




















































































































































































































Revision 1.0 MIPS64™ Specification 

handler software in the normal case. Software need not look at the BD bit in the Cause register unless is wishes to 
identify the address of the instruction that actually caused the exception. 

Note that individual exception types may load additional information into other registers. This is noted in the descrip­
tion of each exception type below. 

Operation: 
if StatusEXL = 0 

if InstructionlnBranchDelaySlot then 

Cause80 1 

else 

Cause60 0 

endif 
if Exception Type = TLBRefill then 

vectorOffset OxOOO 
elseif (ExceptionType = XTLBRefill) then 

vectorOffset Ox080 

else 

elseif (ExceptionType = Interrupt) and 
(Cause1v = 1) then 

vectorOffset 
else 

vectorOffset Ox 180 
endif 

vectorOffset Ox 180 
endif 
CauseCE FaultingCoprocessorNurnber 

CauseExcCode ExceptionType 

StatusEXL 1 

if StatusaEV = 1 then 
PC OxFFFF FFFF BFCO 0200 + v rOffset 

else PC OxFFFF FFFF 
' ',, 

endif · 

4.8.4 EJTAG Debug Exception 

An EJTAG Debug Exception occurs when one of a number ofEJTAG-related conditions is met. Refer to the EJTAG 
Specification for details of this exception. 

Entry Vector Used . . . . .. _ 
· OxFFFF FFFF BFCO 0480 if the ProbEn bit is zero in the EJTAG_Control_register; OxFFFF FFFF FF20 

0200 if the ProbEn bit is one. · 

4.8.5 Reset Exception 

A Reset Exception occurs when the Cold Reset signal is asserted to the processor. This exception is not maskable. 
When a Reset Exception occurs, the processor performs a full reset initialization, including aborting state machines, 
establishing critical state, and generally placing the processor in a state in which it can execute instructions from 
uncached, unmapped address space. On a Reset Exception, the state of the processor in not defined, with the follow­
ing exceptions: 
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The Random register is initialized to the number of TLB entries - 1. 
• The Wired register is initialized to zero. 

The Config and Config 1 registers are initialized with their boot state. 
The BEV, TS, SR, NMI, ERL, and RP fields of the Status register are initialized to a specified state. 

• Watch register enables and Performance Counter register interrupt enables are cleared. 
• The ErrorEPC register is loaded with PC-4 if the state of the processor indicates that it was executing an 

instruction in the delay slot of a branch. Otherwise, the ErrorEPC register is loaded with PC. Note that this 
value may or may not be predictable if the Reset Exception was taken as the result of power being applied to 
the processor because PC may not have a valid value in that case. In some implementations, the value loaded 
into ErrorEPC register may not be predictable on either a Reset or Soft Reset Exception. 

• PC is loaded with OxFFFF FFFF BFCO 0000. 

Cause Register ExcCode Value 
None 

Additional State Saved 
None 

Entry Vector Used 
Reset (OxFFFF FFFF BFCO 0000) 

Operation 
Random +- TLBEntries - 1 
Wired+-0 
Config +- ConfigurationState 
ConfigKO f- 2 # Suggested - see Confi 

Configl +- ConfigurationState 
StatusaEv +- 1 

StatusTs +- 0 

StatussR +- 0 

StatusNMI +- 0 
StatusERL +- 1 

StatusRP +- 0 
WatchLo[n]1 +- 0 

WatchLo[n]R f- 0 

WatchLo[n]w +- 0 

PerfCnt.Control[n]rn f- 0 

iflnstructionlnBranchDelaySlot then 
ErrorEPC +- PC - 4 

~Ise 
ErrorEPC +- PC 

endif 
. PC +- OxFFFF FFFF BFCO 0000 

4.8.6 Soft Reset Exception 

atch registers 

e d W:~tch registers . 
ented Watch registers 

ented PerfCnt registers 

... 

A Soft Reset Exception occurs when the Reset signal is asserted to the processor. It is implementation dependent 
whether Soft Reset is implemented. If the Soft Reset Exception is not implemented, the Reset Exception should be 
used instead. This exception is not maskable. When a Soft Reset Exception occurs, the processor performs a subset of 
the full reset initialization. Although a Soft Reset Exception does not unnecessarily change the state of the processor, 
it may be forced to do so in order to place the processor in a state in which it can execute instructions from uncached, 
unmapped address space. Since bus, cache, or other operations may be interrupted, portions of the cache, memory, or 
other processor state may be inconsistent. In addition to any hardware initialization required, the following state is 
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established on a Soft Reset Exception: 

The BEV, TS, SR, NMI, ERL, and RP fields of the Status register are initialized to a specified state. 
Watch register enables and Performance Counter register interrupt enables are cleared. 
The ErrorEPC register is loaded with PC-4 if the state of the processor indicates that it was executing an 
instruction in the delay slot of a branch. Otherwise, the ErrorEPC register is loaded with PC. Note that this 
value may or may not be predictable. 
PC is loaded with OxFFFF FFFF BFCO 0000. 

Cause Register ExcCode Value 
None 

Additional State Saved 
None 

Entry Vector Used 
Reset (OxFFFF FFFF BFCO 0000) 

Operation 
ConfigK0 ~2 

StatusaEv ~ 1 

StatusTs ~ 0 
StatussR ~ 1 
StatusNMI ~ 0 
StatusERL ~ 1 
StatusRP ~ 0 
WatchLo[n]1 ~ 0 #For all implemented \ 

WatchLo[nfa ~ 0 #For all imJ! Watch register~'.· 
WatchLo[n]w ~ 0 #For all i · registe~ 

PerfCnt.Control[n]rn ~ 0 #For all · t registers 
./' 

if InstructionlnBranchDelaySlot then 
ErrorEPC ~ PC - 4 

else 
ErrorEPC ~ PC ]"~:,. 

endif , 
PC ~ OxFFFF FFFF BFCO oobo 

4.8. 7 Non Maskable Interrupt (NMI) Ex~,eption 
~¥/fl~' 

A non maskable interrupt exception occurs when.the NMI signal is asserted to the processor. It is implementation 
dependent whether the NMI exception is implemented. However, several embedded operating systems make use of 
the NMI exception, so its implementation is strongly recommended. 

·· Unlike all other interrupts, this exception is notmaskable. An NMI occurs only at instruction boundaries. so does not 
do any reset or other hardware initialization. The state of the cache. memory, and .other processor state is consistent 
and all registers are preserved. with the following exceptions: 

The BEV, TS, SR, NMI, and ERL fields of the Status register are initialized to a specified state. 
• The ErrorEPC register is loaded with PC-4 if the state of the processor indicates that it was executing an 

instruction in the delay slot of a branch. Otherwise, the ErrorEPC register is loaded with PC. 
PC is loaded with OxFFFF FFFF BFCO 0000. 

Cause Register ExcCode Value 
None 
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Additional State Saved 
None 

Entry Vector Used 
Reset (OxFFFF FFFF BFCO 0000) 

Operation 
Status8 Ev ~ 1 
StatusTs ~ 0 

· StatussR ~ 0 
StatusNMI ~ 1 
StatusERL ~ 1 
if InstructionlnBranchDelaySlot then 

ErrorEPC ~ PC - 4 
.• else 

ErrorEPC ~PC 

-~!1.dif 
PC ~ OxFFFF FFFF BFCO 0000 

MIPS64™ Specification 

4.8.8 Machine Check Exception ~./ . .... . . . _ 

A machine check exception occurs when the processor detects an internaf ~!!~~nsis~ency. It is implementation depen­
dent whether the M~chine Check Exc~ption is imple~ented. If no i~\mare'o~~!~~hcy checki_ng i~· ~erforrned by the 
processor, the Machme Check Exception need not be implemented. ~~,\. . ..,. 

The following conditions cause a machine check exception: ·-

Detection of multiple matching entries in the 
whether this condition is detected on the 
that detects them. In either case, the TS b" 
mentation dependent whether this cond· 
flushing the entire TLB. If the condition ca 
ma! operation. 

If the condition is detected durin 
the TLB, if possible,_ as ~h~t p 

Causif:.Register ExcCode Value 
.:MCheck 

Additional State Saved 

U. It is implementation dependent 
eates multi" le matching entries, or on a reference 

ter is se ,fu indicate this condition. It is imple­
in the software exception handler, perhaps by 

ftware must clear this bit before resuming nor-

~ors should attempt to preserve the entry already in 
a~i~l'.. for ~oftware, de~ug ?f the problem. . .. 

Depends on the condition that caused the exception. See the descriptions above . 

Entry Vector Used 
· ·General exception vector (offset Ox 180) 

4.8.9 Address Error Exception 

An address error exception occurs under the following circumstances: 

• A load or store doubleword instruction is executed in which the address is not aligned on a doubleword 
boundary. 

• An instruction is fetched from an address that is not aligned on a word boundary. 
• A load or store word instruction is executed in which the address is not aligned on a word boundary. 
• A load or store halfword instruction is executed in which the address is not aligned on a halfword boundary. 
• A reference is made to a kernel address space from User Mode or Supervisor Mode. 
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A reference is made to a supervisor address space from User Mode. 
A reference is made to a a 64-bit address that is outside the range of the 32-bit Compatibility Address Space 
when 64-bit address references are not enabled. 
A reference is made to an undefined or unimplemented 64-bit address when 64-bit address references are 
enabled. 

Note that in the case of an instruction fetch that is not aligned on a word boundary, PC is updated before the condition 
is detected. Therefore, both EPC and BadVAddr point at the unaligned instruction address. 

Cause Register ExcCode Value 
AdEL: Reference was a load or an instruction fetch 
AdES: Reference was a store 

Additional State Saved 

Register State Value 

BadVAddr failing address 

ContextvpN2 UNPREDICTABLE 

XContextvPNZ 
UNPREDICTABLE 

XContextR 

EntryHivPNZ UNPREDICTABLE 

EntryHiR 

EntryLoO UNPREDICTABLE 
,/ 

Entry Lo I UNPREDICTABLE', .. ,,>,-,, 

Entry Vector Used 2:· 
General exception vector (offset Ox180) ;.,. 

,;>1:,,1::' 

A TLB Refill or XTLB Refill exceptiJ~·()f,fiitsiH;~··n,B-based MMU when no TLB entry matches a reference to a 
mapped address space and the EXL bit is zero in the StatLs register. Note that this is distinct from the case in which an 
entry matches but has the valid bit off, in which caseiTLB Invalid exception occurs. Refill exceptions have distinct 
exception vector offsets: OxOOO for a 32-bit TLB Refill and Ox080 for a 64-bit extended TLB ("XTLB") refill. The 
XTLB refill handler is used whenever a reference is made to an enabled 64-bit address space. 

Cause Register ExcCode Value 
TLBL: Reference was a load or an instruction fetch 
TLBS: Reference was a store 

Additional State Saved 

Register State Value 

BadVAddr failing address 
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Register State Value 

Context The BadVPN2 field contains VA31 :13 of the failing 

address 

XContext The XContext BadVPN2 field contains VAsEG-

BITS-1:13• and the XContext R field contains 

VA63:62 of the failing address. 

Entry Hi The EntryHi VPN2 field contains VAsEGBITS-1:13 

of the failing address and the Entry Hi R field con-
tains V~3:62 of the failing address; the ASID field 

contains the ASID of the reference that missed 

EntryLoO UNPREDICTABLE 

. ,~.EntryLol UNPREDICTABLE 

., ··'$ii!'z':0'·1'~'' 
r Vector Used Ent y 
TLB Refill vector (offset OxOOO) if 64-bit addresses are not enabled 
tioo. ·~~ 

XTLB Refill vector (offset Ox080) if 64-bit addresses are enabled an4, StatusEXL = 0 at the time of exception. 

General exception vector (offset Oxl80) in either case if Statil~EXL d'"f~tJhe time of exception 
' ·~ 

4.8.11 TLB Invalid Exception 

A TLB invalid exception occurs when a TLB Pntru.·m 

entry has the valid bit off. 

Note that the condition in which no TLB entrY; )~atches a (~~(!11,~(!JO a mapped address space and the EXL bit is one 
in the Status register is indistinguishable from a TL InvalilExC,bption in the sense that both use the generaLexcep-
tion vector and supply an ExcCode value o( TLBL . Thb only way to distinguish these two cases is by prob-
ing the TLB for a matching entry (using TLBP). · 

id_,, 

Cause Register ExcCode Value ii., 
TLBL: Reference was a load or 
TLBS: Reference was a store 

Additional State Saved 

Register State 

BadVAddr failing address 

tch 

Value 

Context The BadVPN2 field contains VA31 :13 of the failing 

address 

XContext The XContext BadVPN2 field contains VAsEG-

BITS-1:13• and the XContext R field contains 

VA63:62 of the failing address. 
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Register State Value 

Entry Hi The EntryHi VPN2 field contains VAsEGB/TS-1:13 
of the failing address and the Entry Hi R field con-
tains VA63:62 of the failing address; the ASID field 

contains the ASID of the reference that missed 

EntryLoO UNPREDICTABLE 

Entry Lo I UNPREDICTABLE 

Entry Vector Used 
General exception vector (offset Ox ISO) 

4.8.12 TLB Modified Exception 

A TLB modified exception occurs on a store reference to a mapped address when the matching TLB entry is valid, 
but the entry's D bit is zero, indicating that the page is not writable. 

