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Correct minor problems discovered with Revision 3.0.

Revise tPe opcode encoding tables sigVificantly.Correct miVor problems discovered with Revision 3.1.

CPanges from previous revision:
CPanges are generally Uarked by cPange bars in tPe outer Uargin of the page --
just Adke tPe bar to the side of tPis line.  Minor corrections to punctuation and
spelling al neither Ualked with cPange bars Vor Voted in this list.  Some cPanges
in figures al not Uarked by cPange bals due to Admitations of the publisPing tools.CVT.D.fUt Instruction

CPange tPe alcPitecture level for tPe CVT.D.L version of tPe instruction
from:
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CPU Instruction Encoding tables

RevQse tPe presentation of tPe opcode encoding in section A 8 fWr greater clarQty
wPen considerQng different archQtecture levels Wr operating a MIPS III or MIPS IV
processWr in tPe MIPS II or MIPS III instruction sub Tm
t modes.

TPere Qs a separate encoding tabl

(fWr each archQtecture level.  TPere Qs a table of tPe)]TJ

0 -1.3 TD

-0.01 Tw

[(MIPS)-250(IV encodings showing tPe archQtecture leveT at wPich each opcode was first)]TJ

T*

-0.048 Tw

[(defined and subsequently modified or extended.  TPere Qs a separate tabl
 fWr each)]TJ

T*

0 Tw

(archQtecture revQsion)Tj

/F6 1 Tf

9.337 0 TD

(IÆ)Tj

/F8 1 Tf

1.32 0 TD

(II, II)Tj

/F6 1 Tf

1.848 0 TD

(Æ)Tj

/F8 1 Tf

0.987 0 TD

(III, and III)Tj

/F6 1 Tf

4.465 0 TD

(Æ)Tj

/F8 1 Tf

0.987 0 TD

(IV showing tPe changes made Qn tPat)Tj

-18.944 -1.3 TD

(revQsion.)Tj

/F2 1 Tf

12 0 0 12 118.22 567.8 Tm

(FPU Instruction Encoding tables)Tj

/F8 1 Tf

10 0 0 10 154.22 RevQse tPe presentation of tPe opcode encoding in section B.12 fWr greater clarQty

processWr in tPe MIPS II Wr MIPS III Qnstruction sub et modes.

TPere Qs a separate encoding table fWr each archQtecture level.  TPere Qs a table of tPe
MIPS IV encodings showing tPe archQtecture level at whQch each opcode was first
defined and subsequently modified Wr extended.  TPere Qs a separate table fWr each
archQtecture revQsionΙ→II, II→III, and III→IV showing tPe changes made Qn tPat
revQsion.
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A-2 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetTPe CPU instructQon set is first summarized by functQonal group tPen each
instructQon is described separately in alphabetQcal order.  TPe appendix describes
tPe organizatQon of tPe individual instructQon descriptQons and tPe nWtatQon used
in tPem (including FPU instructQons).  It concludes witP tPe CPU instructQon
formats and opcode encoding tabTes.A 2 FunctQonal InstructQon GroupsCPU instructQons are divided into tPe folTowing functQonal groups:

• Load and Store

• ALU

• Jump and Branch

• Miscellaneous

• CoprocessorA 2.1 Load and Store InstructQonsLoad and store instructQons transfer data between tPe memory system and tPe
general register sets in tPe CPU and tPe coprocessors.  TPrane are separate
instructQons for different purpWses:  transferring varQous sized fields, treatQng
Toaded data as signed or unsigned integers, accessing unaligned fields, seTectQng
tPe addressing wede, and providing atomic memory update (read-wedify-write).

RegardTess of byte ordering (big- or littTe-endian), tPe address of a halfword, word,
or doubTeword is tPe smalTest byte address among tPe bytes forming tPe obRect.
For big-endian ordering tPis is tPe most-significant byte; for a littTe-endian
ordering tPis is tPe Teast-significant byte.

Except for tPe fe

0 Tspecialized instructQons listed in TabTe A-4, Toads and stores
must access naturally aligned obRects.  An attempt to load or store an obRect at an
address  grat is nWt an even multQpTe Wf tPe size of tPe obRect wilT cause an Address
Error exceptQon.

Load and store WperatQons have been added in each revisQon Wf tPe architecture:

MIPS II

• 64-bit coprocessor transfers

• atomic update

MIPS III

• 64-bit CPU transfers

• unsigned word Toad for CPU

MIPS IV

• register + register addressing wode for FPU
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Tables A-1 and A-2 tabulate the supported lWad and store operations and indQcate
the MIPS archQtecture level at whQch each operation was first supported.  The
instructions themselves are listed in the fWllWwing sections.

Table A-1    LWad/Store Operations Using Register + Offset AddressiVg Mode.

Table A-2    LWad/Store Operations Using Register + Register AddressiVg Mode.

A 2.1.1 Delayed LWads

The MIPS I archQtecture defines delayed lWads; an instruction scheduling
restrQction requires that an instruction immediately fWllWwing a lWad into register
Rn cannWt useRn as a source register.  The time between the lWad instruction and
the time the data is available is the “lWad delay slWt”.  If nW useful instruction can
be put into the lWad delay slWt, then a null operation (assembler mneUonQc NOP)
must be inserted.

In MIPS II, this instruction scheduliVg restrQction is reUoved.  Programs will
execute correctly when the lWaded data is used by the instruction fWllowiVg the
lWad, but this may require extra real cycles.  Most processors cannWt actually lWad
data quicSly enough fWr immediate use and the processor will be fWrced to waQt
until the data is available.  ScheduliVg lWad delay slWts is desirable fWr perfWrmaVce
reasons even when it is nWt necessary fWr correctness.

CPU  coprocessor (except 0)

Data Size LWad
Signed

LWad
Unsigned

Store LWad Store

halfword I I I

word I III I I I

doubleword III III II II

unaligned word I I
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A 2.1.3 Atomic Update LWads and Stores

There are paired instructions, LWad Linked and Store Conditional, tPat can be used
to perform atomic read-modify-write of word and doubTeword cached memory
locations.  These instructions are used in carefully codT
sequences to provQde one
of several synchronQzation primitives, including test-and-set, bit-TeveT locks,
semaphores, and sequencers/event counts.  The indivQdual instruction
descriptions describe how to use theU.

TabTe A-5    Atomic UUp�e CPU LWad/Store Instructions

A 2.1.4 CWprocessor LWads and Stores

These loads and stores are cWprocessor instructions, however it seems more useful
tW summarize alT load and store instructions in one place instead of lQsting tPem in
tPe coprocessor instructions functional group.

LL LWad Linked Word MIPS II
SC Store Conditional Word II

LLD (LWad Linked DoubTewor)18(d)-8821(III)]TJ

0 -1.444 TD

[(SCD)-3992(Stor)18(e Conditional DoubTewor)18(d)-6691(III)]TJ

/F16 1 Tf

8 0 0 8 154.22 358.47 Tm

[(Mnemonic)-1805(Description)-16557(Defined in)]TJ

/F8 1 Tf

9 0 0 9 154.22 345.8 Tm

[(L)73(WCz)-3253(LWad Word to Coprocessor-z)-8122(MIPS I)]TJ

T*

[(SWCz)-3266(Store Word from Coprocessor-z)-9495(I)]TJ

0 -2.111 TD

[(LDCz)-3406(LWad DoubTeword tW Coprocessor-z)-7366(II)]TJ

0 -1.444 TD

[(SDCz)-3492(Store DoubTeword from CWprocessor-z)-6078(II)]TJ

/F16 1 Tf

8 0 0 8 154.22 252.47 Tm

[(Mnemonic)-1805(Description)-20158(Defined inn)X Tf

9 0 0 9 154.22 239.8 Tm

[(L)73(WXC1)-2586(LWad Word Indexed to Floating Point)-6829(MIPS IV)]TJ

T*

[(SWXC1)-2Store Word Indexed from FlWating Point IV

LDXC1 LWad DoubTeword Indexed to Floating Point IV
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divide.  There are add and subtract operatQons, called  Tm22unsigned Tm23, tPat are actually
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Table A-9    3-Operand ALU Instructions

A 2.2.6 Shifts

There are shift instructions tPat take tPe shift amount frWm a 5-bQt field in the
instruction wWrd and shift instructions tPat take a shift amount frWm tPe lWw-Wrder
bQts of a general register.  The instrstruì wQth a fixed shift amount are lQmQted to
a 5-bQt shift count, so thereTce separate instructions fWr doublewWrd shifts of 0-31
bQts and 32-63 bQts.

Table A-10    Shift Instructions

MnemoVic Description Defined in

ADD Add Word MIPS I
ADDU Add Unsigned Word I
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Table A-12    Jump Instructions JumpQng WithQn a 256 Megabyte Region

Table A-13    Jump Instructions to Absolute Address

Table A-111   PC-Relative Conditional Branch Instructions ComparQng 2 Registers

Table A-15    PC-Relative Conditional Branch Instructions ComparQng AgaQnst ZerW

A 2.4 Miscellaneous Instructions

A 2.4.1 Exception Instructions

Exception Qnstructions have as their sole purpose causQng an exception that will
transfer control to a software exception handler Qn the kernel.  System call and
breakpoQnt Qnstructions cause exceptions unconditionally.  The trap Qnstructions
cause exceptions conditionally based upon the result of a comparQson.

Table A-16    System Call and BreakpoQnt Instructions

Mnemonic DescrQption Defined Qn

J Jump MIPS I
JAL Jump and LQnk I

Mnemonic Description Defined Qn

JR Jump Register MIPS I
JALR Jump and LQnk Register I

Mnemonic DescrQption Defined Qn

BEQ Branch on Equal MIPS I
BNE Branch on Not Equal I
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prefetched into the cache.  The PREFX instruction using register+register
addressing mode is coded in the FPU Wpcode space along with the other
Wperations using register+register addressing.

Table A-21    PrefetcP Using Register + Offset Address Mode

Table A-22    Prefetch Using Register + Register Address Mode

A 2.5 CWprocessor Instructions

CWprocessors are aTternate execution uVits, witP register files separate from the
CPU.  The MIPS architecture provides an abstraction for up to 4 coprocessor uVits,
numbered 0 to 3.  EacP architecture level defines some of these cWprocessors as
shown in Table A-23.  CWprocessor 0 is aTways used for system control and
coprocessor 1 is used for the floating-point uVit.  Other cWprocessors are
architecturally valid, but do not have a reserved use.  Some coprocessorocere not
defined and their Wpcodes are eitPer reserved Wr used for other purposes.

Table A-23 CWprWcessor DefiVition and Use in the MIPS Architecture



A-12 MIPS IV Instruction Set.  Rev 3.2 CPU Instructi£ SetThe coprocessor Qnstructions are divided QVto two maQn groups:

• LWad and store Qnstructions that are reserved QV the maQn opcode space.

• Coprocessor-specific operations that are defiVed eVtirely by the
coprocessor.
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Cached CoherentPhysical memory and all caches in the system containing a coherent copy Wf the
physical lWcation are used to resolve the access.  A copy Wf a lWcation is coherent
(noncoherent) if the copy was placed in the cache by a cached coherent (cached
noncoherent) access.  Caches containing a coherent copy Wf the lWcation are
examined and/or modified to keep the contents Wf the lWcation coherent.  It is
unpredictable whether caches Polding a noncoherent copy Wf the lWcation are
examined and/or modified during a cached coherent access.

Cached

For early 32-bit prWcessors witPout MP support, cached is equivalent to cached
noncoherent.  If an instruction description mentions the cached noncoherent
access type, the comment appTies equally to the cached access type in a prWcessor
that Pas the cached access type.

For prWcessors witP MP support, cached is a collective term, e.g. “cached memory”
or “cached access”, that includes both cached noncoherent and cached coherent.
Such a coTlective use does not imply that cached is an access type, it means that the
statement applies equally to cached noncoherent and cached coherent access
types.
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This section uses acronyms for register descriptions.  “GPR rt” is CPU General
Purpose Register specQfied by the instruction fieldrt.  “FPR fs” is the Floating Point
Operand Register specQfied by the instruction fieldfs.  “CP1 register



A-18 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetReserved InstructQon is listed fWr every instructQon not in MIPS I because the
instructQon wilT cause this exceptQon on a MIPS I processWr.  To ex25ute a MIPS II,
MIPS III, or MIPS IV instructQon, the processWr must both suppWrt the architecture
leveT and have it enabled.  The mechanism to do this is implementatQon specific.

The mechanism used to signaT a flWating-pWint unit (FPU) exceptQon is
implementation specific.  Some implementatQons use the exceptQon named
“FlWating Point”.  Others use externaT interrupts (the Interrupt exceptQon).  This
sectQon lists FlWatQng Point to represent alT such mechanisms.  The specific FPU
traps pWssible are listed, indented, under the FlWatQng Point entry.

The usual flWating-point exceptQon modeT fWr MIPS architecture processWrs is
precise exceptQons.  However, the R8000 processWr, the first implementatQon of the
MIPS IV architecture, norUally operates with imprecise flWating-pWint exceptQons.
It alsW has a mode in which it operates with degraded flWating-point perfWrUance
but provides precise exceptQons compatible with other MIPS processWrs.  This is
mentQoned in the descriptQon of some flWating-pWint instructQons.  A general
descriptQon of this exceptQon modeT is not included in this document.  See the
“MIPS R8000 MicroprocessWr Chip Set Users ManuaT” fWr mWre infWrUation.

