRESSI o_MEM_READY0
i reset o_MEM_IN i MEM_IN1 o_MEM_RESET0
Basic_MIPS2 o_MEM_OUTI
i MEM_OUT o MEM_READ i MEM_READ2 o_MEM READY1
i MEM_READY o MEM_WRITE i MEM_WRITE2 o MEM RESETI
i clk o MEM_ADDRESS i MEM_ADDRESS2 o MEM_OUT2
i_reset o_MEM_IN i MEM_IN2
o MEM READY2
i MEM_READY
- MEM_RESET2
i MEM_OUT O MENML

w_DONE

w_MEM_RESET0
w_DONE

i RESET

w_RESET0

w_MEM_RESET1
w_DONE

i RESET

w_RESETI

w_MEM_RESET2
w_DONE

i RESET

w_RESET2

Figure 3. TMR MIPS Detailed Block Diagram




Figure 4 illustrates how the AHR Controller is integrated into the Basic MIPS,
TMR Voter, and Memory structure. The logic determining the reset signals to be sent
to the individual Basic MIPS processors has been integrated into the AHR Controller.
Signal wires that cross over one another do not connect to one another. Signal wires
that intersect at a “T” are connected and represent the same signal. This is true
for the MEM_READO, MEM_WRITEO, MEM_ADDRESS0, and MEM_INO signals.
The i_clk inputs on the Basic MIPS processors, TMR Voter, and AHR Controller are
connected to the master clock and the i_reset signals on the TMR Voter and AHR

Controller are connected to the master reset (i RESET).
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AHR_Controller

Memory

i_ MEM_READO

Basic_MIPSO TMR_Voter
i MEM_OUT o_MEM_READ i MEM_READO o_MEM_READ
i MEM_READY o_MEM_WRITE i MEM_WRITEO o_MEM_WRITE
i_clk o_MEM_ADDRESS i MEM_ADDRESS0O o MEM_ADDRESS
i_reset o MEM_IN i MEM_INO o MEM_IN

o_MEM_OUT0

Basic_MIPS1 o_MEM_READY0
i MEM_OUT o_MEM_READ i MEM_READI o_MEM_RESET0
i MEM_READY o_MEM_WRITE i MEM_WRITEI o MEM_OUTI
i_clk o_MEM_ADDRESS i MEM_ADDRESSI o_MEM_READY1
i_roset o MEM_IN i MEM_IN1 o MEM_RESET1
- — o MEM_OUT2

Basic_MIPS2 o_MEM_READY2
i MEM_OUT o_MEM_REAL i MEM_READ2 o_MEM_RESET2
i MEM_READY o_MEM_WRITE i MEM_WRITE2 o_NEXT_INSTR
i clk o_MEM_ADDRESS i MEM_ADDRESS2 o TMR_ERROR
i_reset o_MEM_IN i_MEM_IN2

< wMEMREADY _—>—i MEM_READY

Z e e

< MEMDONE = i_DONE

i_clk

i_reset

i MEM_WRITEO
i_ MEM_ADDRESS0
i MEM_INO

i MEM_READ

i MEM_WRITE
i MEM_ADDRESS
i MEM_IN

i_ MEM_OUTO

i_ MEM_READY0
i_MEM_RESETO0
i_MEM_OUTI

i MEM_READY1
i_ MEM_RESETI
i MEM_OUT2

i MEM_READY?2
i MEM_RESET2
i NEXT_INSTR
i TMR_ERROR

i_ MEM_READY

i MEM_OUT
i_ DONE
i_clk

i_reset

o_MEM_READ
o_MEM_WRITE
o_MEM_ADDRESS
o_MEM_IN

o_MEM_OUTO
o_MEM_READY0
o_MEM_RESET0
o_MEM_OUTI
o_MEM_READY |
o MEM_RESETI
o MEM_OUT2
o_MEM_READY2
o_MEM_RESET2

o_MEM_READY
o_MEM_OUT
o_DONE

i_ MEM_READ o_MEM_READY
i_ MEM_WRITE o_MEM_OUT
i_ MEM_ADDRESS o_DONE
i MEM_IN

w_MEM_OUTO >

w_MEM_READY0 >
w_MEM_RESET0 >
w_MEM_OUTI >
w_MEM_READY 1 >
w_MEM_RESETI >
w_MEM_OUT2 >
w_MEM_READY2 >
w_MEM_RESET2 >

Figure 4. AHR MIPS Detailed Block Diagram




Figure 5 shows the internals of the AHR Controller. The state machine deter-
mines the control signals which are used to determine the outputs to the Basic MIPS
processors, the TMR Voter, and Memory. The state machine control signals were
previously described in Table 4. The elongated pentagons with tips pointing to the
right are used to denote input signals. The elongated pentagons with tips pointing to
the left denote output signals. The trapezoids in this figure represent multiplexers.
The top input on the left side of the two input multiplexers is the 0 input and the
bottom input is the 1 input. Similarly, the inputs are the 00, 01, 10, and 11 inputs
from top to bottom on the left side of the four input multiplexers. The select sig-
nals shown as connecting to the bottom of the multiplexers determine which input
is passed through the multiplexer such that a 0 signal passes the 0 input, a 1 signal
passes the 1 input, a 00 signal passes the 00 input, a 01 signal passes the 01 input,

and so on.
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AHR_Controller FSM

i NEXT_INSTR i NEXT_INSTR
i TMR_ERROR i TMR_ERROR
i MEM_READ i MEM READ

i MEM_WRITE i MEM_WRITE

i MEM_ADDRESS i MEM_ADDRESS

i MEM_READO i MEM_READO
i MEM_ADDRESS0 i MEM_ADDRESS0
i MEM_READY i MEM_READY
i clk

i_reset i_reset

£ MEM_ADDRESS

£ MEM_IN

£ MEM_OUT

£ MEM_OUTO

f MEM_READ_SEL

£ MEM_WRITE_SEL

£ MEM_ADDRESS_SEL
£ MEM_READY_SEL
f MEM_DONE_SEL

£ MEM_READYO0_SEL
f MEM_READY12_SEL
f MEM_RESETO_SEL

f MEM_RESETI2_SEL

£ MEM_ADDRESS

f MEM_RESETI2 SEL

i MEM_ADDRESS >—

MEM_ADDRESS0 ]

i MEM_IN >

i MEM_READ

i MEM_READO

o MEM_READ

i MEM_WRITE

i MEM_WRITEQ

o MEM_WRITE

i MEM_READY0

i MEM_READY

o MEM_READY0

i MEM_INO S>—

i MEM_OUT0 S>—

i MEM_OUT >

f MEM_READY0_SEL(0)

w_TMR_RESETO

i MEM_DONE

o MEM_OUT0

i_reset

o MEM_READY1

o MEM_READY2

o MEM_OUTI

o MEM_OUT2

o MEM_RESETO0

o MEM_RESETI

o MEM_RESET2

Figure 5. AHR Controller Detailed Block Diagram
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Appendix A. AHR Controller VHDL Code

This appendix provides an example of the Adaptive-Hybrid Redundancy (AHR)
Controller. This voter has been customized so so that it knows the start of TMR
MIPS and TSR MIPS instructions in memory and switches from TMR to TSR mode
after 15,000 instructions are processed without error. The start of the TMR MIPS
program is always memory location 0 and the start of the TMR MIPS program loop
is indicated by k. TTM R_LOOP_START. The start of the TSR MIPS program is
indicated by k. T'SR_.START_BRANC H while the start of the TSR MIPS program
loop is indicated by k. T'SR_LOOP_START_BRANCH. The transition point is set
by the k_switch_point variable. The AHR Controller also has knowledge of where the
TSR MIPS error recovery instructions(k_T'SR_RECOV ERY') and save/restore point
creation instructions (k- T'SR_-SAV E) reside in memory. It has also been customized
to point to a specific memory location for the save/restore point. This value is set by

the k_mem_location variable.

—1] AHR_Controller_v2_Test1001 .vhd

—| Author: Nicolas Hamilton using write_AHR_Controller_-v2.m

—] Created: 23 July 2019 at 20:19:02

—| Switch between TMR MIPS and TSR MIPS operation depending
on the radiation

s|—| environment. Starts operating in TMR MIPS. If no errors

occur over a

—| predifined time period, automatically switches to
operating in TSR MIPS.

—| If an error occurs while operating in TSR MIPS,
automatically switches to

—| TMR MIPS.

library IEEE;

use IEEE.std_logic_ 1164 . all;

use IEEE.numeric_std. all;

slentity AHR_Controller_-v2_Test1001 is

port (i-clk : in  std_logic;
i_reset :in  std_logic;
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19

21

23

29

i NEXT_INSTR :in  std_logic;

— From TMR Voter — used to determine next state
i TMR_ERROR :in  std_logic;
— From TMR Voter — used to determine next state
i MEM_READ : in  std_logic;
— From TMR Voter — used to determine next state —
controller can modify this signal
i MEM_WRITE : in  std_logic;
— From TMR Voter — used to determine next state —

controller can modify this signal
iMEM_ADDRESS : in std_logic_vector (31 downto 0);

— From TMR Voter — used to determine next state —
controller can modify this signal
i-MEM_IN : in  std_logic_vector (31 downto 0);

— From TMR Voter —
controller can modify this signal

i MEM_READY :in  std_logic;
— From Memory — used to determine next state —
controller can modify this signal
i MEM_OUT : in  std_logic_vector (31 downto 0);

— From Memory —
controller can modify this signal
i MEM_DONE : in std_logic;
— From Memory —
controller can modify this signal

i MEM_READO :in  std_logic;
— From MIPS0 — used to determine next state —
controller can modify this signal
i MEM_WRITEO : in  std_logic;

— From MIPS0 —
controller can modify this signal
i MEM_ADDRESSO : in std_-logic_vector (31 downto 0);

— From MIPSO — used to determine next state —
controller can modify this signal
i MEM_INO : in  std_logic_vector (31 downto 0);

— From MIPS0O —
controller can modify this signal
i MEM_READYO0 : in std_logic;
— From Voter —
controller can modify this signal
i MEM_OUTO :in  std_logic_vector (31 downto 0);
— From Voter —
controller can modify this signal
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i_RESETO0
— From Voter
controller can modify
i MEM READY1
— From Voter
controller can modify
i MEM_OUT1
— From Voter
controller can modify
i RESET1
— From Voter
controller can modify
i MEM_READY?2
— From Voter
controller can modify
iMEM_OUT?2
— From Voter
controller can modify
i RESET?2
— From Voter
controller can modify
o MEM_READ
— To Memory
o MEM_WRITE
— To Memory
o.MEM_ADDRESS
— To Memory
o MEM_IN
— To Memory
o MEM READY
— To TMR Voter
o MEM_OUT
— To TMR Voter
o MEM DONE
— To TMR Voter
o MEM READYO0
— To MIPSO
o MEM_OUTO
— To MIPSO
o_RESETO
— To MIPSO
o MEM READY1
— To MIPS1

in
this
in

this
in

this
in

this

1n

this

11

this
in

this
out

out
out
out
out
out
out
out
out
out

out

std_logic;

signal
std_logic;

signal
std_logic_vector (31

signal
std_logic;

signal
std_logic;

signal
std_logic_vector (31

signal
std_logic;

signal
std_logic;

std_logic;
std_logic_vector (31
std_logic_vector (31
std_logic;
std_logic_vector (31
std_logic;
std_logic;
std_logic_vector (31
std_logic;

std_logic;
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o.MEM_OUT1

— To MIPS1
o RESET1
— To MIPS1

o.MEM READY?2

— To MIPS2

o MEM_OUT2

— To MIPS2
o_ RESET2
— To MIPS2

out std_logic_vector (31 downto 0);
out std_logic;
out std_logic;
out std_logic_vector (31 downto 0);

out std_logic);

end AHR_Controller_v2_Test1001 ;