Cause Register ExcCode Value 
Mod 

Additional State Saved 

Register State 

BadVAddr 

Context 

XContext 

Entry Hi 

EntryLoO 

Entry Lo I 

Entry Vector Used 

failing address 

The BadVPN2 field co1J1tai11s 

address 

The XContext BadVP~gfield co~t~jhs VAsEG­

BITS-l: 13• and !be)CCoflt6xtRAield ~ontains 
VA63:62 of14th~ failing addres;."'.~/ 

The EntryID'i~Z~eld bqptains VAsEGBITS-1:13 
of the failing address andtfi'e Entry Hi R field con­
tains VA63:62 of the failing address; the ASID field 

contains the ASID of the reference that missed 

UNPREDICTABLE 

UNPREDICTABLE 

General exception vector (offset Oxl80) 

4.8.13 Cache Error Exception 

A cache error exception occurs when an instruction or data reference detects a cache tag or data error, or a parity or 
ECC error is detected on the system bus when a cache miss occurs. This exception is not maskable. Because the error 
was in a cache, the exception vector is to an unmapped, uncached address. It is implementation dependent whether a 
cache error exception resulting from an access to the data cache is reported precisely with respect to the instruction 
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that caused the cache error. 

Cause Register ExcCode Value 
NIA 

Additional State Saved 

Register State 

CacheErr Error state 

ErrorEPC PC 

Entry Vector Used 
Cache error vector (offset OxlOO) 

Operation 
CacheErr f- ErrorState 
StatusERL f- 1 
if InstructionlnBranchDelaySlot then 

ErrorEPC f- PC - 4 
else 

ErrorEPC f- PC 
endif 
if StatusBEV = 1 then 

PC f- OxFFFF FFFF BFCO 0200 + 
else 

PC f- OxFFFF FFFF AOOO 0000 + 
endif 

MIPS64™ Specification 

Value 

4.8.14 Bus Error Exception 

A bus error occurs when an instructio , or prefetc~,,~t~ess makes a bus request (due to a. cache miss or an 
uncacheable reference) and that req~e . , .' . ,.,, 1n'an erroi.' Note that parity errors detected during bus transac-
tions are reported as cache error exceptt us error exceptions. It is implementation dependent whether a data 
bus error exception is reported precisely with respect tcyihe instruction that caused the bus error. 

Cause Register ExcCode Value 
IBE: Error on an instruction reference 
DBE: Error on a data reference 

Additional State Saved 
None 

Entry Vector Used 
General exception vector (offset Ox 180) 

4.8.15 Integer Overflow Exception 

An integer overflow exception occurs when selected integer instructions result in a 2's complement overflow. 
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Cause Register ExcCode Value 
Ov 

Additional State Saved 
None 

Entry Vector Used 
General exception vector (offset Oxl80) 

4.8.16 Trap Exception 

A trap exception occurs when a trap instruction results in a 1RUE value. 

Cause Register ExcCode Value 
Tr 

Additional State Saved 
None 

Entry Vector Used 

·.~ .. 

-General exception vector (offset Ox180) 

4.8.17 System Call Exception 
.'~~' "'. 

A system call exceptfon occurs when a SYSCALL instruction is exec,uted. · · . 

Cause Register ExcCode Value 
Sys 

Additional State Saved 
None 

Entry Vector Used A 
General exception vector (offset OxJ80) 

Cause Register ExcCode Value 
Bp 

Additional State Saved 
None 

Entry Vector Used 
General exception vector (offset Ox180) 

4.8.19 Reserved Instruction Exception 

A Reserved Instruction Exception occurs if any of the following conditions is true: 

MIPS64™ Specification 

• An instruction was executed that specifies an encoding of the opcode field (Table 20) that is flagged with "*" 
(reserved), "13" (higher-order ISA), "..L" (64-bit) if 64-bit operations are not enabled, or an unimplemented 
"E" (ASE). 
An instruction was executed that specifies a SPECIAL opcode encoding of the function field (Table 21) that 
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is flagged with "*" (reserved), "W' (higher-order ISA), or "l." (64-bit) if 64-bit operations are not enabled. 
An instruction was executed that specifies a REG/MM opcode encoding of the rt.field (Table 22) that is 
flagged with "*" (reserved). 
An instruction was executed that specifies an unimplemented SP EC!AL2 opcode encoding of the function 
field (Table 23) that is flagged with an unimplemented "0'' (partner available), "..L" (64-bit) if 64-bit opera­
tions are not enabled, or an unimplemented "cr'' (EJTAG). 

• An instruction was executed that specifies a COPz opcode encoding of the rs field (Table 25, Table 27, 
Table 29) that is flagged with"*" (reserved), "W' (higher-order ISA), "l." (64-bit) if 64-bit operations are not 
enabled, or an unimplemented "E" (ASE), assuming that access to the coprocessor is allowed. If access to 
the coprocessor is not allowed, a Coprocessor Unusable Exception occurs instead. For the COP I opcode, 
some implementations of previous IS As reported this case as a Floating Point Exception, setting the Unim­
plemented Operation bit in the Cause field of the FCSR register. 

• An instruction was executed that specifies an unimplemented COPO opcode encoding of the function field 
when rs is CO (Table 28) that is flagged with "*" (reserved), or an unimplemented "cr" (EJTAG), assuming · 
that access to coprocessor 0 is allowed. If access to the coprocessor is not allowed, a Coprocessor Unusable 
Exception occurs instead. 
An instruction was executed that specifies a COP I opcode encoding of the function field when rs is S, D, or 
W (Table 30, Table 31, Table 32) that is flagged with "*" (reserved), ''.(}'h(higher-order ISA), "l." (64-bit) if 
64-bit operations are not enabled, or an unimplemented "E" (ASE), assuiJ!i:l~g that access to coprocessor 1 is 
allowed. If access to the coprocessor is not allowed, a Coprocessor l!J,~~table J:;~ception occurs instead. 
Some implementations of previous ISAs reported this case as~~.floatin:~r1~!P:~Exception, setting the Unim-
plemented Operation bit in the Cause field of the FCSR registeI-.:>zr. it,(I\\;.> 

y ,, • .?pt·,, 
An instruction was executed that specifies a COP I opcode ew:odfog ; , s is Lor PS (Table 32, Table 33) 
and 64-bit operations are not enabled, or with a function field ~!?-coding' at is flagged with "*'~(reserved), .· 
"13" (higher-order ISA), or an unimplemented "E" (ASE), assuming that access to coprocessor 1 is allowed. 
If access to the coprocessor is not allowed, a CoprocessdtJ1n1m1~l~ Exception occurs instead. Some imple­
mentations of previous ISAs reported this cas~;is;;a.floating PoiritException, setting the Unimplemented 
Operation bit in the Cause field of the FCSRre~~ ~ .·~ 
An instruction was executed that specifies, COPl~opc6~~·;ncoding'of the function field (Table 35) that is 
flagged with"*" (reserved), or any exec7 ' tCOPlX,~pcode when 64-bit operations are not enabled, 
assuming that access to coprocessor 1 is allo cessJo the coprocessor is not allowed, a Coprocessor 
Unusable Exception occurs instead. ~9me imple "~pps of previous ISAs reported this case as a Floating 
Point Exception, setting the Unimplemente-ct eratio~;'f5it in the Cause field of the FCSR register. 

Cause Register ExcCode Value 
RI 

Additional State Saved 
None 

Entry Vector Used 
General exception vector (offset Ox180) 

4.8.20 Coprocessor Unusable Exception 

A coprocessor unusable exception occurs if any of the following conditions is true: 

A COPO or Cache instruction was executed while the processor was running in ~ mode other than Debug 
Mode or Kernel Mode, and the CUO bit in the Status register was a zero 
A COPl, COPlX. LWCl, SWCl, LDCl, SDCl or MOVCI (Special opcode function field encoding) 
instruction was executed and the CUl bit in the Status register was a zero. 
A COP2, LWC2, SWC2, LDC2, or SDC2 instruction was executed, and the CU2 bit in the Status register 
was a zero. 
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Cause Register ExcCode Value 
CpU 

Additional State Saved 

Register State Value 

CausecE unit number of the coprocessor being referenced 

Entry Vector Used 
General exception vector (offset Oxl80) 

4.8.21 Floating Point Exception 

MIPS64™ Specification 

A floating point exception is initiated by the floating point coprocessor to signal a floating point exception. 

Register ExcCode Value 
FPE 

Additional State Saved 

Register State 

FCSR 

Entry Vector Used 

Value 

General exception vector (offset Ox 180 

4.8.22 Watch Exception 

The watch facility provides a software d itiating a watch exception when an instruction or data 
reference matches the address inform~( . stored· Hiaf!dWatchLo registers. A watch exception is taken 
immediately if the EXL and ERL bits of the.~ r are both zero. If either bit is a one at the time that a watch 
exception would normally be taken, the*Wlfif>it m the se register is set, and the exception is deferred until both the 
EXL and ERL bits in the Status register are zero. So are may use the WP bit in the Cause register to determine if 
the EPC register points at the instruction that cau~he watch exception, or if the exception actually occurred while 
in kernel mode. 

If the EXL or ERL bits are one in the Status register and a single instruction generates both a watch exception (which 
. is deferred by the state of the EXL and ERL bits) and a lower-priority exception, theJower priority exception is taken. 
It is implementatfon dependent whether the WP' bit is set in this case. The preferred implementation is to set the WP 
bit only if the instruction completes with no other exception. 

It is implementation dependent whether a data watch exception is triggered by a prefetch or cache instruction whose 
address matches the Watch register address match conditions. The preferred implementation is not to match on these 
instructions. 

Register ExcCode Value 
WATCH 
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Additional State Saved 

Register State Value 

Causewp indicates that the watch exception was deferred 
until after both StatusEXL and StatusERL were zero. 

This bit directly causes a watch exception, so soft-
ware must clear this bit as part of the exception 
handler to prevent a watch exception loop at the 
end of the current handler execution. 

Entry Vector Used 
Qeneral exception vector (offset Ox 180) 

4.8.23 I.i;iterrupt Exception 
The interrupt exception occurs when one or more of the eight interrupt requests is enabled by the Status registers. See 
Section 4.7 on page 87 for more information. 

4.9 

Register ExcCode Value 
Int 

Additional State Saved 

Register State 

Cause1p 

CPO Registers 

]jY 

bit i~the Cause register is zero. 
Use register is one. 

\!J 
111 

:'?~ 

The CPO registers provide the interface between1~heJSA and the PRA. Each register is discussed below, with the reg-
'Yt"f'_'~-:> 

isters presented in numerical order, first by register number, then by select field number . 

. For each register described below, field descriptions include the read/write properties of the field, and the reset state 
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of the field. For the read/write properties of the field, the following notation is used: 

Read/Write 
Notation 

Hardware Interpretation Software Interpretation 

RfW A field in which all bits are readable and writable by software and, potentially, by hard­
ware. 

R 

0 

Hardware updates of this field are visible by software read. Software updates of this 
field are visible by hardware read. 

If the Reset State of this field is "Undefined", either software or hardware must initial­
ize the value before the first read will return a predictable value. This should not be 
confused with the formal definition of UNDEFINED behavior. 

A field which is either static or is updated 
only by hardware. 

If the Reset State of this field is either "O" 
or "Preset", hardware initializes this field 
to zero or to the appropriate state, respec­
tively, on powerup. 

If the Reset State of this field is "Unde­
fined", hardware updates this field only 
under those conditions specified in the >· 
description of the field. 

A field which hardware d()~s not update, 
and for which hardware can assume a 
zero value. 0i5f;,\f¥~}t;> •. 

,.;.,...?,>::' ;. 

A field to which the value written by soft­
ware is ignored by hardware. Software 
may write any value to this field without 
affecting hardware .behavior. Software 
reads of this field return the last value 
updated by hardware. 

If the Reset State of this field is "Unde­
fined", software reads of this field result. 
in an.UNPREDICTABLE valµe except 
after a hardware update done under the 
conclitibns specified in the description of 
the field.+ 

··A field to which the value written by soft­
.ware must be zero. Software writes of 

· non-zero values to this field may result in 
UNDEFINED behavior of the hardware. 
Software reads of this field return zero as 
long as all previous software writes are 
zero. 

If the Reset State of this field is "Unde­
fined", software must write this field with 
zero before it is guaranteed to read as 
zero. 

4.9.1 In~ex Register (CPO Register 0, Select 0) 

Compliance Level: Required for TLB-based MMUs; Optional otherwise. 

The Index register is a 32-bit read/write register which contains the index used to access the TLB for TLBP, TLBR, 
and TLBWI instructions. The width of the index field is implementation-dependent as a function of the number of 
TLB entries that are implemented. The minimum value for TLB-based MMUs is Ceiling(Log2(TLBEntries)). 

The operation of the processor is UNDEFINED if a value greater than or equal to the number of TLB entries is writ­
ten to the Index register. 

Figure 13 shows the format of the Index register; Table 59 describes the Index register fields. 
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Figure 13: Index Register 

31 30 n n-1 0 

0 Index 

Table 59: Index Register Field Descriptions 

Fields 
Read/ 

Description 
Write 

Reset State Compliance 
Name Bits 

p 31 Probe Failure. Hardware writes this bit during R Undefined Required 
execution of the TLBP instruction to indicate 
whether a TLB match occurred: 

0: A match occurred, and the Index field 
:_ .. :.....-

contains the index of the matching entry 
1: No match occurred and the Index field is 

UNPREDICTABLE '·· -
TLB index. Software writes this field to provicle_1 

,,. .· ... ; 

Index n-1:0 RfW Undefined Required 
the index to the TLB entry referenced by the 

TLBR and TLBWI instructions. : \ .• , "-"•J· 

Hardware writes this field with the index of the 
matching TLB entry during execution ~fthe 
TLBP instruction. If the TLBPfails to find a 
match, the contents of t~ are QNP!tE-
DICTABLE. F . < 

'.:.c_ ; ; 

0 30:n Must be written as zero; retu~izero on read. 
-,.';;.c-:, -,. , ;'·.::::- , 0 0 Reserved 

}".' ,,,.,,, < _-. 
¢\,,_ 

4.9.2 Random Register (CPO Register l~·~~lect p) 
•ffl' .•• 

Compliance Level: Required for TLB .. based MMUs; Optional otherwise. 
/·' ·<<>·<~:;:-:>1>-:.-' "·/.o. 