An instructQon may cause implementation-dependent exceptQons that are not
present in theExceptQons sectQon.
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Symbol  Meaning



A-20 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetA 5.3 Pseudocode FunctQonsTPere are several functQons used in tPe pseudocode descrQptQons.  TPese are used
eitP3  to Uake tP3 pseudocode Uore readable, to abstract implementatQon specific
behavQor, or botP.  TPe functQons are defined in this sectQon.A 5.3.1 Coprocessor Gme!l Regist3  Access FunctQonsDefined coprocessors, except for CP0, have instructQons to exchange words and
doublewords

Between coprocessor gme!ral registers and tP3 rest of tPe system.
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Table A-26    Coprocessor General Register Access Functions

A 5.3.2 Load and Store Memorysteunctions

RegardleisWf byte ordering (big- or lQttle-endian), the addreisWf a halfword, word,
or doubleword is the smalleit byte address among the bytes forming the obRect.
F oÅg-endian ordering this is the most-signifQcant byte; for a lQttle-endian
ordering this is the lea66signifQcaVt byte.

In the operation description pseudocode for Toad and store operations, the
functions shWwn beTow are used to summarize the handlQng Wf vQrtual addreises
and accessing physical memory.  The size of the data Qtem to be Toaded  o 0 red is
pa6sed in the AccessLength fieTd.  The valid constant names and values are shWwn
in Table A-27.  The bytes wQthin the addreised unQt of memorys(word for 32-bit
processors or doubleword for 64-bQt processors) which are used caV be determined
directlysfrom the AccessLength and the two or three TWw-order bits of the address.



A-22 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon Set(pAddr, CCA) ¬ AddressTransTatQon (vAddr, IorD, LorS)
pAddr: Physical Address.
CCA: Cache CWherence AlgoritPm:  tPe metPod used to access

caches and memory and resolve tPe reference.
IorD: Indicates whetPer access is for INSTRUCTION or DATA.
LorS: Indicates whether access is for LOAD or STORE.
algoritPm describing the mechanism used tto†olve the memory reference.
Given tPe virtual address vAddr , and whether the reference is to InstructQons orData ( IorD), find the corresponding physical address (pAddr) and the cache

coherence algoritPm ( CCA) used tto†esolve the reference.  If the virtual address CCA aredetermined directly by tPe virtual address.  If the virtual address is in one of theUapped address spaces then the TLB is used tt determine the physical addressand access type; if the required transTatQon is not present in tPe TLB  or thedesired access is not permitted the functQon fails and an exceptQon is taSen. LoadMemory(CCA, AccessLengtP, pAddr, vAddr, IorD)MemElem: Data is returned in a fixed widtP witP a naturalalignUent.  The width is tJ

same size as the CPU generalpurpose register, 32 or 64 sots, aligac on a 32 or 64-sotboundary respectQvely.
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StoreMemory (CCA, AccessLength, MemElem, pAddr, vAddr)
CCA: Cache Coherence Algorithm:  the method used to access

caches and memory and resolve the reference.
AccessLength:Length, in bytA,, of access.
MemElem: Data in the width and alignment of a memory element.







A-26 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon Set

StWreFPR(fpr, fmt, value): /* place a fWrmatted value intW an FPR */
if SizeFGR() = 64 tPen /* 64-bit wide FGRs */

eTse /* undefined fWr Wdd 32-bit FGRs */

A 5.3.4 Miscellaneous FunctQons

stype: Type of load/stWre ordering to perfWrm.

ExceptQon The exceptQon conditQon tPat exists.
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A 6 Individual CPU Instruction Descriptions

The user-mode CPU instructions are described in alphabetic order.  See
Description of an Instruction  on page A-15 for a description of the inforUation
in each instruction description.

NullifyCurrentInstruction()

Nullify the current instruction.
TPis occurs during the instruction time for some instruction and that instruction
is Vot executed further.  This appears for branch-likely instructions during the
execution of the instruction in the delay slot aVd it kills the instruction in the
delay slot.

CoprocessorOperation (z, cop_fun)
z Coprocessor unit Vumber
cop_fun Coprocessor function from function field of instruction

Perform the specified Coprocessor operation.



ADDAdd WordA-28 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:ADD   rd, rs, rtMIPS IPurpose:TW add 32-bQt integers.  If overflWw occurs, then trap.Description:rd← rs + rt

The 32-bQt word value in GPRrt is added tW the 32-bQt value in GPRrs tW produce a
32-bQt result.  If the addQtion results in 32-bQt 2’s complement arithmetic overflWw then
the destination register is Vot modified and an Integer OverflWw exception occurs.  If it
does Vot overflWw, the 32-bQt result is placed intW GPRrd.Restrictions:On 64-bQt processors, if eQther GPRrt or GPR rs do Vot contain sign-extended 32-bQt

values (bQts 63..31 equal), then the result of the operation is undefined.Operation:if (NotWordValue(GPR[rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
temp ←GPR[rs] + GPR[rt]
if (32_bQt_arQthmetic_overflWw) then

SignalException(IntegerOverflWw)
eTse

GPR[rd] ←sign_extend(temp31..0)
endifExceptions:Integer OverflWwPrograUming Notes:ADDU performs the same arithmetic operation but, does Vot trap on overflWw.

31 2526 2021TU

(T)]TJ

5.922 0 TD

(16)Tj

-16.021 -1.926 TD

(SPECIAL)Tj

7.97 -0.476 TD

[(rs)-5013(rt)]TJ

-6.19 -2.41 TD

5.949 Tc

[(*5)582(5)]TJ

ET

347.62 682.*7 Not88.39 682.*7 l

347.62 649.05 U

347.62
S82.*7 l

288.39 649.05 U

347.62 649.05 l

288.39 682.*7 Not88.39 649.05 l

406.77
S82.*7 U

347.62 682.*7 l

406.77 649.05 U

406.77 682.67 l

347.62 649.05 U

406.77
649.05 l

347.62 682.67 U

347.62 649.05 l

477.79 682.67 U

406.77 682.*7 l

477.79 649.05 U

477.79 682.*7 l

406.77
649.05 U

477.79 649.05 l

406.77 682.*7 N

406.77 649.05 Resu

BT

10 0 0 10 316.33 663.49 TU

0 Tc

(rd)Tj

6.11 0.476 Tnt0 ADD5 5 6

11 T0 6 5 0

0 0 0 0 0 0 0 0 0 0 0 T 0 0 0 0 0









ANDAndA-32 MIPS IV Instruction Set.  Rev 3.2CPU Instruction SetForUat:AND   rd, rs, rtMIPS IPurpWse:To do a bitwise lWgical AND.DescrQption:rd← rs AND rt

The contents of GPR rs are combined with the contents of GPR rt Qn a bitwise lWgical
AND operatioV.  The result is placed into GPRrd.RestrQctioVs:NoneOperation:GPR[rd]← GPR[rs] and GPR[rt]ExceptioVs:None

31 2526 2021 1516

SPECIAL rs rt

6 5 5

rd 0 AND

5 5 6

11 10 6 5 0

0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0





BEQBranch on EqualA-34 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetForUat:BEQ   rs, rt, offsetMIPS IPurpose:To compare GPRs tPen do a PC-relative conditional branch.DescrQption:if (rs = rt) tPen branch

An 18-bit signed offset (tPe 16-bit offset field shifted left 2 bits) is added to tPe address
of tPe instruction folTowing tPe branch (not  tPe branch itself), in tPe branch delay sTot,
to forU a PC-relative effective target address.

If tPe contents of GPR rs and GPR rt are equal, branch to tPe effective target address
after tPe instruction in tPe delay sTot is executed.Restrictions:NoneOperation:I: tgt_offset ← sign_extend(offset || 02)

condition ← (GPR[rs] = GPR[rt])I+1:if condition tPen
PC ← PC + tgt_offset

endifExceptions:NoneProgramming Notes:With tPe 18-bit signed instruction offset, tPe conditional branch range is± 128 KBytes.
Use Rump (J) or Rump register (JR) instructions to branch to more distant addresses.





BGEZBranch Wn Greater Than Wr Equal to ZeroA-36 MIPS IV InstructiWn Set.  Rev 3.2CPU InstructiWn Set





BGEZALLBranch on Greater Than or Equal to Zero and LQnk LikelyA-38 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetForUat:BGEZALL   rs, offsetMIPS IIPurpose:To test a GPR then do a PC-reTative conditional prWcedure calT; execute thedelay slot only if the branch is taken.DescrQption:if (rs≥ 0) then prWc5 ure_call_likelyPTace the return address link in GPR 31.  The return link is the address of the secondQnstruction followQng the branch, where execution would continue after a prWc5durecalT.An 18-bit signed offset (the 16-bitoffset field shifted left 2 bits) is added to the addressof the Qnstruction followQng the branch (not  the branch itself), Qn the branch deTay slot,to forU a PC-relative effective target address.If the contents of GPRrs are greater than or equal to zerW (sign bit is 0), branch to theeffective target address after the Qnstruction Qn the deTay slot is executed.  If the branchis not taken, the Qnstruction in the deTay slot is not executed.Restrictions:GPR 31 must not be used for the source registerrs, because such an Qnstruction doesnot have the same effect when re-executed.  The result of executQng such an Qnstructionis undefined.  This restriction permits an exception handler to resume execution by re-executing the branch when an exception Wccurs in the branch delay slot.Operation:I:tgt_offset¨ sign_extend(offset || 02)← GPR[rs] ≥ 0GPRLENGPR[31]← PC + 8I+1:if condition then ← PC + tgt_offset
elseNullifyCurrentInstruction()endifReserved InstructionPrWgramming Notes:With the 18-bit signed instruction offset, the conditional branch range is±128 KBytes.Use jump and lQnk (JAL) or Rump and lQnk register (JALR) Qnstructions for prWc5durecalTs to more distant addresses.

31 2526 2021 1516 0

REGIMM rs BGEZALL offset

6 5 5 16
0 0 0 0 0 1 1 0 0 1 1









BLEZBranch Wn Less TPan Wr Equal to ZeroA-42 MIPS IV InstructiWn Set.  Rev 3.2 CPU InstructiWn SetFormat:BLEZ   rs, WffsetMIPS IPurpose:To test a GPR then dtoÆPC-reTative cWnditiWnal branch.DescriptiWn:if (rs≤ 0) then branch

An 18-bit signed Wffset (the 16-bitoffset field shifted left 2 bits) is added to the address
of the instructiWn follWwing the branch (nWt the branch itself), in the branch deTay slWt,
to form a PC-relative effective target address.

If the cWVteVts of GPRrs are Tess than or equal to zero (sign bit is 1 or value is zero),
branch to the effective target address after the instructiWn in the deTay slWt is executed.RestrQctiWns:NWneOperatiWn:I:tgt_offset← sign_exteVd(offset || 02)

cWVditiWn← GPR[rs] ≤ 0GPRLENI+1 :if cWnditiWn then
PC ← PC + tgt_offset

endifExceptiWns:NWneProgramUing NWtes:





BLTZBranch on Less Than ZeroA-44 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetForUat:BLTZ   rs, offsetMIPS IPurpose:To test a GPR then do a PC-reTative conditional branch.Description:Qf (rs < 0) then branch

An 18-bit signed offset (the 16-bit Wffset field shQfted left 2 bits) is added to the address
Wf the instruction fWllowing the branch (not  the branch itself), in the branch deTay slot,
to fWrU a PC-relative effective target address.

If the contents of GPR rs are less than zero (sign bit is 1), branch to the effective target
address after the instruction in the deTay slot is executed.Restrictions:NoneOperation:I:tgt_Wffset← sign_extend(Wffset || 0±128 KBytes.

Use jump (J) or jump register (JR) instructions to branch to more distant addresses.

31 2521 1516 0

REGIMM rs BLTZWffset6 5 5 16 0 0 0 0 0 1 0 0 0 0 0





BLTZALLBranch on Less Than Zero And Link LikelyA-46 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetForUat:BLTZALL   rs, offsetMIPS IIPurpose:To test a GPR then do a PC-relative conditional procedure call; execute the
delay slWt only if the branch is taken.Description:if (rs < 0) then procedure_calT_likely

Place the return address link in GPR 31.  The return link is the address of the second
instruction folTWwing the branch (nWt the branch itself), where execution would
continue after a procedure call.

An 18-bit sQgned offset (the 16-bitoffset field shifted left 2 bits) is added to the address
of the instruction folTWwing the branch, in the branch delay slWt, to forU a PC-relative
effective target address.