57 __‘

architecture a_AHR _Controller . v2_Test1001 of

AHR _Controller_v2_Test1001 1is

Declare components

— 2—input 1—bit mux

component myMUX2_1

port (i_-0

—

-1
i_S
_Z

~— O +

I

end component ;

in
in
in
out

is
std_logic;
std_logic;
std_logic;
std_logic

— 2—input 32—bit mux
component myMUX2N is

generic (m_width

port (i_-0

end component ;

in
in
in
out

integer := 32);
std_logic_vector (m_width—1 downto 0);
std_logic_vector (m_width—1 downto 0);
std_logic;
std_logic_vector (m_-width—1 downto 0)

— 4—input 1—bit mux

component myMUX4_1

port (i-0 :

end component ;

in
in
in
in
in
out

is

std_logic;

std_logic;

std_logic;

std_logic;

std_logic_vector (1 downto 0);
std_logic

56




s7l— | Create state machine types
— Create states for the controller finite state machine

89 type sm_cfsm is (s_cfsm_0, s_cfsm_1, s_cfsm_2, s_cfsm_3,
s_cfsm_4 |
s_cfsm_ 5, s_cfsm_6, s_cfsm_7, s_cfsm_8,
s_cfsm_9 |
91 s_cfsm_10 ,s_cfsm_11 ,s_cfsm_12 ;s _cfsm_13,

s_cfsm_14 |

s_cfsm_15 ,s_cfsm_16 ,s_cfsm_17 ,s_cfsm_18 ,
s_cfsm_19 ,
03 s_cfsm_20 ,s_cfsm_21 ,s_cfsm_22 ;s_cfsm_23 |
s_cfsm_24 |

s_cfsm_25 s _cfsm_26 ,s_cfsm_27 ;s _cfsm_28 |
s_cfsm_29 ,
95 s_cfsm_30 ,s_cfsm_31 ,s_cfsm_32 s_cfsm_33 |

s_cfsm_34 ,
s_cfsm_35 ,s_cfsm_36 ,s_cfsm_37 ,s_cfsm_38 ,

s_cfsm_39 ,
o7 s_cfsm_40 ,s_cfsm_41 ,s_cfsm_42 ;s _cfsm_43 ,

s_cfsm_44 ,
s_cfsm_45  s_cfsm_46 ,s_cfsm_47 ;s_cfsm_48 |

s_cfsm_49 ,

99 s_cfsm_50 ,s_cfsm_51 ,s_cfsm_52 ,s_cfsm_25a)

101 — Initialize the controller finite state machine register

signal f_cfsm_state : sm_cfsm := s_cfsm_0;

103

—| Define Signals

105 — Counts instructions to determine when to transition

from TMR to TSR

signal f_instr_count : unsigned(31 downto 0) := (others =>
07)

107

— Signals to determine status of TSR error recovery

progress
109 signal f_err_flag : std_logic = 707;
signal f_rec_flag : std_logic = 707;

111
— Used to store the current iteration of the program loop
when switching from TMR to TSR or vice versa — modified
as needed
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117

121

139

143

signal f_loop : unsigned(31 downto 0) := (others = '07);
— Used to store an unaltered copy of the current
iteration of the program loop when switching from TMR to
TSR or vice versa

signal f_loopl : unsigned(31 downto 0) := (others = '07);

— Signal used to determine last value of i NEXT_INSTR
signal
signal f NEXT_INSTR : std_logic = '07;

— Registers for holding output values when temporary
values are needed
—— Outputs to Memory

signal fMEM_ADDRESS . std_logic_vector (31 downto 0)
;= (others => '07);
signal fMEM_IN : std_logic_vector (31 downto 0) :=

(others = '07);

— QOutputs to Voter

signal fMEM_OUT . std_logic_vector (31 downto 0)
;= (others = ’0);

— Outputs to MIPS Processors

signal £MEM_OUTO . std_logic_vector (31 downto 0)
= (others = 707);

— Intermediate address used for accessing recovery memory

signal fTEMP_ADDRESS : std_logic_vector (31 downto 0);
— Wires for routing intermediate output values

signal wMEM_ADDRESS : std_logic_vector (31 downto 0);
signal w.MEM_IN : std_logic_vector (31 downto 0);
signal wMEMREADY . std_logic;

signal w.MEM.OUT : std_logic_vector (31 downto 0);
signal wMEMDONE : std_logic;

signal wMEM.OUTO : std_logic_vector (31 downto 0);
signal w.TMR_RESETO : std_logic;

signal w.TMR_RESET1 : std_logic;

signal w.TMR_RESET2 : std_logic;

signal w.TMR_RESETOa : std_logic;

signal w.TMR_RESET1a : std_logic;

signal w.TMR_RESET2a : std_logic;

signal w.MEM RESET1 : std_logic;

signal w.MEM_RESET2 . std_logic;
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161

163

165

169

171

173

177

181

— Registers for controlling flow of outputs

— fMEM_READ_SEL selects what read signal should be
output to memory

—— 00 — Voter Pass through

—— 01 — MIPSO Pass Through

— 10 — 0
— 11 - 1
signal fMEM_READ_SEL . std_logic_vector (1 downto 0) :=

(others = ’07);

— MEM_WRITE SEL selects what write and data signals
should be output to memory
—— 00 — Voter Pass through
—— 01 — MIPSO Pass Through

— 10 = 0
— 11 — 1
signal fMEM_WRITE SEL : std_logic_vector (1 downto 0) :=

(others = '07);

— fMEM_ADDRESS SEL selects what address signal should be
output to memory

—— 00 — Voter Pass through

—— 01 — MIPSO Pass Through

—— 10 — Controller Data Override

—— 11 — Controller Data Override

signal fMEM_ADDRESS_SEL : std_logic_vector (1 downto 0)
:= (others => 0);

— fMEM_READY SEL selects what memory ready and data
signals should be output to the voter
—— 00 — Memory Pass Through

— 01 — 0
— 10 — 1
— 11 -1

signal £MEM_READY SEL :std_logic_vector (1 downto 0) := (
others = ’07);

— fMEM DONE SEL selects what done signal should be
output to the voter
—— 00 — Memory Pass Through

— 01 - 0
— 10 = 1
— 11 - 1

59




183

189

191

193

195

199

201

203

205

207

209

213

signal £MEM_DONESEL :std_logic_vector (1 downto 0) := (
others = 07);

— fMEM READYOSEL selects what ready and data signals
should be output to MIPSO

—— 00 — Voter Pass Through

—— 01 — Memory Pass Through

— 10 = 0

— 11 — 1

signal fMEM_READYOSEL :std_logic_vector (1l downto 0) :=
others = ’0);

— fMEM_READY12 SEL selects what ready and data signals
should be output to MIPS1 and MIPS2

—— 0 — Voter Pass Through

— 1 -0

signal fMEM_READY12.SEL :std_logic = ’'0’;

— fMEM_RESETO0_SEL selects what resetignal should be
output to MIPSO0

—— 00 — Voter Pass Through

—— 01 — Memory Pass Through

— 10 = 0

— 11 =1

signal £ MEM_RESET0.SEL :std_logic_vector (1 downto 0) :=
others = ’07);

— f MEM _RESET12 SELL selects what reset signal should be
output to MIPS1 and MIPS2
—— 00 — Voter Pass Through

— 01 = 0
— 10 — 1
— 11 - 1

signal fMEM_RESET12 SEL :std_logic_vector (1l downto 0) :=
(others = '07);

— Define Constants
— Constant used to compare instruction counter against

constant k_switch_point : unsigned(31 downto 0) := "
000000000000000000000000010001117; —T71
——="00000000000000000011101010011000"; ——15,000
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219

225

229

231

— Location at which backup memory starts

constant k_mem _location : std_logic_vector (31 downto 0) :=
7000000000000000000000101110010007 ;

— Important backup memory locations

constant k_14_16 : std_-logic_vector (15 downto 0) := 7
00000000001110007;

constant k_02_32 : std_logic_vector (31 downto 0) := "
000000000000000000000000000010007 ;

constant k_14_32 : std_logic_vector (31 downto 0) := 7
000000000000000000000000001110007 ;

constant k_-29.32 : std_-logic_vector (31 downto 0) := 7
000000000000000000000000011101007 ;

constant k_30.32 : std_logic_vector (31 downto 0) := "
000000000000000000000000011110007 ;

constant k_-31.32 : std_-logic_vector (31 downto 0) := 7
000000000000000000000000011111007 ;

constant k_62_32 : std_logic_vector (31 downto 0) := "
000000000000000000000000111110007 ;

constant k_63_32 : std_logic_vector (31 downto 0) := "
000000000000000000000000111111007 ;

constant k_64.32 : std_logic_vector (31 downto 0) := 7
000000000000000000000001000000007 ;

constant k_mem locationl4_16 : std_logic_vector (15 downto
0) := std_logic_vector (unsigned (k_mem_location (15 downto
0)) + unsigned(k-14.16));

constant k_mem_location02_.32 : std_logic_vector (31 downto
0) := std_logic_vector (unsigned (k_mem_location) + unsigned
(k_02.32));

constant k_mem _locationl4 32 : std_logic_vector (31 downto
0) := std_logic_vector (unsigned (k_mem _location) + unsigned
(k-14.32));

constant k_mem_location29.32 : std_logic_vector (31 downto
0) := std_logic_vector (unsigned (k_mem _location) + unsigned
(k_29.32));

constant k_mem _location30.32 : std_logic_vector (31 downto
0) := std_logic_vector (unsigned (k_mem _location) + unsigned
(k_-30-32));

constant k_mem _location31.32 : std_logic_vector (31 downto
0) := std_logic_vector (unsigned (k_mem _location) + unsigned
(k.31.32));

constant k_mem_location62_32 : std_logic_vector (31 downto
0) := std_logic_vector (unsigned (k_mem_location) + unsigned
(k_62.32));
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239

241

245

249

261

constant k_mem_location63_32 : std_logic_vector (31 downto
0) := std_logic_vector (unsigned (k_mem _location) + unsigned
(k-63-32));
constant k_mem _location64_32 : std_logic_vector (31 downto
0) := std_logic_vector (unsigned (k_mem _location) + unsigned
(k_64.32));

— Additional constants
constant k_20.32 : std_logic_vector (31 downto 0) :=
000000000000000000000000000101007 ;

7

— Location at which TMR loop starts

constant k TMR.LOOP_START : std_logic_vector (31 downto 0)
= 7000000000000000000000000000010007 ;

— Location at which TSR starts

constant k TSR.START BRANCH : std_logic_vector (15 downto
0) := 700000000001110107;

— Location at which TSR loop starts

constant k' TSR.LOOP_START BRANCH : std_logic_vector (15
downto 0) := "00000000001111007;

— Location at which TSR Error Recovery Code Starts
constant kTSR RECOVERY : std_logic_vector (31 downto 0) :=
”000000000000000000000100100110007 ;

— Location at which TSR Save/Restore Creation Point Code
Starts

constant k' TSR.SAVE : std_logic_vector (31 downto 0) := 7
000000000000000000000010111011007 5

— Location at which TSR Code Ends

constant k' TSR.END : std_logic_vector (31 downto 0) := 7
000000000000000000000010110010007 5

— Zero constants

constant k_zero_1 : std_logic := ’'07;

constant k_zero_32 : std_logic_vector (31 downto 0) := (
others = ’07);

— One constant
constant k_one_1 : std_logic = "17;

— Constant used to access the 64th memory location (0—30=
R1-R31, 31=PC, 32—62=R1-R31, 63=PC, 64=sav_point)
constant k_-256.32 : std_logic_vector (31 downto 0) :=

2
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267

269

275

281

283

285

287

291

000000000000000000000001000000007 5

— Constant used to access the 32nd memory location (0—

R1-R31, 31=PC, 32-62=R1-R31, 63=PC, 64=sav_point)
constant k_128_16 : std_logic_vector (15 downto 0) := "
00000000100000007 ;

— Constant used to access the 31st memory location (0—

R1-R31, 31=PC, 32—62=R1-R31, 63=PC, 64=sav_point )
constant k_124_32 : std_logic_vector (31 downto 0) := "
000000000000000000000000011111007 ;

