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About This Manual
The "EE Core Instruction Set Manual™ is a comprehensive reference for the Emotion Engine instruction set.

Chapter 1 "Notational Convention™ describes the format used in this manual to describe the instructions.
Chapter 2 "CPU Instruction Set" describes the 64-bit instructions that conform to the MIPS architecture, in
alphabetical order.

Chapter 3 "EE Core-Specific Instruction Set" describes the instructions that are extensions to the MIPS
architecture, including 128-bit multimedia instructions, in alphabetical order.

Chapter 4 "System Control Coprocessor (COPQ) Instruction Set" describes the COPQ instructions, which
perform exception handling and breakpoint functions, in alphabetical order.

Chapter 5 "COP1 (FPU) Instruction Set" describes the COP1 instructions, which perform floating-point
operations, in alphabetical order. Note: the EE Core also executes COP2 instructions which perform four-
parallel floating-point operations. For COP2 instructions, refer to the "VU User's Manual”.

Chapter 6 "Appendix" shows the instructions (including. COP2 instructions) classified by functions.
Chapter 7 "Appendix" shows the instructions organized by bit pattern of the instruction codes.
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Glossary

Term Definition

EE Emotion Engine. CPU of the PlayStation 2.
EE Core Generalized computation and control unit of EE. Core of the CPU.
COPO EE Core system control coprocessor.
COP1 EE Core floating-point operation coprocessor. Also referred to as FPU.
COP2 Vector operation unit coupled as a coprocessor of EE Core. VPUO.
GS Graphics Synthesizer.
Graphics processor connected to EE.
GIF EE Interface unit to GS.
I0P Processor connected to EE for controlling input/output devices.
SBUS Bus connecting EE to 1OP.

VPU (VPUO/VPUL)

Vector operation unit.
EE contains 2 VPUs: VPUO and VPUL.

VU (VU0/VUI)

VPU core operation unit.

VIF (VIFO/VIFI)

VVPU data decompression unit.

VIFcode

Instruction code for VIF.

SPR Quick-access data memory built into EE Core (Scratchpad memory).

IPU EE Image processor unit.

word Unit of data length: 32 bits

gword Unit of data length: 128 bits

Slice Physical unit of DMA transfer: 8 qwords or less

Packet Data to be handled as a logical unit for transfer processing.

Transfer list A group of packets transferred in serial DMA transfer processing.

Tag Additional data indicating data size and other attributes of packets.

DMAtag Tag positioned first in DMA packet to indicate address/size of data and address
of the following packet.

GS primitive Data to indicate image elements such as point and triangle.

Context A set of drawing information (e.g. texture, distant fog color, and dither matrix)
applied to two or more primitives uniformly. Also referred to as the drawing
environment.

GlFtag Additional data to indicate attributes of GS primitives.

Display list A group of GS primitives to indicate batches of images.
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MTCO : Move to SyStem CONLIOl COPIOCESSON .......uiuuiureriieeeesitreeet st essssese s bbbt
MTDAB : Move to Data Address Breakpoint REJISIEN .........c..vvvrererrirmrerissnssesessssssssssssssssssssisssssssessssssssssssesseseas
MTDABM : Move to Data Address Breakpoint Mask REJISIEN ... ssssseseenes
MTDVB : Move to Data Value Breakpoint REGISTEN..........ccueuiieeiieineisinsiseisesssiseisessstssie s sstssses s sessesens
MTDVBM : Move to Data Value Breakpoint Mask REJISTEN .........ccvuvrnrnreirinrinmisissssssesessssssssssessssssesenes
MTIAB : Move to Instruction Address Breakpoint REJISTEN ........c.vvrurrnrmininrneensnssesesssssesesesssssesssssesenes
MTIABM : Move to Instruction Address Breakpoint Mask Register....
MTPC : MOVE t0 PErformance COUNLEN ...ttt
MTPS : Move to Performance EVENt SPECITIEN. ..o s ssss s sessesens

5. COPL (FPU) INSEIUCTION SEL......coieriiueieiieieeseeeseie ettt sttt

ABS.S : Floating Point ADSOIULE VAIUE .........ccuevierisrsis s st esssssssssesssssssssessas
ADD.S ; FIOAtiNg POINT ADD ..o isssesssssssssssssssesssessssassssssssesssssssssesssssessssssssssessessssssessassssssssessas
ADDA.S : Floating Point Add to Accumulator
BC1F : Branch on FP FalSe ......cc.ccouovernerneinennn.
BC1FL : Branch on FP False Likely

BCLT : BraNCH ON FP TIUE....couiviirieeiineiei ettt bbb bbbt
BCLTL : Branch 0N FP TrUE LIKEIY .....ccovirvireieiseinsisssssssiesssssssesssssssesssssssssesssssssssssessmnsssssssssessesssssssseseas
C.EQ.S : Floating POINt COMPAIE .......covuirmrieieinssssssisssssssssesssssssssesssssssssesssssesssessssssssssssessasssessessessssssessesssssnsseses
C.F.S : FIOating POINT COMPAIE ......ucviiiiercieiieeeieiisete ettt bbb bbb bbb
C.LE.S : Floating POINt COMPAIE .......ccvvueiinrieieissssssssssssssssssesssssssssesssssssssessssssssessassssssssesssssssessessassssssessesssssssseses
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C.LT.S ; FIOAting POINE COMPAIE.........cverureirereeiseisessssessssssssssssssessssssesssssssesssssssessesssssessesssnsssessessssssssessassssssessas 326
CFC1 : Move Control Word from FIOating POINT.........ccccuvvinisneessssessssssssssssssssesssssssssnsssssssessesens 327
CTC1: Move Control Word to FIOAting POINT ..ot sssse s sssens 328
CVT.S.\W : Fixed-point Convert to Single FI0ating POINt.........cccoevvrineninin s esesssssssssssssessessenens 329
CVT.W.S : Floating Point Convert to Word FIXEd-POiNt ... sssssesssssssesssssssssssssesseens 330
DIV.S : FIOAtING POINE DIVIE ....ccvviiiereireiiieeieieitcese ittt bbbttt
LWC1 : Load Word to Floating Paint ............
MADD:.S : Floating Point Multiply-ADD
MADDA.S : Floating Point MUIRIPIY-AGG ..ot ssssss s essses
MAX.S : FI0ating POINt IMAXIMUM .......cviiviirieiineeiesssesessssssssssssessssssssessessasssesessassssssessessssstsssassssssessesssssesseses
MFC1 : Move Word from FIOAting POINT .........ccvviinnesssse s ssssssessssssssssssssssssssssssssssessessessssssessenes
MIN.S : Floating POINt MINIMUM ...t bbbt
MOV.S ; FIOAtING POINE IMOVE......cvuiierereiirssieisssssesesssssssss s ssssssssse s sssssssessessssssssessassssssessessssesssssassssssessessssssssnes
MSUB.S : Floating Point Multiply and Subtract
MSUBA.S : Floating Point Multiply and Subtract from Accumulator
MTC1 : Move Word to FIOating POINT .........cocvveiirrenissessssiessssssesessessssssssssssssssssssssssssssmsssessessessssssessenes
MUL.S : Floating POINt MUIRIPIY ..o ssssssse s sssssse s ssssssse s essssssse s sssessssssessssssssessnes
MULA.S : Floating Point Multiply t0 ACCUMUIALON ............ccviiiirireieiineieeseseie et ensees
NEG.S ; Floating Point Negate.........ccvvreemrneeneesrrssneeesssenneenes
RSQRT.S : Floating Point Reciprocal Square Root
SQRT.S : Floating POINt SQUAIE ROOL..........criiiiiriineireieieie et
SUB.S : FIOating POINT SUBLIACT .....c..ovvieeieiecireis sttt st ssss s ssssssssssssnas
SUBA.S : Floating Point Subtract t0 ACCUMUIALON ... s ssssss s sessenens
SWC1 : Store Word from FIOAting POINT ..ottt
6. APPENAIX INSTIUCTION SEE LIST .....vvvvecieieerecieissieie s st st st st sttt
6.1. Computational Instructions..........ccccevvenene.
6.1.1. Integer Addition and Subtraction
6.1.2. Floating Point Addition and SUDLIACION..........cccerricinrnsres s s essessssssessenes
6.1.3. Integer MUltiplication and DiIVISION..........cc.ouirrernrneinrissnsies s ssssssssss s essssssessessessssssessesssssesseses
6.1.4. Floating Point Multiplication and DIVISION ...........c.uuiiinirieiinesessne ettt sessses
B6.1.5. INtEGEr MURIPIY-AGU ...t st s sttt
6.1.6. Floating Point Multiply-Add
6.1.7. Shift Operation..........
6.1.8. Logical Operation
6.1.9. COMPArISON OPEIALION ......vvvereiririereeeseisssssise s ssssessssess s st es s st s et es et
6.1.10. Maximum / MINIMUM VAIUE. ..ottt bbb bbb
6.1.11. Data FOIMAL CONVEISION.......ccviiviieriereieseeesesesessesse st ses s ees s sss bbb es bbbttt
B.1.12. EXCRANGE c.ouvvvctei ettt s
6.1.13. RANAOM NUMDET ..ottt bbb
6.1.14. Other Operations........c.cccc.ovvvererivrennenns
6.2. Data Transfer Instructions
6.2.1. Instructions for Transferring DEtWEEN REGISENS. ..o
B.2.2. LOA. ..ottt R
B8.2.3. STOTE .ottt
B6.2.4. SPECIAI DALA TIANSTEN ..ottt bbb bbb
6.3. Program CONtrol INSITUCLIONS .......cc.uivereeiriisnsieississsssiesssssssssssesssssssssesssssssssssessssssessesssssssessesssssessessessssssessesssssnssnns
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6.3.1. CONItIONAl BFANCH ..ot st st

G 20720 o] o OSSR
6.3.3. SUDIOULING Call....cooiviiiiicicicsieie ettt bbb bbb a st
I T | R I - o OSSO
B.4. OFNEI INSITUCLIONS ....vvv vttt es et E et
7. APPENdIX OPCOUE ENCOUING ....couivririecieieeieise ettt bbb bbbt bbb bbb
7.1. CPU Instructions
7.1.1. Instructions encoded by OpCode field
7.1.2. SPECIAL INSLIUCTION CIASS....uiiiiiiiiiiiiiisiieiieie sttt st st sttt sse s sanes
7.1.3. REGIMM INSIIUCLION CIASS ......vuvevrvrreeireesssisesessssissssssssssessessesssssessessssssssssssssssssessesssmsssssssessesssssessessssssssessas
7.2. EE COre-SPeCific INSIIUCTIONS .......vveersiieieissssie sttt sssse s st st ssst s st ssesssssessssnssnssnes
7.2.1. MM INSEIUCTION CIASS......cuuiiiiieiieiicieicieiss ettt sttt bbbt bbbttt
7.2.2. MMIO Instruction Class
7.2.3. MMI1 Instruction Class
7.2.4. MMI2 Instruction Class
7.2.5. MMI3 Instruction Class
T O @ 1 0I5y 1 1T 1T TSSO
7.3.1. COPO INSIIUCTION ClASS......cverierieiriiiisississeic sttt sss sttt bbbt nes
7.3.2. BCO Instruction Class
7.3.3. CO INSLIUCLION CIASS....vuvureurirrirerrssseesessssssssesssssssse s sssssssesessssssessesssssssssessassssssessessamssssssessassassssssessessssssessessnssnssns
T4, COPL INSITUCLIONS ..ottt sttt bbbt bbbttt
7.4.1. COPL INSLIUCTION CIaSS....ruuvrvirerersessssssesesssssssessessesssssssesssssessessssssessesssssssssssassssssessssessassasssessessassssssnssessnssnssns
7.4.2. BCL INSIIUCLION ClaSS .....vrurririreresiesseseseisessssessssessessssssessssassses e ssesssessessessssssessessssssesssssssessassasssessessensssssnssesssssnssns
T.4.3. S INSEIUCLION ClaSS.......cvuiiuciiissiesies ettt ettt s st bbbt bbbttt
744, W INSETUCLION ClASS...u.vvivivereiiiriesisesessssie st ssss st s st st
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1. Notational Convention
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1.1. Instruction Format of Each Instruction

The description of each instruction uses the following format.

ADD : Add Word

To add 32-bit integers. Traps if overflow occurs.

Operation Code

MIPS |

31 26 25 21 20 16 15 11 10 6 5
SPECIAL rs rt rd 0 ADD
000000 00000 100000
6 5 5 5 5 6
Format
ADD rd,rs, rt

Description
GPR[rd] — GPRI[rs] + GPR[rt]

the addition results in 32-bit 2's complement overflow, then the contents of GPR[rd] are not
changed and an Integer Overflow exception occurs.

Restrictions

operation is undefined.

Exceptions
Integer Overflow

Operation
If (NotWordValue(GPR[rs] 63.0) or NotWordValue(GPR][rt] ¢3.0)) then UndefinedResult() endif
temp —« GPRI[rs]es.0 + GPR[rt]¢3.0
if (32_bit_arithmetic_overflow) then
SignalException (IntegerOverflow)
else
GPR[rd]63..0 — sign_extend(temp31..0)
endif

Programming Notes
ADDU performs the same arithmetic operation but does not trap on overflow.

Adds the 32-bit value in GPR[rt] to the 32-bit value in GPR[rs]. The result is stored in GPR[rd]. If

If GPR[rt] and GPR]rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result of the

1.1.1. Mnemonic

Page headings show the instruction mnemonic, a brief description of the function, and the MIPS architecture
level. "EE Core" indicates the EE Core-specific instructions and of these instructions, the instructions that use
128-bit registers are described as "128-bit MMI".

1.1.2. Instruction Encoding Picture

This picture illustrates the bit formats of an instruction word. Upper case and lower case in the field names
indicate constant fields and opcode fields, and variable fields respectively. Unused fields whose values are fixed

to zero are shown by "0".

The numbers above the field name indicates bit positions and the number below the field name indicates the

field width.

© SCEI
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1.1.3. Format

This section indicates the instruction formats for the assembler. Lower case indicates variables, corresponding to
variable fields in the encoding picture.

1.1.4. Function Section
This section briefly describes the function of the instruction.
1.1.5. Description Section

This section describes the instruction function and operation. If possible, the outline of the operation is
expressed in one-line pseudocode. The notational conventions of pseudocode are described later.

1.1.6. Restrictions Section

This section shows the restrictions on instruction execution. These include alignment for memory addresses, the
range of valid values of operands, order of execution with other instructions, and so on.

1.1.7. Exception Section

This section shows the exceptions that can be caused by the instructions. However, it omits exceptions caused
by instruction fetch, performance counters, breakpoints, asynchronous external events (e.g. interrupt) and Bus
Error.

1.1.8. Operation Section

This section describes the instruction operations in pseudocode, resembling Pascal. The notational conventions
of pseudocode are described later.

1.1.9. Programming Notes Section

This section shows the supplementary information about programming when using the instruction.

© SCEI
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1.2. Notational Convention of Pseudocode

The "Description™ and "Operation" sections describe the operations that each instruction performs using a
pseudocode resembling Pascal. The notational conventions of the pseudocode are as follows.

1.2.1. Pseudocode Symbol

Special symbols used in the pseudocode notation are as follows.

Symbol Meaning

- Assignment.

= # Tests of equality and inequality.

1] Bit string concatenation.

Xy Bit string formed by y copies of 1-bit value X.

Xy.z Substring of bit-y through bit-z of bit string X.

+ - Twos complement or floating point add and subtraction.
X Two's complement or floating point multiplication.

DIV Two's complement integer division.

MOD Twao's complement modulo.

/ Floating point division.

< Twao's complement comparison operation (less than).
NOT Bitwise logical NOT.

NOR Bitwise logical NOR.

XOR Bitwise logical XOR.

AND Bitwise logical AND.

OR Bitwise logical OR.

GPRLEN The length in bits of the CPU general purpose registers.
GPR[X] CPU general purpose register x.

HI10,LO0 Lower 64 bits of both HI and LO registers that are extended to 128 bits.
HI1,LO1 Upper 64 bits of both HI and LO registers that are extended to 128 bits.
HI,LO 128-bit HI and LO registers.

If clear in the context, HIO and LOO registers may be described as simply HI and LO

according to the existing MIPS term.

CPR[zX] General purpose register of Coprocessor unit z

CCR[zX] Control register x of Coprocessor unit z

CPCOND[Z] Conditional signal of Coprocessor unit z

I, Label

I+1: When the timing between the instruction operation and the operation prior to and
subsequent to the instruction is required to be stipulated (e.g. the branch delay slot
during the branch instruction), it is shown in the beginning of each line.

PC The Program Counter Value.

It is the address of the instruction word and automatically incremented by 4 every
time an instruction is executed. When any values are assigned to a pseudocode, the
instruction in the address is performed following the instruction in the branch delay
slot.

PSIZE Bit length of Physical address (=32)

© SCEI
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1.2.2. Pseudocode Functions

The main functions used in the pseudocode are described below.

(pAddr, CCA) ~ AddressTranslation (vAddr, lorD, LorS)

pAddr; Physical Address

CCA: Cache Coherence Algorithm
vAddr: Virtual Address

lorD: Instruction access or Data access
LorS: Load access or Store access

Address Translation

Translates a virtual address to a physical address and cache coherence algorithm (that determines which
cache line is used). If the virtual address is in the unmapped address space, the physical address and CCA are
determined directly by the virtual address. If the virtual address is in the mapped address space, the TLB is
used to determine the physical address and CCA. An exception is taken if a page fault or a breach of access

right occurs.

MemElem ~ LoadMemory(CCA, AccessLength, pAddr, vAddr, lorD)

MemElem: Data that is aligned with 128-bit width
CCA: Cache Coherence Algorithm
AccessLength: Data Size (in bytes)

pAddr: Physical Address

vAddr: Virtual Address

lorD: Instruction access or Data access

Loads a value from memory.

Loads Data

Uses the address of the minimum value of the byte addresses in the data object. The low-order 2 to 4 bits,
together with AccessLength, indicate which bytes within MemElem are given to the processor. If the access
is an uncached type, only applicable bytes are read from memory and valid within MemElem. If the access is
a cached type and the data is not present in the cache, data of the cache line size is read from memory.

StoreMemory (CCA, AccessLength, MemElem, pAddr, vAddr)

CCA: Cache Coherence Algorithm
AccessLength: Data Size (in bytes)
MemElem: 128-bit Data

pAddr: Physical Address

vAddr: Virtual Address

Store a value to memory.

MemElem is aligned to fixed-width data. If the store is partial, only applicable bytes are valid. The low-order

three bits and AccessLength indicate the valid bytes.

SignalException (Exception)
Exception; The exception condition that exists.

Sends exception condition signals. An exception which suspends the instruction occurs and the pseudocode

does not return from this function call.

UndefinedResult()
Indicates that the result of the operation is undefined.

NullifyCurrentinstruction ()

Nullifies the present instruction. The instructions in the delay slot of Branch-Likely instructions are nullified

when not branching but is used for describing the operation.

-19-
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2. CPU Instruction Set

This chapter describes the instructions that can be performed in User mode, in alphabetical order. Instructions
shown in this chapter conform to the MIPS architecture and, the general-purpose registers are 64-bit wide.

© SCEI
21-



EE Core Instruction Set Manual Version 3.1

ADD : Add Word

MIPS |
To add 32-bit integers. Traps if overflow occurs.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 ADD
000000 00000 100000
6 5 5 5 5 6
Format
ADD rd, rs, rt
Description

GPR[rd] — GPRJrs] + GPR]rt]

Adds the 32-bit value in GPR[rt] to the 32-bit value in GPR]rs]. The result is stored in GPR[rd]. If the
addition results in 32-bit 2's complement overflow, then the contents of GPR[rd] are not changed and an
Integer Overflow exception occurs.

Restrictions
If GPRJ[rt] and GPR[rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result of the
operation is undefined.

Exceptions
Integer Overflow

Operation
if (NotWordValue(GPR]rs] e3.0) or NotWordValue(GPR][rt] 63.0)) then UndefinedResult() endif

temp — GPR[rs]es.0 + GPR[rt] 3.0

if (32_bit_arithmetic_overflow) then
SignalException (IntegerOverflow)

else

GPR[rd]es.0 < sign_extend(tempsi o)
endif

Programming Notes
ADDU performs the same arithmetic operation but does not trap on overflow.

© SCEI
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ADDI : Add Immediate Word

MIPS |

To add a constant to a 32-bit integer. Traps if overflow occurs.
Operation Code

31 26 25 21 20 16 15 0

SPECIAL rs rt immediate
000000
6 5 5 16

Format

ADDI rt, rs, immediate

Description
GPR[rt] — GPR[rs] + immediate
Adds the value of the immediate field as a 16-bit signed integer to the 32-bit integer value in GPR][rs]. The
result is stored in GPR[rd]. If the addition results in 32-bit 2's complement overflow, then the contents of
GPR{rt] are not changed and an Integer Overflow exception occurs.

Restrictions
If GPRJrs] is not a sign-extended 32-bit value (bits 63..31 equal), then the result of the operation is
undefined.

Exceptions
Integer Overflow

Operation
if(NotWordValue(GPR[rs] 63.0)) then UndefinedResult() endif
temp « GPR]rs] 3.0 + sign_extend (immediate)
if (32_bit_arithmetic_overflow) then
SignalException (IntegerOverflow)
else

GPR[rt]es.0 « sign_extend(tempa1. o)
endif

Programming Notes
ADDIU performs the same arithmetic operation but does not trap on overflow.

© SCEI
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ADDIU : Add Immediate Unsigned Word

MIPS |
To add a constant to a 32-bit integer.
Operation Code
31 26 25 21 20 16 15 0
ADDIU rs rt immediate
001001
6 5 5 16
Format

ADDIU rt, rs, immediate

Description
GPR[rt] — GPR[rs] + immediate
Adds the value of the immediate field as a 16-bit signed integer to the 32-bit integer value in GPR][rs]. The
result is stored in GPR[rt]. If overflow occurs, it is ignored.

Restrictions
If GPRJrs] is not a sign-extended 32-bit value (bits 63..31 equal), then the result of the operation is
undefined.