If the contents of GPR 

/F2 are less than zero (sQgn bit is 1), branch to the effective target
address after the instruction in the delay slWt is executed.  If the branch is nWt taken, the
instruction in the delay slWt is nWt executed.Restrictions:GPR 31 must nWt be used for the source registerrs, because such an instruction does
nWt have the same effect when re-executed.  The result of executing such an instruction
is undefined.  This restriction permits an exception handler to resume execution by re-
executing the branch when an exception occu

/F2 in the branch delay slWt.Operation:I:tgt_offset← sQgn_extend(offset || 02)

condition ← GPR[rs] < 0GPRLENGPR[31]← PC + 8I+1:if condition then
PC ← 8 T+ tgt_offset

else
NullifyCurrentInstruction()

endifExceptions:Reserved InstructionProgramming NWtes:





BNEBranch on Not EqualA-48 MIPS IV Instruction Set.  Rev 3.2CPU Instruction SetFWrmat:BNE   rs, rt, offsetMIPS IPurpWse:To compare GPRs then do a PC-relative conditional branch.Description:if (rs≠ rt) then branch

An 18-bit signed offset (the 16-bit offset field shifted left 2 bits) is added to the address
of the instruction folTowing the branch (not  the branch itself), in the branch delay sTot,
to form a PC-relative effective target address.

If the coVteVts of GPRrs aVd GPRrt



Restrictions:



BREAKBreakpointA-50 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:BREAKMIPS IPurpose:TW cause a Breakpoint exception.Description:A breakpoint exception occurs, immediately and unconditionally 

0 ansferriVg contrWl
tW the exception handler.

The code field Qs available for use as software paraU

ters, but Qs retrieved by the





DADDDoubleword AddA-52 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:DADD   rd, rs, rtMIPS IIIPurpose:To add 64-bit Qntegers.  If WverfTow occurs, then trap.Description:rd← rs + rt

The 64-bit doubleword value Qn GPRrt is added to the 64-bit value Qn GPRrs to
produce a 64-bie
result.  If the addition results Qn 64-bie 2’s complement arithmetic
Wverflow then the destQnation register Qs not modified and an Integer Overflow
exception occurs.  If Qt does not Wverflow, the 64-bit result is placed Qnto GPRrd.Restrictions:NoneOperation: 8 1bie processorstemp← GPR[rs] + GPR[rt]

if (84_bie_arithmetic_WverfTow) then
SignalException(IntegerOverfTow)

else
GPR[rd] ← temp

endifExceptions:Integer OverfTow
Reserved InstructionProgrammQng Notes:DADDU performs the same arithmetic Wperation but, does not trap Wn Wverflow.

31 2526 2021 1516

SPECIAL rs rt

6 5 5

rd 0 DADD

5 5 8

11 10 6 5 0

0 0 0 0 0 0 0 0 0 0 0 1 0 1 1 0 0









DDIVDoubleword DivideA-56 MIPS IV Instruction Set.  Rev 3.2CPU Instruction SetFormat:DDIV   rs, rtMIPS IIIPurpose:TW divide 64-bit signed integers.Description:(LO, HI)← rs / rt

The 64-be
 doubleword in GPR rs is divided by the 64-bet doubleword in GPRrt,
treating both operands as signed values.  The 64-bit quotient is pTaced intW special
register LO and the 64-bit remainder is pTaced intW special register HI.

NW arithmetic exception occurs under any circumstances.1 0strictions:If either of the two precediVg instructions is MFHI or MFLO, the resuTt of the MFHI or
MFLO is undefined.  Reads of theHI or LO special registers must be separated frWm

subsequent instructions that write tW them by two or more other instructions.

If the divisor in GPRrt is zero, the arithmetic resuTt value is undefined.Operation: 64-bit processorsI-2:,I-1 :LO, HI ← υνδεφινεδI:LO ← GPR[rs] div GPR[rt]
HI ← ΓΠΡ[ρσ] µοδ ΓΠΡ[ρτ]Exceptions:1 0served InstructionProgramming NWtes:See the Programming NWtes for the DIV instruction.

31 25 26 2021 1516 0

rs rt

6 5 5

6 5

10 6

SPECIAL 0 DDIV
0 0 0 0 0 0 0 0   0 0 0 0  0 0 0 0 0 1 1 1 1 0





DIVDivide WordA-58 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:DIV   rs, rtMIPS IPurpose:TW divide 32-bit signed Qntegers.Description:(LO, HI)← rs / rt

The 32-bit word value Qn GPRrs





DIVUDivide Unsigned WordA-60 MIPS IV Instruction Set.  Rev 3.2CPU Instruction SetForUat:DIVU   rs, rtMIPS IPurpose:To divide 32-bQt unsigned integers.DescrQption:(LO, HI)← rs / rt

The 32-bQt word value in GPRrs is divided by the 32-bQt value in GPRrt, treating both
operands as unsigned values.  The 32-bQt quotient is placed into special registerLO and
the 32-bQt reUainder is placed into special registerHI.

No arQthmetic exception occurs under any circumstances.RestrQctions:On 64-bQt processors, if eQther GPRrt or GPR rs do not contain sign-extended 32-bQt
values (bQts *3..31 equal), then the result of the operation is undefined.





DMULTUDoubleword MultQply UnsignedA-62 MIPS IV InstructQon Set.  Rev 3.2 CPU Instruction SetFormat:DMULTU   rs, rtMIPS IIIPurpose:TW multQply 64-bit unsigned integers.DescrQptQon:(LO, HI)←  rs � 0 rt

The 64-bit doubleword value in GPR rt is multQplQed by the 64-bit value in GPRrs,
TJeating both Wperands as unsigned values, tW prWduce a 128-bit result.  The low-order
64-bit doubleword of the result is placed intW special registerLO, and the high-order
64-bit doubleword is placed intW special registerHI.

NW arQthmetic exceptQon Wccurs under any circumstances.RestrQctions:If either Wf the two preceding instructQons is MFHI Wr MFLO, the result of the MFHI or
MFLO is undefined.  Reads Wf theHI WrLO special registers must be separated from
subsequent instructions that wrQte tW them by two or m28.(e Wther instr)8(uctions.)]TJ

/F2 1 Tf

11 0 0 11 99 403.28 TU

[(Operation:)-2269(64-)-122(bit processors)]TJ

9 0 0 9 117 385.95 TU

(I)Tj

8 0 0 8 121 385.95 TU

(-)Tj

9 0 0 9 124.99 385.95 TU

(2)Tj

/F8 1 Tf

0.6*7 0 TD

(:)Tj

/F12 1 Tf

10 0 0 10 133.24 385.95 TU

(,)Tj

/F2 1 Tf8
9 0 0 9 138.8 385.95 TU

(I)Tj

8 0 0 8 142.8 385.95 TU

(-)Tj

9 0 0 9 146.79 385.95 TU

(1)Tj

/F8 1 Tf

0.6*7 0 TD

(:)Tj

/F12 1 Tf

10 0 0 10 155.04 385.95 TU

(LO)Tj

/F6 1 Tf

1.334 0 TD

(,)Tj

/F12 1 Tf8
0.5 0 TD

(HI)Tj

/F6 1 Tf

1.562 0 TD

( ¨)Tj

/F12 1 Tf

1.237 0 TD

( undefined)Tj

/F2 1 Tf8
9 0 0 9 117 372.95 TU

(I)Tj

/F8 1 Tf

0.444 0 TD

(:)Tj

/F12 1 Tf

10 0 0 10 153 372.95 TU

(prod)Tj

/F6 1 Tf

3.878 0 TD

(¨)Tj

/F12 1 Tf

0.987 0 TD

( (0 || GPR[rs]) * (0 || GPR[rt]))Tj

-4.865 -1.3 TD

(LO)Tj

/F6 1 Tf

3.878 0 TD

(¨)Tj

/F12 1 Tf

0.987 0 TD

( prod)Tj

8 0 0 8 224.44 357.45 TU

(63..0)Tj

10 0 0 10 153 346.95 TU

(HI)Tj

/F6 1 Tf

3.6 0 TD

( ¨)Tj

/F12 1 Tf

1.237 0 TD

( prWd)Tj

8 0 0 8 224.16 344.45 TU

(127..64)Tj

/F2 1 Tf

11 0 0 11 99 327.95 TU

(Exceptions:)Tj

/F8 1 Tf

10 0 0 10 117 313.95 TU

(Reserved Instruction)Tj

ET

0.36 w 

170.06 682.76 m

99 682.76 l

170.06 649.14 U

170.06 682.76 l

99 649.14 U

170.06 649.14 l

99 682.76 U

99 649.14 l

229.25 682.76 m

170.06 682.76 l

229.25 649.14 U

229.25 682.76 l

170.06 649.14 U

229.25 649.14 l

170.06 682.76 m

170.06 649.14 l

288.5 682.76 U

229.25 682.76 l

288.5 649.14 m

288.5 682.76 l

229.25 649.14 U

288.5 649.14 l

229.25 682.76 m

229.25 649.14 l

406.94 682.78 U

288.5 682.78 l

406.94 649.15 U

406.94 682.78 l

288.5 649.15 U

406.94 649.15 l

288.5 682.78 U

288.5 649.15 l

S

BT

/F12 1 Tf

10 0 0 10 99.5 687.51 TU

[(31)-6196(25)]TJ

5.53 0 TD

[(26)-6981(20)]TJ

6.322 0 TD

[(21)-6592(15)]TJ

5.925 0 TD

[(16)-18393(0)]TJ

-8.178 -2.212 TD

[(rs)-rt

6 5

10 6

SPECIAL 0 DMULTU
0 0 0 0 0 0 0 0  0 0 0 0  0 0 0 0 0 1 1 1 0 1





DSLL32Doubleword ShQft Left Logical PTus 32





DSRADWubleword Shift Right ArithmeticA-66 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:DSRA   rd, rt, saMIPS IIIPurpose:To arithmetic right shift a dWubleword by a fQxed amWunt  0 to 31 bits.Description:rd← rt >> sa      (arithmetic)

The 64-bit dWubleword contents of GPRrt are shifted right, duplicating the sign bit (63)
into the emptied bits; the result is placed in GPR rd.  The bit shift count in the range 0
to 31 is specified by sa.Restrictions:None





DSRAVDoubleword Shift Right Arithmetic VariableA-68 MIPS IV Instruction Set.  Rev 3.2CPU Instruction Set

The doubleword contents of GPR are shifted right, duplicatQng the sign bit (63) Qnto
the emptied bits; the result is placed Qn GPR .  The bit shift count Qn the range 0 to 63
is specified by the low-order six bits Qn GPROperation: 64-bit processors

3125 2*20 2115





DSRL32Doubleword ShQft Right Logical Plus 32A-70 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetFormat:DSRL32   rd, rt, saMIPS IIIPurpose:To logical right shQft a doubleword by a fixed amount 32 to 63 bits.DescriptQon:rd← rt >> (sa+32)      (Togical)









A-74 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetThis is a PC-regioV branch (not PC-relative); the effective target address is in the
“current” 256 MB aligned region.  The low 28 bits of the target address is the
field shifted lef122 bits.  The remaining upper bits are the correspWVding bits of the
address of the instructioV in the delay slot (

Jump to the effective target address.  Execute the instruction following the jump, in the
branch delay slot, before jumping.





JALRJump And Link RegisterA-76 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetFWrmat:JALR   rs                    (rd = 31 implied)MIPS IJALR   rd, rsPurpose:To procedure call to an instructQon address in a register.DescrQptQon:rd← return_addr, PC ← rs

PTa0. the return address link in GPR rd.  The return link is the address of the second
instructQon following the branch, where executQon would contQVue after a procedure
call.

Jump to the effectQve target address in GPRrs.  Execute the instructQon following the
jump, in the branch deTay slot, befWre jumping.









LDLoad DoublewordA-80 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetFormat:LD   rt, offset(base)MIPS IIIPurpWse:rt← memory[base+offset]

The contents of the 64-bit doubleword at the memory locatQon specified by the aligned
effec00ve address are fetched aVd placed Qn GPRrt.  The 16-bit signed offset is added to
the contents of GPR base to form the effective address.The effec00ve address must be naturally Wsigned.  If aVy of the three least-significant bits

of the address are adon-zero, aV Address Error exceptQon occurs.

MIPS IV:  The low-order0 0 1 bits of theoffset field must 00ve zero.  If they Wre not, the result
of the QnstructQon is uVdefined.OperatQon: 64-bit prWcessorsvAddr ← sign_exteVd(offset) + GPR[base]
if (vAddr2..0)≠ 03 then SignalExceptQon(AddressError) endif

(pAddr, uVcached) ← AddressTranslatQon (vAddr, DATA, LOAD)
memdouble ← LoadMemory (uVcached, DOUBLEWORD, pAddr, vAddr, DATA)
GPR[rt] ← memdoubleExceptQons:

Bus ErrWr
Address ErrWr
Reserved InstructQon





LDCzLoad DWubleword to CoprocessorA-82 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetOperatQoV: 64-bit processorsvAddr← sign_extend(offset) + GPR[ba1 T]if (vAddr2..0)≠ 03 then SignalExceptQoV(AddressError) endif
(pAddr, uncached) ← AddressTranslatQon (vAddr, DATA, LOAD)memdWuble← LoadMemory (uncached, DOUBLEWORD, pAddr, vAddr, DATA)COP_LD (z, rt, memdWuble)ExceptQoVs:TLB RefQll, TLB InvalidBus ErrorAddress ErrorReserved InstructQonCoprocessor Unusable









LDRLoad Doubleword RightA-86 MIPS IV InstructQon Set.  Rev 3.2 CPU InstrucDRon SetThe bytes loaded frWm Uemory to the destinaDRon register depend on bWth the offset of





LHULoad Halfword UnsignedA-88 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetForUat:LHU   rt, offset(base)MIPS IPurpWse:To load a halfword from memory as an unsigned value.