The Random register is a read-only regi~tef\*1685~ val~~ is used to index the TLB during a TLBWRinstruction. The 
width of Uie Random field is calculated in the same mc~nner as that described for the Index register above. 

The value.of the register varies between an upper ~tlcl lower bound as follow: 

A lower bound is set by the number of TLB entries reserved for exclusive use by the operating system (the 
contents of the Wired register). The entry indexed by the Wired register is the first entry available to be writ­
ten by a TLB Write Random operation. 
An upper bound is set by the total number of TLB entries minus l. 

Within the required constraints of the upper and lower bounds, the manner in which the processor selects values for 
the Random register is implementation-dependent. However, designers should be aware of a potential live lock condi­
tion for implementations that simply increment the Random field every 'n' cycles. With such an implementation, the 
TLB/XTLB refill handler can fall into synchronization with the Random field such that the same entry is used during 
each pass through the refill handler. If the instruction causing the TLB/XTLB refill requires more than a single entry 
to complete (e.g., a load instruction requiring both an instruction and a data translation), no forward progress is made 
and a live lock condition is created. In most cases, some other event, such as an interrupt, breaks the condition. How­
ever, if the offending instruction is executed in Kernel Mode with interrupts disabled, breaking the live lock may not 
be possible. Designers are encouraged to introduce some pseudo-random behavior on top of a counter implementa-
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tion of the Random field, such as might be provided by, for example, an LFSR. 

The processor initializes the Random register to the upper bound on a Reset Exception, and when the Wired register is 
written. 

Figure 14 shows the format of the Random register; Table 60 describes the Random register fields. 

Figure 14: Random Register Format 

31 n n·l 

0 

Table 60: Random Register Field Descriptions 

Fields 
Read/ 

Description 
Write 

Name Bits 

Random n-1:0 TLB Random Index >R 

0 3l:n Must be written as zero; returns zero on read. 0 
,~:.,-;-

,_,, 

4.9.3 EntryLoO, EntryLol (CPO Registers 2 and 3, Sefoc! 0) 

Compliance Level: EntryLoO is Required for a TLB-based MMU;Qp(iq~t1.1 otherwise. 
Compliance Level: EntryLol is Required for a TLB-based MMU; Optio"rial otherwise. 

~-- .-". -:·-·- ,__ '"'' 

Random 

Reset State 

TLB 
·Entries - l 

0 

0 

Compliance 

Required 

Reserved 

The pair of Entry Lo registers act as the interface between the TLBand the TLBR, TLBWI, and TLBWR instructions. 
EntryLoO holds the entries for even pages and EntryLol ho!~ thibiitries for odd pages. 

;,;:..:------ ,, ___ ,- :'";;.·,_. 

The contents of the EntryLoO and EntryLol regist~ts'areno~ defined3.fter an address error exception and some fields 
may be modified by hardware during the addres.s error exception sequence. 

- '.;'._d} ,. ~- ;::_·~;;:"+·;}/ 

Figure 15 shows the format of the EntryLoO and El)tryLol registers; Table 61 describes the EntryLoO and EntryLol 
register fields. "'· · ''> 

Figure 15:,EntryloO, Eriti-yLol Register Format 

63 65 3210 

Fill PFN 

Table 61: EntryLoO, EntryLol Register Field Descriptions 

Fields 
Read/ 

Description Reset State Compliance 
Name Bits 

Write 

Fill 63:30 Ignored on write; returns zero on read. R 0 Required 
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Fields 

Name Bits 

PFN 29:6 

c 5:3 

D 2 

v 1 

G 0 

MIPS64TM Specification 

Table 61: EntryLoO, EntryLol Register Field Descriptions 

Description 

Page Frame Number. Corresponds to 
bits[PAB!TS-1: 12] of the physical address. The 
width of this field implicitly limits the size of the 
physical address to 36 bits. If the processor 
implements fewer physical address bits than this 
limit, the unimplemented bits must be written as 
zero, and return zero on read. If the processor 
implements more physical address bits that this 
limit, the PFN field boundary moves to the left, 
compressing out bits of the Fill field. 

Coherency attribute of the page. See Table 62 
below. 

"Dirty" bit, indicating that the page is writable. If 
this bit is a one, stores to the page are permitted. 
If this bit is a zero, .stores to the page cause a <·' 
TLB Modified exception. 

Kernel software may use this bit to implement 
paging algorithms that require knowing\¥hieh.~,;>;'· . 
pages have been written. If thi !!:!&,,always zero 
when a page is initially tnap , tffi!~TU! fylodi-
fied exception that results .c;; st~Mo~th~~ 
page can be used to update' ata structures 
that indicate that the page was writt~n. 

,~c I 

·Read/ 
Write 

R/W 

R/W 

. ·~~\,:.!" q.;;if< ·', 
Valid bit, indicating that the·TLB entry; and thus R/W 

the virtual page ~;~~,i~g al~\;~~~~!;His bi~ is~ 
one, accesses t() the page are pemiilt,~Ci. If this bit 
is a zero, accesses tb the e.cause a TLB 
Invalid exceptlbn;. """ 

''·"'· 

Global bit. On a TLB write, thl logical AND of R/W 
the G bits from both EntfYL~O and EntryLol 
becomes the G bit in the TLB entry. If the TLB 
entry G bit is a one, ASID comparisons are 
ignored during TLB matches. On a read from a 
TLB entry, the G bits of both EntryLoO and 
Entry Lo! reflect the state of the TLB G bit. 

Reset State Compliance 

Undefined Required 

Undefined Required 

Required 

Undefined Required 

Undefined Required 
(TLBMMU) 

Table 62 lists the encoding of the C field of the EntryLoO and EntryLol registers and the KO field of the Con.fig regis­
ter. An implement~tion may choose to implement a subset of the cache coherency attributes shown, but must imple­
ment at least encodings 2 and 3 such that software can always depend on these encodings working appropriately. In 
other cases, the operation of the processor is UNDEFINED if software specifies an unimplemented encoding. 
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Table 62 lists the required and optional encodings for the coherency attributes, in addition to giving an historical per­
spective on the encodings implemented by various MIPS processors, as obtained from the processor chip specifica­
tion. 

C(5:3) Value 

0 

2 

3 

4 

November 15, 1999 

Table 62: Cache Coherency Attributes 

Cache Coherency Attributes 
With Historical Usage 

Available for implementation dependent use 

Historical usage: 
Reserved (R4000®, VR5400, RlOOOO®) 
Unused, defaults to cached (R43QOTM) 
Cacheable, noncoherent, write through, no write 
allocate (RC32364, RM5200) 

Available for implementation dependent use 

Historical usage: 
Reserved (R4000) 
Unused, defaults to cached (R4300) 
Cacheable, noncoherent, write through, write allo-
cate (RC32364, RM5200) · ·· . · 
Cacheable write-through, write ~lh)cate (VR5400) 

Uncached 

Historical usage: 
Uncached (all 

Cacheable 

Historical usage: .)>,. 

Cac~e(lble noricoh~,r,ent (rioncoherent) (R4000, 
RlOOOO) <;, 
G~ched (R43()()) 
Cac.heable: ridiicoherent ( writeback) (RC32364, 
RMs200) : 
Cacheable, 'N~!teback (VR5400) 

Available for implementation dependent use 

Historical usage: 
Cacheable coherent exclusive (exclusive) (R4000, 
RlOOOO) 
Unused, defaults to cached (R4300) 
Reserved (RC32364, RM5200, VR5400) 
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Table 62: Cache Coherency Attributes 

C(5:3) Value Cache Coherency Attributes 
Compliance 

With Historical Usage 

5 Available for implementation dependent use Optional 

Historical usage: . Cacheable coherent exclusive on write (sharable) 
(R4000, RlOOOO) . Unused, defaults to cached (R4300) . Reserved (RC32364, RM5200, VR5400) 

6 Available for implementation dependent use Optional 

Historical usage: . Cacheable coherent update on write (update) 
(R4000) . Unused, defaults to cached (R4300) 

• Reserved (RC32364, RM5200, RlOOOO) 

7 Available for implementation dependent use Optional 

Historical usage: 
. s,~. . Reserved (R4000) .. . Unused, defaults to cached (R4300) -. Reserved (RC32364, RM5200) . Uncached accelerated (VR5400, RlOOOO) 

o<I, _,. ., 

4.9.4 Context Register (CPO Register 4, 1~~!e~t,10Y 
·.··.•·· 

<:+>:J;'.;:t 
Compliance Level: Required for TLB-based MMUs; Opiiof!a{otherwise. 

,,:,-.-:"·:., "'-·-\'_-,--_)-:-.--'; 

The Context register is a read/write register cofltaini.r:ig a pointer tO an entry in the page table entry (PTE) array'. This 
array is an operating system data structurethatstor'esV1ft~~l-to-physical translations. During a TLB miss, the operat­
ing system loads the TLB with the missing translation froiri the PTE array. The Context register is primarily intended 
for use with the TLB Refill handler, but is alsoloa~~by hardware on an XTLB Refill and may be used by software 
in that handler. The Context register duplicates'isoJle of the information provided in the BadVAddr register, but is 
organized in such a way that the operatingsystem can directly reference a 16-byte structure in memory that describes 
the mapping. •1 

i 

A TLB exception (TLB Refill, XTLB Refill, TLB Invalid, or TLB Modified) causes bits VA31 :13 of the virtual address 

, to be written into the BadVPN2 field of the Context register. The PTEBase field is written and used by the operating 
system. 

The Bad"Vf'N2 field of the Context register is not defined after an address error exception and this field may be modi­
fied by hardware during the address error exception sequence. 

Processor implementations must not assume that software will write the same value into the PTEBase fields of the 
Context and XContext registers (i.e., the PTEBase fields of the two registers may be set to different values, thus can­
not share storage). 

Figure 16 shows the format of the Context Register; Table 63 describes the Context register fields. 
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Figure 16: Context Register Formats 

63 23 22 4 3 0 

PTEBase BadVPN2 0 

Table 63: Context Register Field Descriptions 

Fields 
Read/ 

Description 
Write 

Reset State Compliance 
Name Bits 

PTEBase 63:23 This field is for use by the operating system R/W Undefined Required 
and is normally written with a value that 
allows the operating system to use the Context 
Register as a pointer into the current PTE 
array in memory 

.• <' ·;; 

;,:~L·f'. 
,,!1 

BadVPN2 22:4 This field is written by hardware on a TLB. i ;;\jU ndefined Required 
.. 

exception. It contains bits VA31 :13 of the vir:,~_,, 

. tual address that caused the exception. . .\ ":,:;; ~;\;~~;::•;:1 

0 3:0 
. - - ·~ 

Must be written as zero; returns zero on rea'.iL 
~ ~"' 

0 0 Reserved 

~J\ 

·4.9.5 PageMask Register (CPO Register 5,_ Sele~.! 0) 
if" ·~J . •<'.:i/,i~- \ 

Com liance Level: Re uired for TLB-based MMUs· o tional'otherwise. 
p q i;i~i:.*1-,:f if" '+s~ 

The PageMask register is a read/write register us'ed fof}ea&ing from"' and writing to the TLB. It holds a comparison 
mask that sets the variable page size for each:TLB entry%~"'showifin Table 65. Figure 17 shows the format of the 
PageMask register; Table 64 describes the PagffMas~ registe~-'field;. - · 

31 

0 

Fields 

Name, Bits 

Mask 24:13 

0 31:25, 
12:0 

November 15, 1999 

\~1'.. )~%~z;~·tfi .• . · . 
F:igure 17: PageMask)Register Format 

2S 24 ~!·~ .,. . .. ,4 1{,;j~f~~;;\ J 13 12 

Mask 

'>if~>/S',;:~;/' 
'•t<t, 

Table 64: PageMask Register Field Descriptions 

Read/ 
Description 

Write 

The Mask field is a bit mask in which a "l" bit R/W 
indicates that the corresponding bit of the virtual 
address should not participate in the TLB match. 