Exceptions
None

Operation
if (NotWordValue(GPR([rs] 63.0)) then UndefinedResult() endif
temp — GPR]rs] 3.0 + sign_extend(immediate)
GPR[rt] e3.0 « sign_extend(tempsi.o)

Programming Notes
This instruction is not an unsigned operation in the strict sense and performs 32-bit modulo arithmetic that
ignores overflow. It is appropriate for integer arithmetic that ignores overflow such as address or C language
arithmetic.
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ADDU : Add Unsigned Word

MIPS |
To add 32-bit integers.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 ADDU
000000 00000 100001
6 5 5 5 5 6
Format

ADDU rd, rs, rt

Description
GPR[rd] —~ GPR[rs] + GPR[rt]
Adds the 32-bit value in GPR[rt] to the 32-bit value in GPR][rs]. The result is stored in GPR[rd]. If overflow
occurs, it is ignored.

Restrictions
If GPRJ[rt] and GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result of the
operation is undefined.

Exceptions
None

Operation
if (NotWordValue(GPR]rs] e3.0) or NotWordValue(GPR][rt] 63.0)) then UndefinedResult() endif
temp — GPR[rs]es.0 + GPR[rt] 6.0
GPR[rt]e3.0 « sign_extend(tempsi.o)

Programming Notes
This instruction is not an unsigned operation in the strict sense and performs 32-bit modulo arithmetic that
ignores overflow. It is appropriate for integer arithmetic that ignores overflow such as address or C language
arithmetic.

© SCEI
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AND : And
MIPS |
To perform a bitwise AND.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 AND
000000 00000 100100
6 5 5 5 5 6
Format
AND rd, rs, rt
Description

GPR[rd] — GPR[rs] AND GPR]rt]
Performs a bitwise AND between GPR[rs] and GPR]rt]. The result is stored in GPR[rd].

Exceptions
None

Operation
GPR[rd] 63.0 « GPR[I‘S] 63.0 AND GPR[rt] 63.0

© SCEI
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ANDI : Add Immediate

MIPS |
To perform a bitwise AND.
Operation Code
31 26 25 21 20 16 15 0
ANDI rs rt immediate
001100
6 5 5 16
Format

ANDI rt, rs, immediate

Description
GPR[rt] — GPR[rs] AND immediate

Performs a bitwise AND between the contents of GPR[rs] and the value of a zero- extended immediate

value. The result is stored in GPR[rt].

Exceptions
None

Operation
GPR[rt]es.0 « (0% || immediate) AND GPR]rs]es.0
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BEQ : Branch on Equal

MIPS |

To compare two GPRs and do a PC-relative conditional branch according to the result.
Operation Code

31 26 25 21 20 16 15 0

BEQ rs rt offset
000100
6 5 5 16

Format

BEQ rs, rt, offset

Description
if (GPR[rs] = GPR[rt]) then branch
Compares the contents of GPR[rs] and GPR]rt]. If they are equal, branches to the target address after the
instruction in the branch delay slot is executed. If they are not equal, continues execution including the
instruction in the branch delay slot.
The target address is the address obtained from adding an 18-bit signed offset, (the offset field shifted left 2
bits) to the address of the instruction in the branch delay slot (the instruction following the BEQ
instruction).

Exceptions
None
Operation
I: tgt_offset — sign_extend(offset || 02)
condition — (GPR[rs]gs.0 = GPR[rt] 63.0)
I+1: if condition then

PC — PC + tgt_offset
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BEQL : Branch on Equal Likely

MIPS I

To compare two GPRs and do a PC-relative conditional branch according to the result. Executes the delay slot
only if the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
BEQL rs rt offset
010100
6 5 5 16
Format

BEQL rs, rt, offset

Description
if (GPR[rs] = GPR[rt]) then branch_likely
Compares the contents of GPR[rs] and GPR|rt]. If they are equal, branches to the target address after the
instruction in the branch delay slot is executed. If they are not equal, cancels the instruction in the branch
delay slot.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted left 2
bits), to the address of the instruction in the branch delay slot (the instruction following the BEQL
instruction).

Exceptions
None

Operation
I tgt_offset — sign_extend(offset || 02)
condition « (GPR]rs] s3.0 = GPR][rt] 63.0)
[+1: if condition then
PC — PC + tgt_offset
else

NullifyCurrentlInstruction ()
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BGEZ : Branch on Greater Than or Equal to Zero

MIPS |

To do a PC-relative branch according to the values of a GPR.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs BGEZ offset
000001 00001
6 5 5 16

Format

BGEZ rs, offset

Description
if (GPR[rs] >= 0) then branch
If the value of GPR]rs] is greater than or equal to zero (sign bit is 0), branches to the target address after the
instruction in the delay slot is executed. If the value of GPR][rs] is less than zero, continues execution,
including the instruction in the branch delay slot.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted left 2
bits) to the address of the instruction in the branch delay slot (the instruction following the BGEZ
instruction).

Exceptions
None
Operation
I: tgt_offset — sign_extend(offset || 02)
condition — GPR[rs]g.0 >=0
I+1: if condition then

PC — PC + tgt_offset
endif

Programming Notes

Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BGEZAL : Branch on Greater Than or Equal to Zero and Link

MIPS |

To do a PC-relative conditional procedure call according to the values of a GPR.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs BGEZAL offset
000001 10001
6 5 5 16

Format

BGEZAL rs, offset

Description
if (GPR[rs] >= 0) then procedure_call
Stores the address of the instruction following the branch delay slot as the return address link in GPR[31]. If
the value of GPR]rs] is greater than or equal to zero (sign bit is 0), branches to the target address after the
instruction in the delay slot is executed. If the value of GPR][rs] is less than zero, continues execution
including the instruction in the branch delay slot.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BGEZAL
instruction).

Restrictions
GPR[31] must not be used for the source register rs and the result of such an execution is undefined. This
restriction permits an exception handler to resume execution by re-executing the branch even when an
exception occurs in the branch delay slot.

Exceptions
None
Operation
I: tgt_offset — sign_extend(offset | | 02)
condition — GPR(rsles.0 >=0
GPR[31]63.0 « PC+ 8
I+1: if condition then

PC — PC + tgt_offset
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is +128 KB. Use
JAL or JALR instructions to call a subroutine to more distant addresses.
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BGEZALL : Branch on Greater Than or Equal to Zero and Link Likely

MIPS I

To do a PC-relative conditional procedure call according to the values of a GPR. Executes the instruction in the
branch delay slot only if the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
REGIMM rs BGEZALL offset
000001 10011
6 5 5 16
Format

BGEZALL rs, offset

Description
if (GPR[rs] >= 0) then procedure_call_likely
Stores the address of the instruction following the branch delay slot as the return address link in GPR[31]. If
the value of GPR]rs] is greater than or equal to zero (sign bit is 0), branches to the target address after the
instruction in the branch delay slot is executed. If the value of GPR[rs] is not greater than or equal to zero,
cancels the instruction in the branch delay slot and continues execution.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BGEZALL
instruction).

Restrictions
GPR[31] must not be used for the source register rs and the result of such execution is undefined. This
restriction permits an exception handler to resume execution by re-executing the branch even when an
exception occurs in the branch delay slot.

Exceptions
None

Operation
I: tgt_offset — sign_extend (offset | | 02)
condition « GPR]rs]es.0o >=0
GPR[31]63,,0 ~ PC+38
I+1: if condition then
PC — PC + tgt_offset
else
NullifyCurrentlInstruction ()
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is £128 KB. Use JAL or JALR
instructions to call a subroutine to more distant addresses.
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BGEZL : Branch on Greater Than or Equal to Zero Likely

MIPS I

To do a PC-relative branch according to the values of a GPR. Executes the instruction in the branch delay slot
only if the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
REGIMM rs BGEZL offset
000001 00011
6 5 5 16
Format

BGEZL rs, offset

Description
if (GPR[rs] >= 0) then branch_likely
If the value of GPR]rs] is greater than or equal to zero (sign bit is 0), branches to the target address after the
instruction in the delay slot is executed. If the value of GPR][rs] is not greater than or equal to zero, cancels
the instruction in the branch delay slot and continues execution.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted left 2
bits) to the address of the instruction in the branch delay slot (the instruction following the BGEZL
instruction).

Exceptions
None

Operation
I tgt_offset — sign_extend (offset | | 0?)
condition — GPR]rs]es.0 >=0
[+1: if condition then
PC — PC + tgt_offset
else

NullifyCurrentlInstruction ()
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BGTZ : Branch on Greater Than Zero

MIPS |
To do a PC-relative branch according to the values of a GPR.
Operation Code
31 26 25 21 20 16 15 0
BGTZ rs 0 offset
000111 00000
6 5 5 16
Format

BGTZ rs, offset

Description
if (GPR][rs] > 0) then branch

If the value of GPR]rs] is greater than zero (sign bit is zero but value is not zero), branches to the target
address after the instruction in the delay slot is executed. If the value of GPRJrs] is less than or equal to zero,
continues execution including the instruction in the branch delay slot.

The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted left 2
bits) to the address of the instruction in the branch delay slot (the instruction following the BGTZ

instruction).

Exceptions
None
Operation
I: tgt_offset — sign_extend(offset || 02)
condition « GPR]rs]e.0>0
I+1: if condition then

PC — PC + tgt_offset
endif

Programming Notes

Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions

to branch to more distant addresses.
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BGTZL : Branch on Greater Than Zero Likely

MIPS I

To do a PC-relative branch according to the values of a GPR. Executes the instruction in the branch delay slot
only if the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
BGTZL rs 0 offset
010111 00000
6 5 5 16
Format

BGTZL rs, offset

Description
if (GPR][rs] > 0) then branch_likely
If the value of GPR]rs] is greater than zero (sign bit is zero but value not zero), branches to the target
address after the instruction in the delay slot is executed. If the value of GPRJrs] is less than or equal to zero,
cancels the instruction in the branch delay slot and continues execution.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted left 2
bits) to the address of the instruction in the branch delay slot (the instruction following the BGTZL
instruction).

Exceptions
None

Operation
I tgt_offset — sign_extend (offset | | 0?)
condition — GPR][rs]g3.0>0
[+1: if condition then
PC — PC + tgt_offset
else

NullifyCurrentlInstruction ()
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BLEZ : Branch on Less Than or Equal to Zero

MIPS |
To do a PC-relative branch according to the values of a GPR.
Operation Code
31 26 25 21 20 16 15 0
BLEZ rs 0 offset
000110 00000
6 5 5 16
Format

BLEZ rs, offset

Description
if (GPR[rs] <= 0) then branch
If the value of GPR]rs] is less than or equal to zero (sign bit is one or value is zero), branches to the target
address after the instruction in the delay slot is executed. If the value of GPR]rs] is greater than zero,
continues execution including the instruction in the branch delay slot.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BLEZ instruction).

Exceptions
None
Operation
I tgt_offset — sign_extend (offset | | 02)
condition — GPR(rs].; , <=0
1+1: if condition then

PC — PC + tgt_offset
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BLEZL : Branch on Less Than or Equal to Zero Likely

MIPS |

To do a PC-relative branch according to the values of a GPR. Executes the instruction in the branch delay slot
only if the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
BLEZL rs 0 offset
010110 00000
6 5 5 16
Format

BLEZL rs, offset

Description
If the value of GPR]rs] is less than or equal to zero (sign bit is one or value is zero), branches to the target
address after the instruction in the delay slot is executed. If the value of GPR(rs] is greater than zero, cancels
the instruction in the branch delay slot and continues execution.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BLEZL instruction).

Exceptions
None

Operation
I tgt_offset — sign_extend(offset | | 02)
condition — GPR(rs].; , <=0
1+1: if condition then
PC — PC + tgt_offset
else
NullifyCurrentlInstruction ()
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BLTZ : Branch on Less Than Zero

MIPS |

To do a PC-relative branch according to the values of a GPR.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs BLTZ offset
000001 00000
6 5 5 16

Format

BLTZ rs, offset

Description
if (GPR][rs] < 0) then branch
If the value of GPR]rs] is less than zero (sign bit is one and value is not zero), branches to the target address
after the instruction in the delay slot is executed. If the value of GPR[rs] is greater than or equal to zero,
continues execution including the instruction in the branch delay slot.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BLTZ instruction).

Exceptions
None
Operation
I tgt_offset — sign_extend (offset | | 02)
condition — GPR(rs].; , <0
1+1: if condition then

PC — PC + tgt_offset
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BLTZAL : Branch on Less Than Zero and Link

MIPS |

To do a PC-relative conditional procedure call according to the values of a GPR.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs BLTZAL offset
000001 10000
6 5 5 16

Format

BLTZAL rs, offset

Description
if (GPR][rs] < 0) then procedure_call
Stores the address of the instruction following the branch delay slot as the return address link in GPR[31]. If
the value of GPR(rs] is less than zero (sign bit is 1), branches to the target address after the instruction in the
delay slot is executed. If the value of GPR][rs] is greater than or equal to zero, continues execution including
the instruction in the branch delay slot.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BLTZAL instruction).

Restrictions
GPR[31] must not be used for the source register rs and the result of such execution is undefined. This
restriction permits an exception handler to resume execution by re-executing the branch even when an
exception occurs in the branch delay slot.

Exceptions
None
Operation
I tgt_offset — sign_extend (offset | | 0?)
condition — GPR(rs] ., , <0
GPR[31] ;, — PC+ 8
1+1: if condition then

PC — PC + tgt_offset
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is £128 KB. Use JAL or JALR
instructions to call a subroutine to more distant addresses.
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BLTZALL : Branch on Less Than Zero and Link Likely

MIPS I

To do a PC-relative conditional procedure call according to the values of a GPR. Executes the instruction in the
branch delay slot only if the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
REGIMM rs BLTZALL offset
000001 10010
6 5 5 16
Format

BLTZALL rs, offset

Description
if (GPR][rs] < 0) then procedure_call_likely
Stores the address of the instruction following the branch delay slot as the return address link in GPR[31]. If
the value of GPR]rs] is less than zero (sign bit is 1), branches to the target address after the instruction in the
delay slot is executed. If the value of GPR][rs] is greater than or equal to zero, continues execution including
the instruction in the branch delay slot.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BLTZALL

instruction).

Restrictions
GPR[31] must not be used for the source register rs and the result of such execution is undefined. This
restriction permits an exception handler to resume execution by re-executing the branch even when an
exception occurs in the branch delay slot.

Exceptions
None

Operation
I tgt_offset — sign_extend (offset | | 02)
condition — GPR(rs] ., , <0
GPR[31] ¢, , «— PC+8
1+1 if condition then
PC — PC + tgt_offset
else
NullifyCurrentlInstruction ()
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use JAL or JALR

instructions to call a subroutine to more distant addresses.

© SCEI



EE Core Instruction Set Manual Version 3.1

BLTZL : Branch on Less Than Zero Likely

MIPS I

To do a PC-relative conditional branch according to the values of a GPR. Executes the instruction in the branch
delay slot only if the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
REGIMM rs BLTZL offset
000001 00010
6 5 5 16
Format

BLTZL rs, offset

Description
if (GPR][rs] < 0) then branch_likely
If the value of GPR]rs] is less than zero (sign bit is 1), branches to the target address after the instruction in
the delay slot is executed. If the value of GPR]rs] is greater than or equal to zero, cancels the instruction in
the branch delay slot and continues execution.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BLTZL instruction).

Exceptions
None

Operation
I tgt_offset — sign_extend (offset | | 02)
condition — GPR(rs] ., , <0
1+1: if condition then
PC — PC + tgt_offset
else
NullifyCurrentlInstruction ()
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BNE : Branch on Not Equal

MIPS |

To compare the value of GPRs and then do a PC-relative conditional branch according to the result.
Operation Code

31 26 25 21 20 16 15 0

BNE rs rt offset
000101
6 5 5 16

Format

BNE rs, rt, offset

Description
if (GPR][rs] # GPR[rt]) then branch
If the values of GPR][rs] and GPR{[rt] are not equal, branches to the target address after the instruction in the
branch delay slot is executed. If they are equal, continues execution including the instruction in the branch
delay slot.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BNE instruction).

Exceptions
None
Operation
I tgt_offset — sign_extend(offset | | 02)
condition — (GPR[rs] i o # GPR[rt] , )
1+1: if condition then

PC — PC + tgt_offset
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BNEL : Branch on Not Equal Likely

MIPS I

To compare the value of GPRs and then do a PC-relative conditional branch according to the result. Executes
the instruction in the delay slot only if the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
BNEL rs rt offset
010101
6 5 5 16
Format

BNEL rs, rt, offset

Description
if (GPR][rs] # GPR[rt]) then branch_likely
If the values of GPR][rs] and GPR[rt] are not equal, branches to the target address after the instruction in the
branch delay slot is executed. If they are equal, cancels the instruction in the branch delay slot and continues
execution.
The target address is the address obtained from adding an 18-bit signed offset (the offset field shifted 2 bits)
to the address of the instruction in the branch delay slot (the instruction following the BNEL instruction).

Exceptions
None

Operation
I: tgt_offset — sign_extend (offset | | 0?)
condition — (GPR[rs] o , # GPR[rt] , )
I+1: if condition then
PC — PC + tgt_offset
else

NullifyCurrentlInstruction ()
endif

Programming Notes
Since the offset is an 18-bit signed offset, the conditional branch range is 128 KB. Use J or JR instructions
to branch to more distant addresses.
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BREAK : Breakpoint

MIPS |

To cause a Breakpoint exception.

Operation Code
31 26 25 6 5 0
SPECIAL code BREAK
000000 001101
6 20 6

Format
BREAK

Description
A breakpoint exception occurs, immediately and unconditionally transferring control to the exception
handler.
The code field is available to be used for software parameters.
However, no special way for the exception handler to acquire the value of the code field is provided. It must
be retrieved by determining the address of an instruction word from the EPC register, etc.

Exceptions
Breakpoint

Operation
SignalException (Breakpoint)
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DADD : Doubleword Add

MIPS Il
To add 64-bit integers. Traps if overflow occurs.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 DADD
000000 00000 101100

6 5 5 5 5 6

Format
DADD rd, rs, rt

Description
GPR[rd] —~ GPR[rs] + GPR[rt]
Adds the 64-bit value in GPR[rt] to the 64-bit value in GPR][rs]. The result is stored in GPR[rd]. If the
addition results in 64-bit 2's complement arithmetic overflow, then the contents of GPR[rd] are not changed
and an Integer Overflow exception occurs.

Exceptions
Integer Overflow

Operation
temp — GPR[rs] ¢, , + GPR][rt] ¢ ,

if (64_bit_arithmetic_overflow) then
SignalException (IntegerOverflow)
else

GPRI[rd] ¢, , — temp
endif

Programming Notes
DADDU performs the same arithmetic operation but does not trap on overflow.
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DADDI : Doubleword Add Immediate

MIPS Il
To add a 16-bit immediate value to a 64-bit integers. Traps if overflow occurs.
Operation Code
31 26 25 21 20 16 15 0
DADDI rs rt immediate
011000
6 5 5 16
Format

DADDI rt, rs, immediate

Description
GPR[rt] — GPR[rs] + immediate
Adds the value of the immediate field as a 16-bit signed integer to the 64-bit integer value in GPR][rs]. The
result is stored in GPR[rt]. If the addition results in 64-bit 2's complement overflow, then the contents of
GPR{rt] are not changed and an Integer Overflow exception occurs.

Exceptions
Integer Overflow

Operation
temp — GPR(rs] ¢, , + sign_extend(immediate)
if (64_bit_arithmetic_overflow) then
SignalException (IntegerOverflow)
else

GPRIrt] ¢, , « temp
endif

Programming Notes
DADDIU performs the same arithmetic operation but does not trap on overflow.
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DADDIU : Doubleword Add Immediate Unsigned

MIPS IlI

To add a 16-bit immediate value to a 64-bit integer.
Operation Code

31 26 25 21 20 16 15 0

DADDIU rs rt immediate
011001
6 5 5 16

Format

DADDIU rt, rs, immediate

Description
GPR[rt] — GPR[rs] + immediate
Adds the value of the immediate field as a 16-bit signed integer to the 64-bit integer value in GPR][rs]. The
result is stored in GPR[rt]. Regardless of the result, an Integer Overflow exception does not occur.

Exceptions
None

Operation
GPRIrt] & , — GPRrs] ¢, , + sign_extend(immediate)

Programming Notes
This instruction is not an unsigned operation in the strict sense and performs 64-bit modulo arithmetic that
ignores overflow. It is appropriate for integer arithmetic that ignores overflow such as address or C language
arithmetic.
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DADDU : Doubleword Add Unsigned

MIPS IlI
To add 64-bit integers.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 DADDU
000000 00000 101101
6 5 5 5 5 6
Format

DADDU rd, rs, rt

Description
rd — GPR[rs] + rt
Adds the 64-bit value in GPR[rt] to the 64-bit value in GPR][rs]. The result is stored in GPR[rd]. Regardless
of the result, an Integer Overflow exception does not occur.

Exceptions
None

Operation
GPRI[rd] ¢ , — GPR[rs] ¢; o + GPR[rt] ¢; 5

Programming Notes
This instruction is not an unsigned operation in the strict sense and performs 64-bit modulo arithmetic that
ignores overflow. It is appropriate for integer arithmetic that ignores overflow such as address or C language
arithmetic.
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DIV : Divide Word

To divide 32-bit signed integers.

Operation Code

31

26 25

21 20

16 15

MIPS |

SPECIAL
000000

s

rt

0
00 0000 0000

DIV
011010

6

Format

DIV rs, rt

Description

(LO, HI) — GPR[rs] / GPR]rt]

10

6

The 32-bit value in GPR[rs] is divided by the 32-bit value in GPR][rt]. The 32-bit quotient is stored in the LO
register and the 32-bit remainder is stored in the HI register. Both GPR|[rs] and GPR[rt] are treated as signed
values. The sign of the quotient and remainder are determined as shown in the table below.

Dividend GPR[rs] Divisor GPR[rt] Quotient LO Remainder HI
Positive Positive Positive Positive
Positive Negative Negative Positive
Negative Positive Negative Negative
Negative Negative Positive Negative

No arithmetic exception such as divide-by-zero or overflow occurs under any circumstances.

Restrictions

If GPR[rt] or GPR][rs] are not sign-extended 32-hit values (bits 63..31 equal), then the result of the operation
is undefined. Also, if the value of GPR[rt] is zero, the value of the arithmetic result is undefined.