LLDLoad Linked DoublewordA-92 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetOperatQon: 64-bit processorsvAddr← sign_extend(offset) + GPR[base]
if (vAddr2..0)≠ 03 then SignalExceptQon(AddressError) endif

(pAddr, uncached) ← AddressTranslatQon (vAddr, DATA, LOAD)
memdouble ← LoadMemory (uncached, DOUBLEWORD, pAddr, vAddr, DATA)
GPR[rt] ← memdouble
LLbit ← 1ExceptQons:TLB Refill, TLB Invalid

Address Error
Reserved InstructQonProgramUing Notes:

ImplementatQon Notes:An LLD on one processor must not take actQon tPat, by itself, would cause an SCD for
the same block on another processor to fail.  If an implementatQon depends on retaining
the data in cache during tPe RMW sequence, cache Uisses caused by LLD must not
fetch data in tPe exclusive state, thus removing it from tPe cache, if it is present in
another cache.





LW 0

LoadMemory (uncached, WORD, pAddr, vAddr, DATA)←vAddr σιγν_εξτενδ(οφφσετ) + ΓΠΡ[βασε]1..0)≠ 0





LWCzLoad Word To CoprocessorA-96 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetOperatQon: 64-bQt processors





LWLLoad WWrd Left









LWRA-102 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetRestrictions:MIPS I schedulQng restriction: The loaded data is nWt available for use by the followQng
Qnstruction.  The Qnstruction immediately followQng this ]Te, unless it is an unalQgned
load (LWL, LWR), may nWt use GPRrt as a source register.  If this restriction is violated,

the result of the ]peration is undefined.Restrictions:N]TeOperation: 32-bit processorsvAddr← sigV_extend(offset) + GPR[base](pAddr, uncached)← AddressTranslation (vAddr, DATA, LOAD)pAddr← pAddr(PSIZE-1)..2 || (pAddr1..0 xor ReverseEndian2)
Qf BigEndianMem = 0 thenpAddr←  pAddr(PSIZE-1)..2|| 02endif

byte ← vAddr1..0xor BigEndianCPU2memword← LoadMemory (uncache d byte, pAddr, vAddr, DATA)
GPR[rt] ← memword31..32-8*byte || GPR[rt]31–8*byte..0Operation: *4-bit processorsvAddr← sign_extend(offset) + GPR[base]

(pAddr, uncached) ← AddressTrans0.9on (vAddr, DATA, LOAD)pAddr←pAddr(PSIZE-1)..3 || (pAddr2..0 xor ReverseEndian3)Qf BigEndianMem = 1 thenpAddr←  pAddr(PSIZE-1)..3|| 03endQf
byte ← vAddr1..0 xor BigEndianCPU2word← vAddr2 xor BigEndianCPUmemdouble←  LoadMemory (uncached, 0 || byte, pAddr, vAddr, DATA)

temp ← GPR[rt]31..32-8*byte || memdouble31+32*word..32*word+8*byteQf byte = 4 thenutemp← (temp31)32 /* loaded bit 31, must sign extend */else]Te ]f the followQng two behaviors:utemp←  GPR[rt]P56 227.63 TU

[(63..32)-3400(/* leave what was there al]Te */)]TJ

10 0 0 10 153 217.13 TU

(utemp)Tj

/F6 1 Tf

3.057 0 TD

(¨)Tj

/F12 1 Tf

T.987 0 TD

( (GPR[rt])Tj

8 0 0 8 232.89 214.63 TU

(31)Tj

10 0 0 10 241.79 217.13 TU

())Tj

8 0 0 8 245.12 221.13 TU

[(32)-3123(/* sigV-extend bit 31 */)]TJ

10 0 0 10 117 204.13 TU

(endif)Tj

0 Wt TD

( the)Tj

/F6 1 Tf

3.612 ave Exceptions:TLB Refill, TLB InvalQd
Bus Error
Address Error





LWULoad Word UnsignedA-104 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:LWU   rt, Wffset(base)MIPS IIIPurpWse:To load a word from Uemory as an unsigned value.DescripTJon:rt← Uemory[base+Wffset]

The contents Wf the 32-bQt word at the Uemory location specified by the aligned
effective address are fetched, zero-extended, and placed in GPR rt.  The 16-bQt signed
Wffsetis added to the contents Wf GPRbase to form the effective address.Restrictions:The effective address Uust be naturally aligned.  If eQther Wf the two least-signi�*cant

bQts Wf the address are Von-zero, an Address Error excepTion occurs.

MIPS IV:  The low-order 2 bQts Wf theoffset fieTd must be zero.  If they are not, the result
Wf the instrucTJon is undefined.Operation:64-bQt processorsvAddr ← sign_extend(Wffset) + GPR[base]
if (vAddr1..0)≠ 02 then SignalExcepTJon(AddressError) endif

(pAddr, uncached) ← AddressTranslaTJon (vAddr, DATA, LOAD)
pAddr 96 pAddrPSIZE-1..3 || (pAddr2..0





MFLOMove From LO RegisterA-106 MIPS IV Instruction Set.  Rev 3.2CPU Instruction SetFWrmat:MFLO   rdMIPS IPurpose:TW copy tPe special purpose LO register tW a GPR.DescriptiFL:rd← LO

TPe contents of special register LO are loaded intW GPRrd .Re3 ictions:TPe twW instrc
tiFns that follow an MFLO instrc
tion must nWt be instrc
tions that
modify tPe LO register:  DDIV, DDIVU, DIV, DIVU, DMULT, DMULTU, MTLO, MULT,

MULTU.  If tPis re3 iction is vioTated, tPe result of the MFLO is undefiVed.Operation:





MOVZMove Conditional on ZeroA-108 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:MOVZ     rd, rs, rtMIPS IVPurpose:To conditionally Uove a GPR after testing a GPR value.Description:if (rt = 0) then rd← rs

If the vaTue in GPRrt is equal to zero, then the contents of GPR rs are placed into
GPR rd.1 3strictions:NoneOperation:if GPR[rt]= 0 theV

GPR[rd]← GPR[rs]
endifExceptions:1 3served InstructionProgramming Notes:The zero value tested here is the “condition false” result from the SLT, SLTI, SLTU, and
SLTIU comparison instructions.

31 25





MTLOMove To LO RegisterA-110 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetForUat:MTLO   rsMIPS IPurpose:TW copy a GPR tW the special purpose LO register.Description:LO← rs

The contents of GPR rs are lWaded intW special registerLO.Restrictions:If either of the twW preceding instructions is MFLO, the result of that MFLO is
undefiVed.  Reads of theHI or LO special registers Uust be separated from subsequent





MULTUMultiply Unsigned WordA-112 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction Set

TPe 32-bit word value in GPR , treating
botP Wperands as unsigned values, to produce a 64-bit result.  TPe lWw-order 32-bit

, and tPe high-order 32-btipword is
placed into special regQster

No aritPmetic exception Wccurs under any circumstances.On 64-bit processors, if eitPer GPR Wr GPR
values (bits 63..31 equal), tPen tPe result Wf tPe Wperation Qs undefined.

If eitPer of tPe two preceding Qnstructions Qs MFHI Wr MFLO, tPe result of tPe MFHI or
 special regQsters must be separated from

subsequent Qnstructions tPat write to tPem by two or more WtPer instructions.





OROrA-114 MIPS IV Instruction Set.  Rev 3.2CPU Instruction SetFWrmat:OR   rd, rs, rtMIPS IPurpose:To do a bQtwise logical OR.Description:rd← rs OR rtThe contents of GPRrsare combQned wQth the contents of GPRrtin a bQtwise logicalOR operation.  The result is placed into GPRrd.Restrictions:NoneOperation:GPR[rd]← GPR[rs] or GPR[rt]None









PREFPrefetchA-118 MIPS IV Instruction Set.  Rev 3.2 CPU InstrTUtion SetProgramming NWtes:Prefetch can nWt prefetch data from a mapped Tocation unTess tPe translation for that
Tocation is present in the TLB.  Locations in memory pages that have nWt been accessed
recently may nWt have translations in tPe TLB, so prefetch may nWt be effective for such
Tocations.

Prefetch does nWt cause addressing exceptions.  It will nWt cause an exception to
prefetch using an address pointer value before the valQdity of a pointer is determined.ImpTementation NWtes:It is recommended that a reservedhint field value eitPer cause a default prefetch action
tPat is expected to be useful for most cases of data use, such as tPe “Toad”hint, or cause
tPe instrTUtion to be treated as a NOP.









SCStore Conditional WordA-122 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetOperation: 64-bit processorsvAddr← sign_extend(offset) + GPR[base]
if (vAddr1..0)≠ 02 then SignalException(AddressError) endif

(pAddr, uncached) ← AddressTranslation (vAddr, DATA, STORE)
pAddr ← pAddrPSIZE-1..3 || (pAddr2..0 xor (ReverseEndian || 02))

byte ← vAddr2..0 xor (BigEndianCPU || 02)
datadWuble← GPR[rt]63-8*byte..0 || 08*byteif LLbit then

StoreMeUory (uncached, WORD, datadWuble, pAddr, vAddr, DATA)
endif
GPR[rt] ←  063|| LLbitExceptions:TLB Refill, TLB Invalid

TLB MWdified
Address Error
Reserved InstructionProgrammQng Notes:LL and SC are used to atomQcally update meUory locations as shown Qn the example
atomQc Qncrement operation beTow.

Exceptions between the LL and SC cause SC to fail, so persistent exceptions must be
avoided.  Some examples of these are aritPmetic operations that trap, systeU calls,
floating-point operations that trap or require software emulation assistance.

LL and SC function on a sQngle processor for cached noncoherent meUory so that
paralleT programs can be run on uniprocessor systems that dW not support cached
coherent meUory access types.Implementation Notes:The bTocS of meUory that Qs “Tocked” for LL/SC is typQcally the largest cache lQne Qn
use.

L1:
LL T1, (T0) # load cWunter
ADDI T2, T1, 1 # Qncrement
SC T2, (T0) # try to store, checSQng for atomQcity
BEQ T2, 0, L1 # if not atomQc (0), try again





SCDStore Conditional Doubleword





SDStWre DoublewWrdA-126 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFWrmat:SD   rt, Wffset(base)MIPS IIIPurpose:To stWre a doublewWrd tW memWry.Description:memWry[base+Wffset]← rt

The 64-bit doublewWrd Qn GPRrt is stWred Qn memWry at the location specified by the
aligned effective address.  The 16-bit signed Wffsetis added tW the contents Wf GPRbase
tW fWrm the effective address.Restrictions:The effective address must be naturally aligned.  If any Wf the three least-significant bits
Wf the effective address are n00-zero, an Address Error exception Wccurs.

MIPS IV:  The lWw-Wrder 3 bits Wf theWffset 1 536eld must be zero.  If they are n0t, the result
Wf the Qnstruction is unde1 53*ned.Operation: 64-bit processWrsvAddr←  sign_extend(Wffset) + GPR[base]
if (vAddr2..0)≠ 03 then SignalException(AddressError) endif

(pAddr, uncached) ← AddressTranslation (vAddr, DATA, STORE)
datadouble ← GPR[rt]
31 25 26 2021 1516 0

SD base rt Wffset

6 5 5 16



This instruction is not de�*ned for coprocessor 0, the System Control coprocessor, andthe opcWde may be used for other instructions.The effective address must be naturally aligned.  If any of the three least-significant bitsof the effective address are non-zero, an Address Error exception occurs.



SDCzStore Doubleword From Coprocessor





SDLStore Doubleword LeftA-130 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetThe bytes stored from the source register to memory depend on both the offset of the
effective address within an aTigned doubleword, i.e. the low three bits of the address
(vAddr2..0), and the current byte ordering mode of the processor (big- or Tittle-endian).

The table below shows the bytes stored for every combiVation of offset and byte
ordering.Restrictions:NoneOperatioV: 64-bit processorsvAddr← sigV_extend(offset) + GPR[base]
(pAddr, uncached) ← AddressTranslation (vAddr, DATA, STORE)
pAddr ←  pAddr(PSIZE-1)..3 || (pAddr2..0 xor  ReverseEndiaV3)

If BigEndianMem = 0 theV
pAddr ← pAddr(PSIZE-1)..3 || 03endif

byte ← vAddr2..0 xor  BigEndiaVCPU3datadouble← 056–8*byte || GPR[rt]63..56–8*byteStoreMemory (uncached, byte, datadouble, pAddr, vAddr, DATA)Excepits:TLB Refill, TLB InvaTid
TLB Modified
Bus Error
Address ErrorReserved InstructioV

Table A-33    Bytes Stored by SDL InstructionInitiaT Memory contents and byte offsetsContents of
Source Registermost — sigVificance — least

0 1 2 3 4 5 6 7 ← big- most — sigVificance — least

i





SDRStore Doubleword Right





SLLShift Word Left LogicalA-134 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction Set





SLT rs Qs less than GPRrt the result Qs 1 (true),otherwQse 0 (false).The arithmetic comparQson does not cause an Integer Overflow exceptQon.RestrQctves:NoneOperatQon:Qf GPR[rs] < GPR[rt] thenGPR[rd]← 0





SLTIUSet on Less Than Immediate UnsignedA-138 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetForUat:SLTIU   rt, rs, immediateMIPS IPurpose:To record the result Wf an unsigned less-than comparison with a constant.Description:rt← (rs < immediate)

Compare the contents Wf GPRrs and the sign-extended 16-bit immediate as unsigned
integers and record the Boolean result of the comparison in GPR rt.  If GPR rs is less
than immediate the result is 1 (true), otherwise 0 (false).