— Constant used to access the 63rd memory location (0—

R1-R31, 31=PC, 32—62=R1-R31, 63=PC, 64=sav_point)
constant k_252.32 : std_logic_vector (31 downto 0) := "
000000000000000000000000111111007 ;

begin

w. TMR RESET0 <= i RESET0 or iMEM_DONE; — Reset MIPS0
a Voter ResetO0 signal or memory DONE signal
w_TMR_RESET1 <= i RESET1 or i MEM DONE; — Reset MIPSI
a Voter Resetl signal or memory DONE signal
w. TMR RESET2 <= i RESET2 or iMEM DONE; — Reset MIPS2
a Voter Reset2 signal or memory DONE signal

— Assign output reset signals

0. RESET0 <= w.TMR_RESET0a or i_reset;
0. RESET1 <= w.TMR_RESET1a or i_reset;
0. RESET2 <= w.TMR_RESET2a or i_reset;

30=

30=

30=

on

on

on

— MUX to determine the memory read signal to be sent to

memory
umyMUX MEM READ: myMUX4_1

port map (i-0 => i MEM READ,

i => i MEM_READO,

=> k_zero_1,
k_one_1,

= f MEM_READ_SEL,
=> o MEM_READ) ;

N »LWN
I
V

1_
1_
1_
i_
0_

— MUX to determine the memory write signal to be sent
memory
umyMUX MEM WRITE: myMUX4_1
port map (i_0 => i MEM_WRITE,
i1 = i MEM_WRITEOQ,
i.2 = k_zero_1,

63
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297

301

303

305

307

309

313

321

325

=> k_one_1,
=> f MEM_WRITE_SEL,
=> o MEM_WRITE) ;

O -
|
N 2 w

— MUX to determine the memory address signal to be sent
to memory — selects between Voter or MIPS 0 — intermediate
selector

umyMUX_MEM_ADDRESS Intermediate: myMUX2N

generic map (m_width => 32)

port map (i_-0 => i MEM_ADDRESS,

i_1 = i MEM_ADDRESS0,
i_S = fMEM_ADDRESS.SEL(0) ,
0.7 => w.MEM_ADDRESS) ;

— MUX to determine the memory address signal to be sent
to memory — selects between output of Voter or MIPS 0
selector MUX and the controller override
wmyMUX MEM_ADDRESS: myMUX2.N
generic map (m_width => 32)
port map (i_-0 => wMEMADDRESS,
i_1 = fMEM_ADDRESS,
i_S = fMEM_ADDRESS SEL(1) ,
0.7Z = oMEM_ADDRESS) ;

— MUX to determine the memory data input signal to be
sent to memory — selects between Voter or MIPS 0 —
intermediate selector

umyMUX_MEM _IN _Intermediate: myMUX2N

generic map (m_width => 32)

port map (i_0 => i MEM_IN,

i-1 = i-MEM_.INO,
i_S = fMEM_WRITESEL(0) ,
0.Z => wMEMIN) ;

— MUX to determine the memory data input signal to be
sent to memory — selects between output of Voter or MIPS 0
selector MUX and the controller override
umyMUX MEM_IN: myMUX2N
generic map (m_width => 32)
port map (i_0 => w.MEM.IN,
i_1 = f MEM.IN,
i_S = fMEM_WRITESEL(1),
0-Z => o.MEM.IN) ;
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335

339

341

343

345

349

361

— MUX to determine the memory ready signal to be sent to
the voter — selects between Memory or 0 — intermediate
selector
umyMUX_MEM_READY _Intermediate: myMUX2_1
port map (i-0 = iMEM_READY,

i_l => k_zero_1,

i_S = fMEM_READY SEL(0) ,
0-Z => wMEMREADY) ;

— MUX to determine the memory ready signal to be sent to
the voter — selects between output of Memory or 0 selector
MUX and 1
wmyMUX MEM READY: myMUX2_1
port map (i_0 => wMEMREADY,

il = k_one_1,

i_S = fMEM READY SEL(1) ,
0-Z => o MEM READY) ;

— MUX to determine the memory data signal to be sent to
the voter — selects between Memory or 0 — intermediate
selector
umyMUX_MEM_OUT Intermediate: myMUX2N
generic map (m_width = 32)
port map (i_0 => i MEM_OUT,
il => k_zero_32,
i_S = fMEM_READY SEL(0) ,
0.2z = wMEMOUT) ;

— MUX to determine the memory data signal to be sent to
the voter — selects between output of Memory or 0 selector
MUX and the controller override

uwmyMUX MEM OUT: myMUX2N

generic map (m_width => 32)

port map (i_0 => wMEM.OUT,

i1 = fMEM.OUT,

i_S = fMEM_READY SEL(1),

0-Z => oMEM.OUT) ;
— MUX to determine the memory done signal to be sent to
the voter — selects between Memory or 0 — intermediate
selector

u_myMUX_MEM_DONE_Intermediate: myMUX2_1
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i_0 == i MEM_DONE,

i_l => k_zero_1,

i_S = fMEM_DONE_SEL(0),
0-Z => wMEMDONE) ;

— MUX to determine the memory done signal to be sent to
the voter — selects between output of Memory or 0 selector
MUX and 1
uwmyMUX MEM DONE: myMUX2_1
port map (i-0 => w.MEMDONE,

il = k_one_1,

i_S = {MEM DONESEL(1) ,
0-Z => oMEM DONE) ;

— MUX to determine the ready signal to be sent to MIPSO
umyMUX MEM READY0: myMUX4_1
port map (i_0 => i MEM _READYO,

i_1 = i MEM READY,

i.2 => k_zero_1,

i-3 = k_one_1,

i-S = {MEM_READYO0_SEL,
0-Z => o.MEM_READYO) ;

— MUX to determine the ready signal to be sent to MIPS1
uwmyMUX MEM READY1: myMUX2_1
port map (i_0 => i MEM READY1,
il = k_zero_1,
i_S = f MEM_READY12 SEL,
0.Z = oMEM READY1) ;

— MUX to determine the ready signal to be sent to MIPSI1
umyMUX MEM READY2: myMUX2_1
port map (i_.0 => i MEM READY2,
il = k_zero_1,
i_S = f MEM_READY12_SEL,
0-Z => o MEM READY2) ;

— MUX to determine the memory data signal to be sent to
MIPSO — selects between Voter or Memory — intermediate
selector

umyMUX_MEM_OUTO0_Intermediate : myMUX2N

generic map (m_width => 32)

port map (i-0 => i-MEM_OUTO,
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i-1 = iMEM.OUT,
i_S = fMEM_READY0SEL(0) ,
0-Z => wMEMOUTO) ;

— MUX to determine the memory data signal to be sent to
MIPSO — selects between output of Voter or Memory selector
MUX and the controller override

umyMUX MEM OUT0: myMUX2N

generic map (m_width => 32)

port map (i_0 => wMEM_OUTO,

i-1 = t£MEM.OUTO,
i_S => fMEM READY0SEL(1),
0-Z => o.MEM_ OUTO0) ;

— MUX to determine the memory data signal to be sent to
MIPS1 — selects between output of Voter or 0
umyMUX MEM OUT1: myMUX2N
generic map (m_width => 32)
port map (i_0 => i MEM_OUTI,

i_l = k_zero_32,

i_S = f MEM_READY12 SEL,
0-Z = oMEM_OUT1) ;

— MUX to determine the memory data signal to be sent to
MIPS2 — selects between output of Voter or 0

wmyMUX MEM_OUT2: myMUX2N

generic map (m_width => 32)

port map (i_0 => i MEM_OUT2,

il => k_zero_32,
i_S = f MEM READY12 SEL,
0-Z = o MEM_OUT2) ;

— MUX to determine the reset signal to be sent to MIPSO
umyMUX MEM RESET0: myMUX4. 1
port map (i_0 => w.TMR_RESETO,

i1 = iMEM_DONE,

i.2 = k_zero_1,

i_3 = k_one_1,

i_S = f MEM_RESETO0_SEL,
0-Z => w.TMR_RESETO0a) ;

— MUX to determine the reset signal to be sent to MIPS1 —
selects between output of Voter or 0
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umyMUX_MEM_RESET1 Intermediate: myMUX2_1
port map (i_.0 => w.TMRRESETI,

il = k_zero_1,

i_S = fMEM_RESET12_SEL(0) ,
0-Z = wMEMRESET1) ;

— MUX to determine the reset signal to be sent to MIPS1 —
selects between output of Voter or 0 selector MUX and 1
umyMUX MEM RESET1: myMUX2_1
port map (i_0 => w.MEMRESETI,
il = k_one_1,
i_S = f MEM RESET12 SEL (1),
0.Z = w.TMR_RESET1a) ;

— MUX to determine the reset signal to be sent to MIPS2 —
selects between output of Voter or 0
umyMUX_MEM _RESET2 Intermediate: myMUX2_1
port map (i_.0 => w.TMR_RESET2,
il = k_zero_1,
i_S = fMEM_RESET12_SEL(0) ,
0-Z = wMEMRESET?2) ;

— MUX to determine the reset signal to be sent to MIPS2 —
selects between output of Voter or 0 selector MUX and 1
umyMUX MEM RESET2: myMUX2_1
port map (i_0 => w.MEMRESET2,
il = k_one_1,
i_S = fMEM RESET12 SEL (1),
0.Z = w.TMR_RESET2a) ;

cfsm: process(i-clk , i_reset , f_cfsm_state ,i. NEXT_INSTR,
i TMR_ERROR)
begin
if (i_reset = ’1’) then
f_cfsm_state <= s_cfsm_0;

f_instr_count <= (others = '0’);
f_loop <= (others = ’07);
f_loopl <= (others = ’07);
f TEMP_ADDRESS <= (others => '07);
f_err_flag <= "0";
f_rec_flag <= "0";

elsif rising_edge(i_clk) then
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f NEXT_INSTR <= i NEXT_INSTR;
case f_cfsm_state is
— TMR MIPS is running
— Determine when TMR MIPS completes processing
an instruction or encounters an error
when s_cfsm_0 =>
if (LiTMRERROR = ’1’) then
f cfsm _state <= s_cfsm_2;
elsif ((f-instr_count >= k_switch_point) and (
iMEM READ = ’'1’) and (iMEM_ADDRESS = k. TMR_LOOP_START))
then
f_cfsm_state <= s_cfsm_3;
elsif ((i.NEXT.INSTR = ’1’) and (fNEXT_INSTR
= '0")) then
f cfsm_state <= s_cfsm_1;
else
f_cfsm_state <= s_cfsm_0;
end if;
f_instr_count <= f_instr_count;
f_loop <= f_loop;
f loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= 707;
f rec_flag <= 707;

— Return to state 0

when s_cfsm_1 =>
f_cfsm_state <= s_cfsm_0;
f_instr_count <= f_instr_count + 1;
f_loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— TMR MIPS has encountered an error
when s_cfsm_2 =>
if (LTMR_ERROR = ’0’) then
f_cfsm_state <= s_cfsm_0;
f_instr_count <= (others = '07);
else
f_cfsm_state <= s_cfsm_2;
f_instr_count <= f_instr_count + 1;
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end if;

f loop <= f_loop;

f_loopl <= f_loopl;

f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f_rec_flag <= f_rec_flag;

— Start transition from TMR MIPS to TSR MIPS
— Wait for Memory Ready signal
when s_cfsm_3 =>
if (iMEMREADY = ’1’) then
f_cfsm_state <= s_cfsm_4;
else
f cfsm _state <= s_cfsm_3;
end if;
f_instr_count <= f_instr_count;
f loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Memory Ready signal to return to 0
when s_cfsm_4 =>
if (iMEMREADY = '0’) then
f cfsm_state <= s_cfsm_5;
else
f_cfsm_state <= s_cfsm_4;
end if;
f_instr_count <= f_instr_count;
f_loop <= f_loop;
f loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for TMR Voter Read signal to return to 0
when s_cfsm_5 =>
if (iMEMREAD = ’0’) then
f cfsm _state <= s_cfsm _6;
else
f_cfsm_state <= s_cfsm_5;

end if;
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for

f_instr_count <= f_instr_count;

f loop <= f_loop;

f_loopl <= f_loopl;

f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f_rec_flag <= f_rec_flag;