Must be written as zero; returns zero on read. 0 
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Table 65: Values for the Mask Field of the PageMask Register 

Bit 
Page Size 

24 23 22 21 20 19 18 17 16 15 14 13 

4 KBytes 0 0 0 0 0 0 0 0 0 0 0 0 

16 KBytes 0 0 0 0 0 0 0 0 0 0 1 1 

64 KBytes 0 0 0 0 0 0 0 0 1 1 1 1 

256 KBytes 0 0 0 0 0 0 1 1 1 1 1 1 

1 MByte 0 0 0 0 1 1 1 1 1 1 1 1 

4MByte 0 0 1 1 1 1 1 1 1 1 1 1 

16 Mbyte 1 1 1 1 1 1 1 1 1 1 1 1 

. . .s/r' ·" t 
It is implementation dependent how many of the encodings described in Table 65 are jmplemented. All processors 
must implement the 4KB page size (an encoding of all zeros). If a particular page size .encoding is not implemented 
by a processor, a read of the PageMask register must return zeros in all bits that,co11i;:~~~md to encodings that are not -
implemented. Software can determine which page sizes are supported bf~~iting the''e'ncoding for a 16MB page to the 
PageMask register, then examine the value returned from a read of the Pag~Mask r~gister. If a pair of bits reads back 
as ones, the processor implements that page size. The operation of the processbr is UNDEFINED if software loads 
the PageMask register with a value other than one of those listed in Table._65. -

· ,_;m~!'~zlliur~~~, 
4.9.6 Wired Register (CPO Register 6, Se~t'.~;~ _.,h. ''\j 
Compliance Level: Required for TLB-based MM '· ptional·titlierwise. fl 

,f· w·~;'.,' .. :/• " 

The Wired register is a read/write register that s . J .• .f boundaty between the wired and random entries in the 
TLB as shown in Figure 18. The width of tht:).Yired fie!<f>'.~~~al.culaled in the same manner as that described for the 

~S>ii: 1'; ··~·~il :·¥'£::·• · :i . 
Index register above. Wired entries are fixed, non-reHlaceable entries which are not overwritten by a TLBWR_.in.struc-
tion. Wired entries can be overwritten by a TLBWLtltlstruction. Y · . · 

,}fj:;'.>t:_~,,._ i .. <,'.~ih~~·:~1k ~J .. -· j_,;.~ 
The Wired register is set to zero by a Reset Exception. Writing the Wired register causes the Random register to reset 

to its upper bound. ' . · . · · l -· 

The operation of the processor is UNDEFI~ if a va ~e greater than or equal to the number of TLB entries is writ-
ten to the Wired register. ;;:r 

<,';qi~·,,~;;;,.}"' 

Figure 19 shows the format of the Wired register; Table 66 describes the Wired register fields. 
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Figure 18: Wired And Random Entries In The TLB 

Entry TLBSize-1 
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Engy_ 0 l Cl) 

.... 
. . 

Figure 19: Wired Register 

31 ·O 

0 Wired 

" ,·:~·~.~~~fut~~:, .. ~~~ 
'~~ ' 

Table 66: Wired Regl;~r Field Descripti6ns 
~>' . ,,, ·' ,~'<',_ ,', :·;, 

Fields 

Name Bits 
Write 

Reset State Compliance 

Wired n-1:0 TLB wired boundary RJW 0 Required 

0 31:n 
·~' .. 1·;~~. :'" 

Must be written' as zero; returns zero on read. 0 0 Reserved 
,. ·<;,/ ~""··.., ,/ 

··*~a11~1i'·':·' 
4.9.7 BadVAddr Register (CPO Register s,,.Select 0) 

Compliance Level: Required. 

The BadVAddr register is a read-only register that captures the most recent virtual address that caused one of the fol­
lowing exceptions: 

.Address error (AdEL or AdES) 
TLB/XTLB Refill 

• TLB Invalid (TLBL, TLBS) 
TLB Modified 

The BadVAddr register does not capture address information for cache or bus errors, or for Watch exceptions, since 
none is an addressing error. 

Figure 20 shows the format of the BadVAddr register; Table 67 describes the BadVAddr register fields. 
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Figure 20: BadVAddr Register Format 

63 

Table 67: BadVAddr Register Field Descriptions 

Fields 
Description 

Name Bits 

BadVAddr 63:0 Bad virtual address 

4.9.8 Co~nt Register (CPO Register 9, Select 0) 

Compliance Level: Required. 

Read/ 
Write 

R 

MIPS64™ Specification 

0 

Reset State Compliance 

Undefined Required 

The Count register acts as a timer, incrementing at a constant rate, whether or not an instruction is executed, retired, 
or any forward progress is made through the pipeline. The rate at which the .. counter increments is implementation­
dependent, and is a function of the frequency of the processor, not the 1ssue width Of the processor. The preferred · 
implementation is to increment the Count register once per processor cyde: .. ··· 

It is implementation dependent whether the Count register continues· to count or stops when the proce,~sor enters a 
low power mode, as might occur after executing the Wait instruction. · 

,l\ 

The Count register can be written for functional or diagnostic purposes, ·including at reset or to synchronize proces-

sors. · i:±~J;;:~~~ .. ,, 
· Figure 21 shows the format of the Count register; '!'.able 68 des.cn'bes the Count register fields. 

/~4:if:~>i~: .. . ~i ... 
Figure 21: Count Register Format 

,): l·,I .·'~ 

;·!,~ft"' 31 

Count 

Fields . 
.. Desc~iptlon 

Name Bits 

Count 31:0 Interval counter 

4.9.9 Entry Hi Register (CPO Register 10, Select 0) 

Compliance Level: Required for TLB-based MMU; Optional otherwise. 

Read/ 
Reset State 

Write 

R/W Undefined 

0 

Compliance 

Required 

The EntryHi register contains the virtual address match information used for TLB read, write, and access operations. 

A TLB exception (TLB Refill, XTLB Refill, TLB Invalid, or TLB Modified) causes the bits of the virtual address cor­
responding to the R and VPN2 fields to be written into the Entry Hi register. The ASID field is written by software 
with the current address space identifier value and is used during the TLB comparison process to determine TLB 
match. 
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Software may determine the size oflhe virtual address space implemented by a processor by writing all ones to the 
Entry Hi register and then reading the value back. 

The VPN2 and R fields of the Entry Hi register are not defined after an address error exception and these fields may be 
modified by hardware during the address error exception sequence. Software writes of the EntryHi register (via 
MTCO or DMTCO) do not cause the implicit write of address-related fields in the BadVAddr, Context, or XContext 
registers. 

Figure 22 shows the format of the EntryHi register; Table 69 describes the EntryHi register fields. 

Figure 22: Entry Hi Register Format 

63 62 61 40 39 13 12 8 7 0 

R Fill 

Fields 

Name Bits 

VPN2 

Table 69: EntryHi Register Field Descriptions 

Description 
l{ead/ 

sWrite 
-~l.. .. 
"".'\,,.< 

0 ASID 

Reset 
State 

R 63:62 Virtual memory region, corresponding to V~j;~{> RJW ··•·· >tJndefined 

Fill 

VPN2 

00: xuseg: user address region :'' &\y 
0 l: xsseg: supervisor address region. 

If supervisor mode is not implemented, 
this encoding is reserved. 

10: Reserved 
11: xkseg: kernel address r~gib 

.{ :;;·•Jn 

This field is written by h~i~~.pg;li L i~t:ep­
tion or on a TLB read, arid is Wfitten.b soft\!Care 

'""41;«>£>~ 

before a TLB write. 'l•;; 

61:40 Fill bits reserved fQ,!' expa~i~~~ltthe vi~ual 
address space. See•6e10w. Returns~eros on read, 
ignored on write. .l 

"<\ 

39: 13 VA39: 13 of the ~iftl!fir:a&d~~ss '(Virtual page num­

ber/ 2). This field is written b.yhardware on a 
TLB exception or on a TLB tbd, and is written by 
software before a TLB write. The default width of 
this field implicitly limits the size of each virtual 
address space to 40 bits. If the processor imple­
ments fewer virtual address bits than this default, 
the Fill field must be extended to take up the 
unimplemented VPN2 bits. If the processor imple­
ments more virtual address bits than this default, 
the VPN2 field must be extended to take up some 
or all of the Fill bits. 
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Table 69: Entry Hi Register Field Descriptions 

Fields 
Description 

Name Bits 

ASID 7:0 Address space identifier. This field is written by 
hardware on a TLB read and by software to estab-
lish the current ASID value for TLB write and 
against which TLB references match each entry's 
TLB ASID field. 

0 12:8 Must be written as zero; returns zero on read. 

4.9.10 Compare Register (CPO Register 11, Select 0) 

Compliance Level: Required. 

Read/ 
Write 

R/W 

0 

MIPS64n1 Specification 

Reset Complianc 
State e 

Undefined Required 
(TLB 

MMU) 

0 Reserved 

The Compare register acts in conjunction with the Count register to implement a timer and timer interrupt function. 
The Compare register maintains a stable value and does not change on its own. 

When the value of the Count register equals the value of the Compare register, an interrupt request is combined in an 
implementation-dependent way with hardware interrupt 5 to set interrupt bit IP(7) in the Cause register,, This causes 
an interrupt as soon as the interrupt is enabled. · ., 

For diagnostic purposes, the Compare register is a read/write register:J!111orinal use however, the Compare register is 
write-only. Writing a value to the Compare register, as a s~de effect, clears the timer interrupt. Figure 23 shows the 
format of the Compare register; Table 70 describes the C8nipare register fields.< 

}V _- __ ., j:;~",:>:--+> 

;(;~;;-',;- , --7/,;-,;·, .. 
Figure 23: 'cl)n;pare Register Format 

31 0 

Compare 

Table70: Compare ~egister Field Descriptions 
.•.. ~ -; 

Fields 
Description 

Read/ 
Reset State Compliance 

Name Bits 
Write· 

Compare 31:0 Interval count compare value R/W Undefined Required 

4.9.11 Status Register (CP Register 12, Select 0) 

Compliance Level: Required. 

The Status register is a read/write register that contains the operating mode, interrupt enabling, and the diagnostic 
states of the processor. Fields of this register combine to create operating modes for the processor. Refer to Section 
4.4 on page 71 and Section 4.7 on page 87 for a discussion of operating modes and interrupt enable, respectively. 

Figure 24 shows the format of the Status register; Table Tl describes the Status register fields. 
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Figure 24: Status Register Format 

31 28 27 26 25 24 23 22 21 20 19 18 17 16 15 8 7 6 4 3 2 0 

CU3-CU RP FR RE MX PX BE IM7-IMO SX UX UM RO ERL EXL IE 

KSU 

Table 71: Status Register Field Descriptions 

Fields 
Read/ 

Description 
Write 

Reset State Compliance 
Name Bits 

cu 31:28 Controls access to coprocessors 3, 2, 1, and 0, R/W Undefined Required for 
(CU3 .. respectively: all imple-
CUO) 0: access not allowed mented 

1: access allowed coprocessors 

Coprocessor 0 is always usable when the processor ' 
is running in Kernel Mode or Debug Mode, inde- ' :.·; 
pendent of the state of the CU0 bit. 

Execution of all floating point instructions, includ- '· 

ing those encoded with the COPlX opcode,~is con-
trolled by the CU l enable. CU3 is not currently 
used by MIPS64 implementations and is reserved 
for future use by the ArchitectU're. . ,, 

, . . ' 

If there is no provision for c6ri~ecting a copn;ices-
sor, the corresponding CU bit must be ignored on 
write and read as zero. However, for back~ard 
compatibility with earlier MIPS processors, CU3 
may be implemented as a read/write b~t, even 
though its state does not affect the operation of the 
processor. 

RP 27 Enables reduced power mode on' some implementa- R/W 0 Optional 
tions. The specific operation of this bit is imple-
mentation dependent. 

If this bit is not implemented, it must be ignored on 
write and read as zero. If this bit is implemented, 

' the reset state must be zero so that the processor 
starts at full performance. 
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Fields 

Name Bits 

FR 26 

RE 25 

MX 24 

PX 23 

BEV 22 

November 15, 1999 

Table 71: Status Register Field Descriptions 

Description 

Controls the floating point register mode: 
0: Floating point registers can contain any 

32-bit datatype. 64-bit datatypes are stored 
in even-odd pairs of registers. 

1: Floating point registers can contain any 
data type 

Certain combinations of the FR bit and other state 
or operations can cause UNPREDICTABLE 
behavior. See Section 4.5.3 on page 72 for a discus­
sion of these combinations. 

Used to enable reverse-endian memory references 
while the processor is running in user mode: 

0: User mode uses configured endianness 
1: User mode uses reversed endianness 

Neither Kernel Mode nor Supervisor Mode refer­
ences are affected by the state of this bit. 

~,, 

Read/ 
Write 

R/W 

R/W 

If this bit is not implemented, it must be ighbf~:;f 6ri · 
write and <ead"' mo. cf',;;~;;·, ·•'- ·•• -tw 
Enable access to MDMXTM resources on prOC:~s­
sors implementing MDMX:lfM:D¥X is not"~ 
implemented, the bit must be ignoreg Oii write and 
read as zero. ·· _i_ ··.· '•''i1ri11j\;./' 

Enable access to 64-bitoperatiBns.i~ U~e~ mode, RJW 
without enabling 64-bit addressing: ls~· 

0: 64-bit operations are ~ofe?}abled 
1: 64-bit operati(;)I,I~ are enabled 

f 
Controls the location of exception vectors: R/W 

0: Normal • • 
1: Bootstrap 

See Section 4.8.2 on page 91 for details. 
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Reset State Compliance 

Undefined Required 

Undefined Optional 

lo,,. 

Undefined Optional 

Undefined Requir~ 

Required 
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Table 71: Status Register Field Descriptions 

Fields 
Read/ 

Description 
Write 

Reset State Compliance 
Name Bits 

TS 21 Indicates that the TLB has detected a match on RIW 0 Required if 
multiple entries. It is implementation dependent TLB Shut-
whether this detection occurs at all, on a write to down is 
the TLB, or an access to the TLB. When such a implemented 
detection occurs, the processor initiates a machine 
check exception and sets this bit. It is implementa-
tion dependent whether this condition can be cor-
rected by software. If the condition can be 
corrected, this bit should be cleared before resum-
ing normal operation. 

If this bit is not implemented, it must be ignored on 
write and read as zero. 

Software writes to this bit may not cause a 0-to-l 
transition. Hardware may ignore software attempts 
to cause such a transition. ....:..:c. ·· 

SR 20 Indicates that the entry through the reset exceptiOn RIW l for Soft Required if 
vector was due to a Soft Reset: ··:<i Reset; 0 Soft Reset is 

0: Not Soft Reset (NMI or Reset) otherwise implemented 
l: Soft Reset 

..:.:. 