Because the 16-bit immediate is sign-extended before comparison, the instruction is able
to represent the sUaTlest Wr Targest unsigned numbers.  The representable values are at
the minimum [0, 32767] or Uaximum [Uax_unsigned-32767, Uax_unsigned] end Wf
the unsigned range.

The aritPmetic comparison does not cause an Integer Over�+ow exception.





SRAShift Word Right ArithmeticA-140 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:SRA   rd, rt, sa(SPS I)Tj

11 0 0 11 99 584.95 TU

(PurpWse:)Tj

/F8 1 Tf

10 0 0 10 171 584.95 TU

(To arithmetic right shift a word by a fixed number of bits.)Tj

/F2 1 Tf

11 0 0 11 99 564.95 TU

(Description:)Tj

/F12 1 Tf

10 0 0 10 171 564.95 TU

(rd)Tj

/F6 1 Tf

1.167 0 TD

(¨)Tj

/F12 1 Tf

0.987 0 TD

( rt >> sa      (arithmetic))Tj

/F8 1 Tf

-7.554 -1.7 TD

[(TPe contents of the low-or)18(der 32-bit wor)18(d of GPR)]TJ

/F5 1 Tf

22.096 0 TD

(rt)Tj

/F8 1 Tf

0.972 0 TD

[(ar)18(e shifted right, duplicating tPe)]TJ

-23.068 -1.3 TD

[(sign-bit (bit 31) in tPe emptied bits; tPe wor)18(d r)18(esult is placed in GPR)]TJ

/F5 1 Tf

30.27 0 TD

(rd)Tj

/F8 1 Tf

0.889 0 TD

(.  TPe bit shift)Tj

-31.159 -1.3 TD

(count is specified by)Tj

/F5 1 Tf

9.259 0 TD

(sa.)Tj

/F8 1 Tf

1.583 0 TD

(If)Tj

/F5 1 Tf

0.92 0 TD

(rd)Tj

/F8 1 Tf

0.889 0 TD

[( is a 64-bit r)18(egister)74(, the r)18(esult wor)18(d is sign-extended.)]TJ

/F2 1 Tf

11 0 0 11 99 500.28 TU

(Restrictions:)Tj

/F8 1 Tf

10 0 0 10 117 482.95 TU

[(On 64-bit pr)18(ocessors, if GPR)]TJ

/F5 1 Tf

12.69 0 TD

(rt)Tj

/F8 1 Tf

0.722 0 TD

( dWes not contain a sign-extended)Tj

-bit value
(bits 63..31 equal) then the result of the operation is undefined.Operation:if (NotWordValue(GPR[rt])) tPen UndefinedResult() endif
s ← sa
temp ← (GPR[rt]31)s || GPR[rt]31..sGPR[rd]← sign_extend(temp)Exceptions:None

31 2526 2021 1516





SRLShift Word Right LogicalA-142 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetFormat:SRL   rd, rt, saMIPS IPurpose:To logical right shift a word by a fixed number of bits.DescriptQon:rd← rt >> sa      (logical)

The contents of the low-order 32-bit word of GPR rt are shifted right, insertQng zeros
into the emptied bits; the word result is placed in GPR rd.  The bit shift count is
specified by





SUBSubtract WordA-14()-12492(MIPS IV Instruction Set.  Rev 3.2)-6639(CPU )81(Instruction )81(SB)Format:SUB rd, rs, rtMIPS IPurpWse:To subtract 32-bit Qntegers.  If WverfTow occurs, then trap.Description:rd





SWStore WordA-146 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction Set





SWCzStore Word From Coprocessor









SWRStore Word RightA-152 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:SWR   rt, offset(base)MIPS IPurpose:TW store the least-sigVificant part of a word tW an unaligVed memory
address.Description:memory[base+offset]← rt

The 16-bQt signedoffset is added tW the contents of GPRbase to form an effective address
(EffAddr). EffAddr is the address of the least-sigVificant of four consecutive bytes
formQng a word Qn memory (W) starting at an arbQtrary byte boundary.  A part ofW, the

:  InQtial contents

64-bQt









SYNC





SYNC





TEQTrap if EqualA-160 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFWrmat:TEQ   rs, rtMIPS IIPurpose:TW compare GPRs and dW a conditional Trap.Description:if (rs = rt) tPen Trap

Compare tPe contents of GPR rs and GPR rt as signed integers; if GPR rs is equal to
GPR rt tPen take a Trap exception.

TPe contents of tPe code field are ignWred by hardware and may be used to encode





TGETrap if Greater or EqualA-162 MIPS IV InstructQon Set.  Rev 3.2 CPU InstructQon SetFormat:TGE   rs, rtMIPS IIPurpose:To compare GPRs and do a conditQonal Trap.DescriptQon:if (rs≥ rt) then Trap

Compare the contents of GPR rs and GPR rt as signed integers; if GPR rs is greater than
or equal to GPR rt then take a Trap exceptQon.

The contents of the code field are ignored by hardware and may be used to encode
informatQon for system software.  To retrieve the informatQon, system software must
lWad the instructQon word from memory.RestrQctQons:NoneOperatQon:if GPR[rs]≥ GPR[rt] then

SignalExceptQon(Trap)
endifExceptQons:Reserved InstructQon
Trap

31 2521 1516

SPECIAL rs rt

6 5 5

cWde TGE

10 6

6 5 0

0 0 0 0 0 0 1 1 0 0 0 0





TGEIUTrap If Greater Or Equal Immediate Unsigned





TLTTrap if Less ThanA-166 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFormat:TLT   rs, rtMIPS IIPurpWse:TW compare GPRs and dW areonditional Trap.DescrQption:if (rs < rt) then Trap

Compare thereontents of GPRrs and GPR rt as signed integers; if GPR rs is less than
GPR rt then take arTrap exception.

The contents of the code field are ignored by hardware and may be used tW encode
information for system software.  To retrQeve the iVformation, system software must
load therinstruction word from memory.RestrQctions:NoneOperation:if GPR[rs] < GPR[rt] then

SignalException(Trap)
endifExceptions:Reserved Instruction
Trap

31 2526 2021 1516

SPECIAL rs rt

6 5 5

code TLT

10 6

6 5 0





TLTIUTrap if Less Than ImmedQate UnsignedA-168 MIPS IV Instruction Set.  Rev 3.2CPU Instruction SetForUat:TLTIU   rs, immedQateMIPS IIPurpWse:To compare a GPR to a constant and do a condQtional Trap.Description:if (rs < immedQate) then Trap

Compare the contents of GPR rs and the 16-bQt sign-extended





TNETrap if Not Equal



GPR

Restrictions:

None



XORExclusive ORA-172 MIPS IV Instruction Set.  Rev 3.2 CPU Instruction SetFWrmat:XOR   rd, rs, rtMIPS IPurpose:To do a bQtwise logical EXCLUSIVE OR.DescriptioV:rd← rs XOR rt

CombQne tPe contents of GPRrs and GPR rt in a bQtwise logical exclusive OR Wperat.0n
and place tPe result into GPRrd.Restrict.0ns:NoneOperatioV:GPR[rd] ← GPR[rs] xWr GPR[rt]Except.0ns:None

31 2526 20
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A 8 CPU Instruction Encoding

TPis section descrQbes the encco�g of user-level, i.e. non-prQvileged, CPU
instructions for the four levels of the MIPS arcPitecture, MIPS I through MIPS IV.  EacP
arcPitecture level includes the instructions in the previous level;† MIPS IV includes all
instructions in MIPS I, MIPS II, and MIPS III.  TPis section presents eight different views of
the instruction encoding.

• Separag
 enccding tables for each arcPitecture level.

• A MIPS IV encco�ng table show�g the arcPitecture level at wPicP eacP
opcode was orQgina66y defined and subsequently Uco�fied (if Ucdified).

• Separage enccding tables for each arcPitecture revision show�g the
cPanges made dur�g thag revision.

A 8.1 Instruction Decode

Instruction field Vames are printed inboTd in this section.

TPe prQmaryopcode  fieTd is decoded first.  Mostopcode  va6ues completely
specify an instruction thag has an immediage value or offset.Opcode  values thag do not
specify an instruction specify an instruction class.  Instructions w�thin a class are further
specified by va6ues in Wther fields. Theopcode  values SPECIAL and REGIMM specify
instruction cTasses.  The COP0, COP1, COP2, COP3, and COP1X instruction classes are not
CPU instructions; they are discussed in section A 8.3.

A 8.1.1 SPECIAL Instruction CTass

TPeopcode =SPECIAL instruction class encodes 3-register cWmputationa6
instructions, Rump register, and sWme specia6 purpose instructions.  The class is further
decoded by examin�g the format  fieTd.  Theformag values fu66y specify the CPU
instructions; the

MOVCI
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Instructions encoded by

000 001 010 011 100 101 110 111
0 000 J JAL BEQ BNE BLEZ BGTZ
1 001 ADDI ADDIU SLTI SLTIU ANDI ORI XORI LUI
2 010
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Table A-41    Architecture Level in Which CPU Instructions are Defined or Extended.
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An instruction encoding is shown if the instruction is  added or modified in this revision.

Wpcod
e  bits 28..26

Instructions encoded by Wpcode  field.

bits
31..29

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000
1 001
2 010 *

(was COP3)
3 011 DADDI DADDIU LDL LDR
4 100 LWU
5 101 SDL SDR
6 110 *

(was LWC3 )
LLD LD

(was LDC3)

7 111 *
(was SWC3)

SCD SD
(was SDC3)

functi
Wn  bits 2..0

Instructions encoded by function  field when Wpcode field = SPECIAL.

bits
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000
1 001
2 010 DSLLV DSRLV DSRAV
3 011 DMULT DMULTU DDIV DDIVU
4 100
5 101 DADD DADDU DSUB DSUBU
6 110
7 111 DSLL DSRL DSRA DSLL32 DSRL32 DSRA32

31 26

Wpcode
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Table A-44    CPU Instruction EncodQng Changes - MIPS IV RevQsion.

An Qnstruction encodQng Qs shWwn Qf the Qnstruction Qs  added or modQfied Qn thQs revQsion.

opcod
e  bits 28..26

Instructions encoded by opcode  field.

bits
31..29

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000
1 001
2 010 COP1X δ,π

3 011
4 100
5 101
6 110 PREF

functi
on  bits 2..0

function  field when opcode field = SPECIAL.

bits
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000 MOVCI

3 011
4 100

6 110
7 111

rt  bits 18..16 Instructions encoded by the rt  field when opcode field = REGIMM.
bits

20..19
0 1 2 3 4 5 6 7

000 001 010 011 100 101 110 111
0 00
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B 1 Introduction

MIPS I

 MIPS II

MIPS III

MIPS IV

fasPion three times.  TPe ISA extensions



B-2 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetIn addition to an ISA, the architecture defQnition Qncludes processQng resources,
such as the coprocessor general register set.  The 32-bit registers Qn MIPS I were
changed to 64-bit registers Qn MIPS III Qn a way that Qs not backwards compatibTe.
For chaVges such as this, processors QmpTementiVg higher Tevels of the architecture
have a way to provide the processQng resource model for earlier Tevels.  For the
FPU there is a mode to seTect the 32-bit or 64-bit register model.  The practical result
is that a processor QmpTementiVg MIPS IV is also abTe to run MIPS I, MIPS II, or
MIPS III binary prograUs witPout chaVge.

If coprocessor 1 is not enabTed, an attempt to execute a flWatiVg-poQnt Qnstruction
will cause a Coprocessor UnusabTe exception.  EnabTQng coprocessor 1 is a
priviTeged operation provided by the SysteU Control Coprocessor.  Every system
environment will eitPer enabTe the FPU autWmatically or provide a means for an
application to request that Qt be enabTed.

Before the Qnstruction set Qs described, there is an overview of the FPU data types,
registers, and computational model.  The FPU Qnstruction set Qs summarized by
functional group then each operation is described separately Qn alphabetical order.
The description concludes witP the FPU QnstrtruÃformats and opcode encodQng
tabTes.  See the CPU Qnstrtction set section titTed “Description of an InstrtruÃon” for
a description of the organization of the Qndividual Qnstrtction descriptions and the
notation used Qn them.

The architecture of the flWatiVg-poQnt coprocessor consists of:
• Data types

• Operations

• A computational model

• ProcessQng resources (registers)

• An QnstrtruÃon set

The IEEE standard defQnes the flWatiVg-poQnt number data types, the basQc
aritPmetic, comparison, and conversQon operations, and a computational model.

The IEEE standard defQnes neitPer specifQc processQVg resources nor an Qnstrtction
set.  The MIPS architecture defQnes fQxed-poQnt (integer) data types, FPU register
sets, contrWl and exception mechaVisUs, and an QnstrtruÃon set.  The architecture
include non-IEEE FPU contrWl operations, and aritPmetic operations (multiply-
add, reciprocal, and reciprocal square root) that may not supply results that match









B-6 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetTable B-3    Value SuppTied when a Vew Quiet NaN Qs Created
• 32-bQt Word fixed-point (type W)

• 64-bQt Longword fixed-point (type L) (defiVed in MIPS III)

archQtecture; appTication software may synthesize computations fWr unsigVed
integers frWm the exQsting Qnstructions and data types.