Exceptions

None

Operation

if (NotWordValue (GPRJrs]) or NotWordValue (GPR]rt])) then UndefinedResult() endif
quotient — GPR[rs],, , DIV GPR(rt],, ,

LOq;, , « sign_extend(quotient,, )
remainder — GPRrs],;  MOD GPRrt],, ,
HIlg; , — sign_extend(remainder,, ;)

Programming Notes

In the EE Core, the integer divide operation proceeds asynchronously. An attempt to read the contents of
the LO or HI registers before the divide operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the divide operation appropriately will improve
performance.
Normally, when 0x80000000(—2147483648), the signed minimum value, is divided by OXFFFFFFFF(-1), the
operation will result in overflow. However, in this instruction an overflow exception does not occur and the
result will be as follows;

Quotient; 0x80000000 (—2147483648), and remainder: 0x00000000 (0)
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If overflow or divide-by-zero must be detected, then add an instruction that detects these conditions
following the divide instruction. Since the divide instruction is asynchronous, the divide operation and check
can be executed in parallel. If overflow or divide-by-zero is detected, then to signal the problem to the
system software is possible by generating exceptions using an appropriate code value with a BREAK

instruction.
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DIVU : Divide Unsigned Word

To divide 32-bit unsigned integers.

Operation Code

31

26 25

21 20

16 15

MIPS |

SPECIAL
000000

s

rt

0
00 0000 0000

DIvU
011011

6

Format

DIVU rs, rt

Description

(LO, HI) < GPR][rs] / GPR][rt]
The 32-bit value in GPR[rs] is divided by the 32-bit value in GPR][rt]. The 32-bit quotient is stored in the LO
register and the 32-bit remainder is stored in the HI register. Both GPR[rs] and GPR[rt] are treated as

unsigned values.

No arithmetic exception such as divide-by-zero or overflow occurs under any circumstances.

Restrictions

10

6

If GPR[rt] or GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result of the operation
is undefined. Also, if the value of GPR[rt] is zero, the value of arithmetic operation is undefined.

Exceptions
None

Operation

if (NotWordValue(GPR[rs]) or NotWordValue (GPR[rt])) then UndefinedResult() endif

quotient — (0 || GPR]rs],, ;) DIV (0 || GPR(rt],, ,)
LO,, , «~ sign_extend(quotient,, )

remainder — (0 || GPR(rs];, ;) MOD (0 || GPR(rt],, ,)

HIlg, , — sign_extend(remainder,, ;)

Programming Notes

See "Programming Notes" for the DIV instruction.
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DSLL : Doubleword Shift Left Logical

MIPS Il
To left shift a doubleword. The shift amount is a fixed value (0-31 bits) specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 rt rd sa DSLL
000000 00000 111000
6 5 5 5 5 6
Format

DSLL rd, rt, sa

Description
GPR[rd] « GPRJrt]<<sa
Shifts the 64-bit data in GPR[rt] left by the bit count specified by sa, inserting zeros into the emptied bits.
The result is stored in GPR[rd].

Exceptions
None

Operation
s—0]]sa
GPRI[rd] g5 o — GPR[rt] ;¢ o 11 0°
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DSLL32 : Doubleword Shift Left Logical Plus 32

MIPS Il
To left shift a doubleword. The shift amount is a fixed value (32-63 bits) specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 rt rd sa DSLL32
000000 00000 111100

6 5 5 5 5 6

Format
DSLL32 rd, rt, sa

Description
GPR[rd] — GPR]rt]<< (sa + 32)
Shifts the 64-bit data in GPR][rt] left by the bit count specified by sa + 32, inserting zeros into the emptied
bits. The result is stored in GPR[rd].

Exceptions
None

Operation
S 1]]sa /*s=32+sa*/
GPR[rd] 5 o — GPRIM]gzq) 0 11 0°
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DSLLV : Doubleword Shift Left Logical Variable

MIPS Il
To left shift a doubleword. The shift amount is a variable (specified by a GPR).
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 DSLLV
000000 00000 010100
6 5 5 5 5 6
Format

DSLLV rd, rt, rs

Description
GPR[rd] « GPR[rt]J<< GPR]rs]
Shifts the 64-bit data in GPR[rt] left by the bit count (0-63) specified by the low-order 6 bits in GPR]rs],
inserting zeros into the emptied bits. The result is stored in GPR[rd].

Exceptions
None

Operation
s « 0]] GPR[rs]; ,

GPRIrd] 5 o — GPR[1t] 5, 11 0¢
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DSRA : Doubleword Shift Right Arithmetic

MIPS Il
To arithmetic right shift a doubleword. The shift amount is a fixed value (0-31 bits) specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 rt rd sa DSRA
000000 00000 111011

6 5 5 5 5 6

Format
DSRA rd, rt, sa

Description
GPR[rd] — GPR]rt]>>sa (arithmetic)
Shifts the 64-bit data in GPR][rt] right by the bit count (0-31) specified by sa, duplicating the sign bit (bit 63)
into the emptied bits. The result is stored in GPR[rd].

Exceptions
None

Operation
S 0]]sa
GPRI[rd] ¢ , — (GPRIrt]s,)* |1 GPR[rt],, ,
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DSRA32 : Doubleword Shift Right Arithmetic Plus 32

MIPS Il
To arithmetic right shift a doubleword. The shift amount is a fixed value (32-63 bits) specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 rt rd sa DSRA32
000000 00000 111111
6 5 5 5 5 6
Format

DSRA32 rd, rt, sa

Description
GPR[rd] « GPR[rt]>> (sa + 32) (arithmetic)
Shifts the 64-bit data in GPR{[rt] right by the bit count (0-31) specified by sa + 32, duplicating the sign bit (bit
63) into the emptied bits. The result is stored in GPR[rd].

Exceptions
None

Operation
S« 1]]sa /*s=32+sa*/
GPRI[rd] ¢ , — (GPRIrt]e,)s || GPRrt]g, .
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DSRAYV : Doubleword Shift Right Arithmetic Variable

MIPS Il
To arithmetic right shift a doubleword. The shift amount is a variable value (0-63 bits) specified by a GPR.

Operation Code

31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 DSRAV
000000 00000 010111
6 5 5 5 5 6
Format

DSRAV rd, rt, rs

Description
GPR[rd] — GPR[rt]>> GPR[rs] (arithmetic)
Shifts the 64-bit data in GPR{[rt] right by the bit count specified by the low-order 6-bits in GPR]rs],
duplicating the sign bit (bit 63) into the emptied bits. The result is stored in GPR[rd].

Exceptions
None

Operation
s « GPR(rs]; ,

GPR(rd] g3 o « (GPRIrt]g;)s || GPR[rt]g;,
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DSRL : Doubleword Shift Right Logical

MIPS Il
To logical right shift a doubleword. The shift amount is a fixed value (0-31 bit) specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 rt rd sa DSRL
000000 00000 111010
6 5 5 5 5 6
Format

DSRL rd, rt, sa

Description
GPR[rd] — GPR[rt]>>sa (logical)
Shifts the 64-bit data in GPR([rt] right by the bit count (0-31) specified by sa, inserting zeros into the emptied
bits. The result is stored in GPR[rd].

Exceptions
None

Operation
S 0]]sa
GPRI[rd] ¢3 o « 0% || GPR[rt]g, ,
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DSRL32 : Doubleword Shift Right Logical Plus 32

MIPS Il
To logical right shift a doubleword. The shift amount is a fixed value (32-63 bits) specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 rt rd sa DSRL32
000000 00000 111110

6 5 5 5 5 6

Format
DSRL32 rd, rt, sa

Description
GPR[rd] « GPR]rt]>> (sa + 32) (logical)
Shifts the 64-bit data in GPR{[rt] right by the bit count (32-63) specified by sa, inserting zeros into the
emptied bits. The result is stored in GPR][rd].

Exceptions
None

Operation
S« 1]]sa /*s=32+sa*/

GPR[rd] 3 , — 0° || GPRIrt], .
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DSRLYV : Doubleword Shift Right Logical Variable

MIPS Il
To logical right shift a doubleword. The shift amount is a variable value (0-63 bits) specified by a GPR.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 DSRLV
000000 00000 010110
6 5 5 5 5 6
Format

DSRLV rd, rt, rs
Description
GPR[rd] — GPRJrt]>> GPRJrs] (logical)
Shifts the 64-bit data in GPR{[rt] right by the bit count (0-63) specified by the low-order 6 bits in GPR[rs],
inserting zeros into the emptied bits. The result is stored in GPR[rd].

Exceptions
None

Operation
s « GPR(rs]; ,

GPR[rd] ¢; , — 0° || GPRIrt],, .
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DSUB : Doubleword Subtract

MIPS Il
To subtract 64-bit integers. Traps if overflow occurs.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 DsuB
000000 00000 101110

6 5 5 5 5 6

Format
DSUB rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Subtracts the 64-bit value in GPR[rt] from the 64-bit value in GPR][rs]. The result is stored in GPR[rd]. If the
operation results in 64-bit 2's complement arithmetic overflow, then the contents of GPR[rd] are not
changed and an Integer Overflow exception occurs.

Exceptions
Integer Overflow

Operation
temp — GPR[rs] ¢, ,— GPR[It] ; ,

if (64_bit_arithmetic_overflow) then
SignalException (IntegerOverflow)
else

GPRI[rd] ¢, , — temp
endif

Programming Notes
DSUBU performs the same arithmetic operation but does not trap on overflow.
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DSUBU : Doubleword Subtract Unsigned

MIPS IlI
To subtract 64-bit integers.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 DSuBU
000000 00000 101111
6 5 5 5 5 6
Format

DSUBU rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Subtracts the 64-bit value in GPR[rt] from the 64-bit value in GPR][rs]. The result is stored in GPR[rd].
Regardless of the arithmetic result, an Integer Overflow exception does not occur.

Exceptions
None

Operation
GPRI[rd] ¢ , — GPRIrs] ¢3 o — GPRII] ¢ ,

Programming Notes
This instruction is not an unsigned operation in the strict sense and performs 64-bit modulo arithmetic that
ignores overflow. It is appropriate for integer arithmetic that ignores overflow such as address or C language
arithmetic.
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J . Jump

MIPS |

To do an unconditional branch by an absolute address within a 256 MB region.

Operation Code
31 26 25 0

J offset
000010

6 26

Format
J target

Description
Executes the instruction in the branch delay slot and then branches to the target address unconditionally.
The target address is the address adding the high-order bits of the instruction address in the branch delay slot
(the address of the J instruction itself + 4) to the 28-bit value obtained by shifting the offset left 2 bits. That
is, though it is not PC-relative, the branch target is restricted to a memory region aligned on a 256 MB
boundary, the same region as the current PC region.

Exceptions
None

Operation
I (Explicit Operation: None)
I+1: PC « PCy, 4 || Offset | ] O

Programming Notes
The Jinstruction can branch to any addresses within a 256 MB region, while conditional branch instructions
such as BEQ are limited to £128 KB.
If the J instruction is in the last word of a 256 MB region, the branch target is restricted to the following 256

MB region, because the basis of the branch is not the J instruction itself but the following instruction. Note
that this is an exceptional case.
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JAL : Jump and Link

MIPS |

To call a subroutine by an absolute address within a 256 MB region.

Operation Code
31 26 25 0

JAL instr_index
000011

6 26

Format
JAL target

Description
Stores the address of the instruction following the branch delay slot (the address of the J instruction itself +
8) in GPR[31] and branches to the target address after the instruction in the delay slot is executed.
The target address is the address adding the high-order bits of the instruction address in the branch delay slot
(the address of J instruction itself + 4) to the 28-bit value obtained by shifting the instr_index left 2 bits. That
is, though it is not PC-relative, the branch target is restricted to a memory region aligned on a 256 MB
boundary, the same region as the current PC region.

Exceptions
None
Operation
I: GPR[31] ¢, , ~ zero_extend(PC + 8)
I+1: PC « PCy, 5 || instr_index || O

Programming Notes
The JAL instruction can call subroutines in any addresses within a 256 MB region, while the range of
conditional branch instructions such as BGEZAL are limited to +128 KB.
If the JAL instruction is in the last word of a 256 MB region, the branch target is restricted to the following
256 MB region, because the basis of the branch is not the JAL instruction itself but the following instruction.
Note that this is an exceptional case.
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JALR : Jump and Link Register

MIPS |
To call a subroutine at the address specified by a GPR.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs 0 rd 0 JALR
000000 00000 00000 001001
6 5 5 5 5 6
Format
JALR rs (rd = 31 implied)
JALR rd, rs
Description

GPR[rd] < return_addr, PC — GPR]rs]

Stores the address of the instruction following the branch delay slot (the address of the J instruction itself +
8) in GPR][rd] and branches to the target address after the instruction in the delay slot is executed. The target
address is the value of GPR][rs].

Restrictions
rs and rd have to specify different registers. If they specify the same register, the result of the execution is
undefined. This restriction permits an exception handler to resume execution by re-executing the branch
when an exception occurs in the branch delay slot.
The value of GPR[rs] must be naturally aligned. If either of the two least-significant bits is not zero, an
Address Error exception occurs when the instruction of the branch target is fetched (not when the JALR
instruction is executed).

Exceptions
None
Operation
I: temp — GPR[rs] ¢; 4
GPRIrd] ¢, , — zero_extend(PC + 8)
1+1: PC — temp

Programming Notes
The JALR instruction is the only instruction that can specify the link register. All other link instructions use
GPR[31]. The default register for the link register (GPR[rd]) is GPR[31] in the JALR instruction.
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JR : Jump Register

To branch to the address specified by a GPR.

Operation Code
31 26 25 21 20

MIPS |

SPECIAL rs
000000

0

JR

000 0000 0000 0000 001000

6 5

Format
JR 1S

Description
PC — GPRJrs]

15

6

Branches to the target address after the instruction in the delay slot is executed. The target address is the

value of GPRrs].

Restrictions

The value of GPR[rs] must be naturally aligned. If either of the two least-significant bits is not zero, an
Address Error exception occurs when the instruction of the branch target is fetched (not when the JR

instruction is executed).

Exceptions
None
Operation
I: temp — GPRrs] ¢, ,
1+1: PC —~ temp
© SCEI
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LB : Load Byte

MIPS |
To load a byte from memory as a signed value.
Operation Code
31 26 25 21 20 16 15 0
LB base rt offset
100000
6 5 5 16
Format

LB rt, offset (base)

Description
GPR[rt] — memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Fetches
the byte at the address, sign-extends it and stores it in GPR[rt].

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr - sign_extend(offset) + GPR[base] ¢, ,
(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
pAddr - pAddrPSIZE-l..O
memquad — LoadMemory (uncached, BYTE, pAddr, vAddr, DATA)
byte — vAddr, ,

GPR(rt]g; , « sign_extend(memauad, g, 1o gepyre)
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LBU : Load Byte Unsigned

MIPS |

To load a byte from memory as an unsigned value.
Operation Code

31 26 25 21 20 16 15 0

LBU base rt offset
100100
6 5 5 16

Format

LBU rt, offset(base)

Description
GPR[rt] —« memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Fetches
the byte at the address, zero-extends it and stores it in GPR]rt].

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr - sign_extend(offset) + GPR[base] ¢, ,
(pAddr, uncached) — AddressTranslation(vAddr, DATA, LOAD)
pAddr - pAddrPSIZE-l..O
memquad — LoadMemory (uncached, BYTE, pAddr, vAddr, DATA)
byte — vAddr, ,

GPR(rt]g; , — zero_extend (memquad, g, e guoyte)
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LD : Load Doubleword

MIPS IlI
To load a doubleword from memory.
Operation Code
31 26 25 21 20 16 15 0
LD base rt offset
110111
6 5 5 16
Format

LD rt, offset (base)

Description
GPR[rt] — memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Fetches
the doubleword at the address and stores it in GPR[rt].

Restrictions
The effective address must be aligned on a doubleword boundary. If any of the three least-significant bits of
the effective addresses are non-zero, an Address Error exception occurs.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr - sign_extend (offset) + GPR [base] ¢, ,
if (vAddr, ) # 03 then SignalException (AddressError) endif

(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
pAddr — pAddrpge; o

byte — vAddr, ,

memquad — LoadMemory (uncached, DOUBLEWORD, pAddr, vAddr, DATA)

GPR[rt]s; o < memquad63+8*byte”8*byte
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LDL : Load Doubleword Left

MIPS Il

To load the upper part of an unaligned doubleword.
Operation Code

31 26 25 21 20 16 15 0

LDL base rt offset
011010
6 5 5 16
Format

LDL rt, offset (base)

Description
GPR[rt] — GPR[rt] MERGE memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Stores the
low-order bytes starting from the effective address in the aligned doubleword including the address into the
upper part of GPR[rt]. The low-order bytes of GPR[rt] that are not loaded are not changed.
LDL $24,10 ($0)

$24 | a | b | c | d | e f[g|h

Address8 5 (141183 ]12(1nfp10) 9 8

$24 |10 | 9 8 d e f g h Address0 7 6 5 4 3 2 1 0

An Address Error exception due to alignment of the effective address does not occur.
LDL and LDR instructions in a pair are used to load an 8-byte block that does not conform to the
doubleword alignment.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr - sign_extend(offset) + GPR[base] , ,
(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)

pAddr pAddrPSIZE-l..S 1 03

byte — 0 || vAddr, ,

doubleword — vAddr,

memquad — LoadMemory (uncached, byte, pAddr, vAddr, DATA)

GPR[rt]GB..O - memquad7+8*byte+64*doubleword..64*doubleword “ GPR[rt]SS-S*byte..O
The relation between the low-order 4 bits of the effective address vAddr and bytes that are to be loaded is
illustrated below.
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Register

Address

" OO EEEEE

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|15|14|13|12|11|1o|9|8|7|6|5|4|3|2|1|0|

vAddrs o Contents of registers after instruction Access = pAddrs

(Shaded is unchanged) Type

bit 63 bi
0 0 b C d e f g h 7 0
1 1 0 C d e f g h 6 1
2 2 1 0 d e f g h 5 2
3 3 2 1 0 e f g h 4 3
4 4 3 2 1 0 f g h 3 4
5 5 4 3 2 1 0 g h 2 5
6 6 5 4 3 2 1 0 h 1 6
7 7 6 5 4 3 2 1 0 0 7
8 8 b C d e f g h 7 8
9 9 8 C d e f g h 6 9
10 10 9 8 d e f g h 5 10
11 11 10 9 8 e f g h 4 11
12 12 11 10 9 8 f g h 3 12
13 13 12 11 10 9 8 g h 2 13
14 14 13 12 11 10 9 8 h 1 14
15 15 14 13 12 11 10 9 8 0 15

Programming Notes
In the LDL instruction, the contents of GPR]rt] are referenced. However, since bypassing is performed
internally, even when loading the value in GPR[rt] in the preceding instruction, a NOP does not need to be
inserted between the instruction and the LDL instruction.
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LDR : Load Doubleword Right

MIPS Il

To load the lower part of an unaligned doubleword.
Operation Code

31 26 25 21 20 16 15 0

LDR base rt offset
011011
6 5 5 16

Format

LDR rt, offset (base)

Description
GPR[rt] — GPR[rt] MERGE memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Stores the
high-order bytes starting from the effective address in the aligned doubleword including the address into the
lower part of GPR[rt]. The high-order bytes of GPR[rt] that are not loaded are not changed.
LDR$24,3($0)

$24 |a |b |c d |e |f g h

Address8 15 [14 |13 |12 |11 |10 [9 8

$24 | a b € 7 6 5 4 3 Address0 7 6 5 4 3 2 1 0

An Address Error exception due to alignment of the effective address does not occur.
LDR and LDL instructions in a pair are used to load an 8-byte block that does not conform to doubleword
alignment.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr — sign_extend(offset) + GPR[base] 63.0
(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
pAddr — pAddresize-1.0
byte — 0 ]| vAddr,.o
doubleword — vAddrs
memquad — LoadMemory (uncached, byte, pAddr, vAddr, DATA)
GPRI[rtles.0 — GPR[rt]s3.c4-6*0yte | | Memquadss-+ssdoubleword. 4*doubleword-+&*oyte

The relation between the low-order 4 bits of the effective address vAddr and bytes that are to be loaded is
illustrated below.
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MSB 63 0 LSB
Register |a|b|c|d|e|f|g|h|

Address 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|15|14|13|12|11\10l9|8|7|6|5|4|3|2l1|0|

vAddrs o Contents of registers after instruction Access | pAddrs

(Shaded is unchanged) Type

bit 63
0 7 6 5 4 3 2 1 0 7 0
1 a 7 6 5 4 3 2 1 6 1
2 a b 7 6 5 4 3 2 5 2
3 a b c 7 6 5 4 3 4 3
4 a b c d 7 6 5 4 3 4
5 a b c d e 7 6 5 2 5
6 a b c d e f 7 6 1 6
7 a b c d e f g 7 0 7
8 15 14 13 12 1 10 9 8 7 8
9 a 15 14 13 12 1 10 9 6 9
10 a b 15 14 13 12 1 10 5 10
11 a b c 15 14 13 12 1 4 11
12 a b c d 15 14 13 12 3 12
13 a b c d 15 14 13 2 13
14 a b c d f 15 14 1 14
15 a b c d f g 15 0 15

Programming Notes
In the LDR instruction, the contents of GPR[rt] are referenced. However, since bypassing is performed
internally, even when loading the value in GPR[rt] in the preceding instruction, a NOP does not need to be
inserted between the instruction and the LDR instruction.
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LH : Load Halfword

MIPS |

To load a halfword from memory as a signed value.
Operation Code

31 26 25 21 20 16 15 0

LH base rt offset
100001
6 5 5 16

Format

LH rt, offset(base)

Description
GPR[rt] —« memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Loads the
halfword data at the address, sign-extends it and stores it in GPR[rt].