NMI 19 Indicate' that the entcy th«;~h the. <esi. .. ;,f) RIW 1 for NMI; Required if 
vector was due to an NML 't:ti;".rv{ 0 otherwise NMiis 

0: Not NMI (Soft Reset or Reset/ ~ . implemented 
l· NMI • . . ...'.::. 

0 18 Must be written as zero; retufii~ zero on read. 0 0 Reserved 
/<; 'o ' , ' ' , I 

Reserved 17: 16 These bits are implementati~ndependent and not Undefined Optional 
for defined by the aicllitep~re.'Ifth~y are not imple-
Imp le- mented, they must be ignored on.write and read as 
menta- zero. 
tions 

IM 15:8 Interrupt Mask: Controls the enabling of each of the RIW Undefined Required 
external, internal and software interrupts. Refer to 
Section 4. 7 on page 87 for a complete discussion of . enabled interrupts . 

0: interrupt request disabled 
1: interrupt request enabled 
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Table 71: Status Register Field Descriptions 

Fields 
Read/ Description 
Write 

Reset State Compliance 
Name Bits 

KX 7 Enables the following behavior: R/W Undefined Required for . Access to 64-bit Kernel Segments 64-bit . Use of the XTLB Refill Vector for refer- Addressing 
ences to Kernel Segments 

0: Access to 64-bit Kernel Segments disabled, 
TLB Refill Vector used for references to 

Kernel Segments 
1: Access to 64-bit Kernel Segments enabled, 

XTLB Refill Vector used for references to 
Kernel Segments 

If 64-bit addressing is not implemented, this bit 
must be ignored on write and read as zero. 

sx 6 If Supervisor Mode is implemented, enables the .. R/W. Undefined Required if 
following behavior: both Super-. Access to 64-bit Supervisor Segments ,~isor Mode . Use of the XTLB Refill Vector for refer- and 64-bit 

ences to Supervisor Segments addressing 
are imple-

0: Access to 64-bit Supervisor Segments mented 
disabled, TLB Refill VecJ6r used'for 
references to Supervis9f~egmegts 

1: Access to 64-bit Supervis~rSegments 
enabled, XTLB Refill Vector llsedfor 
references to Supetvisor, Segments ,,,,., 

If Supervisor Mode is not im~{~~~hted, it is imp le-
mentation dependent wh;tller(lccess fo what would 
normally be 64~bit~l!pervisoraddress space is 
enabled with the SX ot KX bit. 

'.{c' 

If 64-bit addressing is not implemented, this bit 
must be ignored on write and read as zero. 
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Fields 

Name Bits 

ux 5 

KSU 4:3 

November 15, 1999 

Table 71: Status Register Field Descriptions 

Description 

Enables the following behavior: 
• Access to 64-bit User Segments 

Use of the XTLB Refill Vector for refer­
ences to User Segments 

• Execution of instructions which perform 
64-bit operations while the processor is 
operating in User Mode 

0: Access to 64-bit User Segments 
disabled, TLB Refill Vector used for 
references to User Segments, execution 
of instructions which perform 64-bit 
operations is disallowed while the processor 
is running in User Mode 

1: Access to 64-bit User Segments 
enabled, XTLB Refill Vector used for 
references to User Segments, execution 
of instructions which perform 64-bit 
operations is allowed while the process 
is running in User Mode 

If 64-bit addressing is not imp 
must be ignored on write an 

If Supervisor Mode is impl~~ , 
of this field denotes ths;1t?ase oper 
processor. See Section'ltA ~ a full d1 

operating modes. =~co, 
;'~~~' 

002: Base m0<¥'is Kem 
;',;;, 

01 2: Base moder· ode 

102: Base mode 1 

11 2: Reserved. The oper!,\~~ fthe processor 

is UNDEFINED if this value is written 
to the KSU field 

Note: This field overlaps the,UM and,RO fields, 
described below. 

- 121 -

Read/ 
Write 
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Reset State 

Undefined 

Undefined 

Compliance 

Required for 
64-bit 

Addressing 

Required if 
Supervisor 

Mode is 
imple­

mented; 
Optional 
otherwise 
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Fields 

Name Bits 

UM 4 

RO 3 

ERL 2 

Table 71: Status Register Field Descriptions 

Description 

If Supervisor Mode is not implemented, this bit 
denotes the base operating mode of the processor .. 
See Section 4.4 on page 71 for a full discussion of 
operating modes. The encoding of this bit is: 

0: Base mode is Kernel Mode 
1: Base mode is User Mode 

Note: This bit overlaps the KSU field, described 
above. 

If Supervisor Mode is not implemented, this bit is 
reserved. This bit must be ignored on write and 
read as zero. 

Note: This bit overlaps the KSU field, describe 
above. 

Error Level; Set by the processor when a Re 
Soft Reset, NMI or Cache Error exceptio 
taken. 

0: normal level 
I: error level 

When ERL is set: 
• 
• 
• 

• se ar.e. treated as 
ed region. See 

n pa . This allows 
main memory to be 
ence of cache e he operation of the 
processor is UNDEFINED if the ERL bit 
is set while the processor is executing 
instructions from kuseg. 

Read/ 
Write 

R/W 

R 
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Reset State Compliance 
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0 Reserved 

~· : .. 

,,. Required 
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Table 71: Status Register Field Descriptions 

Fields 

Name Bits 

EXL 

IE 0 

Description 

Exception Level; Set by the processor when any 
exception other than Reset, Soft Reset, NMI or 
Cache Error exception are taken. 

0: normal level 
1: exception level 

When EXL is set: 
The processor is running in Kernel Mode 
Interrupts are disabled. 
TLB/XTLB Refill exceptions will use the 
general exception vector instead of the 
TLB/XTLB Refill vectors. 

• EPC and Cause80 will not be updated if 

another exception is taken 

Interrupt Enable: Acts as the master enable for 
ware and hardware interrupts: 

0: disable interrupts 
1: enables interrupts 

4.9.12 Cause Register (CPO Register 13, Sel ' 
,fff'·'"" 

Compliance Level: Required. 

Read/ 
Write 

R/W 

MIPS64™ Specification 

Reset State Compliance 

Undefined Required 

Required -

eption. In addition, fields also control software 
ched. With the exception of the IP[l:O], IV, and 

Figure 25 shows the format of the Cause r 
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Figure 25: Cause Register Format 

31 30 29 28 27 24 23 22 21 16 15 8 

IBnl o CE IP7:IPO 

Fields 

Name Bits 

BD 31 

CE 29:28 

IV 23 

WP 22 
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Table 72: Cause Register Field Descriptions 

Description 

Indicates whether the last exception taken 
occurred in a branch delay slot: 

0: Not in delay slot 
1: In delay slot 

The processor updates BD only if StatusEXL 

was zero when the exception occurred. 

Coprocessor unit number referenced when a 
Coprocessor Unusable exception is taken. 
field is loaded by hardware on every exception, 

but is UNPREDICTABLE for all excepti~g!~licfr::! 
except for Coprocessor Unusable:. . ··· 

•cf•• )1'5* 

Indicates whether an interrupt~~~~~ti 
• ;,,:;1· ..;},, 

the general except!On vecwr:w a sp~el 
rupt vector: tf1itt'.''.;L 

<"!.,~---. ----_,_'_\ :·:----- __ jlffl 
0: Use the generafexcep!ion vector{qxJ.80) 
1: Use the special inteq:iipty~ctor (Ox200) 

Indicates that a.i;W~t~'h''exception W~cteferred 
becawieSiatusk . fljj~~kL wefea one af 

the time the w~t~ tf~~ ~~§ detected. This 
bit both indicates that the watsh exception was 
deferred, and causes theeJ£ception to be initi­
ated once StatusExL and StatusERL are both 

zero. As such, software must clear this bit as 
part of the watch exception handler to prevent a 
watch exception loop. 

Software writes to this bit may not cause a O-to-
1 transition. Hardware may ignore software 
attempts to cause such a transition. 

If watch registers are not implemented, this bit 
must be ignored on write and read as zero. 
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Read/ 
Write 

R 

R/W 
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7 6 2 1 0 

0 I Exe Code 0 

Reset State Compliance 

Undefined Required 

Required 

Undefined Required 

Undefined Required if 
watch regis­

ters are 
·implemented 
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Fields 

Name Bits 

Table 72: Cause Register Field Descriptions 

Description 
Read/ 
Write 

MIPS64™ Specification 

Reset State Compliance 

IP[7:2] 15: 10 Indicates an external interrupt is pending: R Undefined Required 

IP[l:O] 

ExcCode 

0 

9:8 

6:2 

30, 
27:24, 
21:16, 
7, 1:0 

15: Hardware interrupt 5, timer or 
performance counter interrupt 

14: Hardware interrupt 4 
13: Hardware interrupt 3 
12: Hardware interrupt 2 
11: Hardware interrupt 1 
10: Hardware interrupt 0 

Controls the request for software interrupts: 
9: Request software interrupt 1 
8: Request software interrupt 0 

R/W Undefined 

Exception code - see Table 73 \~/ :Pfilrndefined 

Must be written as zero; returns zern on read. ~:,~"c~:~l! ,w O 

~ ;;'L 
Exception Code Value 

Decimal Hexidecimal Description 

0 OxOO 

1 OxOl "'fication exception 

2 Ox02 
? . . . . 

exception (load or instruction fetch) 

3 Ox03 

4 Ox04 ddress error exception (load or instruction fetch) 

5 Ox05 AdES Address error exception (store) 

6 Ox06 IBE Bus error exception (instruction fetch) 

7 Ox07 DBE Bus error exception (data reference: load or store) 

8 Ox08 Sys Syscall exception 

9 Ox09 Bp Breakpoint exception 

10 OxOa RI Reserved instruction exception 

11 Ox Ob CpU Coprocessor Unusable exception 

12 OxOc Ov Arithmetic Overflow exception 
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Table 73: Cause Register ExcCode Field 

Exception Code Value 

Decimal Hexidecimal Mnemonic Description 

13 OxOd Tr Trap exception 

14 OxOe Reserved 

15 Ox Of FPE Floating point exception 

16-17 OxlO-Oxll Available for implementation dependent use 

18 Oxl2 C2E Reserved for precise Coprocessor 2 exceptions 

19-22 Oxl3-0xl6 Reserved 

23 Oxl7 WATCH Reference to WatchHi/WatchLo address 

24 Oxl8 MCheck Machine check 

25-29 Oxl9-0xld Reserved 
f--~~~~~+-~~~~~-t-~~~~-t-~~~~~~..,,,,...-=-~- ~-=-··"11"-~~~~~~----,,--t 

CacheErr Cache error. In n . .mod~~e error exception has1~ 
dedicated vector arid tif~· egister is not updated. If 

30 Ox le 

EJTAG is implerWented an i che error occurs while in 
,1h. '-a.~ 

Debug Mode this c . is used to indicate that re-entry to 

l-~~~~~1-~~~~~-L~~~~-L~D~e~bu~g~M~o~~~ ~b~y~a_c_ac_h_e_e_rr_o_r_·~~~~~--t 
31 Oxlf VCED 

4.9.13 Exception Program CountertfCPO 

Compliance Level: Required. 

The Exception Program Counter ( EPC)i 
after an exception has been serviced. ,:;"" 

For synchronous (precise) exceptions, 

that contains the address at which processing ~J~umes 
ister'are significant and must be writable .. 

the virtual address of the instruction tha the direct cause of the exception, or 
• the virtual address of the immediately prec ding branch or jump instruction, when the exception causing 

instruction is in a branch delay slot, and the Branch Delay bit in the Cause register is set. 

For asynchronous (imprecise) exceptions, EPC contains the address of the instruction at which to resume execution. 

The processor does not write to the EPC register when the EXL bit in the Status register is set to one. 

Figure 26 shows the format of the EPC register; Table 7 4 describes the EPC register fields. 
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Figure 26: EPC Register Format 

63 0 

EPC 

Table 74: EPC Register Field Descriptions 

Fields 
Read/ Description Reset State Compliance 

Name Bits 
Write 

EPC 63:0 Exception Program Counter FJW Undefined Required 

4.9.14 Processor Identification (CPO Register 15, Select 0) 

Compliance Level: Required. 

The Processor Identification ( PR!d) register is a 32 bit read-only register that cortta111s information identifying the 
manufacturer, manufacturer options, processor identification and the processor. Figure 27 shows the 
format of the P Rid register; Table 75 describes the PR!d register 

31 24 23 

' 
Figure 27: PRld Register F~t"mat 

,,f"+. 

16 15 

Company Options CompanyID · Processor ID 

Fields ,, 

Description 
Name Bits 

,~\:'t':' 

Company 
Options 

31 :24 Available to th~ designer, Qr ma~ijfacturer of 
the processorf~r cornpan§0il~pendent options. 
The value in ihis field is not ~pecified by the 
architecture. If this field is implemented, it 
must read as zero. 
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Table 75: PRld Register Field Descriptions 

Fields 
Read/ Description 
Write 

Reset State Compliance 
Name Bits 

Company 23:16 Identifies the company that designed or manu- R Preset Required 
ID factured the processor. 

Software can distinguish a MIPS32 or MIPS64 
processor from one implementing an earlier 
MIPS ISA by checking this field for zero. If it 
is non-zero the processor implements the 
MIPS32 or MIPS64 Architecture. 