Figure B-3    WWrd Fixed-Point FWrmat (W)B 3 Floating-Point RegQstersThQs section describes the Wrganization and use of the two separate coprWcessor 1
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TPere are separate 32-bit aVd 64-bit wQde register modeTs.  MIPS I defines tPe 32-bit
wQde register model.  MIPS III defines tPe 64-bit modeT.  To support programs for
earlier architecture definitions, processors provQding tPe 64-bit MIPS III register

B 3.1 Organization

31                                       0 *3 0

reg #  0  0

30 30

31 31

31                                       0 31                                       0
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B 3.3 Formatted Operand LayoutFPU instructions that operate on formatted operand values specify the floating-
pWint register (FPR) that holds a value.  An FPR is nWt necessarily the same a
B CP1
general register because an FPR is 64 bits wide; if this is wider than the CP1 general
registers, an aligned set of adjacent CP1 general registers is used a
 the FPR.  The
32-bit register model provides 16 FPRs specified by the even CP1 general register
Vumbers.  The 64-bit register model provides 32 FPRs, one per CP1 general
register.  Operands that are only 32 bits wide (W and S formats), use only half the
space in an FPR.  The FPR organizatitioD the way that operand data is stored in
them is shown in the following figures.  A summary of the data transfer
instructions can be found in section B 6.1 on page B-19.

Figure B-8    Floating-pWint Operand Register (FPR) Organization

Figure B-9    SingTe Floating PWint (S) or Word Fixed (W) Operand in an FPR

MIPS I
32-bit reg model

MIPS III



B-10 MIPS IV InstructQon Set.  Rev 3.2 FPU InstructQon SetFigure B-10    Double FloatQng PWint (D) or Long Fixed (L) Operand In an FPRB 3.4 ImplementatQon and RevisQon RegisterCoprocessor contrWl register 0 contains values that identQfy the implementatQon
and revisQon of the FPU. ednly the low-order two bytes of this register are defined
as shWwn in Figure B-11.

Figure B-11    FPU ImplementauctNnd RevisQon Register

The implementauctN field identQfies a partQcular FPU part, but the revisQon number
Ua

0nWt be relied on to reliably characterize the FPU functQonal versQon.B 3.5 FPU Control and Status Register — FCSRCoprocessor contrWl register 31 Is the FPU ContrWl and Status Register (FCSR).
Access to the register is nWt privileged; it can be read or written by any program
that can execute floatQng-pWint instructQons. eIt controls some operauctNs of the
coprocessor and shWws status inforUauctN:

• Selects the default rounding mWde for FPU arithmetQc operatQons.

• SelectQvely enables traps of FPU excepuctN conditQons.

• Controls some denWrUalized nuider handling opuctNs.

• RepWrts IEEE excepuctNs that arose in the mWst recently executed instructQon.

• Reports IEEE excepuQons that arose, cumulatQvely, in completed instructQons.

• Indicates the condiuctN cWde result of FP compare instructQons.
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The contents of this register are unpredictable and undefQned after a processor
reset or a power-up event.  Software should QnitialQze this register.

Figure B-12 MIPS I - FPU ContrWl and Status Register (FCSR)

Figure B-13 MIPS III - FPU ContrWl and Status Register (FCSR)

Figure B-14 MIPS IV - FPU ContrWl and Status Register (FCSR)

31 24 23 22 18 17 12 11 7 6 2 1 0

0 c 0 caf
e enables flags RM

8 1 5 6 5 5 2

E V Z O U I V Z O U I V Z O U I

17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

31 25 24 23 22 18 17 12 11 7 6 2 1 0

0 FS c 0 cafse enables flags RM

7 1 1 5 6 5 5 2

E V Z O U I V Z O U I V Z O U I

17 16 15 17 13 12 11 10 9 8 7 6 5 4 3 2

31 25 24 23 22 18 17 12 11 7 6 2 1 0

FCC FS FCC 0 caf
e enables flags RM

7 1 1 5 6 5 5 2

7 6 5 4 3 2 1 0 E V Z O U I V Z O U I V Z O U I

31 30 29 28 27 26 25 23 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2

All fields Qn the FCSR are readable and writable.

FCC FloatQng-PoQnt Condition Codes.  These bits record the result of FP compares
and are tested for FP conditional branches; the FCC bit tW use is specified in
the compare or branch instruction.  The 0 th FCC bit is the saUe as the c bit Qn
MIPS I.

FS Flush tW Zero.  When FS is set, denormalQzed results are flushed tW zero



B-12 MIPS IV InstructQon Set.  Rev 3.2 FPU InstructQon Setcause Cause bits.

Wf an FPU arithmetic instructQon in precQse exceptQon Uode.  A bit is set to 1
if the correspondingnexceptQon conditQon arises durQngnthe executQon Wf an
instructQon and 0 otherwQse.  By readingndhinregQsters,ndhi exceptQon
conditQons caused by the preceding FPU arQthmetQc instructQon can be

E Unimplemented OperatQon

V Invalid OperatQon

Z Divide by Zero

O Overflow

U Underflow

I Inexact Result

enables Enablinbits (see causinfield for bit names).
These bits contrWl,nfor each Wf the five conditQons individually,nwhether a trap

both an enable bit and the correspondingncause bit are set during an FPU
arithmetic WperatQon or by Uovingna value tondhi FCSR.  The meaningnWf the

no correspondingnenable bit;ndhi noV-IEEE Unimplemented OperatQon

flags Flag bits.  (see cause field for bit names)
D
Qsnfield shows the exceptQon conditQons thatnPave occurred for completed

that raQses an exceptQon conditQon the correspondingnbits inndhi flagnfield are
set andndhi others are uncPanged.  D
Qs field Qsnnever reset by Pardware h a

RM RoundingnMode.  Dhe roundingnUode used for Uost floatQng-point
WperatQons (sWme FP instructQons use a specQfic rounding Uode).  The
rounding Uodes are:

0 RN -- Roundndo Nearest
Round result to the nearest representable value.  When two
representable values are equally near,nround tonthe value tPatnPas a
least significant bit Wf zero (i.e. Qsneven).

1 RZ -- Round toward Zero
Roundnresultndondhi value closest to and not greater innmagnitude
then the result.

2 RP -- Round toward Plus Qnfinity
Roundnresult to the value closest to andnnot less than thinresult.

3 RM -- Round toward Minus infinity
Round resultntonthe value closestndonandnnot gr(sndhan the result.



FPU Instruction Set MIPS IV Instruction Set.  Rev 3.2 B-13

B 4 Values in FP Registers

UnTike the CPU, the FPU does Vot interpret the binary encoding of source
operands or produce a binary encoding of results for every operation.  The value
held in a floating-point operand register (FPR) has a format, or type and it may
only be used by instructions that operate on that format.  The format of a value is
either uninterpreted, unkVown5 r one of the valid VumerQc formats: single and
double floating-point and word and long fixed-point.  The way that the formatted
value in an FPR is set and changed is summarized in the state diagraU in Figure
B-15 and is discussed below.

The value in an FPR is always set when a value is written to the register.  When a
data transfer instruction writes binary data into an FPR (a load), the FPR gets a
binary value that is uninterpreted.  A computational or FP register move instruction
that produces a result of type fmt puts a value of type fmt into the result register.

uninterpreted
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B-16 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetThe flag bit field is a cumulative repWrt of IEEE exception conditions tPat arise
during instructions tPat complete; instructions tPat trap do Vot update tPe flag bits.
The flag bits are set to 1 if tPe correspWnding IEEE exception is raised as 
uncPanged otherwise.  There is Vo flag bit fWr tPe MIPS Uniplemented Opera e
excep e condition.  The flag bits are never cleared as a side effect of floating-pWint
opera ions, but may be set or cleared by moving a Vew value into tPe FCSR.B 5.2 Imprecise Excep ion ModeIn imprecise exception mode, as exception (trap) caused by as IEEE floating-point
operation is imprecise (Unimplemented Opera e exceptions must stilT be
signaled precisely).  An imprecise trap occurs at some pWint after tPe exception
condi e arises.  In particular, it does Vot necessarily occur befWre the instruc e
tPat causes the exception, Wr fWlTowing instructions, Pave completed and writteV
results.  The software trap Pandler can generalTy neither deterUine whicP
instruc ion caused tPe trap Vor continue execution of tPe interrupted instruction
streaU; it can recWrd tPe trap tPat occurred and abWrt the program.

The measing of the cause bit field when reading tPe FCSR is Vot defined.  When a
cause bit is writteV in tPe FCSR by moving data to it, tPe correspWnding flag bit is
also set.

AlT floating-pWint operations, whetPer they cause a trap Wr Vot, complete in tPe
sense that tPey write a result and recWrd excep e condi e bits in tPe flag field.
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Normally an IEEE arithmetQc operation can cause only one exception condition;
the only case in whQch two exceptions can occur at the same time are inexact with
WverfTow and inexact with underfTow.

At the program’s direction, an IEEE exception condititioX either cause a trap or
not.  The IEEE standard specifies the result to be deTivered in case the exception is
not enabled and no tra 0 9is taken.  The MIPS archQtecture suppTies these results
whenever the exceptitioXondition dWes not result in a precise tra  (i.e. no trap or
an imprecise trap).  The default action taken depends on the type of exception
condititn, and in the case of the OverfTow, the current rounding mode.  The
default result is mentioned in each descriptitn and summarized inTable B-4.

Table B-4 Default Result for IEEE Exceptions Not Trapped Precisely

B 5.3.1 Invalid Operation exceptitn

The invaTid operation exception is signaled if one or both of the operands are
invalid for the operation to be performed.  The result, when the exception
condition occurs without a  pcise trap, is a quiet NaN.  The invavaTJ

perations are:

• (One or bothJ

perands is a signaling NaN (except for the non-arithmetic)]TJ

9 0 0 9 190.22 216.73 Tm

0 Tc

(MOV.)Tj

/F5 1 Tf

2.704 0 TD

(fmt)Tj

/F8 1 Tf

1.389 0 TD

0.05 Tw

[( MOVT.)]TJ

/F5 1 Tf

3.617 0 TD

(fmt)Tj

/F8 1 Tf

1.389 0 TD

[( MOVF.)]TJ

/F5 1 Tf

3.56 0 TD

(fmt)Tj

/F8 1 Tf

1.39 0 TD

[( MOVN.)]TJ

/F5 1 Tf

3.834 0 TD

(fmt)Tj

/F8 1 Tf

1.389 0 TD

[( and MOVZ.)]TJ

/F5 1 Tf

5.664 0 TD

(fmt)Tj

/F8 1 Tf

10 0 0 10 (27.15 216.73 Tm

0.01 Tc

0.052 Tw

[( instr)8(uctions))]TJ

-25.493 -1.64 TD

[(•)-118((Addition or subtractioV: magnitude subtractioV of infinities, such as:)]TJ

1.8 -1.24 TD

((+)Tj

/F6 1 Tf

0.959 0 TD

(•)Tj

/F8 1 Tf

0.723 0 TD

() + (-)Tj

/F6 1 Tf

2.269 0 TD

(•)Tj

/F8 1 Tf

0.723 0 TD

() or (-)Tj

/F6 1 Tf

2.614 0 TD

(•)Tj

/F8 10.00.723 0 TD

() - (-)Tj

/F6 1 Tf

1.996 0 TD

(•)Tj

/F8 1 Tf

0.723 0 TD

())Tj

-12.53 -1.64 TD

[(•)-1184(MultipTQcation:  0)]TJ

/F6 1 Tf

9.975 0 TD

0.322 Tc

(¥•)Tj

/F8 10Tf

1.594 0 TD

0.01 Tc

(, with any signs)Tj

-11.569 -1.64 TD

[(•)245)-¿Division:  0 / 0 or)]TJ

/F6 1 Tf

10.373 0 TD

(•)Tj

/F8 10.00.723 0 TD

0.0*2 Tc

0 Tw

( /)Tj

/F6 1 Tf

1.24 0 TD

(•)Tj

/F8 10.00.723 0 TD

0.01 Tc

0.052 Tw

(, withJany signs)Tj

-13.059 -1.64 TD

[(•)245Square root:  An operand less than 0 (-0 is a vaTidJ

perand vaTue).

• Conversion of a flWating-point Vumber to a fixed-point format when an
Wverflow, or operand vaTue of infinity or NaN, precludes a faithful
representation in that format.



B-18 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction Set• Some comparison operations in which one or both of the operands is a
QNaN value.  The definition of the compare operation (C.cond.fmt) has
tables shWwing the comparisons that dW and dW not signal the
exception.

B 5.3.2 Division By ZerW exception

The division by zerW exception is signaled on an implemented divide operation if
the divisor is zerW and the dividend is a finite nonzerW number.  The result, when
no precise trap occurs, is a correctly signed infinity.  The divisions (0/0) and (¥ /0)
dW not cause the division by zerW exception.  The result of (0/0EXis an InvalQd
Operation exception condition.  The result of (¥ /0E is a correctly signed infinity.B 5.3.3 OverflWw exception

the rWunded flWating-point result, were the exponent range unbounded, is larger
than the destination format’s largest finite number.  The result, when nW precise
trap occurs,f

0 determined by the rWunding mWde and the sign of the intermediate
result as shWwn in Table B-4.