Restrictions
The effective address must conform to halfword alignment. That is, if the least-significant bit of the address
is non-zero, an Address Error exception occurs.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr — sign_extend (offset) + GPR[base] 63.0
if (vAddrg) # 0 then SignalException (AddressError) endif
(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
pAddr — pAddresize-1.0
memquad — LoadMemory (uncached, HALFWORD, pAddr, vAddr, DATA)
byte ~ VAddrs o
GPR([rt]ss.0 « sign_extend (memquadis-+s+byte.8*oyte)
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LHU : Load Halfword Unsigned

MIPS |

To load a halfword from memory as an unsigned value.
Operation Code

31 26 25 21 20 16 15 0

LHU base rt offset
100101
6 5 5 16

Format

LHU rt, offset (base)

Description
GPR[rt] — memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Loads the
halfword at the address, zero-extends it and stores it in GPR[rt].

Restrictions
The effective address must conform to halfword alignment. That is, if the least-significant bit of the address
is non-zero, an Address Error exception occurs.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr — sign_extend (offset) + GPR[base] 63.0
if (vAddrg) # 0 then SignalException (AddressError) endif
(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
pAddr — pAddresize-1.0
memquad — LoadMemory (uncached, HALFWORD, pAddr, vAddr, DATA)
byte ~ VAddrs o
GPR[rt]es.0 — zero_extend (memquadis+soyte. s*byte)
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LUI : Load Upper Immediate

MIPS |

To load a constant into the upper half of a word.
Operation Code

31 26 25 21 20 16 15 0

LUI 0 rt immediate
001111 00000
6 5 5 16

Format

LUI rt, immediate

Description
GPR[rt] « immediate || 06

Shifts the 16-bit immediate value left 16 bits, adds 16 bits of low-order zeros, sign-extends it and stores it in

GPR{rt].

Exceptions
None

Operation
GPR[rt]e3.0 « sign_extend (immediate || 0%)
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LW : Load Word

MIPS |

To load a word from memory as a signed value.
Operation Code

31 26 25 21 20 16 15 0

LW base rt offset
100011
6 5 5 16

Format

LW rt, offset (base)

Description
GPR[rt] — memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Loads the
word data at the address, sign-extends it and stores it in GPR[rt].

Restrictions
The effective address must conform to halfword alignment. That is, if the two least-significant bits of the
address are non-zero, an Address Error exception occurs.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr — sign_extend (offset) + GPR[base] 63.0
if (vAddry o) # 02 then SignalException (AddressError) endif
(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
pAddr — pAddresize-1.0
memquad — LoadMemory (uncached, WORD, pAddr, vAddr, DATA)
byte ~ VAddrs o
GPR[rt] 63.0 « sign_extend (memquadsi+s+yte.s*byte)
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LWL : Load Word Left

MIPS |
To load the upper part of an unsigned word.
Operation Code
31 26 25 21 20 16 15 0
LWL base rt offset
100010
6 5 5 16
Format

LWL rt, offset (base)

Description
GPR[rt] — GPR[rt] MERGE memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address that is
considered to be the most-significant byte of the target word. Loads the low-order bytes of the aligned word
that contains the most-significant byte into the corresponding bytes of GPR[rt]. The high-order words of
GPR|rt] are sign-extended and the low-order bytes of GPR][rt] that are not loaded are not changed.
LWL $24,4($0)

$24 | H | G F E|D]C B | A

Address8 151413 )12 )11 {10 [9 8

$24 ~ Sign-extend | 4 | C [ B [ A Address0 7 6 5 4 3 [2 1 0

An Address Error exception due to alignment of the effective address does not occur.
LWL and LWR instructions in a pair are used to load the 4-byte blocks that do not conform to word
alignment.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr — sign_extend (offset) + GPR[base] 63.0
(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
pAddr — pAddrps|ZE.1__3 || 03
byte — 02 || vAddry.o
word « VAddrs 2
memquad — LoadMemory (uncached, byte, pAddr, vAddr, DATA)
temp — memquadszsword+g=byte+7.322word | | GPR[rt]23-8:vyte.0
GPR[rt]e3.0 « (temps1)32 || temp

The relation between the low-order 4 bits of the effective address vAddr and bytes that are to be loaded is
illustrated below.
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Register

Address

MSB 63

0

[albofcfafefr[a]n]

15 14 13 12 11 10 9 8 7 6

5

LSB

4 3 2 1 O

|15|14|13|12|11l10l 9|8|7|6|5|4|3|2|1|0|

vAddrs o Contents of registers after instruction Access | pAddrs.

(Shaded is unchanged) Type

bit 63 32 3l b
0 Sign extension of 0 0 f g h 0 0
1 Sign extension of 1 — 1 0 g h 1 0
2 Sign extension of 2 2 1 0 h 2 0
3 Sign extension of 3 — 3 2 1 0 3 0
4 Sign extension of 4 — 4 f g h 0 4
5 Sign extension of 5 — 5 4 g h 1 4
6 Sign extension of 6 — 6 5 4 h 2 4
7 Sign extension of 7 — 7 6 5 4 3 4
8 Sign extension of 8 — 8 f g h 0 8
9 Sign extension of 9 9 8 g h 1 8
10 Sign extension of 10 — 10 9 8 h 2 8
11 Sign extension of 11 — 1 10 9 8 3 8
12 Sign extension of 12 — 12 f g h 0 12
13 Sign extension of 13 — 13 12 g h 1 12
14 Sign extension of 14 — 14 13 12 h 2 12
15 Sign extension of 15 — 15 14 13 12 3 12

Programming Notes
In the LWL instruction, the contents of GPR|rt] are referenced. However, since bypassing is performed
internally, even when loading the value in GPR[rt] in the preceding instruction, a NOP does not needed to
be inserted between the instruction and the LWL instruction.
An instruction that treats an unaligned word as unsigned is not provided.
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LWR : Load Word Right

MIPS |
To load the lower part of an unsigned word.
Operation Code
31 26 25 21 20 16 15 0
LWR base rt offset
100110
6 5 5 16
Format

LWR rt, offset (base)

Description
GPR[rt] — GPR[rt] MERGE memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address that is
considered to be the least-significant byte of the target word. Loads the high-order bytes in the aligned word
that contains the least-significant byte into the corresponding bytes of GPR][rt]. Bytes of GPR[rt] that are not
loaded are not changed. But if the sign bit (bit 31) is loaded, they are sign-extended to bits 63 to 32.
LWR $24,1($0)

$24 | H | G F E|D]C B | A

Address8 151413121 [10]9 8

$24 | H | G | F E[D]3 2 1 Address0 7 6 5 4 3 2 1 0

An Address Error exception due to alignment of the effective address does not occur.
LWR and LWL instructions in a pair are used to load 4-byte blocks that do not conform to word alignment.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr — sign_extend (offset) + GPR[base]ss.o
(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
pAddr — pAddresize-1.0
byte — 0 ]] vAddry o
word — vAddrs.»
memquad — LoadMemory (uncached, byte, pAddr, vAddr, DATA)

temp — GPR[rt]a1.32-8+yte || Memquadai+3osword. 32-word+8*byte
if byte = 4 then

utemp — (temps;)3? /* If loads bit 31, then sign-extends */
else

utemp — GPR[rt]es.32 /* Otherwise, the high-order 4 bytes are not changed */
endif

GPR([rt] 63.0 < utemp || temp

The relation between the low-order 4 bits of the effective address vAddr and bytes that are to be loaded is
illustrated below.
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Register

Address

15 14 13 12 11 10

MSB 63

0

[afeofc]afef[f[a]n]

9

8

7

6

5

LSB

4 3 2 1 O

|15| 14| 13|12|11|1o| 9| 8|7| 6| 5|

4fs]2fr]o]

VAddI’g__o

Contents of registers after instruction

(Shaded is unchanged)

Access
Type

pAddI’3__o

bit 63 31 bi
0 Sign extension of 3 — 3 2 1 0 3 0
1 a b d e 3 2 1 2 1
2 a b d e f 3 2 1 2
3 a b d e f g 3 0 3
4 Sign extension of 7 7 6 5 4 3 4
5 a b € d e 7 6 5 2 5
6 a b € d e f 7 6 1 6
7 a b c d e f g 7 0 7
8 Sign extension of 11 — 11 10 9 8 3 8
9 a b c d e 11 10 9 2 9
10 a b c d e f 11 10 1 10
11 a b € d f g 11 0 11
12 Sign extension of 15 — 15 14 13 12 3 12
13 b c d 15 14 13 2 13
14 a b c d f 15 14 1 14
15 a b c d f g 15 0 15

Programming Notes
In the LWL instruction, the contents of GPR]rt] are referenced. However, since bypassing is performed
internally, even when loading the value in GPR[rt] in the preceding instruction, a NOP does not need to be

inserted between the instruction and the LWL instruction.

An instruction that treats an unaligned word data as unsigned is not provided.
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LWU : Load Word Unsigned

MIPS |
To load a word from memory as an unsigned value.
Operation Code
31 26 25 21 20 16 15 0
LWuU base rt offset
100111
6 5 5 16
Format

LWU rt, offset (base)

Description
GPR[rt] —« memory [GPR[base] + offset]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Loads the
word data at the address, zero-extends it and stores it in GPR][rt].

Restrictions
The effective address must conform to word alignment. That is, if the two least-significant bits of the
address are non-zero, an Address Error exception occurs.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation (128-bit bus)
vAddr — sign_extend (offset) + GPR[base] 63.0
if (vAddry o) # 02 then SignalException (AddressError) endif
(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
pAddr — pAddresize-1.0
memquad — LoadMemory (uncached, WORD, pAddr, vAddr, DATA)
byte ~ VAddrs o
GPR[rt] 3.0 « 0% || memquadsi+s+yte.s*byte
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MFHI : Move from HI Register

MIPS |
To move the contents of the HI register to a GPR.
Operation Code
31 26 25 16 15 11 10 6 5 0
SPECIAL 0 rd 0 MFHI
000000 00 0000 0000 00000 010000
6 10 5 5 6
Format
MFHI rd
Description
GPR[rd] < HI
Stores the contents of HI register in GPR[rd].
Exceptions
None
Operation
GPR[I’d]eguo « Hlgso
© SCEI
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MFLO : Move from LO Register

MIPS |
To move the contents of the LO register to a GPR.

Operation Code
31 26 25 16 15 11 10 6 5 0
SPECIAL 0 rd 0 MFLO
000000 00 0000 0000 00000 010010
6 10 5 5 6

Format
MFLO rd

Description
rd - LO
Stores the contents of the LO register in GPR][rd].

Exceptions
None

Operation
GPR[rd] 63.0 « LOs3.0

© SCEI
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MOVN : Move Conditional on Not Zero

To move data between GPRs according to the value of a GPR.

Operation Code
31 26 25 21 20 16 15

MIPS IV

11 10 6 5 0

SPECIAL rs rt rd
000000

0 MOVN
00000 001011

6 5 5 5

Format
MOVN rd, rs, rt

Description
if (GPR][rt] # 0) then GPR[rd] — GPR]rs]

5 6

Checks the value of GPR[rt]. If it is not equal to zero, moves the contents of GPR[rs] to GPR[rd].

Exceptions
None

Operation
if GPR[rt] 63.0 Z 0 then

GPR[I’d] 63.0 « GPR[I‘S] 63..0
endif
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MQOVZ : Move Conditional on Zero

MIPS IV
To move data between GPRs according to the value of a GPR.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 MOvZz
000000 00000 001010
6 5 5 5 5 6
Format

MOVZ rd, rs, rt

Description
if (GPR[rt] = 0) then GPR[rd] — GPRJrs]

Checks the value of GPR[rt]. If the value is equal to zero, moves the contents of GPR[rs] to GPR[rd].

Exceptions
None

Operation
if GPR[rt] 63.0 = 0 then
GPR[rd] 63.0 «— GPR[I‘S] 63.0
endif
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MTHI : Move to HI Register

To move the contents a GPR to the HI register.

Operation Code
31 26 25 21 20

MIPS |

SPECIAL rs 0
000000 000 0000 0000 0000

MTHI
010001

6 5 15

Format
MTHI rs

Description
Hl — GPRJrs]
Stores the contents of GPR]rs] to the HI register.

Exceptions
None

Operation
Hlgs.o0 « GPR[I’S] 63.0

Programming Notes

6

The HI register holds the upper part of the result from multiplication or multiply-accumulate and the

remainder from division.
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MTLO : Move to LO Register

MIPS |
To move the contents a GPR to the LO register.

Operation Code
31 26 25 21 20 6 5 0
SPECIAL rs 0 MTLO
000000 000 0000 0000 0000 010011
6 5 15 6

Format
MTLO rs

Description
LO — GPRJrg]
Stores the contents of GPR]rs] in the LO register.

Exceptions
None

Operation
LOg3.0 « GPR[I’S] 63.0

Programming Notes
The LO register holds the lower part of the result from multiplication or multiply-accumulate and the
quotient from division.
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MULT : Multiply Word

MIPS |
To multiply 32-bit signed integers.

Operation Code
31 26 25 21 20 16 15 6 5 0
SPECIAL rs rt 0 MULT
000000 00 0000 0000 011000
6 5 5 10 6

Format
MULT rs, rt

Description
(LO, HI) « GPRJrs] x GPRJrt]
Multiplies the 32-bit value in GPR[rt] by the 32-bit value in GPR][rs] as signed integer values. The low-order
32 bits and the high-order 32 bits of the 64-bit result are stored in the LO and HI registers respectively.

Restrictions
If GPRJ[rt] and GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result of the
operation is undefined.

Exceptions
None. No arithmetic exception occurs.

Operation
if (NotWordValue (GPR[rs]) or NotWordValue (GPR]rt])) then UndefinedResult() endif
prod — GPRIrsls1.0 X GPR[rt]s1.0
LOg3.0 « (prod31)32 “ pr0d31,,o
Hlgs.0 « (prodss)® || prodes.s

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in an interlock. Other CPU
instructions can execute without delay. Therefore, scheduling the multiply operation appropriately will
improve performance.
Even when the result of the multiply operation overflows, the Overflow exception does not occur. If
Overflow must be detected, an explicit check is necessary.
In the EE Core, the MULT instruction has been extended to three-operand instruction that can store the
result of operation in a GPR as well. See "3. EE Core-Specific Instruction Set " about the usage as a three-
operand instruction.
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MULTU : Multiply Unsigned Word

MIPS |
To multiply 32-bit unsigned integers.
Operation Code
31 26 25 21 20 16 15 6 5 0
SPECIAL rs rt 0 MULTU
000000 00 0000 0000 011001
6 5 5 10 6
Format
MULTU rs, rt
Description

(LO, HI) « GPR[rs] X GPR]rt]
Multiplies the 32-bit value in GPR[rt] by the 32-bit value in GPR][rs] as unsigned integer values. The low-
order 32-bit and the high-order 32-bit of a 64-bit result are stored in the LO and HI registers respectively.

Restrictions

GPR[rt] and GPR]rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result of the operation
is undefined.

Exceptions
None. No arithmetic exception occurs.

Operation
if (NotWordValue (GPRJrs]) or NotWordValue (GPR][rt])) then UndefinedResult() endif
pl’Od - (0 || GPR[I‘S]gl__o) X (0 “ GPR[I’t]gl,,o)
LOg3.0 « (prod31)32 “ pr0d31,,o
Hlgs.0 « (prodss)® || prodes.s

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in an interlock. Other CPU
instructions can execute without delay. Therefore, scheduling the multiply operation appropriately will
improve performance.
Even when the result of a multiply operation overflows, an Overflow exception does not occur. If Overflow
must to be detected, an explicit check is necessary.
In EE Core, the MULTU instruction has been extended to be a three-operand instruction that can store the
result of operation in a GPR as well. See "3. EE Core-Specific Instruction Set" about the usage as a three-
operand instruction.
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NOR : Not Or

MIPS |
To perform a bitwise logical NOT OR.

Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 NOR
000000 00000 100111
6 5 5 5 5 6

Format
NOR rd, rs, rt

Description
GPR[rd] — GPR[rs] NOR GPRrt]
Performs a bitwise logical NOR between the contents of GPR[rs] and GPR[rt]. The result is stored in

GPR[rd].
The truth table value for NOR is as follows;
X Y X NORY
0 0 1
0 1 0
1 0 0
1 1 0
Exceptions
None
Operation

GPR[rd] 63.0 « GPR[I‘S] 63.0 NOR GPR[rt] 63.0
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OR: Or

To perform a bitwise logical OR.

Operation Code
31 26 25 21 20

16 15

MIPS |

11 10 6 5 0

SPECIAL rs rt
000000

rd

0 OR
00000 100101

6 5 5

Format
OR rd, rs, rt

Description
GPR[rd] — GPR][rs] OR GPR]rt]

5 6

Performs a bitwise logical OR between the contents of GPR[rs] and GPR|[rt]. The result is stored in

GPR[rd].
The truth table value for OR is as follows;
X Y XORY
0 0 0
0 1 0
1 0 0
1 1 1
Exceptions
None
Operation

GPR[rd]es.0 — GPR[rs] 3.0 OR GPR][rt] 63.0
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ORI : Or immediate

MIPS |

To perform a bitwise logical OR between a constant and a GPR.
Operation Code

31 26 25 21 20 16 15 0

ORI rs rt immediate
001101
6 5 5 16

Format

ORI rt, rs, immediate

Description
GPR[rt] « GPR[rs] OR immediate

Performs a bitwise logical OR between the sign-extended value of the 16-bit immediate field and the

contents of GPR][rs]. The result is stored in GPR][rt].
The truth table value for OR is as follows;

X Y XORY
0 0 0
0 1 0
1 0 0
1 1 1
Exceptions
None
Operation

GPR[rt]e3.0 « (0% || immediate) OR GPR]rs] 3.0
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PREF : Prefetch

MIPS IV
To prefetch data from memory.
Operation Code
31 26 25 21 20 16 15 0
PREF base hint offset
110011
6 5 5 16
Format

PREF hint, offset(base)

Description
prefetch_memory(GPR[base]+offset)
The data at the effective address, obtained by adding the offset as a signed integer to the value of GPR[base],
is read into the cache, if possible. It does not affect the meaning of the program but can help improve its
performance.

The value of hint is to specify the details of the Prefetch operation as defined in the following table.

Value Name Prefetch Operation

0 load Read into cache for loading data.
1-31 (Reserved) (Same in case specifies 0)

Addressing-related exceptions do not occur. If an exception should be generated, it is ignored and Prefetch
does not take place. However, operations such as a writeback of a dirty cache line might take place.

Exceptions
None

Operation
vAddr — GPR[base] + sign_extend (offset)

(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
Prefetch (uncached, pAddr, vAddr, DATA, hint)

Programming Notes
Prefetch does not take place on uncached memory access locations. Prefetch, from memory locations not
present in the TLB, is not allowed. Memory pages that have not been accessed recently may not present in
the TLB, so prefetch may not be effective.
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SB : Store Byte

MIPS |
To store a byte in a GPR to memory.
Operation Code
31 26 25 21 20 16 15 0
SB base rt offset
101000
6 5 5 16
Format

SB rt, offset (base)

Description
memory [GPR[base] + offset] — GPR[rt]
Stores the least-significant byte of GPR[rt] in memory at the effective address obtained by adding the offset
as a 16-bit signed integer to the value of GPR[base].

Exceptions
TLB Refill, TLB Invalid, TLB Modified, Address Error

Operation (128-bit bus)
vAddr — sign_extend (offset) + GPR[base]
(pAddr, uncached) — AddressTranslation (vAddr, DATA, STORE)
pAddr — pAddresize-1.0
byte — vAddrs o
dataquad — GPR[rt]io7-gyte.0 | | 08bvte
StoreMemory (uncached, BYTE, dataquad, pAddr, vAddr, DATA)
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SD : Store Doubleword

MIPS Il

To store a doubleword in a GPR to memory.
Operation Code

31 26 25 21 20 16 15 0

SD base rt offset
111111
6 5 5 16

Format

SD rt, offset (base)

Description
memory [GPR[base] + offset] — GPR[rt]
Stores the 64-bit value of GPR[rt] in memory at the effective address obtained by adding the offset as a 16-
bit signed integer to the value of GPR[base].

Restrictions
The effective address must conform to doubleword alignment. That is, if any of the three least-significant
bits of the address are non-zero, an Address Error exception occurs.

Exceptions
TLB Refill, TLB Invalid, TLB Modified, Address Error

Operation (128-bit bus)
vAddr  sign_extend (offset) + GPR[base]
if (vAddr.o) # 03 then SignalException (AddressError) endif
(pAddr, uncached) — AddressTranslation (vAddr, DATA, STORE)
pAddr — pAddresize-1.0
byte — vAddrs o
dataquad P GPR[rt]]_y.s*byte,,o “ (08*byte
StoreMemory (uncached, DOUBLEWORD, dataquad, pAddr, vAddr, DATA)
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SDL : Store Doubleword Left

MIPS Il

To load the upper part of a doubleword to an unaligned memory address.
Operation Code

31 26 25 21 20 16 15 0

SDL base rt offset
101100
6 5 5 16

Format

SDL rt, offset (base)

Description
memory [GPR[base] + offset] — GPR[rt]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Stores the
high-order bytes of GPR][rt] in the lower part of the aligned doubleword starting with the effective address.
SDL $24,10($0)

Address8 15141312 ]11]10]) 9 8

Address0 7 6 5 4 3 2 1 0

$4 | a|b|lc|ld|e| f|lg]|n| =—>

Address8 5|14 (131211 ) a b C

Address0 7 6 5 4 3 2 1 0

Address Error exceptions due to the alignment of the effective address do not occur.
SDL and SDR instructions in a pair are used to store doubleword data in an 8-byte block that does not
conform to doubleword alignment.