Company IDs are assigned by MIPS Technolo-
gies when a MIPS32 or MIPS64 license is 
acquired. The encodings in this field are: 

,:,\o,; 

0: Not a MIPS32 or MIPS64 processor 
1: MIPS Technologies, Inc. 
2-255: Contact MIPS Technologies, Inc. fof,;.1, 

the list of Company.ID assignments'··'·r~ 

Processor 15:8 Identifies the type of processor. This field Preset Required 
ID allows software to distinguish 

processor implementations wit~in a 
company, and is qualified 9J';fii~!~pmpanyID 
field, described above. Th.e combmatio1tof the 

'k/ '~'i;f'_::i~.Y '.~0\1'. <:«>~c< 

Company.ID and Proce~t fields creat~~ a 
><>'-""' ",Y /-___ ,-, 

unique number assigned t rocesso:i'' 
.;J:; 

implementation. -.('}' 
--l 

'.'-\·,-,;;,, 

Revision 7:0 Specifies the revision nuIµ of the ptocessor. R Preset Optional· 
This field al1~~~:;~9ftware t )~.~~uish 
between one:revision and anotherFof the same 
processor tyPt,· If . ot1mplemented, 
• '· .. ->~;·._:yt<i!h+ 
it must read as:zer 

."'''!i~/:f':il 
4.9.15 Configuration Register (CPO Register 16, Select 0) 

Compliance Level: Required. 

The Config register specifies various configuration and capabilities information. Most of the fields in the Config regis­
ter are initialized by hardware during the Reset Exception process, or are constant. One field, KO, must be initialized 
by sof>tware in the reset exception handler. 

Figure 28 shows the format of the Config register; Table 76 describes the Config register fields. 
\ .. ·, ~ 
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Figure 28: Config Register Format 

31 30 16 15 14 13 12 10 9 7 6 

M Reserved for Implementations AT AR MT 

Table 76: Config Register Field Descriptions 

Fields 
Description 

Name Bits 

Read/ 
Write 

M 31 Denotes that the Configl register is implemented 
at a select field value of 1. 

BE 

AT 

AR 

MT 

KO 

0 

30:16 This field is reserved for implementations. Refer 
to the processor specification for the format and 
definition of this field 

15 Indicates the endian mode in which the processor 
is running: 

0: Little endian 
1: Big endian 

14: 13 Architecture type implemented by the processor: 
0: MIPS32 \ 
1: MIPS64 with 32-bit addresses onIY::~!ir)Jiil::~~ 
2: MIPS64 with 32/64-bit 
3: Reserved 

12:10 Architecture revision lev 
0: Revision 1 r 
1-7: Reserved 

9:7 MMUType: 
0: None 
1: Standar 
2: Standar 
3: Standard 
4: 
5: Reserved 
6: Reserved 
7: Reserved 

2:0 KsegO coherency algorithm. See Table 62 for the 
encoding of this field. 

6:3 Must be written as zero; returns zero on read. 

R 

R 

R/W 

0 

MIPS64™ Specification 

3 2 0 

0 KO 

Reset State Compliance 

Preset Required 

Undefined 

'~Preset or 
Gi!Extemally 
,w Set 

Preset 

Preset 

Preset 

Undefineda 

0 

Optional 

Required 

"''Required 

Required 

Required 

Optional 

Reserved 

a. It is strongly recommended that the KO field be initialized by hardware to a value th~t wd\ild allow the pro­
cessor to operate correctly even if software references ksegO before initializing this value. The suggested 
value is the uncached encoding of 2. Some operating systems have been seen to reference ksegO before 
initializing the KO field, causing processors who do not initialize the KO field at reset to hang during boot. 
While this is certainly a software error, having to debug such errors during boot of a new processor may 
easily justify the minimal hardware necessary to initialize the KO field at reset. 
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4.9.16 Configuration Register 1 (CPO Register 16, Select 1) 

Compliance Level: Required. 

The Config 1 register is an adjunct to the Config register and encodes additional capabilities information. All fields in 
the Config 1 register are read-only. 

The Icache and Dcache configuration parameters include encodings for the number of sets per way, the line size, and 
the associativity. The total cache size for a cache is therefore: 

Associativity * Line Size * Sets Per Way 

If the line size is zero, there is no cache implemented. 

Figure 29 shows the format of the Config 1 register; Table 77 describes the Config 1 register fields. 

Figure 29: Configl Register Format 

31 30 25 24 22 21 19 18 16 15 13 12 10 9 7 6 5 4 2 1 0 

j o I MMU Size - 1 I rs I IL j IA j DS j DL I DA j o jPc[W11ciftjFij 

Table 77: Configl Register Field Descriptio!JS 

Fields 
Description Reset State Compliance 

Name 

0 

MMU 
Size - 1 

IS 

Bits 

31 

30:25 

24:22 

This bit is reserved to indicate that a Con~~~r:f 
ister is present. With this revision of the architec.i.; 
ture, writes to this bit must be d, and it 
must read as zero. 

Number of entries in the Thb:minu~'~ne. fhd 
1 ·ff.·"' • .,,r ..... 

values 0 through 63 is this fieldcc)hiespond .to 1 
to 64 TLB entries. Th~value zerof§''ifuplied by 
ConfigMT having a value of.'11one'. '?' 

' . _,_,,_·,,:-,:;;\~'.'Q'>:, 

!cache sets 
0: 64 
1: 128 
2: 256 
3: 512 
4: 1024 
5: 2048 
6: 4096 
7: Reserved 

R 

R 

R 

IL 21:19 !cache line size: R 

November 15, 1999 

0: No !cache present 
1: 4 bytes 
2: 8 bytes 
3: 16 bytes 
4: 32 bytes 
5: 64 bytes 
6: 128 bytes 
7: Reserved 
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Table 77: Configl Register Field Descriptions 

Fields Read/ Description 
Write 

Reset State Compliance 
Name Bits 

IA 18: 16 Icache associativity: R Preset Required 
0: Direct mapped 
1: 2-way 
2: 3-way 
3: 4-way 
4: 5-way 
5: 6-way 
6: 7-way 
7: 8-way 

DS 15: 13 Dcache sets per way: R Preset Required 
0: 64 
1: 128 
2: 256 
3: 512 
4: 1024 
5: 2048 
6: 4096 
7: Reserved 

..... ,;, 

DL 12:10 Dcache line size: Preset Required 
0: No Dcache present 
1: 4 bytes 
2: 8 bytes 
3: 16 bytes 
4: 32 bytes 
5: 64 bytes 
6: 128 bytes 
7: Reserved 

DA 9:7 Dcache associativity: R Preset Required 
0: Direct rri~l>Pe~ J 
1: 2-way .. · 

2: 3-way 
3: 4-way 
4: 5-way 
5: 6-way 
6: 7-way 
7: 8-way 

PC 4 Performance Counter registers implemented: R Preset Required 
0: No performance counter registers 

implemented 
1: At least one performance counter register 

implemented 
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Table 77: Configl Register Field Descriptions 

Fields 
Read/ Description Reset State Compliance 

Name Bits 
Write 

WR 3 Watch registers implemented: R Preset Required 
0: No watch registers implemented 
1: At least one watch register implemented 

CA 2 Code compression (MIPS16) implemented: R Preset Required 
0: No code compression 
1: Code compression 

EP 1 EJTAG implemented: R Preset Reserved 
0: No EJTAG implemented 
1: EJTAG implemented 

FP 0 FPU implemented: Preset Required 
0: NoFPU 

i ,)i 1: FPU 
.•·· 

0 6:5 Must be written as zero; returns zero on read.± 0 ;;i;.'.~ \ 

0 Reserved 

t .... ):.:::} ;,-
~ .. 4.9.17 Load Lmked Address (CPO Register 17, Select 0) 

Compliance Level: Optional. 

The LLAddr register contains relevant bits of the physic.~*~d;~ss :~~d b; t~e most recent Load Linked instruction. 
This register is implementation dependent and for diagilo1stlc purposes only and serves no function during normal 
Operatl. on. }/ ;:1 •1 · w. dlic );:i\j • 

'"- -, .,_ /: \'" -,';L,J+\ ./!'" 

+f,;:;-. :, ~;:-',_~-":- _ .A// ~ ,t f 
Figure 30 shows the format of the LLAddr register; TabJ\:!18 describ~s the LLAddr register fields. 

63 

PAddr 

Table 78: LLAddr Register Field Descriptions 
_,.,,,"J;"'\·-r,-",?r 

·+ 
Fields 

Read/ Description 
Name Bits 

Write 

PAddr 63:0 This field encodes the physical address read by R 
the most recent Load Linked instruction. The for-
mat of this register is implementation-dependent, 
and an implementation may implement as many 
of the bits or format the address in any way that it 
finds convenient. 

4.9.18 WatchLo Register (CPO Register 18) 

Compliance Level: Optional. 
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The WatchLo and WatchHi registers together provide the interface to a watchpoint debug facility which initiates a 
watch exception if an instruction or data access matches the address specified in the registers. As such, they duplicate 
some functions of the EITAG debug solution. Watch exceptions are taken only if the EXL and ERL bits are zero in 
the Status register. If either bit is a one, the WP bit is set in the Cause register, and the watch exception is deferred 
until both the EXL and ERL bits are zero. 

An implementation may provide zero or more pairs of WatchLo and WatchHi registers, referencing them via the 
select field of the MTCO/NIFCO and DMTCO/DMFCO instructions, and each pair of Watch registers may be dedicated 
to a particular type of reference (e.g., instruction or data). Software may determine if at least one pair of WatchLo and 
WatchHi registers are implemented via the WR bit of the Conjigl register. See the discussion of the M bit in the 
WatchHi register description below. 

The WatchLo register specifies the base virtual address and the type of reference (instruction fetch, load, store) to 
match. If a particular Watch register only supports a subset of the reference types, the unimplemented enables must be 
ignored on write and return zero on read. Software may determine which enables are supported by a particular Watch 
register pair by setting all three enables bits and reading them back to see which ones were actually set. 

It is implementation dependent whether a data watch is triggered by a prefetch or a cache instruction whose address 
matches the Watch register address match conditions. The preferred implementation is not to match on these instruc-
tions. ) v 

Figure 31 shows the format of the WatchLo register; Table 79 describes the Watqhlo r:~ister fields. 

63 

\.;;~' 
f ' ,"0·,-: 

Figure 31: WatchLo Register If~rinat c:t . >!t 

.h" l,'~h.~"\·~~'.\,'.'?{/' ~ 
,'''h,,, ''"io't'" 3 2 

VAddr 1 I Rj wj 
'' ->N.1,,o;,:,'," :; 

,,. c~:::~-~~e~-- ~}\\ 
Table 79: WatchLOi'Regist~r Fi~ld Descriptions 

;; _ // _::;:1, "' f· ' 

Fields 
Read/ 
Write 

Reset State Compliance 
Name Bits 

VAddr 63:3 

I 2 

R 

November 15, 1999 

This field specifies the virtliafaddress .to match. 
Note that this isa'd.o~bleword address, since bits 
[2:0] are used.to contr()l ttie~type of~atch. 

'~/!,, ',:-~;/~--,;_ < ::,tr<:;•,,, ', 

If this bit is one, '~atcb excepti<?ns are enabled 
for instruction fetches that match the address and 
are actually issued by th~'piOcessor (speculative 
instructions never cause Watch exceptions). 

If this bit is not implemented, writes to it must be 
ignored, and reads must return zero. 

If this bit is one, watch exceptions are enabled 
for loads that match the address. 

If this bit is not implemented, writes to it must be 
ignored, and reads must return zero. 

- 133 -

R/W 

R/W 

R/W 

~UPS® PROPRIETARY/CONFIDENTIAL: 

Undefined Required 

0 Optional 
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Table 79: WatchLo Register Field Descriptions 

Fields 
Description 

Name Bits 

w 0 If this bit is one, watch exceptions are enabled 
for stores that match the address. 

If this bit is not implemented, writes to it must be 
ignored, and reads must return zero. 

4.9.19 WatchHi Register (CPO Register 19) 

Compliance Level: Optional. 