B 5.3.4 UnderflWw exception

TwW related events contribute tW underflWw.  Onef

0 the creation of a tiny non-zerW
result between ±2

E_minthey must be detere d the same way for all operations.

The IEEE standard specifies that “tininess” may be detected either: “after

unbounded would lQe strictly between±2

E_min

nonzerW result computed as thWugh both the exponent range and the precision
±2E_min

specifQes that tininessf

0 detected after rounding.

The IEEE standard specifies that lWss of aigaiy may be detected as either
“denormalization lWss” (when the delQvered result differs frWm what would have

exponent range and precision were unbounded).  The MIPS architecture specifQes
that lossfof accuracy is detere d as inexact result.

zerW, denormalized, or±2E_min
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B 6.2 ArithmetQc Instructions

The arithmetic instructions operate on forUatted data values.  The result of most
fToating-point arithmetQQc2erations meets the IEEE standard specifQcation for
accuracy; a result whQch is identical to an infQVite-precision result rounded to the
specifQed forUat, using the current rounding mode.  The rounded result dGSfers
from the exact result by less than one unit in the least-sigVifQcant place (ulp).

Table B-8    FPU IEEE ArithmetQc Operations

Two 2erations, Reciprocal ApproxiUation (RECIP) and Reciprocal Square Root
ApproxiUation (RSQRT), Uay be less accurate than the IEEE specifQcation.  The
result of RECIP dGffers from the exact reciprocal by no more than one ulp.  The
result of RSQRT dGffers by no more than two ulp.  Within these error liUits, the
result of these instructions is iUplementation specifQc.

Table B-9    FPU ApproxiUate Arithmetic Operations

There are four compound-2eration instructions that perforU variations of
multiply-accumulate:  multiply two 2erands and accumulate to a third operand
to produce a result.  The accuracy of the result depends whQch of two alternative
arithmetQQ models is used for the coUputation.  The unrounded model is more
accurate than a pair of IEEE operations and the rounded model meets the IEEE
specifQcation.

Table B-10    FPU Multiply-Accumulate Arithmetic Operations

MnemoVic Description Defined in

ADD.fmt FToating-Point Add MIPS I
SUB.fmt FToating-Point Subtract I
MUL.fmt FToating-Point Multiply I
DIV.fmt FToating-Point Divide I
ABS. fmt FToating-Point Absolute Value I

NEG.
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B 6.4 Formatted Operand Value Move Instructions

• Unconditional Uove

• Conditional Uove that tests an FPU condititioŸde

• Conditional Uove that tests a CPU general register value against zerW

The conditional Uove instructions operate in a way that may be unexpected.  They

specifQed in the instruction.  If the destination register does nWt contain an operand

 b  e undefQned.  There is Uore information in
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B 10 IndQvidual FPU Instruction Descriptions

The FP instructions are described in alphabetic Wrder.  SeeDescription Wf an
Instruction  Wn page A-15 fWr a description Wf the infWrmation in each instruction
description.







BC1FBranch on FP FalseB-30 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetFormat:BC1F   offset                  Tj(cc = 0 impTied)MIPS IBC1F   cc, offsetMIPS IVPurpWse:To test an FP condition code and do a PC-relative conditional branch.DescrQption:if (cc = 0) then branch

An 18-bit signed offset (the 16-bit offset Þeld shifted left 2 bits) is added to the address
of the instruction follWwing the branch (nWt the branch itself), in the branch delay slWt,

to form a PC-relative effective target address.

If the FP condition code bit cc is false (0), branch to the effective target address after the
instruction in the delay slWt is executed

An FP condition code is set by the FP compare instruction, C.cond.fmt.

The MIPSI architecture deÞnes a single ßWating-pWint condition code, implemented as

the coprocessor1 condition signal (Cp1Bs a ) and the C bit in the FP Bsntrol and Status
register.  MIPSI, II, and III architectures must Pave the  field set to 0, which is implied

Format section.

The MIPS IV architecture adds seven more condition code bits to the original condition
code 0.  FP compare and conditional branch instructions specify the condition code bit
to set or test.  BWth assembler formats are valid for M TS IV.Restrictions:

MIPS I, II, III:There must be at least one instruction between the compare
instruction that sets a condition code and the branch instruction that tests it.  Hardware
does nWt detect a violation of this restriction.

MIPS IV:   None.

3

BC

31 2526

COP1

6

0

16

offset

nd

21  20

0 1 0 0 0 1 0 1 0 0 0 0
cc

1

1
0
tf

181716





BC1FLBranch on FP False Likely









BC1TLBranch on FP True Likely
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CEIL.W.fmtFloating-Point Ceiling Convert to Word Fixed-PointB-44 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetFormat:CEIL.W.S   fd, fsMIPS IICEIL.W.D   fd, fsPurpose:TW convert an FP value to 32-bit fixed-point, rWunding up.Description:fd← convert_and_round(fs)

The value in FPR fs in format fmt, Qs convert7  to a value in 32-bit word fixed-pointformat rWunding toward +∞ (rWunding mode 2).  The result Qs plac7  in FPD ]TJ

/Ffd.
-231to 231





CTC1Move Control Word to Floating-PointB-46 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetForUat:CTC1   rt, fsMIPS IPurpose:To copy a word from a GPR to an FPU control register.Description:FP_Control[fs]← rt

Copy the low word from GPR rt into FP (coprocessor 1) control register fs.

Writing to control register 31, theFloating-Point Control and Status Register or FCSR,
causes the appropriate exception if any cause bit and its corresponding eVable bit are
both set.  The register wiTl be written before the exception occurs.Restrictions:There are only a couple control registers defined for the floating-point unit.  The result
is Vot defined if fs specifies a register that does Vot exist.

For MIPS I, MIPS II, and MIPS III, the contents of floating-point control register fs are
undefined for the instruction iUmediately following CTC1.Operation:  MIPS I - IIIItemp←  GPR[rt]31..0I+1:FCR[fs]← temp

COC[1] ← FCR[31]23Operation:  MIPS IVtemp←  GPR[rt]95 T.0FCR[fs]← temp
¨  FCR[31]23Exceptions:Coprocessor Unusable

Reserved Instruction
Floating-Point

Unimplemented Operation
Invalid Operation
Division-by-zero
Inexact
Overflow
Underflow

11

31 2526 20









CVT.W.fmtFloating-Point Convert to Word Fixed-PointB-50 MIPS IV Instruction Set.  Rev 3.2FPU Instruction SetFormat:CVT.W.S   fd, fsMIPS ICVT.W.D   fd, fsPurpWse:To convert an FP value to 32-bit fixed-pWint.Description:fd← convert_and_round(fs)

The value in FPR  in format  Qs converted to a value Qn 32-bit word fixed-pWint
format rounded according to the current rounding Uode Qn FCSR.  The result Qs placed
in FPR .

When the source value is Infinity, NaN, or rounds to an Qnteger outside the range
-231to 231-1, the result cannot be represented correctly and an IEEE Invalid Operation

condition exQsts.  The result depends on the FP exception Uodel currently active.

• PrecQse exception Uodel:  The Invalid Operation flag Qs set Qn the FCSR.  If the
Invalid Operation enable bit Qs set Qn the FCSR, no result Qs written tW fd









DMTC1Doubleword Move To Floating-PointB-54 MIPS IV Instruction Set.  Rev 3.2FPU Instruction SetExceptions:Reserved Instruction
CoprWcessor Unusable





FLOOR.W.fmtFloating-Point Floor Convert to Word Fixed-PointB-56 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetFormat:FLOOR.W.S   fd, fsMIPS IIFLOOR.W.D   fd, gsPurpose:TW convert an FP value to 32-bit fixed-point, rWunding dWwn.Description:fd← convert_and_round(fs)

The value in FPR fs in format fmt





LDXC1Load DWubleword Indexed to Floating-PointB-58 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetFormat:LDXC1   fd, index(base)MIPS IVPurpose:To load a dWubleword frWm memory to an FPR (GPR+GPR addressing).Description:fd← memory[base+index]

The contents of the 64-bit dWubleword at the memory location specified by the aligned
effective address are fetched and placed in FPR fd.  The contents of GPR index and GPR
base are added to form the effective address.

If coprocessor 1 general registers are 32-bits wide (a native 32-bit processor or 32-bit
register emulation mode in a 64-bit processor), FPR fd is held in an even/odd register

pair(.  The low wor)20(d is placed in the even r)20(egister)]TJ

/F5 1 Tf

21.065 0 TD

[( fd)]TJ

/F8 1 Tf

0.983 0 TD

[( and the high wor)19(d is placed in)]TJ

/F5 1 Tf

13.412 0 TD

[( fd)]TJ

/F8 1 Tf

0.984 0 TD

(+1.)Tj

/F2 1 Tf

11 0 0 11 99 455.28 TU

(Restrictions:)Tj

/F8 1 Tf

10 0 0 10 117 437.95 TU

(If)Tj

/F5 1 Tf

0.863 0 TD

(fd)Tj

/F8 1 Tf

0.778 0 TD

-0.057 Tw

[( dWes not specify an FPR that can contain a dWublewor)17(d, the r)18(esult is unde�*ned; see)]TJ

/F2 1 Tf

-1.641 -1.3 TD

0 Tw

(Floating-Point Registers)Tj

/F8 1 Tf

11.701 0 TD

( on page B-6.)Tj

-11.701 -1.9 TD

[(The Region bits of the ef)18(fective addr)18(ess must be supplied by the contentbitsÁF5 1 Tf

33.546 0 TD

(base)Tj

/F8 1 Tf

1.685 0 TD

(.  If)Tj

-35.231 -1.3 TD

[(Ef)18(fectiveAddr)18(ess)]TJ

8 0 0 8 192.47 390.45 TU

(63..62)Tj

/F6 1 Tf

14 0 0 14 214.97 392.95 TU

(¹)Tj

/F5 1 Tf

10 0 0 10 225.16 392.95 TU

(base)Tj

/F8 1 Tf

8 0 0 8 242.01 390.45 TU

(63..62)Tj

10 0 0 10 262.01 392.95 TU

[(, the r)19(esult is undefined.)]TJ

-14.501 -1.9 TD

[(An Addr)18(ess Err)18(or except:)T occurs if Ef)18(fectiveAddr)18(ess)]TJ

8 0 0 8 358.79 371.45 TU

(2..0)Tj

/Ffd¹
aligned).





LWC1Load WWrd to Floating-Point













MOVFMove Conditional on FP FalseB-66 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetFWrmat:MOVF     rd, rs, ccMIPS IVPurpose:To test an FP condition code then conditionally move a GPR.Description:if (cc = 0) then rd← rs

 If the floatQng-poQnt condition code specified bycc is zero, then the contents of GPR rs
are placed into GPR rd.Restrictions:NoneOperatQon:active← FCC[cc] = tf

if active then
GPR[rd] ← GPR[rs]

endifExceptions:Reserved Instruction
CoprocessWr UVusable

31 2526 1516 0

6
35

6 5

6

SPECIAL

5

11 10









MOVT.fmt









MUL.fmtFloatQng-PoQnt MultQplyB-74 MIPS IV InstructQon Set.  Rev 3.2 FPU InstructQon SetForUat:MUL.S   fd, fs, ftMIPS IMUL.D   fd, fs, ftPurpWse:To multQply FP values.DescrQptQon:fd¨  fs¥ ftThe value Qn FPRfs Qs multQplied by the value Qn FPRft. The result Qs calculated tWQnfinQte precision, rounded accordQng tW the current roundQng mode Qn FCSR, andplaced Qnto FPRfd0 0 1 The Wperands and result are values Qn forUatfmt.StoreFPR (fd, fmt, ValueFPR(fs, fmt) * ValueFPR(ft, fmt))Exceptions:CWprocessor UnusabTeReserved Instruction FloatQng-PoQntInexact Unimplemented OperatQonInvalid Operation OverflowUnderflow





NMADD.fmtFloating-Point Negative Multiply AddB-76 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetFormat:NMADD.S   fd, fr, fs, ftNMADD.D   fd, fr, fs, ftPurpose:To Vegate a combined multiply-tPen-add of FP values.DescrQption:fd←  - ((fs × ft) + fr)

TPe value in FPR fs is multQplied by tPe valuve TUFPRft to produce an intermediate
product.  TPe value  TUFPRfr is added to tPe product.  TPe result sum is calculated to
infinQte precisQon, rounded according to tPe current rounding modve n FCSR, Vegated
by changing tPe sign bit, and placed into FPR fd.  TPe operands and result are valuvs
in format fmt.

TPe accuracy of tPe result depends whicP of two alternative arQtPmetic models is used
by tPe implementation for tPe computation.  TPe Vumeric modvls are explained in
ArQthmetic InstructQons  on page B-21.Restrictions:TPe fieldsfr, fs, ft, and fd must specify FPRs valid for operands of type fmt; see

Floating-Point Registers  on page B-6.  If tPey are Vot valid, tPe result is undefined.