Exceptions
TLB Refill, TLB Invalid, TLB Modified exception, Address Error

Operation (128-bit bus)
vAddr  sign_extend (offset) + GPR[base]
(pAddr, uncached) — AddressTranslation (vAddr, DATA, STORE)
pAddr — pAddrps|ZE.1__3 || 03
byte — 0 || vAddr,.o
if (VAddr; = 0) then
dataquad ~ (64 II (056-8*byte II GPR[rt]e&,se.s*byte
else
dataquad — (56-8*byte “ GPR[I’t]ea,se.s*byte “ 064
endif
StoreMemory (uncached, byte, dataquad, pAddr, vAddr, DATA)

The relation between the low-order 4 bits of the effective address vAddr and bytes that are to be stored is
illustrated below.
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MSB 63 0 LSB
Register |a|b|cld|elf|g|h|

Address 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|15|14|13|12|11|10|9|8|7|6|5|4|3|2|1|0|

VAddrs o | Contents of registers after instruction Access pAddrs_ o

(Shaded is unchanged) Type

bit 63
0 15 1413 | 12) 11| 10{ 9 |8 |7 |6 5|4 |3 |2 |1 | a 0 8
1 15 1413 | 12) 11| 10{ 9 |8 |7 |6 (5|4 |3 |2 |a|b 1 8
2 15 1413 | 12) 11| 10{ 9 |8 |7 |6 (5|4 |3 |a|b | 2 8
3 15 1413 | 12) 11| 10{ 9 |8 |7 |6 (5|4 |a|b|c |d 3 8
4 15 1413 | 12] 11| 10{ 9 |8 | 7 |6 [5|a|b|c[d | e 4 8
5 15 1413 | 12] 11| 10{ 9 |8 |7 |6 |a |b|c |d | e | f 5 8
6 15/ 14|13 | 12| 11| 10{ 9 |8 |7 |a|b|c|d|e | f | g 6 8
7 15 1413 | 12] 11| 10{ 9 |8 |a |b|c|d|e | f[g|h 7 8
8 15 1413 | 12) 11| 10{ 9 |a |7 |6 (5|4 |3 |2 |1 |0 8 0
9 15 1413 | 12) 11| 10/ a |b |7 |6 [543 |2 |1 |0 9 0
10 15 1413 | 12) 11| al|b |c |7 |6 [543 |2 |1|0 10 0
11 15 1413 | 12| a| bl{c |d |7 |6 [543 |2 |1]|0 11 0
12 15 1413 | a| b| c[d|e | 7|6 [5|4]|3|2|1]|0 12 0
13 15014 a | b| c| d|e | f|7|6[5]|]4]3]|2[1]|0 13 0
14 15 a|b|c|d|le|[f|g|7|6|5|4[3|]2[1]|0 14 0
15 alblc|d|le| flg|lh|7|6|5]|4|3|2|1]|0 15 0
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SDR : Store Doubleword Right

MIPS Il
To load the lower part of a doubleword to an unaligned memory address.
Operation Code
31 26 25 21 20 16 15 0
SDR base rt offset
101101
6 5 5 16
Format
SDR rt, offset (base)
Description
memory [GPR[base] + offset] — GPR[rt]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Stores the
lower-order bytes of GPR|[rt] in the upper part of the aligned doubleword starting with the effective address.
SDL $24,3($0)
Addresss |15 | 14 |13 [ 12 [ 11 |10 | 9 | 8
Address0 7 6 5 4 3 2 1 0
$24 | a | B | c | d | e flg]lh —>
Addresss |15 | 14 |13 |12 (11|10 | 9 | 8
Address0 d e f g h 2 1 0
Address Error exceptions due to alignment of the effective address do not occur.
SDR and SDL instructions in a pair are used to store the doubleword data in an 8-byte block that does not
conform to doubleword alignment.
Exceptions

TLB Refill, TLB Invalid, TLB Modified exception, Address Error

Operation (128-bit bus)

vAddr  sign_extend (offset) + GPR[base]
(pAddr, uncached) — AddressTranslation (vAddr, DATA, STORE)
pAddr — pAddrps|ZE.1__3 || 03
byte — vAddr,.o
if(vAddrs = 0) then
dataquad — 0% | | GPR[rt]sz-byte.0 | | 08t
else
dataquad — GPR[rt]es-g*tyte.0 | | 08"bvte | | 064
endif
StoreMemory (uncached, DOUBLEWORD-byte, dataquad, pAddr, vAddr, DATA)

The relation between the low-order 4 bits of the effective address vAddr and bytes that are to be stored is
illustrated below.
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MSB 63 0
[albleldfe[f]aln]

LSB

Register

5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|15|14|13|12|11|1o|9|8|7|6|5|4|3|2|1|o|

Address

Contents of registers after instruction

(Shaded is unchanged)
bit 63

Access
Type

pAddrs_o

0 9|8|a|b|c|d|e|f|g]|h 0 8
1 15 (14 (13 |12 |11 (10[ 9 |8 | b |c|(d|e | f|g|h |0 1 8
2 15 (14 (13 |12 |11 (10[ 9 |8 | c|d|e | f|g|h|[1]0 2 8
3 15 (14 (13 |12 |11 (10[ 9 |8 |d|e [ f|g|h |2 |1 ]0 3 8
4 15 (14 [13 |12 |11 (10[9 |8 |e | f (g |h |3 |2 |10 4 8
5 15 (14 (13 |12 |11 (10[9 |8 | f|g|h |4 |3 |2 |10 5 8
6 15 (14 (13 |12 |11 (10[ 9 |8 |g|h (5|4 |3 |2 |10 6 8
7 15 (14 (13 |12 |11 (10[ 9 |8 | h |6 (5|4 |3 |2 |10 7 8
8 alblc|d|e|f|lg|h|7]|6]|5|4]3|2|1|0 8 0
9 b|lc|d|e|f|lg|h|8]|7|6[5]|4]|3|2[1]|0 9 0
10 c|d|le|flg|h|[9|8|7|6|5[4[3]|]2]|1]|0 10 0
11 dje|f|g|h|10]9|8|7|6]|5]|4|[3[2|1]|0 11 0
12 e|flg|h|12(20[{9|8|7|6[5]|4]|3|2(1]0 12 0
13 flg|h|12(11]10|9 |87 |6 |5]|4|3|2|1]0 13 0
14 g|h|13|12(11|10|9 |87 |6 |5]|4|3|2|1]|0 14 0
15 h (14 (13|12 |11 (109 |8 |7 |6 [5 |4 |3 |2 |10 15 0
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SH : Store Halfword

MIPS |
To store a halfword in memory.
Operation Code
31 26 25 21 20 16 15 0
SH base rt offset
101001
6 5 5 16
Format

SH rt, offset (base)

Description
memory [GPR[base] + offset] — GPR[rt]
Stores the least-significant 16-bit values of GPR[rt] in memory at the effective address obtained by adding
the offset as a 16-bit signed integer to the value of GPR[base].

Restrictions
The effective address must conform to halfword alignment. If the least-significant bit of the address is not
zero, an Address Error exception occurs.

Exceptions
TLB Refill, TLB Modified, Address Error

Operation (128-bit bus)
vAddr — sign_extend(offset) + GPR[base]
if (vAddro) # 0 then SignalException (AddressError) endif
(pAddr, uncached) — AddressTranslation (vAddr, DATA, STORE)
pAddr — pAddresize-1.0
byte — vAddrs o
dataquad P GPR[rt]]_y.s*byte,,o “ (08*byte
StoreMemory (uncached, HALFWORD, dataquad, pAddr, vAddr, DATA)
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SLL : Shift Word Left Logical

MIPS |
To left shift a word. The shift amount is a fixed value (0-31 bits) specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 rt rd sa SLL
000000 00000 000000
6 5 5 5 5 6
Format
SLL rd, rt,sa
Description

GPR[rd] « GPR]rt] << sa
Shifts the 32-bit data in GPR[rt] left by the bit count specified by sa, inserting zeros into the emptied bits.
The 32-bit result is sign-extended into 64-bit destination register and stored in GPR[rd].

Restrictions
None. Unlike nearly all other word operations, the input operand does not have to be a sign-extended 32-bit
value (bits 63..32 equal).

Exceptions
None

Operation
S « sa
temp — GPR[rt]as.0 || 0°
GPR[rd]es.0 — sign_extend (tempai.o)

Programming Notes
If sa is zero, GPR[rt] is truncated to 32-bits and sign extended to 64-bits to store in GPR[rd].
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SLLV : shift Word Left Logical Variable

MIPS |
To left shift a word. The shift amount is specified by a GPR (0-31 bits).
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 SLLV
000000 00000 000100
6 5 5 5 5 6
Format

SLLV rd, rt, rs

Description
GPR[rd] —~ GPR[rt] << GPR]rs]
Shifts the lower 32-bit of GPR{[rt] left by the bit count specified by the low-order five bits of GPR]rs],
inserting zeros into the emptied bits. The 32-bit result is sign-extended and stored in GPR[rd].

Restrictions
None. Unlike nearly all other word operations, the input operand does not have to be a sign-extended 32-bit
value (bits 63..32 equal).

Exceptions
None

Operation
S « GPR[rs]s.0
temp — GPR[rt]as.0 || 0°
GPR[rd]es.0 — sign_extend(tempsi.o)
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SLT : Set on Less Than

MIPS |

To compare the value of GPRs as signed integers.

Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 SLT
000000 00000 101010
6 5 5 5 5 6

Format
SLT rd, rs, rt

Description
GPR[rd] — (GPR[rs] < GPRIrt])
Compares the contents of GPR[rs] and GPR|rt] as signed integers. If GPR[rs] is less than GPR][rt], stores 1
in GPR[rd]. Otherwise, stores 0 in GPR[rd].

Exceptions
None. An Integer Overflow exception does not occur due to the arithmetic comparison.

Operation
if GPR[TS]@&,O < GPR[I’t] 63.0 then
GPR[rd] 3.0 — OGPRLEN-L || 1
else
GPR[rd] ¢3.0 « OGPRLEN
endif
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SLTI : Set on Less Than Immediate

To compare a GPR with a constant as signed integers.

Operation Code
31 26 25 21 20 16 15

MIPS |

SLTI rs rt
001010

immediate

6 5 5

Format
SLTI rt, rs, immediate

Description
GPRI[rt] « (GPR[rs] < immediate)

16

Compares the contents of GPR[rs] with immediate value as signed integers. If GPR]rs] is less than

immediate, stores 1 in GPR[rd]. Otherwise, stores 0 in GPR[rd].

Exceptions

None. An Integer Overflow exception does not occur due to the arithmetic comparison.

Operation
if GPR][rs] e3.0 < sign_extend (immediate) then
GPR[rd] 3.0 — OGPRLEN-1 || 1
else
GPR[rd] ¢3.0 « OGPRLEN
endif

-105-
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SLTIU : Set on Less Than Immediate Unsigned

MIPS |
To compare a GPR with a constant unsigned integer.
Operation Code
31 26 25 21 20 16 15 0
SLTIU rs rt immediate
001011
6 5 5 16
Format

SLTIU rt, rs, immediate

Description
GPR[rt] « (GPRJrs] < immediate)
Compares the contents of GPR[rs] with the sign-extended immediate value as unsigned integers. If GPR[rs]
is less than immediate, stores 1 in GPR][rd]. Otherwise, stores 0 in GPR[rd].

Exceptions
None. An Integer Overflow exception does not occur due to the arithmetic comparison.

Operation
if (0 ]] GPR[rs]es.0) < (0 ]| sign_extend (immediate)) then
GPR[rd] 3.0 — OGPRLEN-1 || 1
else

GPR[rd] ¢3.0 « OGPRLEN
endif

Programming Notes
Because the 16-bit immediate is sign-extended before comparison, the range of numeric values that the
immediate represents is not sequential, but split into two areas; around the smallest and largest 64-bit unsigned
integers. That is [0,32767] and [max_unsigned-32767, max_unsigned], respectively.
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SLTU : Set on Less Than Unsigned

MIPS |
To compare the value of GPRs as unsigned integers.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 SLTU
000000 00000 101011
6 5 5 5 5 6
Format

SLTU rd, rs, rt

Description
GPR[rd] < (GPR][rs] < GPR]rt])

Compares the contents of GPR[rs] and GPR|rt] as unsigned integers. If GPR][rs] is less than GPR[rt], stores

1 in GPR[rd]. Otherwise, stores 0 in GPR][rd].

Exceptions

None. An Integer Overflow exception due to the arithmetic comparison does not occur.

Operation
if (0 ]] GPR[rs]es.0) < (0 || GPR[rt] 63.0) then
GPR[rd]63.0 — OGPRLEN-L || 1
else
GPR[rd] ¢3.0 « OGPRLEN
endif
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SRA : Shift Word Right Arithmetic

MIPS |
To arithmetic right shift a word. The shift amount is a fixed value (0-31 bits) specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 rt rd sa SRA
000000 00000 000011
6 5 5 5 5 6
Format
SRA rd, rt sa
Description

GPR[rd] — GPR]rt] >>sa (arithmetic)
Shifts the lower 32 bits of GPR[rt] right by the bit count specified by sa, duplicating the sign bit (bit 31) into
the emptied bits. The 32-bit result is sign-extended and stored in GPR][rd].

Restrictions
If GPRJrt] is not a sign-extended 32-bit value (bits 63..31 equal), then the result of the operation is
undefined.

Exceptions
None

Operation
if (NotWordValue (GPR|[rt] 3.0 )) then UndefinedResult () endif

S « sa
temp « (GPR][rt]s1)s | | GPR[rt]s1s
GPR[rd]es.0 « sign_extend (tempsi.o)
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SRAV : Shift Word Right Arithmetic Variable

MIPS |
To arithmetic right shift a word. The shift amount is specified by a GPR (0-31 bits).
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 SRAV
000000 00000 000111
6 5 5 5 5 6
Format

SRAV rd, rt, rs

Description
GPR[rd] —~ GPR[rt] >> GPRJrs] (arithmetic)
Shifts the lower 32 bits of GPR[rt] right by the bit count specified by the low-order five bits of GPR[rs],
inserting the sign bit (bit 31) into the emptied bits. The 32-bit result is sign-extended and stored in GPR][rd].

Restrictions
If the value of GPR]rt] is not a sign-extended 32-bit value (bits 63..31 equal), then the result of the operation
is undefined.

Exceptions
None

Operation
if (NotWordValue (GPR|rt] 3.0 )) then UndefinedResult () endif
S « GPRJrs]a.o
temp « (GPR][rt]s1)s | | GPR[rt]s1s
GPR[rd]es.0 « sign_extend (tempsi.o)
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SRL : Shift Word Right Logical

MIPS |
To logical right shift a word. The shift amount is a fixed value (0-31 bits) specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL 0 rt rd sa SRL
000000 00000 000010
6 5 5 5 5 6
Format
SRL rd, rt, sa
Description

GPR[rd] — GPR[rt] >>sa (logical)
Shifts the low-order 32 bits of GPR]rt] right by the bit count specified by sa, inserting zeros into the emptied
bits. The 32-bit result is sign-extended and stored in GPR][rd]

Restrictions
If the value of GPR]rt] is not a sign-extended 32-bit value (bits 63..31 equal), then the result of the operation
is undefined.

Exceptions
None

Operation
if (NotWordValue (GPR[rt] ¢3.0)) then UndefinedResult () endif

S < sa
temp < 05 || GPR[rt]a1.s
GPR[rd] e3.0 < sign_extend(tempai.o)
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SRLYV : shift Word Right Logical Variable

MIPS |
To logical right shift a word. The shift amount is specified by a GPR (0-31 bits).
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 SRLV
000000 00000 000110
6 5 5 5 5 6
Format

SRLV rd, rt, rs

Description
GPR[rd] —~ GPR[rt] >> GPRJrs] (logical)
Shifts the low-order 32 bits of GPR][rt] right by the bit count specified by the low-order five bits of GPR][rs],
inserting zeros into the emptied bits. The 32-bit result is sign-extended and stored in GPR[rd].

Restrictions
If the value of GPR]rt] is not a sign-extended 32-bit value (bits 63..31 equal), then the result of the operation
is undefined.

Exceptions
None

Operation
if (NotWordValue (GPR[rt] ¢3.0)) then UndefinedResult () endif
S « GPRJrs]a.o
temp < 0s || GPR[rt]a1s
GPR[rd]es.0 « sign_extend (tempsi.o)
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SUB : Subtract Word

MIPS |
To subtract 32-bit integers. Traps if overflow occurs.

Operation Code
31 26 25 21 20 16 15 11 10 6 5 0

SPECIAL rs rt rd 0 SUB
000000 00000 100010
6 5 5 5 5 6

Format
SUB rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Subtracts the low-order 32-bit value in GPR][rt] from the lower 32-bit value in GPR][rs]. The 32-bit result is
sign-extended and stored in GPR[rd]. If the subtraction results in 32-bit 2's complement arithmetic overflow,
then the contents of GPR[rd] are not changed and an Integer Overflow exception occurs.

Restrictions
If the value of GPR][rt] is not a sign-extended 32-bit value (bits 63..31 equal), then the result of the operation
is undefined.

Exceptions
Integer Overflow

Operation
if (NotWordValue (GPRJrs] 63.0) or NotWordValue (GPR[rt] ¢3.0)) then UndefinedResult () endif

temp — GPR]rs]g3.0 — GPR[rt] 63.0
if (32_bit_arithmetic_overflow) then

SignalException (IntegerOverflow)
else

GPR[rd]es.0 « sign_extend (tempsi.o)
endif

Programming Notes
SUBU performs the same arithmetic operation, but does not trap on overflow.

© SCEI
-112-



EE Core Instruction Set Manual Version 3.1

SUBU : Subtract Unsigned Word

MIPS |
To subtract 32-bit integers and ignore overflow.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 SUBU
000000 00000 100011
6 5 5 5 5 6
Format

SUBU rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Subtracts the low-order 32-bit value in GPR][rt] from the low-order 32-bit value in GPR[rs]. The 32-bit result
is sign-extended and stored in GPR][rd]. If overflow occurs, ignores it.

Restrictions
If the value of GPR]rt] is not a sign-extended 32-bit value (bits 63..31 equal), then the result of the operation
is undefined.

Exceptions
None

Operation
if (NotWordValue (GPRJrs] s3.0) or NotWordValue (GPR[rt] ¢3.0)) then UndefinedResult () endif

temp « GPR]rs]¢3.0 — GPR[rt] 63.0
GPR[rd] 3.0 < sign_extend (tempsz.o)

Programming Notes
This instruction is not an unsigned operation in the strict sense, and performs 32-bit modulo arithmetic that
ignores overflow. It is appropriate for integer arithmetic that ignores overflow such as address or C language
arithmetic.
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SW : Store Word

MIPS |

To store a word data in memory.
Operation Code

31 26 25 21 20 16 15 0

SW base rt offset
101011
6 5 5 16

Format

SW rt, offset (base)

Description
memory [GPR[base] + offset] — GPR[rt]
Stores the low-order 32-bit value of GPR[rt] in memory at the effective address obtained by adding the
offset as a 16-bit signed integer to the contents of GPR[base].

Restrictions
The effective address must conform to word alignment. If both of the least-significant bits of the address are
non-zero, an Address Error exception occurs.

Exceptions
TLB Refill, TLB Invalid, TLB Modified, Address Error

Operation (128-bit bus)
vAddr  sign_extend (offset) + GPR[base]
if (vAddry o) # 02 then SignalException (AddressError) endif
(pAddr, uncached) — AddressTranslation (vAddr, DATA, STORE)
pAddr — pAddresize-1.0
byte — vAddrs o
dataquad P GPR[rt]]_y.s*byte,,o “ (08*byte
StoreMemory (uncached, WORD, dataquad, pAddr, vAddr, DATA)
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SWL : Store Word Left

MIPS |
To store the upper part of a word at an unaligned memory address.
Operation Code
31 26 25 21 20 16 15 0
SWL base rt offset
101010
6 5 5 16
Format
SWL rt, offset (base)
Description
memory [GPR[base] + offset] — GPR[rt]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Stores the
high-order bytes of GPR][rt] in the lower part of the address in an aligned word including the address.
SWL $24,6($0)
Addresss |15 | 14 |13 [12 |11 | 10| 9 | 8
Address0 7 6 5 4 3 2 1 0
$24 | - - - - a|lb|lc|d| =—>
Addresss |15 | 14 |13 [ 12|11 | 10| 9 | 8
Address0 7 al|b|c 3 2 1 0
An Address Error exception due to alignment of the effective address does not occur.
SWL and SWR instructions in a pair are used to store the word data in a 4-byte block that does not conform
to word alignment.
Exceptions
TLB Refill, TLB Invalid, TLB Modified, Address Error
Operation

vAddr  sign_extend (offset) + GPR[base]
(pAddr, uncached) — AddressTranslation (vAddr, DATA, STORE)
pAddr — pAddrps|ZE.1__2 || 02
byte — vAddri o
if (VAddI’3,,2 = 002) then
dataquad — 0% || 0248byte | | GPR[rt]sy.24-8*byte
elseif (vAddrs 2 = 01,) then
dataquad ~ (64 II (024-8*byte II GPR[I’t]31,,24.s*byte “ 032
elseif (vAddrs 2 = 10,) then
dataquad — 03%2 || 0248byte | | GPR[rt]sy 24-g+byte | | 032
elseif (vAddrs 2 = 11,) then
dataquad — 024+8"0yte || GPR[rt]sy.24-+byte | | 0%
endif
StoreMemory (uncached, byte, dataquad, pAddr, vAddr, DATA)

The relation between the low-order 4 bits of the effective address vAddr and bytes that are to be stored is
illustrated below.