— Wait for TMR Voter Write signal and watch out
an Error
when s_cfsm_6 =>
if (LTMRERROR = ’1’) then
f_cfsm_state <= s_cfsm_2;
elsif (iMEM_WRITE = ’1’) then
f cfsm _state <= s_cfsm_7;
else
f_cfsm_state <= s_cfsm_6;
end if;
f_instr_count <= f_instr_count;
f_loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for TMR Voter Write signal to return to 0
when s_cfsm_7 =>
if (IMEM_WRITE = ’0’) then
f_cfsm_state <= s_cfsm_8;
f_ loop <= f_loop;
f_loopl <= f_loopl;
else
f_cfsm_state <= s_cfsm_7;
f loop <= unsigned (i.MEM_IN) ;
f_loopl <= unsigned (i-MEM_IN) ;
end if;
f instr_count <= f_instr_count;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Add 1 to the loop count

when s_cfsm_8 =>
f_cfsm_state <= s_cfsm_9;
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f_instr_count <= (others = '0’);
f loop <= f_loop + 1;

f_loopl <= f_loopl;

f TEMP_ADDRESS <= f TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f_rec_flag <= f_rec_flag;

— Wait for Memory Ready Signal
when s_cfsm_9 =>
if (iMEMREADY = ’1’) then
f_cfsm_state <= s_cfsm_10;
else
f cfsm _state <= s_cfsm_9;
end if;
f instr_count <= f_instr_count;
f_loop <= f_loop;
f_ loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Memory Ready signal to return to 0
when s_cfsm_10 =>
if (iMEMREADY = '0’) then
f_cfsm_state <= s_cfsm_11;
else
f_cfsm_state <= s_cfsm_10;
end if;
f_instr_count <= f_instr_count;
f_loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Memory Ready Signal
when s_cfsm_11 =>
if (iMEMREADY = ’1’) then
f_cfsm_state <= s_cfsm_12;
else
f_cfsm_state <= s_cfsm_11;
end if;

f_instr_count <= f_instr_count;
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f_loop <= f_loop;

f loopl <= f_loopl;

f TEMP_ADDRESS <= { TEMP_ADDRESS;
f_err_flag <= f_err_flag;

f rec_flag <= f_rec_flag;

— Wait for Memory Ready signal to return to 0
when s_cfsm_12 =>
if (iMEMREADY = '0’) then
f_cfsm_state <= s_cfsm_13;
else
f_cfsm_state <= s_cfsm_12;
end if;
f_instr_count <= f_instr_count;
f_ loop <= f_loop;
f loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_ err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Memory Ready Signal
when s_cfsm_13 =>
if (iMEMREADY = ’1’) then
f_cfsm_state <= s_cfsm_14;
else
f_cfsm_state <= s_cfsm_13;
end if;
f_instr_count <= f_instr_count;
f loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Memory Ready signal to return to 0
when s_cfsm_14 =>
if (iMEMREADY = '0’) then
f_cfsm_state <= s_cfsm_15;
else
f_cfsm_state <= s_cfsm_14;
end if;
f_instr_count <= f_instr_count;
f_loop <= f_loop;
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f_loopl <= f_loopl;

f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

f rec_flag <= f_rec_flag;

— Reset MIPS Processors

when s_cfsm_15 =>
f_cfsm_state <= s_cfsm_16;
f_instr_count <= f_instr_count;
f_ loop <= f_loop;
f loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for MIPSO Read Signal
when s_cfsm_16 =>
if (iMEMREADO = ’'1’) then
f cfsm _state <= s_cfsm_17;
else
f_cfsm_state <= s_cfsm_16;
end if;
f_instr_count <= f_instr_count;
f loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for MIPSO Read Signal to return to 0
when s_cfsm_17 =>
if (iMEMREADO = ’0’) then
f_cfsm_state <= s_cfsm_18;
else
f cfsm _state <= s_cfsm_17;
end if;
f_instr_count <= f_instr_count;
f loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f_ rec_flag <= f_rec_flag;
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— Wait for MIPSO Read Signal
when s_cfsm_18 =>
if (iMEMREADO = ’'1’) then
f cfsm _state <= s_cfsm_19;
else
f_cfsm_state <= s_cfsm_18;
end if;
f_instr_count <= f_instr_count;
f_loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for MIPSO Read Signal to return to 0
when s_cfsm_19 =>
if (iMEM READO = ’0’) then
f_cfsm_state <= s_cfsm_20;
else
f_cfsm _state <= s_cfsm_19;
end if;
f_instr_count <= f_instr_count;
f loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f_rec_flag <= f_rec_flag;

— Wait for MIPSO Read Signal
when s_cfsm_20 =>
if (iMEMREADO = ’1’) then
f_cfsm_state <= s_cfsm_21;
else
f cfsm _state <= s_cfsm_20;
end if;
f instr_count <= f_instr_count;
f_loop <= f_loop;
f_ loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for MIPSO Read Signal to return to 0
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when s_cfsm_21 =>
775 lf (IMEM,READO = 7O,) then
f_cfsm_state <= s_cfsm_22;

777 else
f cfsm _state <= s_cfsm_21;
779 end lf7
f_instr_count <= f_instr_count;
781 f_loop <= f_loop;
f_loopl <= f_loopl;
783 f TEMP_ADDRESS <= f TEMP_ADDRESS;
f_err_flag <= f_err_flag;
785 f rec_flag <= f_rec_flag;
787 — Wait for MIPSO Read Signal
when s_cfsm_22 =>
789 if (IMEM,READO = 71’) then
f_cfsm_state <= s_cfsm_23;
791 else
f_cfsm_state <= s_cfsm_22;
793 end if;

f_instr_count <= f_instr_count;
795 f_loop <= f_loop;

f loopl <= f_loopl;

797 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

799 f rec_flag <= f_rec_flag;

801 — Wait for MIPSO Read signal to return to 0
when s_cfsm_23 =>
803 if (IMEM,READO = 70’) then
f_cfsm _state <= s_cfsm_24;
805 else
f_cfsm_state <= s_cfsm_23;
807 end lf7
f_instr_count <= f_instr_count;
809 f_ loop <= f_loop;
f loopl <= f_loopl;
811 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
813 f rec_flag <= f_rec_flag;
815 — Wait for MIPSO Read signal

when s_cfsm_24 =>
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if (iMEMREADO = ’1’) then
f_cfsm_state <= s_cfsm_25;
else
f_cfsm_state <= s_cfsm_24;
end if;
f_instr_count <= f_instr_count;
f loop <= f_loop;
f_ loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f_rec_flag <= f_rec_flag;

— TSR MIPS is Running
— Wait for an error to occur or the program to
finish
when s_cfsm_25 =>
if ((iMEMREADO = ’'1’) and (i MEM_ADDRESSO =
k TSR RECOVERY) and (f_err_flag = ’1’)) then
f cfsm _state <= s_cfsm_29;
elsif ((iMEM_READO = ’'1’) and (i-MEM_ADDRESSO
= kTSR RECOVERY) and (f_err_flag = '0’)) then
f_cfsm_state <= s_cfsm_25a;
f_err_flag <= "17;
elsif ((iMEM_READO = ’'1’) and (i-MEM_ADDRESSO
= k. TSR.SAVE)) then
f_cfsm_state <= s_cfsm_25;
f_rec_flag <= "17;
elsif ((iMEM_READO = ’1’) and (iMEM_ADDRESS0
<= k. TSREND) and (f_rec_flag = '17)) then
f cfsm _state <= s_cfsm_25;
f_rec_flag <= '0';
f_err_flag <= 707;
elsif (iIMEMDONE = 1) then
f cfsm _state <= s_cfsm_26;
else
f_cfsm_state <= s_cfsm_25;
end if;
f_instr_count <= f_instr_count;
f loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;

— An error has occured in TSR MIPS
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when s_cfsm_25a =>
if ((iMEMREADO = ’'1’) and (i MEM_ADDRESSO >
std_logic_vector (unsigned (k TSR RECOVERY) + unsigned (
k_20.32)))) then
f_cfsm_state <= s_cfsm_25;
else
f_cfsm_state <= s_cfsm_25a;
end if;
f_instr_count <= f_instr_count;
f_ loop <= f_loop;
f loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Interrupt communications between MIPSO and
Memory. Wait for MIPSO Read Signal
when s_cfsm_26 =>
if (iMEM_READO = ’'1’) then
f_cfsm _state <= s_cfsm_27;
else
f_cfsm_state <= s_cfsm_26;
end if;
f_instr_count <= f_instr_count;
f_loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f_rec_flag <= f_rec_flag;

— Transmit branch instruction to branch to TSR
Start. Wait for MIPSO Read Signal to return to 0
when s_cfsm_27 =>
if (iMEM_READO = '0’) then
f cfsm _state <= s_cfsm_28;
else
f_cfsm_state <= s_cfsm_27;
end if;
f_instr_count <= f_instr_count;
f_ loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

78




f_rec_flag <= f_rec_flag;

— Wait for MIPSO Read Signal

897 when s_cfsm_28 =>
if (iMEMREADO = ’1’) then

899 f_cfsm_state <= s_cfsm_25;
else

901 f cfsm _state <= s_cfsm_28;
end if;

903 f instr_count <= f_instr_count;
f_loop <= f_loop;

905 f_ loopl <= f_loopl;

f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
907 f_err_flag <= f_err_flag;

f rec_flag <= f_rec_flag;

— Start transition from TSR MIPS to TMR MIPS
911 — Wait for Memory Ready Signal

when s_cfsm_29 =>

913 if (IMEMREADY: 717) then

f_cfsm_state <= s_cfsm_30;

915 else

f_cfsm_state <= s_cfsm_29;

917 end lf7

f_instr_count <= f_instr_count;

919 f_ loop <= f_loop;

f loopl <= f_loopl;

921 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= 707;

923 f_rec_flag <= ’07;

925 — Wait for Memory Ready signal to return to 0
when s_cfsm_30 =>

927 if (IMEMBEADY: ’O’) then
f cfsm _state <= s_cfsm_31;
929 else
f_cfsm_state <= s_cfsm_30;
931 end lf7
f_instr_count <= f_instr_count;
033 f loop <= f_loop;

f_loopl <= f_loopl;
935 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
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f_rec_flag <= f_rec_flag;

— Wait for Memory Ready Signal
when s_cfsm_31 =>
if (iMEMREADY = ’1’) then
f_cfsm_state <= s_cfsm_32;
else
f cfsm _state <= s_cfsm_31;
end if;
f instr_count <= f_instr_count;
f_loop <= f_loop;
f_ loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Memory Ready signal to return to 0
when s_cfsm_32 =>
if (iMEMREADY = '0’) then
f_cfsm_state <= s_cfsm_33;
else
f_cfsm_state <= s_cfsm_32;
end if;
f_instr_count <= f_instr_count;
f_loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= i MEM_OUT;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Memory Ready Signal
when s_cfsm_33 =>
if (iMEMREADY = ’1’) then
f_ cfsm_state <= s_cfsm_34;
else
f_cfsm_state <= s_cfsm_33;
end if;
f_instr_count <= f_instr_count;
f loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f_rec_flag <= f_rec_flag;
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981 — Wait for Memory Ready signal to return to 0
when s_cfsm_34 =>

083 if (iMEMREADY = '0’) then
f_cfsm_state <= s_cfsm_35;
085 —— f loop <= f_loop;
— f_loopl <= f_loopl;
987 else
f_cfsm_state <= s_cfsm_34;
989 —— f_loop <= unsigned (iMEM.OUT) ;
— f_loopl <= unsigned (iMEM_OUT) ;
991 end lf7

f_ loop <= unsigned (iMEM_OUT) ;
993 f_loopl <= unsigned (iMEM_OUT) ;
f instr_count <= f_instr_count;

995 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

997 f_rec_flag <= f_rec_flag;

999 — Subtract 1 from the loop count
when s_cfsm_35 =>

1001 f_cfsm_state <= s_cfsm_36;
f_instr_count <= f_instr_count;
1003 f,IOOp <= f,loop —1;

f_loopl <= f_loopl;

1005 f TEMP_ADDRESS <= f,TEMPADDRESS,
f_err_flag <= f_err_flag;

1007 f rec_flag <= f_rec_flag;