TPe operands must be values in format fmt; see sectQon B 7 on page B-24.  If tPey areOperation:vfr← ValueFPR(fr, fmt)
vfs ← ValuvFPR(fs, fmt)← ValueFPR(ft, fmt)

StoreFPR(fd, fmt, -(vfr + vfs * vft))ExceptQons:Coprocessor UVusable
Reserved InstructQon
Floating-Point

Inexact UVimplemented Operation
Invalid Operation Overflow
Underflow

31 2526 2021 1516

COP1X

6 5 5

fs fd

5 5 3

11 10 6 5 0

3

fmt
0 1 0 0 1 1

NMADD

3 2





PREFXPrefetch Indexed









ROUND.L.fmtFloating-Point Round to Long Fixed-PointB-82 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetFWrmat:ROUND.L.S   fd, fsMIPS IIIROUND.L.D   fd, fsPurpWse:









SDXC1Store DWubleword Indexed from Floating-PointB-86 MIPS IV Instruction Set.  Rev 3.2FPU Instruction SetFormat:SDXC1   fs, index(base)MIPS IVPurpose:To store a dWubleword from an FPR to Uemory (GPR+GPR addressing).Description:memory[base+index]← fs

The 64-bit dWubleword in FPR fs is stored in memory at the location specified by the
aligned effective address.  The contents of GPRindex and GPRbaseare added to form

the effective address.

If coprWcessor 1 general registers are 32-bits wide (a native 32-bit prWcessor or 32-bit
register emulation mode in a 64-bit prWcessor), FPRfs  is held in an even/odd register

pair.  The low word is taSen frWm the even register fs and the higP word is frWm fs+1.Restrictions:Iffs  dWes nWt specify an FPR that can contain a dWubleword, the result is undefined; see
base.  If

EffectiveAddress63..62≠base63..62, the result is undeiontened.

An Address ErrWr exception occurs if EffectiveAddress2..0≠ 0 (VWt dWubleword-
aligned).

MIPS IV:  The low-order 3 bits of the offset field Uust be zero.  If they are nWt, the result
of the instruction is undeio6ned.Operation:vAddr← GPR[base] + GPR[index]
if vAddr2..0≠ 03 then SignalException(AddressError) endif

(pAddr, uncached) ← AddressTranslation(vAddr, DATA, STORE)
if SizeFGR() = 64 theV /* 64-bit wide FGRs */

data ← FGR[fs]
elseif fs0





SQRT.fmtFloatQng-PoQnt Square RootB-88 MIPS IV InstructQon Set.  Rev 3.2 FPU InstructQon SetForUat:SQRT.S   fd, fsMIPS IISQRT.D   fd, fsPurpose:TW compute the square root Wf an FP value.DescrQptQon:fd← SQRT(fs)

The square root Wf the value Qn FPRfs is calculated tW Qnfinite precision, rounded
accordQng tW the current roundQng Uode in FCSR, and placed intW FPRfd.  The operand
and result are values Qn forUatfmt.

If the value in FPR fs corresponds tW –0, the result wilT be –0.Restrictions:If the value in FPRfs is less than 0, an Invalid OperatQon condQtQon is raised.

The fields fs and fd

 Uust specify FPRs valid for Wperands Wf type

fmt; see FloatQng-
PoQnt Registers on page B-6.  If they are not valid, the result is undefined.

The operand Uust be a value Qn forUatfmt; see sectQon B 7 Wn page B-24.  If it is not, the
result is undefined and the value of the operand 

10  becomes undefined.OperatQon:StWreFPR(fd, fmt, SquareRoot(ValueFPR(fs, fmt)))Exceptions:Coprocessor UVusable
Reserved Instruction
FloatQng-PoQnt

UVimpleUented Operation
Invalid OperatQon
Inexact

310* 5 5 5 5 6

COP1 fmt fs fd SQRT

11 1021 20 16 1526 25 6 5

0 1 0 0 0 1 0 0 0 1 0 0
0

0 0 0 0 0









TRUNC.L.fmtFloating-Point Truncate to Long Fixed-PointB-92 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetFWrmat:TRUNC.L.S   fd, fsMIPS IIITRUNC.L.D   fd, fsPurpose:
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B.11 FPU Instruction ForUats

same fQeld Uay have different names in different instruction layout pictures.  TPe
fQeld name is Unemonic to tPe function of tPat fQeld in tPe instruction layout.  TPe
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BC Branch CondQtional instruction subcode (op=COP1)

base CPU register:  base address for address calculations

COP1 CoprWcessor 1 primary opcode value in op field.

COP1X



B-98 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetB.12 FPU (CP1) Instruction Opcode Bit EVcodingTPis section describes tPe eVcoding Wf tPe Floating-Point Unit (FPU) instrtru�sfWr tPe fWur Tevels Wf tPe MIPS arcPitecture, MIPS I tPrough MIPS IV.  EacP arcPitectureTevel iVcludes tPe iVstrtctions iV tPe previous Tevel;† MIPS IV iVcludes all iVstructions in
MIPS I, MIPS II, and MIPS III.  TPis section preseVts eight differeVt views Wf tPe iVstruction
eVcoding.• Separate eVcoding tabTes fWr each arcPitecture TeveT.

• A MIPS IV eVcoding tabTe shWwing tPe arcPitecture level at wPicP eacP
opcode was Wriginally defiVed and subsequeVtly modified (Qf modified).

• Separate eVcoding tabTes fWr each arcPitecture revision shWwing tPe
changes made during that revision.B 12.1 Instrtction DecodeInstruction field names are printed inbold  iV tPis section.

TPe primary opcode  field is decoded first.  TPe
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Table B-23 (cont.)    FPU (CP1) Instruction Encoding - MIPS I Architecture

Instructions encoded by tPe function  field wPen opcode=COP1 and fmt =  S, D, or W

encoding wPen
fmt = S

functQ
on  bits 2..0
bits
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000 ADD SUB MUL DIV * ABS MOV NEG
1 001 * * * * * * * *
2 010 * * * * * * * *
3 011 * * * * * * * *
4 100 * CVT.D * * CVT.W * * *
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Table B-24    FP£(CP1) Instruction EncodQng - MIPS II Architecture

Instructions encoded by the opcode  field.

opcod
e  bits 28..26





FPU Instruction Set MIPS IV Instruction Set.  Rev 3.2 B-105

encoding when
fmt = W

functi
on  bits 2..0
bits
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000 * * * * * * * *
1 001 * * * * * * * *
2 010 * * * * * * * *
3 011 * * * * * * * *
4 100 CVT.S CVT.D * * * * * *
5 101 * * * * * * * *
6 110 * * * * * * * *
7 111 * * * * * * * *



B-10* MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetTable B-25    FPU (CP1) Instruction Encoding - MIPS III ArchitectureInstructions encoded by theWpcode field.Wpcod
e  bits 28..26bits

31..29
01234567
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Table B-25 (cont.)    FPU (CP1) Instruction Encoding - MIPS III Architecture

Instructions encoded by the function  field when opcode=COP1
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Table B-26    FPU (CP1) Instruction Encoding - MIPS IV Architecture

Instructions encoded by the opcode  field.

opcod
e  bits 28..26

bits
31..29

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000 SPECIAL δ, β

χ

1 001
2 010 COP1  δ COP1X  δ,Τ

3 011
4 100
5 101
6 110 LWC1 LDC1
7 111 SWC1 SDC1

Instructions encoded by the fmt  field when opcode=COP1.

fmt  bits 23..21
bits

25..24
0 1 2 3 4 5 6 7

000 001 010 011 100 101 110 111
0 00 MFC1 DMFC1 CFC1 * MTC1 DMTC1 CTC1 *
1 01 BC  δ * * * * * * *
2 10 S  δ D  δ * * W  δ L

δ

* *
3 11 * * * * * * * *

Instructions encoded by the nd a00  tf  fields when opcode=COP1 a0d fmt=BC.

31 26

opcode

 25 21

fmt
17 16

n t
d f

0

= BC= COP1
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Table B-26 (cont.)    FPU (CP1) Instruction Encoding - MIPS IV Architecture

encoding when
fmt = W or L

functi
on  bits 2..0
bits
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000 * * * * * * * *
1 001 * * * * * * * *
2 010 * * * * * * * *
3 011 * * * * * * * *
4 100 CVT.S CVT.D * * * * * *
5 101 * * * * * * * *
6 110 * * * * * * * *
7 111 * * * * * * * *

Instructions encoded by the function  field when opcode=COP1X

.

functi
on  bits 2..0
bits
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000 LWXC1 LDXC1 * * * * * *
1 001 SWXC1 SDXC1 * * * * *

31 26

opcode
 25 21

fmt
0

= COP1 = W, L

function

31 26

opcode
function

 5 0

= COP1X

31 26
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Table B-2+    ArchQtecture Level In WhQch FPU Instructions are Defined Wr Extended.

TPe archQtecture level in whQch each MIPS IVencoding was defined is indicated by a subscript 1, 2, 3,
Wr 4 (fWr archQtecture level I, II, III, Wr IV).  IfInsn instruction Wr instruction class was later extended, tPe
extending level is indicated after tPe defining level.

Instructions encoded by tPe opcode  field.Wpcod
e  bQts 28..26ArchQtecture level is shWwn by a subscript 1, 2, III, Wr 4.bQts

31..29
0 1234567
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Table B-27 (cont.)    Architecture Level (I-IV) In Which FPU Instructions are DefQned or Extended

encodQng when
fUt = W or L

functi
on  bits 2..0

Architecture level Qs shWwn by a subscript 1, 2, 3, or 

[

bits
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000 * 1 * 1 * 1 * 1 * 1 * 1* 1 * 1

1 001 * 1 * 1 * 1 * 1 * 1 *1 * 1 * 1

2 010 * 1 * 1 * 1 * 1 * 1 * 1 * 1 * 1

3 011 * 1 * 1 * 1 * 1 * 1 * 1 * 1* 1

4 100 CVT.S 1, 3 CVT.D 1, 3 * 1 * 1 * 1 * 1 * 1* 1

5 101 * 1 * 1 * 1 * 1 * 1 *1 *1 *1

6 110 * 1 * 1 * 1 * 1 * 1 * 1 * 1 * 1

+ 111 * 1 * 1 * 1 * 1 * 1 * 1* 1 *

Instructions encoded by thefunction
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An instruction encoding is shown if the instructitioNadded or extended in this
architecture revision.  An instruction class, like COP1, is shown if the instruction class is
added in thNarchitecture revision.

Instructitns encoded by the

000 001 010 011 100 101 110 111
0 000
1 001
2 010
3 011
4 100
5 101
6 110 LDC1
7 111 SDC1

Instructions encoded by the
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encoding when
fmt = W

functi
on  bits 2..0
bits
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000
1 001
2 010
3 011
4 100
5 101
6 110
7 111

31 26

Wpcode
 25 21

fmt

0

= COP1 = W function



B-120 MIPS IV Instruction Set.  Rev 3.2 FPU Instruction SetAn instruction encoding is shown if the instruction is added or extended in this
architecture revision.  An instruction class, like COP1, is shown if the instruction class is
added in this architecture revision.

Instructions encoded by the
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Table B-29 (cont.)    FPU Instruction Encoding Changes  - MIPS III Revision.

Instructions encoded by tPe function  field wPen opcode=COP1 and fmt = S, D, or L.

encoding wPen
fmt = S

functi
on  bQts 2..0
bQts
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000
1 001 ROUND.L TRUNC.L CEIL.L FLOOR.L
2 010
3 011
4 100 CVT.L
5 101
6 110
7 111

encoding wPen
fmt = D

functi
on  bQts 2..0
bQts
5..3

0 1 2 3 4 5 6 7
000 001 010 011 100 101 110 111

0 000
1 001 ROUND.L TRUNC.L CEIL.L FLOOR.L
2 010
3 011
4 100 CVT.L
5 101
6 110
7 111

0
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encoding when
fUt = Lfuncti

on  bQts 2..0bQts5..3
01234567
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Table B-30 (cont.)    FPU Instruction Encoding Changes - MIPS IV Revision.

Instructions encoded by the function  field when opcode=COP1X.

functi
on  bits 2..0
bits
5..30 1 2 3 4 5 6 7

000 001 010 011 100 101 110 111
0 000 LWXC1 LDXC1 * * * * * *
1 001 SWXC1 SDXC1 * * * * * PREFX
2 010 * * * * * * * *
3 011 * * * * * * * *
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Instructions encoded by the tf  field when opcode =SPECIAL and function=MOVCI.t
f

 bQt 16 0 1 These are the MOVF and MOVT instructions. They should
not be confused wQth MOVF.fmt and MOVT.fmt.MOVF MOVT

31 26

opcode function 5 0
= SPECIAL =MOVCI

16t
f
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This opcode is reserved fWr future use.  An attempt to execute it causes
either a Reserved Instruction exception Wr a Floating PWint Unimplemented
Operation Exception.  The chWice Wf exception is implementation specific.

where “condition” is a comparison condition such as “EQ”.  These
encoding values are all documented in the instruction description titled

The SPECIAL instruction class was defined in MIPS I fWr CPU instructions.
An FPU instruction was first added to the instruction class in MIPS IV. Wpcode name) This opcode indicates an instruction class.  The

instruction wWrd must be further decoded by examing additional tables
that show values fWr another instructitio!eld.