Read/ 
Write 

FJW 

MIPS64™ Specification 

.; 

Reset State Compliance 

0 Optional 

The WatchLo and WatchHi registers together provide the interface to a watchpoint debug facility which initiates a 
watch exception if an instruction or data access matches the address specified in the registers. As such, they duplicate 
some functions of the EJTAG debug solution. Watch exceptions are taken oaj,)iRlit:;the J;:XL and ERL bits are zero in 
the Status register. If either bit is a one, the WP bit is set in the Cause regi . ' y d th~ watch exception is deferred 
~~~~~~~~~ ·. -~ 

An implementation may provide zero or more pairs of WatchLo a · ' ers, referencing them via the 
select field of the MTCO/MFCO and DMTCO/DMFCO instructions, an Watch registers may be dedicated 
to a particular type of reference (e.g., instruction or data). Software fiii~detemn if at least one pair of,.WatchLo and 
WatchHi registers are implemented via the WR bit of the Config I regist~, If the M bit is one in the WatchHi register 
reference with a select field of 'n', another WatchHi/WatchLo P}:l! · v. ented with a select field of 'n+ I'. 

The WatchHi register contains information that quar 
ASID, a G(lobal) bit, and an optional address mask. 
specified address will cause a watch exception. If 
the ASID value in the WatchHi register matches i 
optional mask field provides address masking. qualify . 

Figure 32 shows the format of the WatchHi reg1ste able 80 

313029 2423 

G 0 

virtual addre t:,{ipecified in the WatchLo register: an 
· · , any v4iQal address reference that matches the 

nly th8' virtual address references for which 
EntryHi register cause a watch exception. The 
ecified in WatchLo. 

12 11 3 2 0 

0 MASK 0 

Table 80: WatchHi Register Field Descriptions 

Fields 
Read/ 

Description Reset State Compliance 
Nai;ne Bits 

Write 

M 31 If this bit is one, another pair of WatchHil R .Prel!et Required 
WatchLo registers is implemented at a MTCO or 

I" ,; ~ 

MFCO select field value of 'n+l' 
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Table 80: WatchHi Register Field Descriptions 

Fields 
Description 

Name Bits 

G 30 If this bit is one, any address that matches that 
specified in the Watchlo register will cause a 
watch exception. If this bit is zero, the ASID field 
of the WatchHi register must match the ASID 
field of the Entry Hi register to cause a watch 
exception. 

ASID 

Mask 

0 

23: 16 ASID value which is requrred to match that in the 
EntryHi register if the G bit is zero in the 
WatchHi register. 

11 :3 Optional bit mask that qualifies the address in the 
WatchLo register. If this field is implemented, 
any bit in this field that is a one inhibits the corre­
sponding address bit from participating in the 

29:24, 
15:12, 
. 2:0 

address match. 

If this field is not implemented, writes to it 111ust 
be ignored, and reads must return zero. ' {\. 

!-';«:, 

Read/ 
Write 

PJW 

PJW 

PJW 

4.9.20 XContext Register (CP~~giste~ ·+~ct 0) 
Compliance Level: Required for 64-bit TLB- s: Optional otherwise. 

MIPS64™ Specification 

Reset State Compliance 

Undefined Requrred 

Undefined Requrred 

Undefined Optional 

0 Reserved 

The XContext register is a read/write reg1s n:onta a pointer to an entry in the page table entry (PTE) array. This 
array is an operating system data structure that stores y,irtual-to-physical translations. During a TLB miss, the operat­
ing system loads the TLB with the missing traiiS(ation from the PTE array. The XContext register is primarily 
intended for use with the XTLB Refill handler, but is also loaded by hardware on a TLB Refill. However, it is unlikely 
to be useful to software in the TLB Refill Handler. The XContext register duplicates some of the information provided 
in the BadVAddr register, but is organized in such a way that the operating system can directly reference a 16-byte 
structure in memory that describes the mapping. 

A TLB exception (TLB Refill, XTLB Refill, TLB Invalid, or TLB Modified) causes bits 63:62 of the virtual address 
to be written into the R field and bits SEGBITS-1:13 of the virtual address to be written into the BadVPN2 field of the 
XContext register. The PTEBase field is written and used by the operating system. , . <: 

The BadVPN2 field of the Context register is not defined after an address error exception and this field may be modi­
fied by hardware during the address error exception sequence. 

Processor implementations must not assume that software will write the same value into the PTEBase fields of the 
Context and XContext registers (i.e., the PTEBase fields of the two registers may be set to different values, thus can­
not share storage). 

Figure 33: shows the format of the XContext register; Table 81: describes the XContext register fields. In Figure 33, 
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bit numbers above the figure use the symbol SEGB/TS; bit number under the figure assume that SEGB/TS has the 
value 40. 

63 

PTEBase 
63 

Field 

Name Bits 

Figure 33: XContext Register Format 

SEGBITS-13+6 / > SEGBITS-13+3 

I R I BadVPN2 (V AsEGBITS-1.. 13) 

33 32 31 30 

Table 81: XContext Register Fields 

Description 
Read/ 
Write 

4 3 0 

4 3 0 

Reset 
State 

Compliance 

PTEBase 63: SEGB/TS-13+6 This field is for use by the operating sys- R/W Undefined Required 

R 

(63:33 assuming 
SEGBITS is 40) 

SEGB/TS-13+5: 
SEGBITS-13+4 

(32:31 assuming 
SEGBITS is 40) 

tern and is normally written with a value • • 1 , . 

that allows the operating system to tise. the 1 ·····•.· 

Context Register as a pointer into the ct.ir~ 
rent PTE array in memory fTI\ I 

The Region field contains bits6:}:62 R 
the virtual address. .•.c;_:;, · 

00 - xusecr •••\,•.. • 
- 0 . -~~ ;;1. ;,;ti•, ;; 

o 1: xsseg: 5iµpervis~t a~df~~.~ region .•. ; n 
If supefV:J odt! is not~niple-

mented j:JJJ.{l;: .,---__ /' ;~rl 

this encoding 1s r~·s~ved. J 
10 = ~eserved · ·· ·.... • 

S'-:>1,,, 
11.= xkseg ·/~; .. 

Undefined Required 

BadVPN2 SEGB/TS-13+3: 4 TheB~d Vinual Page'N.~'ifzber/2 field is R Undefined 

0 

(30:4 assuming 
SEGB/TS is 40) 

3:0 

wriiten b~,~(1rd.~~T·on ~ miss. It contains 
bits YA.sEGBirs-1: {3,~f the virtual address 
that missed. •ft 

i' 

Must be writt~ti as zero; returns zero on 0 
read. 

4.9.21 Reserved for Implementations (CPO Register 22, all Select values) 

Compliance Level: Optional: Implementation Dependent. 

0 

CPO register 22 is reserved for implementation dependent use and is not defined by the an~hitecture. 

4.9.22 Debug Register (CPO Register 23) 

Compliance Level: Optional. 

I·, ', 

Reserved 

The Debug register is part of the EJTAG specification. Refer to that specification for the format and description of this 
register. 
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4.9.23 DEPC Register (CPO Register 24) 

Compliance Level: Optional. 

MIPS64TM Specification 

The DEPC register is part of the EJTAG specification. Refer to that specification for the format and description of this 
register. 

All bits of the DEPC register are significant and must be writable. 

4.9.24 Performance Counter Register (CPO Register 25) 

Compliance Level: Recommended. 

The MIPS64 Architecture supports implementation dependent performance counters that provide the capability to 
count events or cycles for use in performance analysis. If performance counters are implemented, each performance 
counter consists of a pair of registers: a 32-bit control register and a 32-bit counter register. To provide additional 
capability, multiple performance counters may be implemented. 

Performance counters can be configured to count implementation dependent events or cycles under a specified set of 
conditions that are determined by the control register for the performance counter. The counter register increments 
once for each enabled event. When bit 31 of the counter register is a one (the counter overflows), the performance 
counter optionally requests an interrupt that is combined in an implementati6~·cl~pendent way with hardware inter­
rupt 5 to set interrupt bit IP(7) in the Cause register. Counting continues afte\ ·'.counte ·~ egister overflow whether or 
not an interrupt is requested or taken. ~":>)' 

:~th. 
Each performance counter is mapped into even-odd select values of tqe' Peff~~~refilster: Even selects access the con-
trol register and odd selects access the counter register. Table 82 show example of two performance counters and 
how they map into the select values of the PerfCnt register. 

Performance 
Counter 

0 

1 

PerfCnt 
Register Select 

Value 

z):;rfCnt CPO Register 
.. , 

1l: 
nt Register Usage 

'"""·''""'· More or less than two performance counters are also possible, extending the select field in an obvious way to obtain 
the desired number of performance counters. Software may determine if at least one pair of Performance Counter 
Control and Counter registers is implemented via the PC bit in the Configl register. If the M bit is one in the Perfor­
mance Counter Control register referenced via a select field of 'n', another pair of Performance Counter Control and 
Counter registers is implemented at the select values of 'n+2' and 'n+3'. 

The Control Register associated with each performance counter controls the behavior of the performance counter. 
Figure 34 shows the format of the Performance Counter Control Register; Table 83 describes the Performance 
Counter Control Register fields. 1 ••• ·'.: 
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Figure 34: Performance Counter Control Register Format 

31 30 11 10 5 4 3 2 0 

0 

Table 83: Performance Counter Control Register Field Descriptions 

Fields 
Read/ Description 
Write 

Reset State Compliance 
Name Bits 

M 31 If this bit is a one, another pair of Performance R Preset Required 
Counter Control and Counter registers is imple-
mented at a MTCO or l\1FCO select field value of 
'n+2' and 'n+3'. 

0 30:11 Must be written as zero; returns zero on read d0_!_ 0 Reserved 

Event 10:5 Selects the event to be counted by the corre- \"; .. ,, JJndefined Requi~~d 
-~{." 

sponding Counter Register. The list of events i~~(J 
implementation dependent, but typical events 
include cycles, instructions, memory referenc;~ ~\ 

instructions, branch instructions, cache and TEB ""'•· 
misses, etc. 

•· ........ ·.x&x,. (• 

If an implementation does not.SHJ?l'9~ all possi- 1:;~\: 

ble encodings of this field, it.J~'illip161Tientation 
dependent how the unimpl.~i(iented erlcodlng~.are 

V'ti'"f-'f~"_, _.: ,;~, _-:/it· 
interpreted. The preferrediml?lementation isi'.to 

:r,;-_:~.¥y:/.,'-::7 '-/· 
treat them as null events that efial:)Ie no counts. 

~¥4!~,:·}::f;~:f)~~:i' 
Implementations that supp~flpmltiple ~rfor-
mance counters ~!19'X"ratid~'i)f~x~~!~:..e'.g., cache --~-

miss ratios if cache missan~ memdcy references 

are selected as,~~: ~~~~Ji;m1~q counters 

IE 4 Interrupt Enable .. Ertables the iI1ierrupt request R/W 0 Required 
.(II 

when the correspondingc9unter overflows (bit 
31 of the counter is one):•··,.~ 

Note that this bit simply enables the interrupt 
request. The actual interrupt is still gated by the 
normal interrupt masks and enable in the Status 
register. 

0: Performance counter interrupt disabled I ·,~ 

1: Performance counter interrupt enabled 
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Fields 

Name Bits 

u 3 

s 2 

K 1 

EXL 0 

MIPS64™ Specification 

Table 83: Performance Counter Control Register Field Descriptions 

Description 

Enables event counting in User Mode. Refer to 
Section 4.4.4 on page 72 for the conditions under 
which the processor is operating in User Mode. 

0: Disable event counting in User Mode 
1: Enable event counting in User Mode 

Enables event counting in Supervisor Mode (for 
those processors that implement Supervisor 
Mode). Refer to Section 4.4.3 on page 72 for the 
conditions under which the processor is operat-
ing in Supervisor mode. 

If the processor does not implement Supervisor 
Mode, this bit must be ignored on write and 
return zero on read. 

Enables event counting in Kern 
the usual definition of Kern 
in Section 4.4.2 on page 71: bit 

"'''~ counting only when the ~XE' · 
Status register are zero . • 

tus register is zero. 

0: Disable event counting while EXL = 1, 
ERL=O 

1: Enable event counting while EXL = 1, 
ERL=O 

Counting is never enabled when the ERL bit in 
the Status register is one. 

Read/ 
Write 

Reset State Compliance 

R/W Undefined Required 

R/W Undefined Required 

. ... ,. 

Undefined Required 

R/W Undefined Required 

\ ., . 
The Counter Register associated with each performance counter increments once for each enabled event. Figure 35 
shows the format of the Performance Counter Counter Register; Table 84 describes the Performance Counter Counter 
Register fields. 
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Figure 35: Performance Counter Counter Register Format 

31 0 

Event Count 

Table 84: Performance Counter Counter Register Field Descriptions 

Fields Read/ 
Description 

Write 
Reset State Compliance 

Name Bits 

Event 31:0 Increments once for each event that is enabled by R/W Undefined Required 
Count the corresponding Control Register. When bit 31 

is one, ·an interrupt request is made if the IE bit in 
the Control Register is one. 

4.9.25 ErrCtl Register (CPO Register 26, Select 0) 

Compliance Level: Optional. .~ · .,,. 

The ErrCtl register provides an implementation dependent diagnostic iht.erlace with the error detection mechanisms 
implemented by the processor. This register has been used in ptiv~ou~)rnplementations to read and write parity or 
ECC information to and from the primary or secondary cache ifarN#~y~n,conjunction with specific encodings of 

"•&. 

the Cache instruction or other implementation-depend. od. The exacii,ormat of the ErrCtl register is imple-
me~tation depende~t ~nd not specified by the archit!lture e proc~or specification for the format of this 
register and a descnpt1on of the fields. · 

4.9.26 CacheErr Register (CPO Register 27, 

Compliance Level: Optional. 

The CacheErr register provides an inte or detection logic that may be implemented byi~pro-
cessor. 

The exact format and operation of the e: rr regzs. r is implementation dependent. The description below is an 
example of a format that is similar to previous imple~ntations. Caches with substantially different sizes, organiza­