1009 — Wait for Memory Ready Signal
when s_cfsm_36 =>

1011 if (IMEMBEADY: ’17) then
f_cfsm_state <= s_cfsm_37;
1013 else

f cfsm _state <= s_cfsm_36;
1015 end lf,

f_instr_count <= f_instr_count;
1017 f loop <= f_loop;

f_loopl <= f_loopl;

1019 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

1021 f_ rec_flag <= f_rec_flag;
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1023 — Wait for Memory Ready signal to return to 0
when s_cfsm_37 =>

1025 if (1MEMBEADY: ’O’) then
f cfsm _state <= s_cfsm_38;
1027 else
f_cfsm_state <= s_cfsm_37;
1029 end lf7

f_instr_count <= f_instr_count;
1031 f_ loop <= f_loop;

f_loopl <= f_loopl;

1033 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

1035 f_rec_flag <= f_rec_flag;

1037 — Wait for Memory Ready Signal
when s_cfsm_38 =>

1039 if (IMEMREADY: ’17) then

f_cfsm_state <= s_cfsm_39;

1041 else
f_cfsm _state <= s_cfsm_38;
1043 end if;
f_instr_count <= f_instr_count;
1045 f_loop <= f_loop;

f_loopl <= f_loopl;

1047 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

1049 f_rec_flag <= f_rec_flag;

1051 — Wait for Memory Ready signal to return to 0
when s_cfsm_39 =>
1053 if (iMEMREADY = ’0’) then
f_cfsm_state <= s_cfsm_40;
1055 else
f cfsm _state <= s_cfsm_39;
1057 end lf7
f instr_count <= f_instr_count;
1059 f,loop <= f,IOOp;
f_ loopl <= f_loopl;
1061 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;

f_err_flag <= f_err_flag;
1063 f rec_flag <= f_rec_flag;

1065 — Wait for Memory Ready Signal
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when s_cfsm_40 =>

1067 if (IMEMREADY: 717) then
f_cfsm_state <= s_cfsm_41;
1069 else
f_cfsm_state <= s_cfsm_40;
1071 end if;
f_instr_count <= f_instr_count;
1073 f_loop <= f_loop;

f_loopl <= f_loopl;

1075 f TEMP_ADDRESS <= f,TEMPADDR,ESS,
f_err_flag <= f_err_flag;

1077 f rec_flag <= f_rec_flag;

1079 — Wait for Memory Ready signal to return to 0
when s_cfsm_41 =>

1081 if (lMEMREADY: 707) then
f_cfsm_state <= s_cfsm_42;
1083 else
f_cfsm_state <= s_cfsm_41;
1085 end lf7
f_instr_count <= f_instr_count;
1087 f_loop <= f_loop;
f loopl <= f_loopl;
1089 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;

f_err_flag <= f_err_flag;
1091 f rec_flag <= f_rec_flag;

1093 — Wait for Memory Ready Signal
when s_cfsm_42 =>

1095 if (iMEMREADY = ’1’) then
f_cfsm_state <= s_cfsm_43;
1097 else

f_cfsm_state <= s_cfsm_42;
1099 end lf7

f_instr_count <= f_instr_count;
1101 f_ loop <= f_loop;

f loopl <= f_loopl;

1103 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

1105 f rec_flag <= f_rec_flag;

107 — Wait for Memory Ready signal to return to 0
when s_cfsm_43 =>
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1109 if (IMEMREADY: ’O’) then
f_cfsm_state <= s_cfsm_44;

1111 else
f cfsm _state <= s_cfsm_43;
1113 end lf7
f_instr_count <= f_instr_count;
1115 f loop <= f_loop;

f_ loopl <= f_loopl;

117 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

1119 f_rec_flag <= f_rec_flag;

1121 — Wait for Memory Ready Signal
when s_cfsm_44 =>
1123 if (iMEMREADY = ’1’) then
f_cfsm_state <= s_cfsm_45;
1125 else
f_cfsm_state <= s_cfsm_44;
1127 end lf7

f_instr_count <= f_instr_count;
1129 f_loop <= f_loop;

f_loopl <= f_loopl;

1131 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

1133 f rec_flag <= f_rec_flag;

1135 — Wait for Memory Ready signal to return to 0
when s_cfsm_45 =>

1137 if (1MEMBEADY: ’O’) then
f cfsm _state <= s_cfsm_46;
1139 else
f_cfsm_state <= s_cfsm_45;
1141 end lf7

f_instr_count <= f_instr_count;
1143 f_ loop <= f_loop;

f_loopl <= f_loopl;

1145 f TEMP_ADDRESS <= f TEMP_ADDRESS;
f_err_flag <= f_err_flag;

1147 f_rec_flag <= f_rec_flag;

1149 — Wait for Voter Read Signal

when s_cfsm_46 =>
1151 lf (IMEMREAD = ,17) then
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1153

1161

1163

1165

1169

1179

1185

1189

1191

f_cfsm_state <= s_cfsm_47;
else

f cfsm _state <= s_cfsm_46;
end if;
f instr_count <= f_instr_count;
f_loop <= f_loop;
f_ loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Voter Read Signal to return to 0
when s_cfsm 47 =>
if (iMEMREAD = ’0’) then
f_cfsm_state <= s_cfsm_48;
else
f_cfsm_state <= s_cfsm_47;
end if;
f_instr_count <= f_instr_count;
f_loop <= f_loop;
f loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_ err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Voter Read Signal
when s_cfsm_48 =>
if (iMEMREAD = ’1’) then
f cfsm _state <= s_cfsm_49;
else
f_cfsm_state <= s_cfsm_48;
end if;
f_instr_count <= f_instr_count;
f loop <= f_loop;
f_loopl <= f_loopl;
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

— Wait for Voter Read Signal to return to 0
when s_cfsm_49 =>
if (iMEMREAD = ’0’) then

f_cfsm_state <= s_cfsm_50;
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1195 else

f_cfsm_state <= s_cfsm_49;
1197 end lf7

f_instr_count <= f_instr_count;
1199 f_loop <= f_loop;

f_loopl <= f_loopl;

1201 f TEMP_ADDRESS <= f TEMP_ADDRESS;
f_ err_flag <= f_err_flag;
1203 f rec_flag <= f_rec_flag;

1205 — Wait for Voter Read Signal
when s_cfsm_50 =>

1207 if (IMEMREAD = ’17) then
f cfsm _state <= s_cfsm_51;
1209 else
f_cfsm_state <= s_cfsm_50;
1211 end lf7
f_instr_count <= f_instr_count;
1213 f loop <= f_loop;

f_loopl <= f_loopl;

1215 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

1217 f rec_flag <= f_rec_flag;

1219 — Wait for Voter Read Signal to return to 0
when s_cfsm_51 =>

1221 lf (IMEMREAD == ,07) then

f_cfsm_state <= s_cfsm_52;

1223 else
f_cfsm_state <= s_cfsm_b51;
1225 end lf,
f_instr_count <= f_instr_count;
1227 f loop <= f_loop;
f_ loopl <= f_loopl;
1229 f TEMP_ADDRESS <= f{ TEMP_ADDRESS;

f_err_flag <= f_err_flag;
1231 f_rec_flag <= f_rec_flag;

1233 — Return to normal TMR operation
when s_cfsm_52 =>
1235 f_cfsm_state <= s_cfsm_0;

f_instr_count <= f_instr_count;
1237 f_loop <= f_loop;
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1241

1249

1261

1269

1271

1277

f_loopl <= f_loopl;

f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;

f rec_flag <= f_rec_flag;

— This should never happen

when others =>
f cfsm _state <= s_cfsm_0;
f_instr_count <= (others = '07);
f_loop <= (others => '07);
f_loopl <= (others = ’07);
f TEMP_ADDRESS <= f{ TEMP_ADDRESS;
f_err_flag <= f_err_flag;
f rec_flag <= f_rec_flag;

end case;
end if;

end process cfsm;

controller_output_fsm: process(i_clk , i_reset ,
f_cfsm_state)
begin
if (i_reset = ’1’) then
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = ’07);
f MEM_OUT <= (others => ’0);
f MEM_OUTO <= (others => ’07);
f MEM_READ SELL <= (others => '0);
f MEM_WRITE_SEL <= (others = '07);
f MEM_ADDRESS SELL <= (others = '0’);
f MEM_READY SEL <= (others = '07);
f MEM_DONE SEL <= (others = ’07);
f MEM READYO0SEL <= (others = '07);
f MEM_READY12.SEL <= '0’;
f MEM_RESET0_SEL <= (others => '0");
f MEM_RESET12_SEL <= (others => ’07);
elsif rising_edge(i_clk) then
case f_cfsm_state is
— TMR MIPS is running
— Determine when TMR MIPS completes
an instruction or encounters an error
when s_cfsm_0 =>
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1279

1281

1291

1293

1297

1301

1303

1319

f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => '07);
f MEM_OUT0 <= (others => '07);
f MEM_READ_SEL <= 700" ;

f MEM_WRITE_SEL <= 700" ;

f MEM_ADDRESS SEL <= 700" ;

f MEM_READY SEL <= 7007 ;

f MEM_DONE_SEL <= 700" ;

f MEM_READY0-SEL <= 700" ;

f MEM_READY12 SEL <= ’0’;

f MEM_RESETO0_SEL <= 7007 ;

f MEM_RESET12_SEL <= 7007 ;

— Return to state 0
when s_cfsm_1 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
f MEM_ OUT <= (others => '07);
f MEM_OUTO <= (others = '0");
f MEM_READ_SEL <= 700" ;
f MEM_WRITE_SEL <= 700" ;
f MEM_ADDRESS SEL <= 7007 ;
f MEM_READY _SEL <= 700" ;
f MEM_DONE_SEL <= 700" ;
f MEM_READY0_SEL <= "007;
f MEM_READY12 SEL <= ’0’;
f MEM_RESETO0_SEL <= 7007 ;
f MEM_RESET12_SEL <= 7007 ;

— TMR MIPS has encountered an error

when s_cfsm_2 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others => ’07);
f MEM_OUT <= (others => '07);

f MEM_OUTO <= (others = '07);

f MEM_READ_SEL <= 700" ;

f MEM_WRITE_SEL <= 7007 ;

f MEM_ADDRESS SEL <= 700" ;

f MEM_READY_SEL <= 7007 ;

f MEM_DONE_SEL <= 700" ;

f MEM_READYO0_SEL <= 700" ;

f MEM_READY12 SEL <= ’0’;
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f MEM_RESET0_SEL <= 7007 ;
1323 f MEM_RESET12_SEL <= 700" ;

1325 — Start transition from TMR MIPS to TSR MIPS
— Wait for Memory Ready signal

1327 when s_cfsm_3 =>

f MEM_ADDRESS <= (others = '07);
1329 f MEM_IN <= (others = 0 ’) ;

f MEM_OUT <= (others => '0");

1331 f MEM_OUTO0 <= (others = 0 ’) ;

f MEM_READ SEL <= 700" ;

1333 f MEM_WRITE_SEL <= 700" ;

f MEM_ADDRESS_SEL <= 700" ;

1335 f MEM_READY SEL <= 701”7 ;

f MEM_DONE_SEL <= 7017 ;

1337 f MEM_READYO0_SEL <= 700" ;

f MEM_READY12.SEL <= ’0;

1339 f MEM_RESETO0_SEL <= 700" ;

f MEM_RESET12_SEL <= 7007 ;

1341

1343 — Wait for Memory Ready signal to return to 0
when s_cfsm_4 =>

1345 f MEM_ADDRESS <= (others = 0 7) ;
f MEM_IN <= (others = ’07);
1347 f MEM_OUT <= 71010110000011111” &

k_mem _locationl4_16;

f MEM_OUTO <= (others => ’07);

1349 f MEM_READ _SEL <= 7107 ;
f MEM_WRITE_SEL <= 7107 ;
1351 f MEM_ADDRESS SEL <= 710" ;
f MEM_READY SEL <= 7117 ;
1353 f MEM_DONE_SEL <= 701" ;
f MEM_READYOSEL <= 7007 ;
1355 I MEM_READY12.SEL <= 0 7;
f MEM_RESETO0_SEL <= 7007 ;
1357 f MEM_RESET12_SEL <= 700" ;