© SCEI
-115-



EE Core Instruction Set Manual Version 3.1

Register

Address

MSB 63
[-l-[-]-[aJolec]d]

0

15 14 13 12 11 10

9

8

7

6

5

LSB

4

3

2

1 0

|15|14|13l12|11|10|9l8|7|6|5l4|3|2|1|0|

vAddrs o | Contents of registers after instruction Access | pAddrs.o

(Shaded is unchanged) Type

bit 63
0 15 (14 (13 (12 (11|10 9 |8 | 7|6 |5 |4 (3|21 |a 0 0
1 15 (14 (13 (12 (11|10 9 |8 |7 |6 |5 |4 (3|2 |a|b 1 0
2 15 (14 (13 (12 (11 /10| 9 |8 | 7| 6|5 |4 |3 |a|b|c 2 0
3 1514 (13 (12 |11 |10( 9 |8 |7 |6 |5 |4 |a|b]|c|d 3 0
4 15|14 (13 (12 |11 |10( 9 | 8|7 |6 |5|a|3|2]|1]|0 0 4
5 15|14 (13 (12 |11 |10( 9 | 8|7 |6 |a|b|3|2]|1]|0 1 4
6 15|14 (13 (12 |11 |10( 9 |8 |7 |a|b|c|3|2]|1]|0 2 4
7 15 (14 (13 (12 (11 (10| 9 |8 |a|b|c|d |3 |21 |0 3 4
8 15 (14 (13 (12 (11 (10| 9 |a | 7| 6|5 |43 |2(|1]|0 0 8
9 15 (14 (13 (12 (11|10 | a |b |7 | 6|5 |43 |2(|1]|0 1 8
10 1514 (13 (12 (11 |a|b|c | 7| 6|5 |4|3|2|1]|0 2 8
11 15|14 (13 (12 |a|b|c|d]|7|6|5|4|3|2]|1]|0 3 8
12 15|14 {13 (a |11 |20(9 | 8|7 |6 |5|4|3|2]|1]|0 0 12
13 15|14 |a|b|11|0[{9 |87 |6|5|4|3|2]|1]|0 1 12
14 5|albfc|11|10[{9| 8|7 |6|5|4|3|2]|1]|0 2 12
15 a|b|c|d|11|10(9 |87 |6|[5]4]3|2]|]1]|0 3 12
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SWR : Store Word Right

MIPS |
To store the lower part of a word at an unaligned memory address.
Operation Code
31 26 25 21 20 16 15 0
SWR base rt offset
101110
6 5 5 16
Format
SWR rt, offset (base)
Description
memory [GPR[base] + offset] — GPR[rt]
Adds the offset as a 16-bit signed number to the value of GPR[base] to form the effective address. Stores the
low-order bytes of GPR][rt] in the upper part of the address in an aligned word including the address.
SWL $24,3($0)
Addresss |15 | 14 |13 [12 |11 | 10| 9 | 8
Address0 7 6 5 4 3 2 1 0
$4 | - [ - | -] -|A]|b]lc]|d >
Addresss |15 | 14 |13 [12 |11 | 10| 9 | 8
Address0 7 6 5 4 1 d 2 1 0
An Address Error exception due to alignment of the effective address does not occur.
SWR and SWL instructions in a pair are used to store the word in a 4-byte block that does not conform to
word alignment.
Exceptions
TLB Refill, TLB Invalid, TLB Modified, Address Error
Operation

vAddr  sign_extend (offset) + GPR[base]
(pAddr, uncached) — AddressTranslation (vAddr, DATA, STORE)
pAddr — pAddrps|ZE.1__2 || 02
byte — vAddri o
if (VAddI’3,,2 = 002) then
dataquad — 0% | | GPR[rt]si-s*yte.0 | | 08"t
else if (vAddrs , = 01,) then
dataquad — 0% | | GPR[rt]s1-s*byte.0 | | 08"t | | 032
else if (vAddrs » = 10;) then
dataquad — 032 | | GPR[rt]aisbyte.0 | | 080vte | | 064
else if (vVAddrs » = 11,) then
dataquad — GPR[rt]ss-s«yte.0 | | 08"y || 0%
endif
StoreMemory (uncached, WORD-byte, dataquad, pAddr, vAddr, DATA)

The relation between the low-order 4 bits of the effective address vAddr and bytes that are to be stored is
illustrated below.
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MSB 63 0 LSB
Register |||lla|b|c|d|
Address 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|15|14|13l12|11|1o|9|8|7|6|5l4|3|2|1|0|

vAddrs o Contents of registers after instruction

Access  pAddrs o

(Shaded is unchanged) Type

bit 63
0 15 |14 |13 |12 (11 |10 | 9 (|8 |7 |6 |5 |4 |a|b|c | d 3 0
1 15 (14 |13 |12 (11 |10 | 9 [ 8 |7 |6 |5 |4 |b|c|d | O 2 1
2 15 (14 |13 |12 (11 |10 | 9 (8 |7 |6 |5 |4 |c|d |1 |0 1 2
3 15 114 (13 |12 |11 |10 (9 (8 |7 |6 (5|4 |d| 2|1 |0 0 3
4 15 |14 (13 |12 |11 |10 (9 |8 |a |Bfc |d |3 |2 |1 |0 3 4
5 15 |14 (13 |12 |11 |10 (9 |8 |b|C|(d |4 |3 |2 |1 |0 2 5
6 15 |14 (13 |12 |11 |10 (9 |8 |c |D|(5 |4 |3 |2 |1 |0 1 6
7 15 (14 |13 |12 (11 |10 | 9 (8 |d |6 |5 |4 [3 |2 |1 |0 0 7
8 15|14 |13 |12 |a|b|c|d |7 |6|5|4[3]|2|1]0 3 8
9 15|14 |13 |12 (b |c|d |8 |7 |6 |5]|4[3]|2|1]|0 2 9
10 15|14 |13 |12 (c |d |9 (8|7 |6 |5|4([3|2|1]0 1 10
11 15114 (13 |12 |d |10 (9 |8 |7 |6 5|43 |2|1|0 0 11
12 a|/bflc|dj11j/20(9 8|7 |6([5|4]|3|2(|1|0 3 12
13 blc|d|12|11/10(9 8|7 |6 (|5|4]|3|2([1|0 2 13
14 c|df13|12 11|10 (9 8|7 |6 |5|4]|3|2(1|0 1 14
15 d|14 |13 (12 |11 |10 (9 |8 |7 |6 |5 |4 |3 |2 |10 0 15
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SYNC.stype : Synchronize Shared Memory

MIPS II
To wait until a memory access or a pipeline operation during the execution is completed.
Operation Code
31 26 25 11 10 6 5 0
SPECIAL 0 stype SYNC
000000 000 0000 0000 0000 001111
6 15 5 6
Format
SYNC (stype = 0xxxx)

SYNC.L (stype = 0xxxx)
SYNC.P (stype = 1xxxx)

Description
The SYNC instruction synchronizes memory accesses or pipeline operations.

The SYNC and SYNC.L instructions wait until the preceding loads or stores are completed. Also, they flush
the uncached accelerated buffer. The completion of loads indicates when the data is written into the
destination register and the completion of stores indicates when the data is written into the data cache or the
scratch-pad RAM or when the data is sent on the processor bus and the SYSDACK signal is asserted. That
is, load and store instructions issued before SYNC or SYNC.L are guaranteed to execute before load and
store instructions following SYNC or SYNC.L are executed.

The SYNC.P instruction waits until the preceding instruction is completed with the exception of multiply,
divide, multicycle COP1 or COP2 operations or a pending load.

Restrictions
The SYNC instruction (SYNC.P or SYNC.L) is not allowed to execute in a branch delay slot, (the instruction
immediately following a branch instruction).

Exceptions
None

Operation
SyncOperation(stype)
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SYSCALL : System Call

MIPS |

To cause a System Call exception.

Operation Code
31 26 25 6 5 0

SPECIAL code SYSCALL
000000 001100

6 20 6

Format
SYSCALL

Description
A system call exception occurs, immediately and unconditionally transferring control to the exception
handler. The code field is available and can be used for software parameters.
However, no special way for the exception handler to acquire the value of the code field is provided. It must
be retrieved by determining the address of an instruction word from the EPC register, etc.

Exceptions
System Call

Operation
SignalException (SystemCall)
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TEQ : Trap if Equal

MIPS II
To compare the values of two GPRs and take a Trap exception according to the result.

Operation Code
31 26 25 21 20 16 15 6 5 0
SPECIAL rs rt code TEQ
000000 110100
6 5 5 10 6

Format
TEQ rs, 1t

Description
if (GPR[rs] = GPR[rt]) then Trap
Compares the contents of GPR[rs] and GPR]rt]. If they are equal, takes a trap exception.
The code field is available and can be used for software parameters.
However, no special way for the exception handler to acquire the value of the code field is provided. It must
be retrieved by determining the address of an instruction word from the EPC register, etc.

Exceptions
Trap

Operation
if GPR[I‘S]sg__o = GPR[rt] 63.0 then
SignalException (Trap)
endif
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TEQI : Trap if Equal Immediate

MIPS II

To compare a GPR with a constant and take a Trap exception according to the result.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs TEQI immediate
000001 01100
6 5 5 16

Format

TEQI rs, immediate

Description

if (GPR[rs] = immediate) then Trap
Compares the contents of GPR[rs] with the value of a sign-extended immediate. If they are equal, takes a
Trap exception.

Exceptions
Trap

Operation

if GPR][rs] e3.0 = sign_extend (immediate) then

SignalException (Trap)

endif
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TGE : Trap if Greater or Equal

MIPS II
To compare the values of two GPRs and take a Trap exception according to the result.

Operation Code
31 26 25 21 20 16 15 6 5 0

SPECIAL rs rt code TGE
000000 110000
6 5 5 10 6

Format
TGE rs, 1t

Description
if (GPR[rs] >= GPR][rt]) then Trap
Compares the values of GPR[rs] and GPR|[rt]. If GPR][rs] is greater than or equal to GPR|rt], takes a trap
exception.
The code field is available and can be used as software parameters.
However, no special way for the exception handler to acquire the value of the code is provided. The value of
the code field must be retrieved by determining the address of an instruction word from the EPC register,
etc.

Exceptions
Trap

Operation
if GPR[TS]@&,O >= GPR[rt]e&,o then
SignalException(Trap)
endif
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TGEI : Trap if Greater or Equal Immediate

MIPS II

To compare a GPR with a constant and take a Trap exception according to the result.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs TGEI immediate
000001 01000
6 5 5 16

Format

TGEI rs, immediate

Description
if (GPR[rs] >= immediate) then Trap
Compares the values of GPR[rs] with the value of the sign-extended immediate field. If GPR][rs] is greater
than or equal to immediate, takes a Trap exception.

Exceptions
Trap

Operation
if GPR([rs]es.0 >= sign_extend(immediate) then
SignalException(Trap)
endif
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TGEIU : Trap if Greater or Equal Immediate Unsigned

MIPS II

To compare a GPR with a constant and take a Trap exception according to the result.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs TGEIU immediate
000001 01001
6 5 5 16

Format

TGEIU rs, immediate

Description
if (GPR[rs] >= immediate) then Trap
Compares the value of GPR[rs] with the value of the sign-extended immediate field as unsigned integers. If
GPR|rs] is greater than or equal to immediate, takes a Trap exception.

Exceptions
Trap

Operation
if (0 ]| GPR][rsles.0) >= (0 | | sign_extend(immediate)) then
SignalException(Trap)
endif

Programming Notes
Because the immediate is treated as an unsigned integer after it is sign-extended, the range of numeric values
that the immediate represents is not sequential, but split into two areas; around the smallest and largest 64-bit
unsigned integers. That is [0,32767] and max_unsigned-32767, max_unsigned], respectively.
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TGEU : Trap if Greater or Equal Unsigned

MIPS II
To compare the values of two GPRs and take a Trap exception according to the result.

Operation Code
31 26 25 21 20 16 15 6 5 0
SPECIAL rs rt code TGEU
000000 110001
6 5 5 10 6

Format
TGEU rs, rt

Description
if (GPR[rs] >= GPR][rt]) then Trap
Compares the values of GPR[rs] and GPR|rt] as unsigned integers. If GPR][rs] is greater than or equal to
GPR|rt], takes a trap exception.
The code field is available and can be used for software parameters.
However, no special way for the exception handler to acquire the value of the code is provided. It must be
retrieved by determining the address of an instruction word from the EPC register, etc.

Exceptions
Trap

Operation
if (0 || GPRI[rs]ss.0)) >= (0 | | GPR[rt]es.0) then
SignalException(Trap)
endif
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TLT : Trap if Less Than

MIPS II
To compare the values of two GPRs and take a Trap exception according to the result.
Operation Code
31 26 25 21 20 16 15 6 5 0
SPECIAL rs rt code TLT
000000 110010
6 5 5 10 6
Format
TLT rs,rt
Description

if (GPR[rs] < GPR[rt]) then Trap

Compares the values of GPR[rs] and GPR|[rt]. If GPR][rs] is less than GPR|rt], takes a trap exception.

The code field is available and can be used for software parameters.

However, no special way for the exception handler to acquire the value of the code is provided. It must be
retrieved by determining the address of an instruction word from the EPC register, etc.

Exceptions
Trap

Operation
if GPR][rs]ss.0 < GPR][rt]es.0 then
SignalException(Trap)
endif
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TLTI : Trap if Less Than Immediate

MIPS II

To compare a GPR with a constant and take a Trap exception according to the result.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs TLTI immediate
000001 01010
6 5 5 16

Format

TLTI rs, immediate

Description
if (GPR][rs] < immediate) then Trap
Compares the value of GPR[rs] with the value of a sigh-extended immediate. If GPR]rs] is less than
immediate, takes a Trap exception.

Exceptions
Trap

Operation
if GPR][rs]es.0 < sign_extend(immediate) then
SignalException(Trap)
endif
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TLTIU : Trap if Less Than Immediate Unsigned

MIPS II

To compare a GPR with a constant and take a Trap exception according to the result.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs TLTIU immediate
000001 01011
6 5 5 16

Format

TLTIU rs, immediate

Description
if (GPR[rs] < immediate) then Trap
Compares the values of GPR[rs] with the value of a sign-extended immediate as unsigned integers. If
GPR(rs] is less than immediate, takes a Trap exception.

Exceptions
Trap

Operation
if (0 ]| GPR]rsles.0) < (0 || sign_extend(immediate)) then
SignalException(Trap)
endif

Programming Notes
Because the immediate field is treated as an unsigned integer after it is sign-extended, the range of numeric
values that the immediate represents is not sequential, but split into two areas; around the smallest and
largest 64-bit unsigned integers. That is [0,32767] and [max_unsigned-32767, max_unsigned], respectively.

© SCEI
-129-



EE Core Instruction Set Manual Version 3.1

TLTU : Trap if Less Than Unsigned

MIPS II
To compare the values of two GPRs and take a Trap exception according to the result.

Operation Code
31 26 25 21 20 16 15 6 5 0
SPECIAL rs rt code TLTU
000000 110011
6 5 5 10 6

Format
TLTU rs, rt

Description
if (GPR[rs] < GPR[rt]) then Trap
Compares the values of GPR[rs] and GPRJrt] as unsigned integers. If GPR][rs] is less than GPR[rt], takes a
trap exception.
The code field is available and can be used for software parameters.
However, no special way for the exception handler to acquire the value of the code is provided. It must be
retrieved by determining the address of an instruction word from the EPC register, etc.

Exceptions
Trap

Operation
if (0 ]] GPR]rslss.0) < (0 | | GPR[rt]es.0) then
SignalException(Trap)
endif
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TNE : Trap if Not Equal

MIPS II
To compare the values of two GPRs and take a Trap exception according to the result.

Operation Code
31 26 25 21 20 16 15 6 5 0
SPECIAL rs rt code TNE
000000 110110
6 5 5 10 6

Format
TNE rs, 1t

Description
if (GPR][rs] # GPR[rt]) then Trap
Compares the values of GPR[rs] and GPR]rt]. If they are not equal, takes a trap exception.
The code field is available and can be used for software parameters.
However, no special way for the exception handler to acquire the value of the code is provided. It must be
retrieved by determining the address of an instruction word from the EPC register, etc.

Exceptions
Trap

Operation
if GPR[I‘S]sg__o £ GPR[rt]sg__o then
SignalException(Trap)
endif
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TNEI : Trap if Not Equal Immediate

MIPS II

To compare a GPR with a constant and take a Trap exception according to the result.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs TNEI immediate
000001 01110
6 5 5 16

Format

TNEI rs, immediate

Description

if (rs # immediate) then Trap
Compares the value of GPR[rs] with the value of a sigh-extended immediate. If they are not equal, takes a
Trap exception.

Exceptions
Trap

Operation

if GPR][rs]es.0 # sign_extend(immediate) then
SignalException(Trap)

endif
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XOR : Exclusive OR

MIPS |
To calculate a bitwise logical EXCLUSIVE OR.
Operation Code
31 26 25 21 20 16 15 11 10 0
SPECIAL rs rt rd 0 XOR
000000 00000 100110
6 5 5 5 5 6
Format
XOR rd, rs, rt
Description

GPR[rd] — GPR][rs] XOR GPRIrt]

Calculates a bitwise logical XOR between the contents of GPR[rs] and GPR[rt]. The result is stored in

GPR[rd].
The truth table values for XOR are as follows;
X Y XXORY
0 0 0
0 1 1
1 0 1
1 1 0
Exceptions
None
Operation

GPR[I’d]eguo - GPR[I’S]eg,,o XOR GPR[rt]sg__o
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XORI : Exclusive OR Immediate

MIPS |
To calculate a bitwise logical EXCLUSIVE OR.
Operation Code
31 26 25 21 20 16 15 0
XORI rs rt immediate
001110
6 5 5 16
Format

XORI rt, rs, immediate

Description
GPR[rt] — GPR[rs] XOR immediate

Calculates a bitwise logical XOR between the value of the zero-extended immediate and contents of

GPR[rs]. The result is stored in GPR[rt].

X Y XXORY
0 0
0 1 1
1 0 1
1 1 0
Exceptions
None
Operation

GPR|rt]ss.0 — GPR][rs]ss.0 XOR zero_extend (immediate)
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3. EE Core-Specific Instruction Set

This chapter describes the details of special CPU instructions that are part of the extended EE Core instruction
set. These instructions are classified into the following three types;

* Three-operand Multiply and Multiply-Add instructions
* Multiply and Multiply-Add instructions using logical pipeline 1 (11 pipe)

» Multimedia instructions
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DIV1 : Divide Word Pipeline 1

EE Core
To divide 32-bit signed integers. This operation is executed in logical pipeline 1.
Operation Code
31 26 25 21 20 16 15 6 5 0
MMI rs rt 0 DIVl
011100 00 0000 0000 011010
6 5 5 10 6
Format
DIV1 rs, 1t
Description

(LO1, HI1) — GPR[rs] / GPR]rt]
Divides the 32-bit value in GPR[rs] by the 32-bit value in GPR][rt]. The 32-bit quotient and the 32-hit

remainder are stored in the LO1(LO127.64) and HI1(Hl127_e4) registers respectively. Both GPR[rs] and

GPR(rt] are treated as signed values. The sign of the quotient and remainder are determined as shown in the
following table;

Dividend Divisor GPR[rt] Quotient LO Remainder HI
GPR{rs]
Positive Positive Positive Positive
Positive Negative Negative Positive
Negative Positive Negative Negative
Negative Negative Positive Negative

Restrictions

If GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.
Also, if the value in GPRJrt] is zero, the arithmetic result is undefined.

Exceptions

None. If the divisor is zero, an exception does not occur on overflow.

Operation

if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif

quotient « GPR]rs]s1.0 DIV GPR][rt]s1.0
remainder « GPR]rs]z1.0 MOD GPR|rt]s1.0
LO127.64 P (quotient 3]_)32 I I quotient 31.0
Hl127 64 ~ (remainder 31)32 | | remainder 1.0

Programming Notes

In the EE Core, the integer divide operation proceeds asynchronously. An attempt to read the contents of
the LO or HI registers before the divide operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the divide operation appropriately can improve
performance.

When 0x80000000(—2147483648), the signed minimum value, is divided by OxFFFFFFFF(-1), the operation
will result in an overflow. However, in this instruction an overflow exception does not occur and the

following results will be returned.
Quotient: 0x80000000 (—2147483648), and remainder: 0x00000000 (0)
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If an overflow or divide-by-zero is required to be detected, then add an instruction that detects these
conditions following the divide instruction. Since the divide instruction is asynchronous, the divide operation
and check can be executed in parallel. If an overflow or divide-by-zero is detected, then the system software
can be informed of the problem by generating an exception using an appropriate code value with a BREAK

instruction.
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DIVUL1 : Divide Unsigned Word Pipeline 1

EE Core
To divide 32-bit unsigned integers. This operation is executed in logical pipeline 1.
Operation Code
31 26 25 21 20 16 15 6 5 0
MMI rs rt 0 Divul
011100 00 0000 0000 011011
6 5 5 10 6
Format
DIVUL rs, 1t
Description

(LO1, HI1) « GPRJrs] / GPR]rt]

Divides the 32-bit value in GPR[rs] by the 32-bit value in GPR][rt]. The 32-bit quotient and the 32-hit
remainder are stored in the LO1(LO127.64) and HI1(Hl127_e4) registers respectively. Both GPR[rs] and
GPR(rt] are treated as unsigned values.

Restrictions
If GPR[rt] and GPR{[rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.

Exceptions
None. Even if the divisor is zero, an exception does not occur.

Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
quotient < (0 ]1 GPRJrs]s1.0) DIV (0 || GPR[rt]s1.0)
remainder < (0 1] GPR][rs]s1.0) MOD (0 || GPR]rt]s1.0)
LO127.64 P (quotient 3]_)32 I I quotient 31.0
Hl127.64 ~ (remainder 31)32 | | remainder 1.0

Programming Notes
In the EE Core, the integer divide operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the divide operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the divide operation appropriately can improve
performance.
If divide-by-zero is required to be detected, then add an instruction that detects this condition following the
divide instruction. Since the divide instruction is asynchronous, the divide operation and check can be
executed in parallel. If an overflow or divide-by-zero is detected, then the system software can be informed
of the problem by generating an exception using an appropriate code value with a BREAK instruction.
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LQ : Load Quadword

128-bit MMI
To load a 128-bit data from memory.
Operation Code
31 26 25 21 20 16 15 0
LQ base rt offset
011110
6 5 5 16

Format
LQ rt, offset (base)

Description
GPR[rt] « memory [GPR[base] + offset]
Adds the offset as a 16-hit signed number to the value in GPR[base] to form the effective address. Loads the
128-bit data at the address and stores it in GPR[rt].
The least-significant four bits of the effective address are masked to zero when accessing memaory.
Therefore, the effective address does not have to conform to the natural alignment.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation
vAddr « sign_extend (offset) + GPR [base]
VAddI’a,,o =04
(pAddr, uncached) ~ AddressTranslation (vAddr, DATA, LOAD)
memquad ~ LoadMemory (uncached, QUADWORD, pAddr, vAddr, DATA)
GPR[rt]127.0 ~ memgquad
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MADD : Multiply-Add word

EE Core
To multiply 32-bit values in GPRs and add to the HI and LO registers.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd 0 MADD
011100 00000 000000
6 5 5 5 5 6
Format
MADD rs, rt

MADD rd, rs, rt

Description
(GPR[rd], HI, LO) ~ (HI, LO) + GPR[rs] x GPR[rt]
Multiplies the 32-bit value in GPR]rs] by the 32-bit value in GPR]rt] as signed integers. Adds the resulting
64-bit product to the values of the HI and LO registers and stores the high-order 32-bit result in HI0 and the
low-order 32-bit result in LO0 and GPR][rd].
If rd is omitted in assembly language, zero is used for the default value. Since GPR[0] is the register whose
value is fixed to zero, the arithmetic result will be stored only in the HI and LO registers.