tions, and error correction/detection properties may;t1quire a different format from that shown below. 

Figure 36 shows the example format of the Cache Err register; Table 85 describes the Cache Err register fields. 
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The ErrorEPC register is a read-write register, similar to the EPC register, except that ErrorEPC is used on error 
exceptions. All bits of the ErrorEPC register are significant and must be writable. It is also used to store the program 
counter on Reset, Soft Reset, Nonmaskable Interrupt (NMI), and Cache Error exceptions. 

The ErrorEPC register contains the virtual address at which instruction processing can resume after servicing an 
error. ErrorEPC contains either: 

the virtual address of the instruction that was the direct cause of the exception, or 
• the virtual address of the immediately preceding branch or jump instruction when the error causing instruc­

tion is in a branch delay slot. 

Unlike the EPC register, there is no corresponding branch delay slot indication for the ErrorEPC register. 

Figure 41 shows the fonnat of the ErrorEPC register; Table 90 describes the ErrorEPC register fields. 

Figure 41: ErrorEPC Register Format 

63 0 

ErrorEPC 

{;:''! \ 
. ..i 

Table 90: ErrorEPC Register Field Descriptjons ,~; 
,:/ 'i';~ .... b-":--~~/"' 

Fields 
Description Reset State · G,~mpliance 

Name Bits 

ErrorEPC 63:0 Undefined Required 

4.9.32 DESAVE Register (CPO Register. 

Compliance Level: Optional. 
3Jf 

The DESAVE register is part of the EJTAG s~ification. e e{;to;that specification for the format and description of 
this register. · . · '>'' 

4.10 CPO Hazards 
Because resources controlled via Coprocessor a ect e operation of various pipeline stages of a MIPS64 proces­
sor, manipulation of these resources may produce resuifs that are not detectable by subsequent instructions for some 
number of execution cycles. When no hardware"irit~lock exists between one instruction that causes an effect that is 
visible to a second instruction, a CPO hazard exists. Some MIPS implementations have placed the entire burden on 
the kernel programmer to pad the instruction stream in such a way that the second instruction is spaced far enough 
from the first that the effects of the first are seen by the second. Other MIPS implementations have added full hard­
ware interlocks such that the kernel programmer need not pad. The trade-off is between kernel software changes for 
each new processor vs. more complex hardware interlocks required in the processor . . 
The MIPS64 Architecture does not dictate the solution that is required for a compatible implementation. The choice 
of implementation ranges from full hardware interlocks to full dependence on software p~dr;lin~, to some combination 
of the two. For an implementation choice that relies on software padding, Table 91 lists the "typical" spacing required 
to allow the consumer to eliminate the hazard. The "typical" values shown in this table represent spacing that is in 
common use by operating systems today. An implementation which requires less spacing to clear the hazard (includ­
ing one which has full hardware interlocking) should operate correctly with and operating system which uses this 
hazard table. An implementation which requires more spacing to clear the hazard incurs the burden of validating ker­
nel code against the new hazard requirements. 

Note that, for superscalar MIPS implementations, the number of instn1ctions issued per cycle may be greater than 
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one, and thus that the duration of the hazard in instructions may be greater than the duration in cycles. It is /QI' this 
reason that M/PS64 defines the SSNOP instruction to conven instruction issues to cycles in a superscalardesigri. 

Table 91: "Typical" CPO Hazard Spacing 

Hazard 
"Typical" 

Producer ~ Consumer 
On 

Spacing 
(Cycles) 

TLBP, TLBR TLB entry 3 

TLBWR, TLBWI ~ 
Load/store using new TLB entry TLB entry 3 

Instruction fetch using new TLB 
entry TLB entry 5 

MTCO Status[CU] ~ 
Coprocessor instruction needs CU 

Status[CU] 4 set 

MTCOStatus ~ ERET Status 3 

MTCO Status[IE] ~ Interrupted Instruction i's tatus[IEJ 
. .. 3 

TLBR ~ 
MFCO EntryHi Entry Hi, 

3 MFCO PageMask , . ,PageMask ··•·· !' -~.;~ . 

MTCO EntryLoO TLBP EntryLoO 
MTCO EntryLol TLBR . ,,Entry Lo I 
MTCO Entry Hi ~ TLBWI 

->'Entry Hi 2· 
MTCO PageMask TLBWR 

Page Mask 
MTCO Index Index 

TLBP ~ Index 2 

MTCOEPC ~ EPC 2 
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Appendix A Alternative MMU Organizations 
The main body of this specification describes the TLB-based MMU organization. This appendix describes other 
potential MMU organizations. 

A.1 Fixed Mapping MMU 
As an alternative to the full TLB-based MMU, the MIPS64 Architecture supports a lightweight memory management 
mechanism with fixed virtual-to-physical address translation, and no memory protection beyond what is provided by 
the address error checks required of all MMUs. This may be useful for those applications which do not require the 
capabilities of a full TLB-based MMU. It is not anticipated that MIPS64 processors that implement a fixed-mapping 
MMU will require a 64-bit address capability. As a result, the description below is given assuming a 32-bit address. 

A.1.1 Fixed Address Translation 

Address translation using the Fixed Mapping MMU is done as follows: 

KsegO and Ksegl addresses are translated in an identical manner to the JLB-based MMU: they both map to 
the low 512MB of physical memory. l>'c?i \ 
Useg/Suseg/Kuseg addresses are mapped by adding lGB to the virttial addressjvhen the ERL bit is zero in 
the Status register, and are mapped using an identity mapping, when the ERLbii is one in the Status register . 

.J'> ... · '~···"; ·-;'-:-..;~ 

• Sseg/Ksseg/Kseg2/Kseg3 addresses are mapped using an identity-mapping:''"' 

Table 92 lists all mappings from virtual to physical addresses. Note tp,ai.ad~~'~U",Jr checking is stili d~ne before the 
translation process. Therefore, an attempt to reference ksegO from User.Mode still results in an address''error excep-
tion, just as it does with a TLB-based MMU. '1 

Table 92: Physical Address Generation from Virtllal Addresses 
,(efS!J,:N~v~, :\ 

Segment 
Name 

useg 
suseg 
kuseg 

ksegO 

ksegl 

sseg 
ksseg 
kseg2 

kseg3 

. y ,;;tJ 

tes Physical Address 

Ox 0000 0000 

tlu;~gh,,. 
Ox 7FFFFFFF 

,~; r.vJitd*' 

Ox 'g~~pg;dl"'' 
through 

Ox 9FFF ~:;~i 

Ox AOOOOOOO 
through 

OxBFFFFFFF 

Ox cooo 0000 
through._. 

OxDFFFFFFF 

OxEOOOOOOO 
through 

OxFFFFFFFF 

StatusERL = 1 

Ox 0000 0000 
through 

Ox 7FFFFFFF 

Ox 0000 0000 
through 

Ox lFFFFFFF 

Ox 0000 0000 
through 

Ox lFFFFFFF 

OxCOOO 0000 
through 

OxDFFFFFFF 

OxEOOOOOOO 
through 

OxFFFFFFFF 

Note that this mapping means that physical addresses Ox2000 0000 through Ox3FFF FFFF are inaccessible when the 
ERL bit is off in the Status register, and physical addresses Ox8000 0000 through OxBFFF FFFF are inaccessible 
when the ERL bit is on in the Status register. 
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Figure 42 shows the memory mapping when the ERL bit in the Status register is zero; Figure 43 shows the memory 
mapping when the ERL bit is one. · ""'""' · 

Ox FFFFFFFF 

Figure 42: Memory Mapping when ERL = 0 

OxFFFFFFFF 

kseg3 

Ox EOOO 00001-------1------~------+0x EOOO 0000 
kseg2 
ksseg 

Ox COOO 00001--_...;:;s.;;;.;se;oo...._--1 ____ --1....i-------1-0x COOO 0000 

ksegl 

Ox AOOO 00001--------1 

ksegO 

Ox 800000001--------1 

November 15, 1999 

kuseg 
suseg 
useg 

..1--'-------+0x 4000 0000 

Ox 0000 0000 .__ ____ ___. 
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Figure 43: Memory Mapping when ERL = 1 

Ox FFFFFFFF 

Ox EOOO 0000 

Ox COOO 0000 

Ox AOOOOOOO 

Ox 8000 0000 

A.1.2 Cacheability Attributes 

kseg3 

kseg2 
ksseg 
sse 

ksegl 

ksegO 

kuseg 
suseg 
useg 

Ox FFFFFFFF 

Ox EOOO 0000 

Ox COOOOOOO 

Ox 8000 0000 

.:tf:;,,, 

Because the TLB provided the cacheability attributeS:f()r. the kseg2, and kseg3 segments, some mechanism is 
required to replace this capability whentliel'llxed ~appiilg)ylMU is used. Two additional fields are·added to the Con­
fig register whose encoding is identicalto that oft.h.~J<O field~ These additions are the K23 and KU fields which con­
trol the cacheability of the kseg2/kseg3·\111d,,th~ ~ti1~g1~gm~nts, respectively. Note that when the ERL bit is on in the 
Status register, kuseg references are al;ags'.treated as··~ncacheable references, independent of the value of the KU 
field. ,,. 

~G~,:~,~;,-~ 

The cacheability attributes for ksegO and ksegl are provided i.n the same manner as for a TLB-based MMU: the 
cacheability attribute for ksegO comes from the KO field of Config, and references to ksegl are always uncached. 

Figure 44 shows the format of the additions to the Config register; Table 93 describes the new Config register fields. 
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Figure 44: Config Register Additions 

31 30 28 27 25 24 16 15 14 13 12 10 9 7 6 3 2 0 

0 

Table 93: Config Register Field Descriptions 

Fields 
Read/ 

Description 
Write 

Reset State Compliance 
Name Bits 

K23 30:28 Kseg2/Kseg3 coherency algorithm. See Table 62 R/W Undefined Optional 
for the encoding of this field. 

KU 27:25 Kuseg coherency algorithm when StatusERL is R/W Undefined Optional 
zero. See Table 62 for the encoding of this field. 

. ··y 

A.1.3 Changes to the CPO Register Interface 

Relative to the TLB-based address translation mechanism, the following changes.are necessary to. the CPO register -
interface: 

The Index, Random, EntryLoO, EntryLol, Context, PageMask, Wired,'~nd Entry Hi registe;s ar(! no longer 
required and may be removed • '\• 
The TLBWR, TLBWI, TLBP, and TLBR instructions are no longer required and should cause a Reserved 
Instruction Exception 

A.2 Block Address Translation 
This section describes the architecture for a block adckess~<U1$lation(BAT) mechanism that reuses much of the hard­
ware and software interface that exists for a TLB-Based virtual address translation mechanism. This mechanism has 

_>-: ,_ -<.,,; './ • -·~;;;it . 
the following features: ¥•) ' l · .c.:. • 

:ht;h... __ ;.k,·,'.''"Yi:ii::j!~1:'w- ,, .f' 

• It preserves as much as possibl~.,of'the TLB-Basei:l.yiterface, both in hardware and software. 
It provides independent base-ahd-bounds.checking'hnd relocation for instruction references and data refer-
ences. -__ ,t~\>-' ,::;:;:~:f{~:~::~-'::i;;i.3~{i'.;0,;:~_6;_~!~K: 
It provides optional support for base'-and-bounds relocation of kseg2 and kseg3 virtual address regions 

A.2.1 BAT Organization 

The BAT is an indexed structure which is used to translate virtual addresses. It contains pairs of instruction/data 
entries which provide the base-and-bounds checking and relocation for instruction references and data references, 
respectively. Each entry contains a page-aligned bounds virtual page number, a base page frame number (whose 
width is implementation dependent), a cache coherence field (C), a dirty (D) bit, and a valid (V) bit. Figure 45 shows 
the logical arrangement of a BAT entry. 
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Figure 45: Contents of a BAT Entry 

Bounds VPN 

BasePFN 

The BAT is indexed by the reference type and the address region to be checked as shown in Table 94. 

Table 94: BAT Entry Assignments 

Entry Index 

0 

2 

3 

4 

5 

Reference 
Type 

Instruction 

Data 

Instruction 

Data 

Address Region 

' '"':,f~~g2, l 

(ork~eg2 an:dk,seg3) 

r!f~v _:_::\~rz,{;,: 
Entries 0 and 1 are required. Entries 2 and 3 and 4 and5are6ptiona '··· d may implemented as necessary to address 

)"~'-0:-.i1:y1;>)' ___ ,;! -:·_~!( 

the needs of the particular implementation. If entries fo~"·~~g2 and J<Seg3 are not implemented, it is implementation-
dependent how, if at all, these address regions a;e translat~d~'0'Il:e a,It~rnative is to combine the mapping for kseg2 and 
kseg3 into a single pair of instruction/data entHes. §pftware n1'i{~!l.etermine how many BAT entries are implemented 
by looking at the MMU Size field of the c~nf}g I re~iSt~r l 

-~~y-<:::·.oo;':''."'-".",'"';y 

A.2.2 Address Translation ;c:., 
;,·:11:·'' 

When a virtual address translation is req~~sted, the B.8.T entry that is appropriate to the reference type and address 
region is read. If the virtual address is greater tha,rt\tle ~elected bounds address, or if the valid bit is off in the entry, a 
TLB Invalid exception of the appropriate referencc!'type is initiated. If the reference is a store and the D bit is off in 
the entry, a TLB Modified exception is initiated. Otherwise, the base PFN from the selected entry, shifted to align 
with bit 12, is added to the virtual address to form the physical address. The BAT process can be described as follows: 

i ~ Selectlndex (reftype, va) 

bounds ~ BAT[ilaoundsYPN II 112 

pfn ~ BAT[ilaasePFN 
c ~ BAT[i]c 
d ~BAT[i]o 

v ~BAT[ilv 
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if (va >bounds) or (v = 0) then 
InitiateTLBinvalid.Exception(reftype) 

endif 
if (d = 0) and (reftype =store) then 

InitiateTLBModified.Exception() 
endif 

pa ~ va + (pfn II 012) 

1V1IPS64™ Specification 

Making all addresses out-of-bounds can only be done by clearing the valid bit in the BAT entry. Setting the bounds 
value to zero leaves the first virtual page mapped. 

A.2.3 Changes to the CPO Register Interface 

Relative to the TLB-based address translation mechanism, the following changes are necessary to the CPO register 
interface: 

• The Index register is used to index the BAT entry to be read or written by the TLBWI and TLBR instruc­
tions. 
The EntryHi register is the interface to the Bounds VPN field in the B,ATur~try. 
The EntryLoO register is the interface to the BasePFN and C, D, andV fi;elds of the BAT entry. The register 
has the same format as for a TLB-based MMU. ;\~1/ .:i 
The Random, Entrylol, Context, PageMask, and Wired registers;:are eliJJlinatea The effects of a read or 

,,,,,~_, 

write to these registers is UNDEFINED. ', 
The TLBP and TLBWR instructions are unnecessary. The TI.BWFand,nfBR instructions reference the 
BAT entry whose index is contained in the Index register. Th~"effect~~f'i!~ecuting a TLBP or TLBWR are 
UNDEFINED, but processors should prefer a Reserved!nstruw"· n Exception. 
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