— Wait for TMR Voter Read signal to return to
1361 when s_cfsm_5 =>

f MEM_ADDRESS <= (others = '07);

1363 f MEM_IN <= (others = ’0’);
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f MEM_OUT <= 71010110000011111” &
k_mem _location14_16;
1365 f MEM_OUTO0O <= (others = 0 7) ;
f MEM_READ SEL <= 7107 ;
1367 f MEM_WRITE_SEL <= 7107 ;
f MEM_ADDRESS SEL <= 710" ;
1369 f MEM_READY_SEL <= 701" ;
f MEM_DONE_SEL <= 7017 ;
1371 f MEM_READYO_SEL <= 7007 ;
f MEM_READY12 SEL <= "0 ;
1373 f MEM_RESETO0_SEL <= 7007 ;
f MEM_RESET12 SEL <= 7007 ;

1377 — Wait for TMR Voter Write signal and watch out
for an Error
when s_cfsm_6 =>

1379 f MEM_ADDRESS <= (others = 0 7) ;
f MEM_IN <= (others = ’07);
1381 f MEM_ OUT <= 71010110000011111" &

k_mem _locationl4_16;
f MEM_OUTO <= (others => ’07);

1383 f MEM_READ_SEL <= 710" ;
f MEM_WRITE_SEL <= 7107 ;
1385 f MEM_ADDRESS SEL <= 7107 ;
f MEM_READY _SEL <= 701" ;
1387 f MEM_DONE_SEL <= 7017 ;
f MEM_READY0_SEL <= 007 ;
1389 f MEM_READY12 SEL <= 0 ;
f MEM_RESET0_SEL <= 7007 ;
o f MEM_RESET12. SEL <= 700" ;

— Wait for TMR Voter Write signal to return to 0
1395 when s_cfsm_7 =>

f MEM_ADDRESS <= (others = '07);

1397 f MEM_IN <= (others = 0 7);
f MEM_OUT <= (others = ’07);
1399 f MEM_OUTO <= (others = 0’ ;
f MEM_READ SEL <= 7107 ;

1401 f MEM_WRITE SEL <= 710" ;

f MEM_ADDRESS SEL <= 710" ;

1403 f MEM_READY SEL <= 710" ;
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1405

1409

1411

1415

1421

1441

f MEM_DONE_SEL <= 7017 ;

f MEM_READY0_SEL <= 00" ;
f MEM_READY12 SEL <= '0’;
f MEM_RESET0_SEL <= 7007 ;
f MEM_RESET12 SEL <= 7007 ;

— Add 1 to the loop count
when s_cfsm_8 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others = '07);
f MEM_OUTO <= (others => ’07);
f MEM_READ SEL <= 7107 ;
f MEM_WRITE_SEL <= 7107 ;
f MEM_ADDRESS SEL <= 710" ;
f MEM_READY SEL <= 7017 ;
f MEM_DONE SEL <= 701"
f MEM_READY0SEL <= 700" ;
f MEM_READY12_ SEL <= '0’;
f MEM_RESET0_SEL <= "007;
f MEM_RESET12 SEL <= 7007 ;

— Wait for Memory Ready Signal
when s_cfsm_9 =>
f MEM_ADDRESS <= k_mem _locationl14_32;
f MEM_IN <= std_logic_vector (f_loop);
f MEM_OUT <= (others => '07);
f MEM_OUTO <= (others = '07);
f MEM_READ SEL <= 710" ;
f MEM_WRITE SEL <= 7117
f MEM_ADDRESS SEL <= 7117 ;
f MEM_READY SEL <= 7017 ;
f MEM_DONE_SEL <= 7017 ;
f MEM_READY0SEL <= 700" ;
f MEM_READY12 SEL <= ’0’;
f MEM_RESETO0_SEL <= 700" ;
f MEM_RESET12 SEL <= 700" ;

— Wait for Memory Ready signal to return to
when s_cfsm_10 =>
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1449

1453

1469

1477

1479

1485

f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => '07);
f MEM_OUT0 <= (others => '07);
f MEM_READ SEL <= 710" ;

f MEM_WRITE SEL <= 710" ;

f MEM_ADDRESS SEL <= 710" ;

f MEM_READY SEL <= 7017 ;

f MEM_DONE SEL <= 7017 ;

f MEM_READY0-SEL <= 700" ;

f MEM_READY12 SEL <= ’0’;

f MEM_RESETO0_SEL <= 7007 ;

f MEM_RESET12_SEL <= 7007 ;

— Wait for Memory Ready Signal
when s_cfsm_11 =>
f MEM_ADDRESS <= k_mem _location29_32;
f MEM_IN <= std_logic_vector (f_loop);
f MEM_OUT <= (others => '0);
f MEM_OUT0 <= (others = '07);
f MEM_READ_SEL <= 710" ;
f MEM_WRITE SEL <= 7117 ;
f MEM_ADDRESS SEL <= 7117
f MEM_READY SEL <= 7017 ;
f MEM_DONE_SEL <= 701" ;
f MEM_READYO0_SEL <= 700" ;
f MEM_READY12 SEL <= '07;
f MEM_RESETO_SEL <= 700" ;
f MEM_RESET12_SEL <= 700" ;

— Wait for Memory Ready signal to return to 0
when s_cfsm_12 =>

f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = ’07);

f MEM_OUT <= (others => '0’);

f MEM_OUTO <= (others = ’07);

f MEM_READ SEL <= 710" ;

f MEM_WRITE_SEL <= 7107 ;

f MEM_ADDRESS SEL <= 7107 ;

f MEM_READY SEL <= 701"

f MEM_DONE_SEL <= 7017 ;
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f MEM_READYO0_SEL <= 7007 ;
1491 f MEM_READY12_SEL <= 0 7;
f MEM_RESET0_SEL <= 7007 ;
1493 f MEM_RESET12_SEL <= 700" ;

— Wait for Memory Ready Signal
1497 when s_cfsm_13 =>

f MEM_ADDRESS <= k_mem _location30_32;
1499 f MEM_IN <= k_zero_32;

f MEM_OUT <= (others => '0’);
1501 f MEM_OUTO0O <= (others = 0 7) ;
f MEM_READ SEL <= 7107 ;

1503 f MEM_WRITE_SEL <= 7117 ;

f MEM_ADDRESS SELL <= 7117

f MEM_READY SEL <= 7017 ;

f MEM_DONE SEL <= 7017 ;

1507 f MEM_READYO0_SEL <= "00” ;

f MEM_READY12 SEL <= "0 ’;

1509 f MEM_RESET0_SEL <= 700" ;

f MEM_RESET12_SEL <= 7007 ;

1513 — Wait for Memory Ready signal to return to 0
when s_cfsm_14 =>

1515 f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
1517 f MEM_OUT <= (others = ’07);

f MEM_OUTO <= (others => '07);
1519 f MEM_READ SEL <= 7107 ;

f MEM_WRITE SEL <= 710" ;

1521 f MEM_ADDRESS_ SEL <= 710" ;

f MEM_READY SEL <= 701"

1523 f MEM_DONE_SEL <= 701”7 ;
f MEM_READYO0SEL <= 7007 ;
1525 f MEM_READY12.SEL <= ’0 7;
f MEM_RESET0_SEL <= 7007 ;
1527 f MEM_RESET12 SEL <= 7007 ;
1529 — Reset all processors

when s_cfsm_15 =>
1531 f MEM_ADDRESS <= (others = 0 7) ;
f MEM_IN <= (others = '07);
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535

553

~

f MEM_OUT <= (others = '07);
f MEM_OUTO <= (others = ’07);
f MEM_READ SEL <= 7107 ;

f MEM_WRITE_SEL <= 7107 ;

f MEM_ADDRESS_SEL <= 710" ;

f MEM_READY SEL <= 701"

f MEM_DONE SEL <= 7117

f MEM_READYOSEL <= 7107 ;

f MEM_READY12 SEL <= ’17;

f MEM_RESETO0_SEL <= 7117

f MEM_RESET12 SEL <= "117;

— Wait for MIPSO Read Signal
when s_cfsm_16 =>
f MEM_ADDRESS <= (others => '07);
f MEM_IN <= (others = ’07);
f MEM_OUT <= (others => ’07);
f MEM_OUTO <= (others => ’07);
f MEM_READ SEL <= 7107 ;
f MEM_WRITE_SEL <= 7107 ;
f MEM_ADDRESS SEL <= 710" ;
f MEM_READY SEL <= 7017 ;
f MEM_DONE SEL <= 7117 ;
f MEM_READYO_SEL <= 7107 ;
f MEM_READY12 SEL <= ’17;
f MEM_RESET0_SEL <= "107;
f MEM_RESET12 SEL <= "117;

— Wait for MIPSO Read Signal to return
when s_cfsm_17 =>

f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = '07);

f MEM_OUT <= (others = ’07);

f MEM_OUT0 <= "

100011000001111100000000000000007

f MEM_READ SEL <= 7107 ;

f MEM_WRITE_SEL <= 7107 ;

f MEM_ADDRESS SEL <= 710" ;

f MEM_READY SEL <= 7017 ;

f MEM_DONESEL <= 7117 ;

f MEM_READY0SEL <= "117;

f MEM_READY12.SEL <= '17;

f MEM_RESET0_SEL <= "107;
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1575 f MEM_RESET12_SEL <= 7117 ;

1577 — Wait for MIPSO Read Signal
when s_cfsm_18 =>

1579 f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
1581 f MEM_OUT <= (others == 70’) ;
f MEM_OUTO <= "~
100011000001111100000000000000007 ;
1583 f MEM_READ_SEL <= 7107 ;
t MEM_WRITE_SEL <= "107;
1585 f MEM_ADDRESS SEL <= 710" ;
t MEM_READY SEL <= 7017 ;
1587 f MEM_DONE_SEL <= "117;
f MEM_READYO0_SEL <= "107;
1589 f MEM_ READY12 SEL <= ’1 7;
f MEM_RESET0_SEL <= 7107 ;
1591 t MEM_RESET12 SEL <= "117;

1593 — Wait for MIPSO Read Signal to return to 0
when s_cfsm_19 =>

1505 f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = '07);

1597 f MEM_OUT <= (others = 70’);

f MEM_OUT0O <= std_logic_vector (f_loopl);

1599 f MEM_READ SEL <= 710" ;
f MEM_WRITE SEL <= 710" ;
1601 f MEM_ADDRESS SEL <= 7107 ;

f MEM_READY SEL <= 701"
1603 f MEM_DONE_SEL <= 711" ;

f MEM_READYO0SEL <= " 117
1605 f MEM_READY12 SEL <= ’1 7;
f MEM_RESETO0_SEL <= 7107 ;
1607 f MEM_RESET12 SEL <= 7117

1609 — Wait for MIPSO Read Signal

when s_cfsm_20 =>

1611 f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = '07);

1613 f MEM_OUT <= (others = 0 7) ;

f MEM_OUT0O <= std_logic_vector (f_loopl);
1615 f MEM_READ_SEL <= 7107 ;

f MEM_WRITE SEL <= 710" ;
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1619

1623

1629

1631

1633

1635

1641

1643

1645

1647

1649

1653

f MEM_ADDRESS.SEL <= " 10" ;
f MEM READY SEL <= 701" ;

f MEM DONE SEL <= 7117 ;

f MEM READY0 SEL <= " 107 ;
f MEM_READY12.SEL <= '1°;
f MEM_RESET0.SEL <= " 10" ;
f MEM_RESET12. SEL <= 711" ;

— Wait for MIPSO Read Signal to return to
when s_cfsm_21 =>

f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = '07);

f MEM_OUT <= (others => ’07);

f MEM_OUTO <= "

001000111111111000000000000000007 ;

f MEM_READ_SEL <= 7107 ;

f MEM_WRITE SEL <= 710" ;

f MEM_ADDRESS SEL <= 7107 ;

f MEM_READY_SEL <= 701”7 ;

f MEM_DONE SEL <= 7117 ;

f MEM_READY0SEL <= 7117

f MEM_READY12 SEL <= ’'1;

f MEM_RESETO0_SEL <= 7107 ;

f MEM_RESET12_SEL <= 7117 ;