Restrictions
If GPR[rt] and GPR{[rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.

Exceptions
None
Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
prod « (Hlzro || LOs1.0) + GPRIrs]sr.o X GPR(rt]ss.0
LOss.0 « (prod 31)% | | prodss.o
Hles.o « (prod 63)% | | prodes.2

GPR[I’d]es,,o — (prod 31)32 1l prOdgl,,o

Programming Notes
In the EE Core, the multiply accumulate operation proceeds asynchronously. An attempt to read the
contents of the LO or HI register before the operation finishes will result in interlock. Other CPU
instructions can execute in parallel with the multiply accumulate operation. Therefore, scheduling the
multiply accumulate operation appropriately can improve performance of the software.
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MADD1 : Multiply-Add word Pipeline 1

EE Core

To multiply the 32-bit values in GPRs and add to the HI and LO registers. This operation is executed in logical
pipeline 1.

Operation Code

31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd 0 MADD1
011100 00000 100000
6 5 5 5 5 6
Format
MADD1 rs, rt

MADD1 rd, rs, rt

Description
(GPR[rd], HI1, LO1) ~ (HI1, LO1) + GPR[rs] X GPR]rt]
Multiplies the 32-bit value in GPRJrs] by the 32-bit value in GPR][rt] as signed integers. Adds the resulting
64-bit product to the values of the HI1(HI127.64) and LO1(LO127.64) registers and stores the high-order 32-bit
result in the HIO register and the low-order 32-bit result in the LOO register and GPR[rd].
If rd is omitted in assembly language, zero is used for the default value. Since GPR[0] is the register whose
value is fixed to zero, the arithmetic result will be stored only in the HI1 and LO1 registers.

Restrictions
If GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.

Exceptions
None
Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
prod « (Hlgsea || LOgs.64) + GPR]rs]ar.0 X GPR[rt]s1.0
LO17.64 ~ (prod 31)32 | | prodsi.o
Hl127.64 « (prod 63)%2 | | prodes.2

GPR[I’d]ea,o — (prod 31)32 II pr0d31,,o

Programming Notes
In the EE Core, the multiply accumulate operation proceeds asynchronously. An attempt to read the
contents of the LO or HI register before the operation finishes will result in interlock. Other CPU
instructions can execute in parallel with the multiply accumulate operation. Therefore, scheduling the
multiply accumulate operation appropriately can improve performance of the software.
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MADDU : Multiply-Add Unsigned word

EE Core

To multiply the 32-bit values in GPRs as unsigned integers and add to the HI and LO registers.
Operation Code

31 26 25 21 20 16 15 11 10 6 5 0

MMI rs rt rd 0 MADDU
011100 00000 000001
6 5 5 5 5 6
Format
MADDU rs, rt

MADDU rd, rs, rt

Description
(GPR[rd], HI, LO) « (HI, LO) + GPR[rs] X GPR[rt]
Multiplies the 32-bit value in GPR]rs] by the 32-bit value in GPR][rt] as unsigned integers. Adds the resulting
64-bit product to the values of the HI and LO registers and stores the high-order 32-bit result in the HIO
register and the low-order 32-bit result in the LOO register and GPR[rd].
If rd is omitted in assembly language, zero is used for the default value. Since GPR[0] is the register whose
value is fixed to zero, the arithmetic result will be stored only in the HI and LO registers.

Restrictions
If GPR[rt] and GPR{[rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.

Exceptions
None
Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
pl’Od — (H|31,,o II LO31,,0) + (O “ GPR[I’S]31,,0) X (0 “ GPR[I’t]31,,o)
LOss.0 « (prod 31)% | | prodss.o
Hles.o « (prod 63)% | | prodes.2

GPR[rd] 63.0 - (prod 31)32 | | pr0d31__o

Programming Notes
In the EE Core, the multiply accumulate operation proceeds asynchronously. An attempt to read the
contents of the LO or HI registers before the operation finishes will result in interlock. Other CPU
instructions can execute in parallel with the multiply accumulate operation. Therefore, scheduling the
multiply accumulate operation appropriately can improve performance of the software.
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MADDUL : Multiply-Add Unsigned word Pipeline 1

EE Core

To multiply the 32-bit values in GPRs as unsigned integers and add to the HI and LO registers. This operation is
executed in pipeline 1.

Operation Code

31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd 0 MADDU1
011100 00000 100001
6 5 5 5 5 6
Format

MADDUL1 rs, rt
MADDUL1 rd, rs, rt

Description
(GPR[rd], HI1, LO1) ~ (HI1, LO1) + GPR[rs] X GPR]rt]
Multiplies the 32-bit value in GPR]rs] by the 32-bit value in GPR][rt] as unsigned integers. Adds the resulting
64-bit product to the values of the HI1 (Hl127.64) and LO1 (LOx27.64) registers and stores the high-order 32-
bit result in the HIO register and the low-order 32-bit result in the LOO register and GPR[rd].
If rd is omitted in assembly language, zero is used for the default value. Since GPR[0] is the register whose
value is fixed to zero, the arithmetic result will be stored only in the HI1 and LO1 registers.

Restrictions
If GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.

Exceptions
None
Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
pl’Od — (H|95__54 “ L095,,64) + (0 “ GPR[I’S]gl,,o) X (0 “ GPR[I’t]gl,,o)
LO127.64 ~ (prod 31)32 | | prodsi.o
Hl127.64 « (prod 63)%2 | | prodes.2

GPR[I’d]ea,o — (prod 31)32 II pr0d31,,o

Programming Notes
In the EE Core, the multiply accumulate operation proceeds asynchronously. An attempt to read the
contents of the LO or HI register before the operation finishes will result in interlock. Other CPU
instructions can execute in parallel with the multiply accumulate operation. Therefore, scheduling the
multiply accumulate operation appropriately can improve performance of the software.
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MFHI1 : Move From HI1 Register

EE Core
To move the contents of the HI1 register to a GPR.
Operation Code
31 26 25 16 15 11 10 6 5 0
MMI 0 rd 0 MFHI1
011100 00 0000 0000 00000 010000
6 10 5 5 6
Format
MFHI1 rd
Description

GPR[rd] « HI1

Copies the contents of the HI1 (=H1127. 64) register in GPR[rd].

Exceptions
None

Operation
GPR[rd]ez.o — Hli27.64
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MFLO1 : Move From LO1 Register

EE Core
To move the contents of the LO1 register to a GPR.
Operation Code
31 26 25 16 15 11 10 6 5 0
MMI 0 rd 0 MFLO1
011100 00 0000 0000 00000 010010
6 10 5 5 6
Format
MFLO1 rd
Description
GPR[rd] ~ LO1
Copies the contents of the LO1 (=LO127. 64) register in GPR[rd].
Exceptions
None
Operation
GPR[rd]es.0 « LO127.64
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MFSA : Move from Shift Amount Register

EE Core
To save the contents of the SA register in a GPR.
Operation Code
31 26 25 16 15 11 10 0
SPECIAL 0 rd 0 MFSA
000000 00 0000 0000 00000 101000
6 10 5 5 6
Format
MFSA rd
Description

GPR[rd] — SA

Copies the contents of the SA register, which holds the funnel shift amount, in GPR[rd]. This instruction is
provided for saving the SA register during a context switch. Since the value of the SA register is encoded in a
special manner, the software cannot use the resulting value in GPR[rd]. Uses the MTSA instruction to

restore the saved values in SA.

Exceptions
None

Operation
GPR[rd]e&,o ~ SA

Programming Notes

This instruction operates only in pipeline 0.
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MTHIL1 : Move To HI1 Register

EE Core
To move the value of a GPR to the HI1 register.

Operation Code
31 26 25 21 20 6 5 0
MMI rs 0 MTHI1
011100 000 0000 0000 0000 010001
6 5 15 6

Format
MTHI1 rs

Description
HI1 « GPRJrs]
Copies the contents of GPR[rs] to the HI1 (=H1127. 64) register.

Exceptions
None

Operation
Hlio7.64 « GPR[I’S]63,,0
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MTLO1 : Move To LO1 Register

To move the value of a GPR to the LO 1 register.

Operation Code
31 26 25 21 20

EE Core

MMI rs 0
011100 000 0000 0000 0000

MTLO1
010001

6 5 15

Format
MTLO1 rs

Description
LO1 — GPRrg]
Copies the contents of GPR[rs] to the LO1 (=LO127. 64) register.

Exceptions
None

Operation
LO]_27“64 - GPR[I’S]63,,0

6
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MTSA : Move to Shift Amount Register

EE Core
To restore the saved values in a GPR into the SA register.

Operation Code
31 26 25 21 20 6 5 0
SPECIAL rs 0 MTSA
000000 000 0000 0000 0000 101001
6 5 15 6

Format
MTSA rs

Description
SA —« GPR]rg]
Copies the contents of GPR[rs] into the SA register, which holds the funnel shift amount.
This instruction is provided for restoring the values of SA saved with the MFSA instruction during a context
switch.
The contents of GPR[rs] must be the value saved with the MFSA instruction. Otherwise, the result of the
MTSA instruction is undefined. That is, setting the funnel shift amount newly with the MTSA instruction is
not allowed. Use the MTSAB and MTSAH instructions to do this.

Restrictions
The three instructions prior to the MTSA instruction must not access SA register. That is, placing a MFSA,
MTSAB, MTSAH or QFSRV instruction in the three steps preceding the MTSA instruction is not allowed.

Exceptions
None

Operation
SA « GPR]rs]es.o

Programming Notes
The MTSA instruction operates only in logical pipeline 0.
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MTSAB : Move Byte Count to Shift Amount Register

EE Core

To set a byte shift count in the SA register.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs 11000 immediate
000001
6 5 5 16

Format

MTSAB rs, immediate

Description
SA < (GPRJrs] XOR immediate) x 8
Calculates a bitwise logical XOR between the least-significant four bits of GPR[rs] and those of the
immediate value. The result is stored in SA as a byte shift amount.

Restrictions
The three instructions prior to the MTSAB instruction must not read the SA register; that is, they must not
be the MFSA or QFSRV instruction.

Exceptions
None

Operation
SA ~ (GPR]rs]s.o XOR immediates o) X 8

Programming Notes
The MTSAB instruction operates only in logical pipeline 0.
Specifying rs or immediate differs as follows;
mtsab 0,5 // Sets shifts amount to "5 bytes" .
mtsab 5, 0 // Sets the contents of GPRI[5] as a byte shift amount.

© SCEI
-150-



EE Core Instruction Set Manual Version 3.1

MTSAH : Move Halfword Count to Shift Amount Register

EE Core

To set a halfword shift count in the SA register.
Operation Code

31 26 25 21 20 16 15 0

REGIMM rs 11001 immediate
000001
6 5 5 16

Format

MTSAH rs, immediate

Description
SA « (GPRJrs] XOR immediate) x 16
Calculates a hitwise logical XOR between the least-significant three bits of GPR[rs] and those of the
immediate value. The result is stored into SA as a halfword shift amount.

Restrictions
The three instructions prior to the MTSAB instruction must not read the SA register; that is, they must not
be the MFSA or QFSRV instruction.

Exceptions
None

Operation
SA — (GPR]rs]2.0 XOR immediatez o) X 16

Programming Notes
The MTSAH instruction operates only in logical pipeline 0.
Specifying rs or immediate differs as follows;.
mtsab 0,5 // Sets shifts amount to "5 halfwords"
mtsab 5, 0 // Sets the contents of GPRJ[5] as a byte shift amount.
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MULT : Multiply Word

EE Core
To multiply 32-bit signed integers.

Operation Code
31 26 25 21 20 16 15 11 10 6 5 0

SPECIAL rs rt rd 0 MULT
000000 00000 011000
6 5 5 5 5 6

Format
MULT rd, rs, rt
MULT rs, rt

Description
(GPR[rd], LO, HI) — GPR[rs] X GPR]rt]
Multiplies the 32-bit value in GPR[rt] by the 32-bit value in GPR][rs] as signed integers. The low-order 32 bits
and the high-order 32 bits of the 64-bit result are stored in the LO register and GPR[rd], and the HI register,
respectively.

Restrictions
If GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.

Exceptions
None. No arithmetic exception occurs.

Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
prod « GPRJrs]s1.0 X GPR]rt]a.0
LOs3.0 ~ (prod 31)32 | | prodsi.o
Hles.o « (prod 63)% | | prodes.s

GPR[rd] e3.0 « (prod 31)32 | | prodasz.o

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions
can execute in parallel. Therefore, scheduling the multiply operation appropriately can improve performance.
Even when the result of the multiply operation overflows, an overflow exception does not occur. If an
overflow is required to be detected, an explicit check is necessary.
If rd is omitted in assembly language, zero is used for the default value. Since GPR[0] is the register whose
value is fixed to zero, the arithmetic result will be stored only in the HI and LO registers. That is, the result is
the same as the MULT instruction in the MIPS | level.
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MULT1 : Multiply Word Pipeline 1

EE Core
To multiply 32-bit signed integers. This operation is executed in logical pipeline 1.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd 0 MULT1
011100 00000 011000
6 5 5 5 5 6
Format
MULTL rd, rs, rt
MULT1 rs, rt
Description

(GPR][rd], LO1, HI1) — GPR[rs] X GPR[rt]

Multiplies the 32-bit value in GPR][rt] by the 32-bit value in GPR{[rs] as signed integer values. The low-order
32 bits and the high-order 32 bits of the resulting 64-bit value are stored in the LO1(LO127.64) register and
GPR[rd], and the HI1(Hl127 ¢4) register respectively.

Restrictions
If GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.

Exceptions
None. No arithmetic exception occurs.

Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
prod « GPRJrs]s1.0 X GPR]rt]a1.0
LO17.64 « (prod 51)32 | | prodsi.o
Hl127.64 « (prod 63)% | | prod es.s2

GPR[I’d]63,,o — (prod 31)32 II pr0d31,,o

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions
can execute in parallel. Therefore, scheduling the multiply operation appropriately can improve performance.
Even when the result of the multiply operation overflows, an overflow exception does not occur. If
Overflow is required to be detected, an explicit check is necessary.
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MULTU : Multiply Unsigned Word

EE Core
To multiply 32-bit signed integers.

Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
SPECIAL rs rt rd 0 MULTU
000000 00000 011001
6 5 5 5 5 6

Format
MULTU rd, rs, rt
MULTU s, rt

Description
(LO, HI) « GPRJrs] X GPRJrt]
Multiplies the 32-bit value in GPRJ[rt] by the 32-bit value in GPR][rs] as unsigned integer values. The low-
order 32 bits and the high-order 32 bits of the resulting 64-bit value are stored in the LO and HI registers
respectively.
No arithmetic exception occurs under any circumstances.

Restrictions
If GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.

Exceptions
None
Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
pl’Od — (0 “ GPR[I’S]31,,0) X (0 “ GPR[I’t]31,,o)
LOs3.0 ~ (prod 31)32 | | prodsi.o
Hl 3.0 ~ (prod 63)32 | | prodes.s2

GPR[rd] 63.0 - (prod 31)32 | | pr0d31__o

Programming Notes
See "Programming Notes" for the MULT instruction.
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MULTUL : Multiply Unsigned Word Pipeline 1

EE Core
To multiply 32-bit unsigned integers. This operation is executed in logical pipeline 1.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd 0 MULTU1
011100 00000 011001

6 5 5 5 5 6

Format
MULTUL rd, rs, rt
MULTUL rs, rt

Description
(GPR][rd], LO1, HI1) — GPR[rs] X GPR[rt]
Multiplies the 32-bit value in GPR][rt] by the 32-bit value in GPR][rs] as unsigned integers. The low-order 32
bits and the high-order 32 bits of the resulting 64-bit value are stored in the LO1(LOx27.64) register and
GPR[rd], and the HI1(Hl127 ¢4) register, respectively.

Restrictions
If GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 63..31 equal), then the result is undefined.

Exceptions
None
Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
pl’Od - (0 || GPR[I‘S]gl__o) X (0 || GPR[rt]sl__o)
LO17.64 « (prod 51)32 | | prodsi.o
Hl127.64 « (prod 63)% | | prod es.s2

GPR[I’d]63,,o — (prod 31)32 I I prod 31.0

Programming Notes
See "Programming Notes" for the MULT1 instruction.
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PABSH : Parallel Absolute Halfword

128-bit MMI
To calculate the absolute value of 8 16-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PABSH MMI1
011100 00000 00101 101000
6 5 5 5 5 6
Format
PABSH rd, rt
Description

GPR[rd] — |GPR[r]]|

Splits the 128-bit value in GPR]rt] into eight 16-bit signed integers, calculates their absolute values and stores

them in the corresponding halfwords in GPR][rd].

If a value is 0x8000(—32768), the operation will result in an overflow. However, the result is truncated to

Ox7FFF(+32767) and an overflow exception does not occur.

Exceptions
None
Operation
GPR[rd]]_s,,o — IGPR[rt]lS..OI
GPR[rd]a1.16 ~ |GPRI[rt]a1.15]
GPR[rd]47__3z - IGPR[rt]M..SZI
GPR(rd]es.43 ~ |GPRrt]es.4s]
GPR[rd]79.64 < |GPR[rt]79.64]
GPR[rd]ss.s0 ~ |GPRIrt]ss.sol
GPR[rd]m,,ge P |GPR[rt]111,,96|
GPR[rd]127.112 — |GPR[rt]uz7.122|
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt A7 A6 A5 A4 A3 A2 Al AO
v
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rd] OA7 0O OA6 O OA5 0 OA4 0O OA3 0 OA2 O OA1 0O OA0 0O
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PABSW : Parallel Absolute Word

EE Core
To calculate the absolute value of 4 32-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PABSW MMI1
011100 00000 00001 101000
6 5 5 5 5 6
Format
PABSW rd, rt
Description

GPR[rd] — |GPR[r]]

Splits the 128-bit value in GPRJrt] into four 32-bit signed integers, calculates their absolute values and stores

them in the corresponding words in GPR[rd].

If a value is 080000000 (—2147483648), the operation will result in an overflow. However, the result is
truncated to Ox7FFFFFFF (+2147483647) and an overflow exception does not occur.

Exceptions
None
Operation
GPR[rd]s1.0 « OGPR(rt]s1.o O
GPR[rd]e3,,32 ~ 0O GPR[I’t]63,,3z O
GPR[rd]es.e4 ~ OGPR]rt]es.64 O
GPR[rd]127.96 ~ OGPR]rt]127.96 O
127 96 95 64 63 32 31 0
rt A3 A2 A0
v
127 96 95 64 63 32 31 0
rd A3 0 A2 0d A1 0 A0 O
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PADDB : Parallel Add Byte

128-bit MMI
To add 16 pairs of 8-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADDB MMI0
011100 01000 001000
6 5 5 5 5 6

Format
PADDB rd, rs, rt

Description
GPR[rd] — GPR[rs] + GPR]rt]
Splits the 128-hit values in GPR][rs] and GPR][rt] into sixteen 8-bit integers, adds the data in GPR]rs] to the
corresponding data in GPR([rt] and stores them in the corresponding bytes in GPR[rd].

Exceptions
Even when the result of the arithmetic operation overflows or underflows, an overflow exception does not
occur.
Operation
GPR[rd]7.0 < (GPR]rs]z.o + GPR]rt]7.0)7.0
GPR[rd]:s.s ~ (GPR]rs]is.s + GPR[rt]is.8)7.0

(The same operations follow every 8 bits)

GPR[rd]127.120 — (GPR[rs]127.120 + GPR[rt]127.120)7.0

127 120119 112111104103 9695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 O
rs|Al15| Al4 | A13 [A12 (A1l |A10 | A9 | AB | A7 | A6 [ A5 |A4 | A3 | A2 | Al | AO

+ o+ + 4+ + o+ O+ + + o+ o+ + o+ + o+ 4+
127 120119 112111104103 9695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0O

rt |B15 | B14|B13| B12( B11|B10| B9 | B8 | B7 | B6 [ B5 | B4 | B3 | B2 | B1 | BO

v
127 120119 112111104103 96 95 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0
A15 Al4 A13 Al12 All Al0 A9 A8 A7 A6 A5 A4 A3 A2 Al AO
rd + + + + + + + + + + + + + + + +
B15 B14 B13 B12 B11l B10 B9 B8 B7 B6 BS B4 B3 B2 Bl BO
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PADDH : Parallel Add Halfword

128-bit MMI
To add 8 pairs of 16-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADDH MMI0
011100 00100 001000
6 5 5 5 5 6

Format
PADDH rd, rs, rt

Description
GPR[rd] — GPR[rs] + GPR]rt]
Splits the 128-bit values in GPR[rs] and GPR][rt] into eight 16-bit integers, adds the data in GPR][rs] to the
corresponding data in GPR([rt] and stores them in the corresponding halfwords in GPR][rd].