— Wait for MIPSO Read Signal
when s_cfsm_22 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = ’07);
f MEM_OUT <= (others => '0);
f MEM_OUTO <=~
001000111111111000000000000000007 ;
f MEM_READ SEL <= 7107 ;
f MEM_WRITE SEL <= 7107 ;
f MEM_ADDRESS SELL <= 7107 ;
f MEM_READY SEL <= "017;
f MEM_DONE SEL <= 7117
f MEM_READY0 SEL <= 710" ;
f MEM_READY12.SEL <= '1;
f MEM_RESET0_SEL <= "107;
f MEM_RESET12 SEL <= "117;
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1659 — Wait for MIPSO Read signal to return to 0
when s_cfsm_23 =>
1661 f MEM_ADDRESS <= (others = 0 7) ;
f MEM_IN <= (others = ’07);
1663 f MEM_OUT <= (others = 0 ’) ;
f MEM_OUTO0 <= "0001000000000000” &
k TSR_.LOOP START BRANCH;
1665 { MEM_READ_SEL <= 7107 ;
f MEM_WRITE SEL <= 710" ;
1667 f MEM_ADDRESS_SEL <= 710" ;
f MEM_READY SEL <= 701"
1669 f MEM_DONE SEL <= 7117 ;
f MEM_READY0OSEL <= 7117 ;
1671 f MEM_READY12_ SEL <= '17;
f MEM_RESET0_SEL <= 7107 ;
1673 f MEM_RESET12 SEL <= 7117 ;

— Wait for MIPSO Read signal
1677 when s_cfsm_24 =>
f MEM_ADDRESS <= (others = '07);

1679 f MEM_IN <= (others = '07);
f MEM_OUT <= (others => 707);
1681 f MEM_OUTO <= 70001000000000000" &
k TSR.LOOP_START BRANCH;
f MEM_READ_SEL <= 710" ;
1683 f MEM_WRITE SEL <= 7107 ;
f MEM_ADDRESS SEL <= 7107 ;
1685 f MEM_READY SEL <= 701"
f MEM_DONE_SEL <= 117 ;
1687 f MEM_READY0_SEL <= " 107 ;
f MEM_READY12 SEL <= ’'1';
1689 f MEM_RESETO0_SEL <= 7107 ;

f MEM_RESET12_SEL <= 7117 ;

1691

1693 — TSR MIPS is Running
— Wait for an error to occur or the program to
finish
1605 when s_cfsm_25 =>
f MEM_ADDRESS <= (others = '07);
1697 f MEM_IN <= (others == ’0’);
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f MEM_OUT <= (others = '07);
1699 f MEM_OUTO <= (others = ’07);
f MEM_READ SEL <= 7017 ;

1701 f MEM_WRITE_SEL <= 701" ;

f MEM_ADDRESS_SEL <= 701" ;

1703 f MEM_READY SEL <= 701" ;

f MEM_DONE SEL <= 7117

1705 f MEM_READYO0_SEL <= 701" ;

f MEM_READY12 SEL <= '17;

1707 f MEM_RESET0_SEL <= 701" ;

f MEM_RESET12_SEL <= 7117 ;

— An error has occured in TSR MIPS
1711 when s_cfsm_25a =

f MEM_ADDRESS <= (others => '07);
1713 f MEM_IN <= (others = ’07) ;

f MEM_OUT <= (others => ’07);
1715 f MEM_OUTO0O <= (others = 0 ’) ;
f MEM_READ_SEL <= 701" ;

1717 f MEM_WRITE_SEL <= 701" ;

f MEM_ADDRESS SEL <= 701" ;

1719 f MEM_READY SEL <= 701" ;

f MEM_DONESEL <= 7117,

1721 I MEM_READY0SEL <= 701”7 ;
f MEM_READY12 SEL <= ’17;
1723 f MEM_RESET0_SEL <= 701" ;

f MEM_RESET12_SEL <= 7117

— Interrupt communications between MIPSO and
Memory. Wait for MIPSO Read Signal

1727 when s_cfsm_26 =>

f MEM_ADDRESS <= (others = '07);
1729 f MEM_IN <= (others = '07);

f MEM_OUT <= (others => ’07);
1731 f MEM_OUTO0 <= (others = ’O’);

f MEM_READ SEL <= 7107 ;

1733 f MEM_WRITE_SEL <= 710" ;

f MEM_ADDRESS SEL <= 7107 ;
1735 f MEM_READY SEL <= 7017 ;

f MEM_DONE SEL <= 7117 ;

1737 f MEM_READY0SEL <= 710" ;
f MEM_READY12.SEL <= '17;
1739 f MEM_RESETO_SEL <= 710" ;
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1771

1779

f MEM_RESET12_SEL <= 7117 ;

— Transmit branch instruction to branch to
Start. Wait for MIPSO Read Signal to return to 0
when s_cfsm_27 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => 707);
f MEM_OUTO <= 70001000000000000” &
k. TSR.START BRANCH;
f MEM_READ_SEL <= 710" ;
f MEM_WRITE_SEL <= 7107 ;
f MEM_ADDRESS SEL <= 7107 ;
f MEM_READY_SEL <= 7017 ;
f MEM_DONESEL <= 711" ;
f MEM_READYO.SEL <= 711" ;
f MEM_READY12 SEL <= ’17;
f MEM_RESETO0_SEL <= 7107 ;
f MEM_RESET12 SEL <= 7117 ;

— Wait for MIPSO Read Signal
when s_cfsm_28 =>
f MEM_ADDRESS <= (others => '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => '07);
f MEM_OUTO0 <= "0001000000000000” &
k TSR.START BRANCH;
f MEM_READ SEL <= 710" ;
f MEM_WRITE SEL <= 710" ;
f MEM_ADDRESS SEL <= 7107 ;
f MEM_READY SEL <= 701" ;
f MEM_DONESEL <= 711" ;
f MEM_READYO0SEL <= 7107 ;
f MEM_READY12 SEL <= '17;
f MEM_RESETO0_SEL <= 710" ;
f MEM_RESET12_SEL <= 711" ;

TSR

— Start transition from TSR MIPS to TMR MIPS

— Wait for Memory Ready Signal
when s_cfsm_29 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
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1797

1801

1807

1809

1819

1821

f MEM_OUT <= (others = '07);
f MEM_OUTO <= (others = ’07);
f MEM_READ SEL <= 710" ;

f MEM_WRITE_SEL <= 7107 ;

f MEM_ADDRESS_SEL <= 710" ;

f MEM_READY SEL <= 701"

f MEM_DONE SEL <= 7117

f MEM_READYOSEL <= 7107 ;

f MEM_READY12 SEL <= ’17;

f MEM_RESETO0_SEL <= 7117

f MEM_RESET12 SEL <= "117;

— Wait for Memory Ready signal to return to 0
when s_cfsm_30 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
f MEM_ OUT <= (others = ’07);
f MEM_OUTO <= (others => '07);
f MEM_READ SEL <= 710" ;
f MEM_WRITE_SEL <= 7107 ;
f MEM_ADDRESS SEL <= 710" ;
f MEM_READY SEL <= 7017 ;
f MEM_DONE SELL <= 7117
f MEM_READY0SEL <= 710" ;
f MEM_READY12 SEL <= ’1";
f MEM_RESET0_SEL <= "117;
f MEM_RESET12 SEL <= "117;

— Wait for Memory Ready Signal
when s_cfsm_31 =>
f MEM_ADDRESS <= k_mem _location30_32;
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => ’07);
f MEM_OUTO <= (others => '07);
f MEM_READ SEL <= 7117 ;
f MEM_WRITE_SEL <= 7107 ;
f MEM_ADDRESS SEL <= 7117 ;
f MEM_READY SEL <= 701"
f MEM_DONESEL <= 7117 ;
f MEM_READY0SEL <= 710" ;
f MEM_READY12.SEL <= '17;
f MEM_RESET0_SEL <= "117;
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1823

1831

1833

1837

1841

1845

1847

1849

1861

f MEM_RESET12_SEL <= 7117 ;

— Wait for Memory Ready signal to return to 0
when s_cfsm_32 =>

f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = '07);

f MEM_OUT <= (others => ’07);

f MEM_ OUTO <= (others => '07);

f MEM_READ SEL <= 7107 ;

f MEM_WRITE_SEL <= 7107 ;

f MEM_ADDRESS SEL <= 710" ;

f MEM_READY SEL <= 7017 ;

f MEM_DONE SEL <= 7117 ;

f MEM_READYO_SEL <= 7107 ;

f MEM_READY12_ SEL <= '17;

f MEM_RESETO_SEL <= "117;

f MEM_RESET12 SEL <= 7117 ;

— Wait for Memory Ready Signal
when s_cfsm_33 =>
f MEM_ADDRESS <= std_logic_vector (unsigned (

k_mem_location14_32)+unsigned (f TEMP_ADDRESS) ) ;

f MEM_IN <= (others = '07);
f MEM_ OUT <= (others => '07);
f MEM_OUT0 <= (others = '07);
f MEM_READ SEL <= " 117 ;

f MEM_WRITE SEL <= 710" ;

f MEM_ADDRESS SEL <= 7117

f MEM_READY SEL <= 7017 ;

f MEM_DONE SEL <= 7117 ;

f MEM_READY0SEL <= 7107 ;

f MEM_READY12 SEL <= ’1";

f MEM_RESETO_SEL <= 7117

f MEM_RESET12 SEL <= 7117

— Wait for Memory Ready signal to return to 0
when s_cfsm_34 =>

f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = '07);

f MEM_OUT <= (others => '07);
f MEM_OUTO <= (others = '0");
f MEM_READ_SEL <= 7107 ;

f MEM_WRITE SEL <= 710" ;
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1867

1869

1877

1881

1887

1891

1899

1901

1907

f MEM_ADDRESS.SEL <= " 10" ;
f MEM READY SEL <= 701" ;

f MEM DONE SEL <= 7117 ;

f MEM READY0 SEL <= " 107 ;
f MEM_READY12.SEL <= '1°;
f MEM_RESETO0.SEL <= " 117 ;
f MEM_RESET12. SEL <= 711" ;

— Subtract 1 from the loop count
when s_cfsm_35 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => '0");
f MEM_OUT0 <= (others = '07);
f MEM_READ_SEL <= 710" ;
f MEM_WRITE SEL <= 7107 ;
f MEM_ADDRESS SEL <= 7107 ;
f MEM_READY SEL <= 701" ;
f MEM_DONE_SEL <= 7117
f MEM_READY0_SEL <= " 107 ;
f MEM_READY12.SEL <= '1;
f MEM_RESET0 SEL <= 7117
f MEM_RESET12_SEL <= 7117 ;

— Wait for Memory Ready Signal
when s_cfsm_36 =>
f MEM_ADDRESS <= k_mem _location30_32;
f MEM_IN <= std_logic_vector (f_loop);
f MEM_OUT <= (others => '0);
f MEM_OUT0O <= (others = '07);
f MEM_READ SEL <= 710" ;
f MEM_WRITE SEL <= 7117 ;
f MEM_ADDRESS SELL <= 7117
f MEM_READY SEL <= 7017 ;
f MEM_DONE_SEL <= 7117 ;
f MEM_READY0OSEL <= " 107 ;
f MEM_READY12.SEL <= '17;
f MEM_RESET0 SEL <= "117;
f MEM_RESET12 SEL <= "117;

— Wait for Memory Ready signal to return to 0
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1909

1911

1915

1919

1929

1935

1937

1939

1941

1943

1947

1949

when s_cfsm_37 =>
f MEM_ADDRESS <= (others => '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => '07);
f MEM_OUT0O <= (others = '07);
f MEM_READ_SEL <= 7107 ;
f MEM_WRITE SEL <= 7107 ;
f MEM_ADDRESS SELL <= 7107 ;
f MEM_READY SEL <= 7017 ;
f MEM_DONE_SEL <= 7117
f MEM_READYOSEL <= 7107 ;
f MEM_READY12.SEL <= '17;
f MEM_RESET0 SEL <= 7117 ;
f MEM_RESET12 SEL <= 7117 ;

— Wait for Memory Ready Signal
when s_cfsm_38 =>
f MEM_ADDRESS <= k_mem _location62_32;
f MEM_IN <= std_logic_vector (f_loop);
f MEM_OUT <= (others => '0);
f MEM_OUT0 <= (others = '07);
f MEM_READ_SEL <= 710" ;
f MEM_WRITE SEL <= 7117 ;
f MEM_ADDRESS SEL <= 7117
f MEM_READY SEL <= 7017 ;
f MEM_DONE_SEL <= 711" ;
f MEM_READYO0_SEL <= 7107 ;
f MEM_READY12 SEL <= '17;
f MEM_RESETO_SEL <= 7117 ;
f MEM_RESET12 SEL <= 7117 ;

— Wait for Memory Ready signal to return to
when s_cfsm_39 =>

f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = ’07);

f MEM_OUT <= (others => '0");

f MEM_OUT0 <= (others = '07);

f MEM_READ SEL <= 7107 ;

f MEM_WRITE SEL <= 7107 ;

f MEM_ADDRESS SEL <= 7107 ;

f MEM_READY _SEL <= "01";

f MEM_DONE SEL <= 7117 ;

f MEM_READY0O_SEL <= " 107 ;
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1961

1963

1965

1967

1969

1971

1983

1989

1991

1993

f MEM_READY12 SEL <= ’1";
f MEM_RESETO_SEL <= 7117
f MEM_RESET12 SEL <= 7117 ;

— Wait for Memory Ready Signal
when s_cfsm_40 =>

f MEM_ADDRESS <= k_mem _location31_32;

f MEM_IN <= k_mem location02_32;

f MEM_OUT <= (others => '07);

f MEM_OUT0 <= (others => '07);

f MEM_READ_SEL <= 710" ;

f MEM_WRITE SEL <= 7117

f MEM_ADDRESS SEL <= 7117

f MEM_READY SEL <= 7017 ;

f MEM_DONE_SEL <= 7117

f MEM_READY0_SEL <= " 107 ;

f MEM_READY12 SEL <= ’'1;

f MEM_RESET0 SEL <= "117;

f MEM_RESET12 SEL <= "117;

— Wait for Memory Ready signal to return to
when s_cfsm_41 =>
f MEM_ADDRESS <= (others => '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => '07);
f MEM_OUT0 <= (others => '07);
f MEM_READ_SEL <= 710" ;
f MEM_WRITE SEL <= 7107
f MEM_ADDRESS SEL <= 7107 ;
f MEM_READY SEL <= 7017 ;
f MEM_DONE_SEL <= 7117
f MEM_READY0_SEL <= " 107 ;
f MEM_READY12 SEL <= ’'1';
f MEM_RESET0_SEL <= "117;
f MEM_RESET12 SEL <= "117;

— Wait for Memory Ready Signal
when s_cfsm _ 42 =>
f MEM_ADDRESS <= k_mem _location63_32;
f MEM_IN <= k_mem _location02_32;
f MEM_OUT <= (others => '0);
f MEM_OUT0 <= (others = '07);
f MEM_READ_SEL <= 710" ;
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1995

1999

2001

2003

2007

2009

2011

2013

2017

2019

2023

2025

2027

2029

2033

2035

f MEM_WRITE.SEL <= " 11" ;

f MEM_ADDRESS SEL <= " 117 :
f MEM READY SEL <= 701" ;

f MEM DONE SEL <= " 117 ;

f MEM_READY0.SEL <= " 10" ;
f MEM_READY12.SEL <= '1°;
f MEM_RESETO SEL <= 7117 ;
f MEM RESET12. SEL <= 7117 ;

— Wait for Memory Ready signal to return to
when s_cfsm_43 =>

f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = '07);

f MEM_OUT <= (others => '0");

f MEM_OUT0 <= (others = '07);

f MEM_READ_SEL <= 710" ;

f MEM_WRITE SEL <= "10";

f MEM_ADDRESS SEL <= "107;

f MEM_READY SEL <= 7017 ;

f MEM_DONE_SEL <= 711" ;

f MEM_READYO0_SEL <= 7107 ;

f MEM_READY12 SEL <= ’1;

f MEM_RESETO_SEL <= 7117 ;

f MEM_RESET12 SEL <= "117;

— Wait for Memory Ready Signal
when s_cfsm_44 =>
f MEM_ADDRESS <= k_mem _location64_32;
f MEM_IN <= k_zero_32;
f MEM_OUT <= (others => '07);
f MEM_OUT0 <= (others = '07);
f MEM_READ_SEL <= 7107 ;
f MEM_WRITE SEL <= 7117 ;
f MEM_ADDRESS SEL <= 7117 ;
f MEM_READY SEL <= 701"
f MEM_DONE SEL <= 7117 ;
f MEM_READYOSEL <= 7107 ;
f MEM_READY12.SEL <= '17;
f MEM_RESETO_SEL <= 7117
f MEM_RESET12_SEL <= 7117 ;

— Wait for Memory Ready signal to return to
when s_cfsm_45 =>
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2039

2041

2043

2045

2047

2049

2051

2055

2057

2059

2061

2063

2065

2067

2069

2071

2075

2077

f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => '07);
f MEM_OUT0 <= (others => '07);
f MEM_READ SEL <= 710" ;

f MEM_WRITE SEL <= 710" ;

f MEM_ADDRESS SEL <= 710" ;

f MEM_READY SEL <= 7017 ;

f MEM_DONE SEL <= 7117 ;

f MEM_READY0SEL <= 710" ;

f MEM_READY12 SEL <= ’1";

f MEM_RESETO_SEL <= "117;

f MEM_RESET12 SEL <= 7117

— Wait for Voter Read Signal
when s_cfsm_46 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = '07);
f MEM_ OUT <= (others => '07);
f MEM_OUTO <= (others = '0");
f MEM_READ SEL <= 710" ;
f MEM_WRITE_SEL <= 7107 ;
f MEM_ADDRESS SEL <= 7107 ;
f MEM_READY SEL <= 7017 ;
f MEM_DONE SEL <= 701"
f MEM_READY0_SEL <= "007;
f MEM_READY12 SEL <= ’0’;
f MEM_RESET0_SEL <= 7107 ;
f MEM_RESET12 SEL <= 7017 ;

— Wait for Voter Read Signal to return to 0
when s_cfsm_47 =>

f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = '07);

f MEM OUT <= 710001100000111110000000000000000

f MEM_OUT0 <= (others = '07);
f MEM_READ SEL <= 7107 ;

f MEM_WRITE_SEL <= 7107 ;

f MEM_ADDRESS SEL <= 7107 ;

f MEM_READY SEL <= "117;

f MEM_DONE_SEL <= 7017 ;

f MEM_READYO0_SEL <= "007;
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2079 f MEM_READY12.SEL <= ’0 7;
f MEM_RESET0 SEL <= 7107 ;
2081 f MEM_RESET12 SEL <= 7017 ;

— Wait for Voter Read Signal

2085 when s_cfsm_48 =>

f MEM_ADDRESS <= (others = '07);
2087 f MEM_IN <= (others = ’07);
f MEM_OUT <= (others => '0);
2089 f MEM_OUTO0O <= (others = 0’ ;
f MEM_READ SEL <= 7107 ;

2091 f MEM_WRITE_SEL <= 710" ;

f MEM_ADDRESS SELL <= 7107 ;

2093 f,MEMBEADY,SEL <= "01" 3

f MEM_DONE SEL <= 701" ;

2095 f MEM_READYO0_SEL <= 7007 ;

f MEM READY12 SEL <= 7’0 ’;

2097 f MEM_RESETO0_SEL <= 710" ;

f MEM_RESET12 SEL <= 7017 ;

— Wait for Voter Read Signal to return to 0

2101 when s_cfsm_49 =>
f MEM_ADDRESS <= (others => '07);
2103 f MEM_IN <= (others = 0 7);

f MEM_OUT <= std_logic_vector (f_loop);
2105 f MEM_OUTO0O <= (others = 707);
f MEM_READ_SEL <= 710" ;

2107 f MEM_WRITE_SEL <= 710" ;

f MEM_ADDRESS SEL <= 7107 ;
2109 f MEM_READY SEL <= 7117 ;

f MEM_DONE SEL <= 701" ;
2111 f MEM_READY0_SEL <= 700" ;

f MEM_READY12_SEL <= ’07;
2113 f MEM _RESET0_SEL <= 710" ;
f MEM_RESET12_ SEL <= 7017 ;

— Wait for Voter Read Signal

2117 when s_cfsm_50 =>

f MEM_ADDRESS <= (others = '07);
2119 f MEM_IN <= (others = '07);

f MEM_OUT <= (others => '0’);
2121 f MEM_OUTO0O <= (others = 707);
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2125

2129

2131

2135

2141

2145

2149

2161

f MEM_READ_SEL <= 710" ;

f MEM_WRITE SEL <= 7107 ;

f MEM_ADDRESS SEL <= 7107 ;
f MEM_READY SEL <= 701"

f MEM_DONE_SEL <= 701" ;

f MEM_READYO0_SEL <= 700" ;
f MEM_READY12 SEL <= ’0’;
f MEM_RESET0_SEL <= 7107 ;
f MEM_RESET12_SEL <= 7017 ;

— Wait for Voter Read Signal to return to
when s_cfsm_51 =>

f MEM_ADDRESS <= (others = '07);

f MEM_IN <= (others = ’07);

f MEM_ OUT <= k_zero_32;

f MEM_OUT0 <= (others = '07);

f MEM_READ SEL <= 7107 ;

f MEM_WRITE SEL <= 710" ;

f MEM_ADDRESS SEL <= 7107 ;

f MEM_READY SEL <= "117;

f MEM_DONE_SEL <= 701" ;

f MEM_READYO0_SEL <= " 007 ;

f MEM_READY12.SEL <= '0’;

f MEM_RESETO0_SEL <= 7107 ;

f MEM_RESET12_SEL <= 7017 ;

— Return to normal TMR operation
when s_cfsm_52 =>
f MEM_ADDRESS <= (others = '07);
f MEM_IN <= (others = ’07);
f MEM_OUT <= (others => '0’);
f MEM_OUT0O <= (others = '07);
f MEM_READ SEL <= 7107 ;
f MEM_WRITE_SEL <= 7107 ;
f MEM_ADDRESS SELL <= 710" ;
f MEM_READY SEL <= 701"
f MEM_DONE SEL <= 701"
f MEM_READYO0_SEL <= 7007 ;
f MEM READY12 SEL <= 70;
f MEM_RESET0_SEL <= 7107 ;
f MEM_RESET12 SEL <= 701”7 ;

— This should never happen
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2167

2177

2179

when others =>
f MEM_ADDRESS <= (others => '07);
f MEM_IN <= (others = '07);
f MEM_OUT <= (others => '07);
f MEM_OUT0O <= (others = '07);
f MEM_READ_SEL <= 7007 ;
f MEM_WRITE_SEL <= 7007 ;
f MEM_ADDRESS SEL <= 700" ;
f MEM_READY SEL <= 7007 ;
f MEM_DONE_SEL <= 7007
f MEM_READYO0_SEL <= 7007 ;
f MEM_READY12.SEL <= '0’;
f MEM_RESET0_SEL <= 7007 ;
f MEM_RESET12 SEL <= 7007 ;
end case;
end if;

end process controller_output_fsm;

«sjend a_AHR_Controller_v2_Test1001 ;

Listing A.1. AHR_Controller_v2.vhd Code
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Appendix B. Version History

e Version 2.2

— Converted document to AFIT Report Format

— Renamed “Combined MIPS” to “Adaptive-Hybrid Redundancy (AHR)
MIPS”

e Version 2.1

— Added hyperlinks to Table of Contents and figure and table references to

simplify document navigation
e Version 2.0

— Previous version transitioned from TSR MIPS to TMR MIPS after a single
error. This version allows TSR MIPS an opportunity to recover from the
error. If a second error occurs before TSR MIPS creates a new save/restore
point, TSR MIPS transitions to TMR MIPS. If TSR MIPS successfully
creates a new save/restore point, TSR MIPS continues processing as if no

error had occurred
e Version 1.0

— Original Document.
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