Exceptions
None
Operation
GPR[rd]1s.0 — (GPR]rs]is.0 + GPR[rt]is.0)15.0
GPR[rd]a1.16 ~ (GPR[rs]s1.16 + GPR[rt]s1.16)15.0
GPRI[rd]s7.32 — (GPR[rsl47.32 + GPR[rt]47.32)15.0
GPR[rd]s3.48 — (GPRIrs]e3.4¢ + GPR[rt]e3.48)15.0
GPR[rd]79.64 — (GPR]rs]79.64 + GPR[rt]7g.64)15.0
GPR[rd]es.s0 — (GPR]rs]es.s0 + GPR[rt]es.80)15.0
GPR[rd]111.96 ~ (GPR][rs]11.96 + GPR[rt]111.96)15.0
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al AO
+ + + + + + + +
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt B7 B6 B5 B4 B3 B2 Bl BO
v
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0

rd A7+B7 A6+B6 A5+B5 A4+B4 A3+B3 A2+B2 Al+B1 AO+BO
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PADDSB : Parallel Add with Signed saturation Byte

128-bit MMI
To add 16 pairs of 8-bit signed integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADDSB MMI0
011100 11000 001000
6 5 5 5 5 6

Format
PADDSB rd, rs, rt

Description
GPR[rd] — GPR[rs] + GPR]rt]
Splits the 128-hit values in GPR][rs] and GPR][rt] into sixteen 8-bit signed integers, adds the data in GPR[rs]
to the corresponding data in GPR|[rt] and stores them in the corresponding bytes in GPR[rd].
Arithmetic results beyond the range of a signed 8-bit integer are saturated as follows;
Overflow . - OXTF
Underflow : - 0x80

Exceptions
None
Operation
if ((GPR{rs]7.0 + GPR(rt]7.0) > 0x7F) then
GPR(rd]7.o ~ OX7F
else if (0x100 <= (GPR(rs]z.o + GPR[rt]7.0) < 0x180) then
GPR(rd]7.0 ~ 0x80
else
GPR(rd]7.0 « (GPR(rs7.0 + GPR(rt]7.0)7.0
endif
if ((GPR[rs]is.s + GPR]rt]is.5) > 0x7F) then
GPR[rd]1s.5 ~ OX7F
else if (0x100 <= (GPR(rs]is.s + GPR[rt]is.s) < 0x180) then
GPR([rd]ss.s ~ 0x80
else
GPR([rd]:s.s ~ (GPRIrs]is.s + GPR[rt]is.8)7.0
endif

(The same operations follow every 8 hits)

if ((GPR[rs]i27.120 + GPR[rt]127.120) > 0x7F) then
GPRI[rd]127.120 ~ OX7F
else if (0x100 <= (GPRJrs]i27.120 + GPR[rt]127.120) < 0x180) then
GPR[rd]127.120 ~ 0x80
else
d_(?PR[rd]lZ?..lZo —~ (GPR[rs]i27.120 + GPR[rt]127.120)7.0
endal
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127 120119 112111 104103 9695 8887 8079 7271 64 63 5655 4847 4039 3231 2423 1615 87
rs|Al15|Al4 (A13 | A12 | A11| A10| A9 | AB | A7 A6 | A5 | A4 | A3 | A2 | Al |AO

+ 4+ + o+ + + 4+ + 4+ o+ + 4+ + 4+ + 4+
127 120119 112111 104103 9695 8887 8079 7271 64 63 5655 4847 4039 3231 2423 1615 87 0

rt {B15|B14 (B13 | B12 | B11| B10| B9 | B8 |B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO

Saturation

127 120119 112111 104103 9695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0
A15 Al4 A13 Al12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
rd| “x + + + + + + + + + + + + + + +
B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 BS B4 B3 B2 Bl BO
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PADDSH : Parallel Add with Signed saturation Halfword

128-bit MMI
To add 8 pairs of 16-bit signed integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADDSH MMI0
011100 10100 001000
6 5 5 5 5 6

Format
PADDSH rd, rs, rt

Description
GPR[rd] — GPR[rs] + GPR]rt]
Splits the 128-bit values in GPR[rs] and GPR]rt] into eight 16-bit signed integers, adds the data in GPR][rs] to
the corresponding data in GPR][rt] and stores them in the corresponding halfwords in GPR[rd].
Arithmetic results beyond the range of a signed 16-bit integer are saturated as follows;
Overflow . —» OXTFFF
Underflow : — 0x8000

Exceptions
None
Operation
if ((GPR[I’S]ls,,o + GPR[rt]ls__o) > 0X7FFF) then
GPR[I’d]ls,,o «— OXTFFF
else if (0x10000 <= (GPRJrs]is.0 + GPR|rt]is.0) < 0x18000) then
GPR[I’d]ls,,o ~ 0x8000
else
GPR[rd]ss.0 ~ (GPR]rs]is.0 + GPR{rt]1s.0)15.0
endif
if (GPR[rs]s1.16 + GPR[rt]s1.16) > OX7FFF) then
GPR[I’d]31,,1e ~ OXTFFF
else if (0X10000 <= (GPR[I‘S]31,,16 + GPR[I’t]31,,1e) < 0X18000) then
GPR[I’d]31,,1e ~ 0x8000
else
GPR[rd]s1.16 — (GPRJrs]s1.16 + GPR[rt]s1.16)15.0
endif

(The same operations follow every 16 bits)

if ((GPR[rS]127..112 + GPR[rt]127"112) > OX7FFF) then
GPRI[rd]s27.112 ~ OX7FFF
else if (0X10000 <= (GPR[I‘S]127“112 + GPR[rt]lZT.llZ) < 0X18000) then
GPR[rd]127.112 ~ 0x8000
else
dF?PR[fd]lz?..llz « (GPRI[rs]i27.112 + GPR[rt]127.112)15.0
endal
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Is

rt

127 112

111 96

95

80 79

64 63

48

47 32

31 16

15

A7

A6

A5

A4

A3

A2

Al

AO

+

127 112

+
111 96

+
95

+

80 79

64

+
63

48

+
47 32

+
31 16

+
15

B7

B6

BS

B4

B3

B2

Bl

BO

rd

127 112

111 96

95

80 79

lSMUmmm

64 63 48 47

32

31 16

15

A7+B7

A6+B6

A5+B5

A4+B4

A3+B3

A2+B2

Al+B1

A0+BO
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PADDSW : Parallel Add with Signed saturation Word

128-bit MMI
To add 4 pairs of 32-bit signed integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADDSW MMI0
011100 10000 001000
6 5 5 5 5 6

Format
PADDSW rd, rs, rt

Description
GPR[rd] — GPR[rs] + GPR]rt]
Splits the 128-bit values in GPRJ[rs] and GPR][rt] into four 32-bit signed integers, adds the data in GPR[rs] to
the corresponding data in GPR][rt] and stores them in the corresponding words in GPR][rd].
Arithmetic results beyond the range of a signed 32-bit integer are saturated as follows;
Overflow . — OX7TFFFFFFF
Underflow : — 0x80000000

Exceptions
None
Operation

if ((GPR[I’S]gl,,o + GPR[rt]sl__o) > 0X7FFFFFFF) then
GPR[rd]s1.0 « OX7TFFFFFFF

else if (0x100000000 <= (GPRJrs]s1.0 + GPR]rt]s1.0) < 0x80000000) then
GPR[rd]s1.0 ~ 0x80000000

else
GPR[rd]s1.0 — (GPRJrs]s1.0 + GPR][rt]s1.0)31.0

endif

if ((GPR(rs]es.32 + GPR[rt]es.32) > 0x7FFFFFFF) then
GPR[I’d]es,sz « OX7FFFFFFF

else if (0X100000000 <= (GPR[TS]63,,32 + GPR[I’t]e3,,32) < OXSOOOOOOO) then
GPR[I’d]es,sz ~ 0x80000000

else
GPR[rd]es.22 — (GPRJrsles.32 + GPR[rt]e3.32)31.0

endif

if ((GPR[I’S]gs,,M + GPR[rt]gs,,GA) > 0X7FFFFFFF) then
GPR[I’d]gs,,M « OX7FFFFFFF

else if (0X100000000 <= (GPR[I’S]gs,,M + GPR[I’t]gs,,eA) < OXSOOOOOOO) then
GPR[I’d]gs,,M ~ 0x80000000

else
GPR[rd]es.64 — (GPRJrslos.64 + GPR[rt]os.64)31.0

endif

if ((GPR[rs]i27.96 + GPR[rt]127.96) > OX7FFFFFFF) then

GPR([rd]127.96 — OX7FFFFFFF
else if (0100000000 <= (GPR[rs]i27.96 + GPR[rt]127.05) < 0x80000000) then
GPR[rd]:27.96 — 0x80000000
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else
GPR[rd]127.96 — (GPRJrs]i27.96 + GPR[rt]127.96)31.0
endif
127 96 95 64 63 32 31
rs A3 A2 Al A0
+ + + +
127 96 95 64 63 32 31
rt B3 B2 Bl BO
Saturation
127 96 95 64 63 32 31 0
rd A3+B3 A2+B2 Al+B1l AO0+BO
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PADDUB : Parallel Add with Unsigned saturation Byte

128-bit MMI
To add 16 pairs of 8-bit unsigned integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADDUB MMI1
011100 11000 101000
6 5 5 5 5 6

Format
PADDUB rd, rs, rt

Description
GPR[rd] — GPR[rs] + GPR]rt]
Splits the 128-bit values in GPR][rs] and GPR]rt] into sixteen 8-bit unsigned integers, adds the data in
GPR{rs] to the corresponding data in GPR[rt] and stores them in the corresponding bytes in GPR[rd].
Arithmetic results beyond the range of an unsigned 8-bit integer are saturated as follows;
Overflow . —» OxFF

Exceptions
None
Operation
if ((GPR(rs]z.0 + GPRrt]7.0) > OxFF) then
GPR[rd].0 ~ OXFF
else
GPR[I’d]7__0 - (GPR[I’S]7__0 + GPR[I’t]7__0)7__0
endif
if (GPR(rs]is.s + GPR[rt]1s.6) > OXFF) then
GPR[rd]is.s ~ OXFF
else
GPR[rd]ss.s ~ (GPRrs]is.s + GPR]rt]1s.8)7.0
endif

(The same operations follow every 8 bits)

if ((GPR([rs]i27.120 + GPR[rt]127.120) > OxFF) then
GPR[rd]127.120 ~ OXFF
else
d_(?PR[rd]lﬂulzo —~ (GPR[rs]i27.120 + GPR[rt]127.120)7.0
enai
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127 120119 112111104103 9695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0
rs|Al15| A14 |A13 [A12 [A11|A10| A9 | AB | A7 | A6 | A5 | A | A3 | A2 | A1l | AD

+ o+ o+ +  + o+ + +  + o+ o+ + +  + 4+ o+
127 120119 11211110410396 95 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0O

rt{B15| B14 (B13 | B12|B11|B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO

l Saturation

127 120119 112111104103 96 95 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0
I’d Al5 Al4 A13 Al12 All A10 A9 A8 A7 A6 A5 A4 A3 A2 Al A0
+ + + + + + + + + + + + + + + +
B15 B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO
© SCEI

-167-



EE Core Instruction Set Manual Version 3.1

PADDUH : Parallel Add with Unsigned saturation Halfword

128-bit MMI
To add 8 pairs of 16-bit unsigned integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADDUH MMI1
011100 10100 101000
6 5 5 5 5 6

Format
PADDUH rd, rs, rt

Description
GPR[rd] — GPR[rs] + GPR]rt]
Splits the 128-bit values in GPR[rs] and GPR]rt] into eight 16-bit unsigned integers, adds the data in GPR]rs]
to the corresponding data in GPR|[rt] and stores them in the corresponding bytes in GPR[rd].
Arithmetic results beyond the range of an unsigned 16-bit integer are saturated as follows;
Overflow : —» OxFFFF

Exceptions
None
Operation
if ((GPR[rs]is.0 + GPR]rt]is.0) > OXFFFF) then
GPR[rd]ss.0 ~ OXFFFF
else
GPR[rd]:s.0 — (GPR{rs]is.0 + GPR[rt]1s5.0)15.0
endif
if (GPR[rs]s1.16 + GPR[rt]s1.16) > OXFFFF) then
GPR[rd]s1.16 ~ OXFFFF
else
GPR[rd]s1.16 ~ (GPRrs]s1.16 + GPR]rt]s1.16)15.0
endif

(The same operations follow every 16 bits)

if ((GPR[I’S]127,,112 + GPR[I’t]127,,112) > OXFFFF) then
GPR[I’d]127,,112 « OXFFFF
else
d_(?PR[Fd]lanz « (GPRJrsli27.112 + GPR[rt]127.112)15.0
enai
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Is

rt

127 112

111 96

95 80

79 64

63 48

47 32

31 16

15

A7

A6

A5

A4

A3

A2

Al

AO

+

127 112

+
111 96

+
95 80

+
79 64

+

63 48

+
47 32

+
31 16

+
15

B7

B6

BS

B4

B3

B2

Bl

BO

rd

127 112

111 96

95 80

79 64

Saturation

63 48

47 32

31 16

15

0

A7+B7

A6+B6

A5+B5

A4+B4

A3+B3

A2+B2

Al+B1

AO0+BO

-169-

© SCEI



EE Core Instruction Set Manual Version 3.1

PADDUW : Parallel Add with Unsigned saturation Word

128-bit MMI
To add 4 pairs of 32-bit unsigned integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADDUW MMI1
011100 10000 101000
6 5 5 5 5 6

Format
PADDUW rd, rs, rt

Description
GPR[rd] — GPR[rs] + GPR]rt]
Splits the 128-hit values in GPR][rs] and GPR][rt] into four 32-bit unsigned integers, adds the data in GPR][rs]
to the corresponding data in GPR][rt] and stores them in the corresponding words in GPR][rd].
Arithmetic results beyond the range of an unsigned 32-bit integer are saturated as follows;
Overflow . — OXFFFFFFFF

Exceptions
None
Operation
if (GPRIrs]s1.0 + GPRI[rt]s1.0) > OXFFFFFFFF) then
GPR[rd]s1.0 « OXFFFFFFFF
else
GPR[rd]s1.0 « (GPRrs]sr.0 + GPR[rt]31.0)31.0
endif
if ((GPR[rs]ss.a2 + GPR(rt]s.32) > OXFFFFFFFF) then
GPR{rd]ss.z2  OXFFFFFFFF
else
g PRl « (GPRIrs]es.z2 + GPRIrtes.z2)s1.0
endif
if ((GPRIrs]ss.s4 + GPRI[rt]ss.64) > OXFFFFFFFF) then
GPR{rd]es. ¢  OXFFFFFFFF
else
CPRlrdls « (GPRIrs]ss.e4 + GPRIrt]os.e)a1.0
endif
if ((GPR[rs]i27.96 + GPR[rt]127.06) > OXFFFFFFFF) then
GPR[rd]s27.96 — OXFFFFFFFF
else
d'(f;‘PR[rd]m"96 « (GPRIrs]127.96 + GPR[rt]127.96)31.0
endi
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rt

127 96 95 64 63 32 31
rs A3 A2 Al A0
+ + + +
127 96 95 64 63 32 31
B3 B2 Bl BO
Saturation
127 96 95 64 63 32 31
rd A3+B3 A2+B2 Al+B1 A0+BO

-171-

© SCEI



EE Core Instruction Set Manual Version 3.1

PADDW : Parallel Add Word

128-bit MMI
To add 4 pairs of 32-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADDW MMIO
011100 00000 001000
6 5 5 5 5 6
Format

PADDW rd, rs, rt

Description
GPR[rd] « GPR]rs] + GPR][rt]

Splits the 128-bit values in GPRJ[rs] and GPR]rt] into four 32-bit integers, adds the data in GPR[rs] to the
corresponding data in GPR([rt] and stores them in the corresponding words in GPR[rd].

Exceptions
None
Operation
GPR[rd]s1.0 — (GPR]rs]s1.0 + GPR[rt]31.0)s1.0
GPR[rd]s3.32 — (GPRIrsles.32 + GPR[rt]e3.32)31.0
GPR(rd]es.e4 « (GPR(rs]es.64 + GPR(rt]os. 64)s1.0
GPRI[rd]127.96 — (GPRI[rs]i27.96 + GPR[rt]127.96)31.0
127 96 95 64 63 32 31 0
rs A3 A2 Al A0
+ + + +
127 96 95 64 63 32 31 0
rt B3 B2 Bl BO
[ ]
5
127 96 95 64 63 32 31 0
rd A3+B3 A2+B2 Al+B1 AO0+BO
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PADSBH : Parallel Add/Subtract Halfword

128-bit MMI
To add/subtract 8 pairs of 16-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PADSBH MMI1
011100 00100 101000
6 5 5 5 5 6

Format
PADSBH rd, rs, rt

Description
GPR[rd] « GPR]rs] +/— GPR]rt]
Splits the 128-bit values in GPRJ[rs] and GPR][rt] into eight 16-bit integers, adds the high-order four pairs and
subtracts the low-order four pairs, and stores them in the corresponding halfwords in GPR][rd].

Exceptions
None. When it overflows or underflows, simply ignored and an exception do not occur.

Operation
GPR[rd]1s.0 ~ (GPRJrslis.0 — GPR[rt]15.0)15.0
GPR[rd]a1.16 — (GPR[rs]s1.16 — GPR(rt]a1.16)15.0
GPRI[rd]s7.32 — (GPRI[rs]47.32 = GPR(rt]s7.32)15.0
GPR[rd]s3.48 — (GPRIrs]e3.48 — GPR(rt]g3.48)15.0
GPR[rd]79.64 — (GPRrs]79.64 + GPR[Irt]79.64)15.0
GPR[rd]es.s0 — (GPR]rs]es.s0 + GPR[rt]es.80)15.0
GPR[rd]111.96 ~ (GPR][rs]11.96 + GPR[rt]111.96)15.0
GPR[rd]127.112 « (GPR][rs]i27.112 + GPR][rt]127.112)15.0
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al AO
+ + + + - - - -
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt B7 B6 B5 B4 B3 B2 B1 BO
[ ]
<_5
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0

rd A7+B7 A6+B6 | A5+B5 A4+B4 A3-B3 A2-B2 Al1-B1 | AO-BO

© SCEI
-173-



EE Core Instruction Set Manual Version 3.1

PAND : Parallel And

128-bit MMI

To calculate a bitwise logical AND.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0

MMI rs rt rd PAND MMI2

011100 10010 001001

6 5 5 5 5 6

Format

PAND rd, rs, rt

Description
GPR[rd] « GPR[rs] AND GPRJrt]

Calculates a bitwise logical AND between the 128-bit values of GPR[rs] and GPR]rt]. The result is stored in

GPRJrd].
The truth table values for AND are as follows;

X Y XANDY
0 0 0
0 1 0
1 0 0
1 1 1
Exceptions
None
Operation
GPR[rd]]_y“o P GPR[I‘S]]_N,,O AND GPR[rt]]_y,,o
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PCEQB : Parallel Compare for Equal Byte

128-bit MMI
To compare 16 pairs of byte data in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PCEQB MMI1
011100 01010 101000
6 5 5 5 5 6

Format
PCEQB rd, rs, rt

Description
GPR[rd] « (GPR[rs] = GPR[rt])
Splits the 128-bit values in GPR][rs] and GPR][rt] into sixteen bytes and compares the data in GPR[rs] with
the corresponding data in GPR]rt]. If the results are equal, stores OxFF and if not equal, stores 0x00 in the
corresponding bytes in GPR[rd].

Exceptions
None

Operation
if (GPR][rs]z.o= GPR]rt]7.o) then
GPR[I’d]7__o ~ 18
else
GPR[I’d]7,,o ~ 08
endif

if (GPR[I’S]ls,,s = GPR[I’t]ls,,s) then
GPR[I’d]15“g ~ 18
else

GPR[I’d]15“g ~ 08
endif

(The same operations follow every 8 bits)

if (GPR[I’S]127,,120 = GPR[I’t]127,,120) then
GPR[rd]i27.120 < 18

else
GPR[rd]i27.120 « 08

endif
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127 120119 1121111041039695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0
rs|Al15| A14 |Al13 [A12 (A1l |A10| A9 | A8 |A7 | A6 |A5 |A4 | A3 | A2 | Al | AD

127 120119 1121111040396 95 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0
rt|B15( B14 |B13|B12 |B11 |B10| B9 | B8 [ B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO

I NN N (NN NN [N SO N (N SN N
vV VY Y ¥V VYV VY Y Y VY VY Y ¥V YV VY

127 120119 112111104103 9695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0

0] B B I S ol B S o B B o o S s o
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PCEQH : Parallel Compare for Equal Halfword

128-bit MMI
To compare 8 pairs of halfword data in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PCEQH MMI1
011100 00110 101000
6 5 5 5 5 6

Format
PCEQH rd, rs, rt

Description
GPR[rd] « (GPR[rs] = GPR[rt])
Splits the 128-bit values in GPR][rs] and GPR][rt] into eight halfwords and compares the data in GPR][rs]
with the corresponding data in GPRJrt]. If the results are equal, stores OxFFFF and if not equal, stores
0x0000 in the corresponding halfwords in GPR[rd].

Exceptions
None

Operation
if (GPR[I’S]ls,,o = GPR[I’t]ls,,o) then
GPR[I’d]ls,,o ~ 116
else

GPR[rd]lsuo ~ 016
endif

if (GPR[I’S]31,,1G = GPR[rt]al,,]_e) then

GPR[rd]slula ~ 116
else

GPR[rd]slula ~ Q16
endif

(The same operations follow every 16 bits)

if (GPR[I’S]127,,112 = GPR[I’t]127,,112) then
GPR[rd]27.112 < 116

else
GPR[rd]i27.112 < 016

endif
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Is

rt

127

112 111

96 95

80 79

64 63

48 47

32 31

16 15

A7

A6

A5

A4

A3

A2
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127

112 111

96 95

80 79

64 63

48

31

16

B7

B6

B4

B3

Bl

rd

127

v

v

112 111

96 95

80 79

64 63

48 47

32 31

16 15

16
C

16
C

16

16

16

16

16

16
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PCEQW : Parallel Compare for Equal Word

128-bit MMI
To compare 4 pairs of word data in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PCEQW MMI1
011100 00010 101000
6 5 5 5 5 6

Format
PCEQW rd, rs, rt

Description
GPR[rd] « (GPR[rs] = GPR[rt])
Splits the 128-hit values in GPR][rs] and GPR][rt] into four words and compares the data in GPR[rs] with the
corresponding data in GPR{[rt]. If the results are equal, stores OXFFFFFFFF and if not equal, stores
0x00000000 in the corresponding words in GPR][rd].

Exceptions
None

Operation
if (GPR[I’S]gl,,o = GPR[I’t]gl,,o) then
GPR[I’d]gl,,o ~ 1%
else

GPR[I’d]31“o — 032
endif

if (GPR[I’S]63,,32 = GPR[rt]e&,az) then

G PR[rd]egugz ~ 132
else

GPR[rd]egugz « 032
endif

if (GPR[I’S]gs,,M = GPR[rt]gs,,M) then

G PR[I’d]gs,,64 — 1%
else

GPR[rd]g5“64 ~ 0%
endif

if (GPR[rs]i27.96 = GPR[rt]127.96) then
GPR[rd]127.96 — 132

else
GPR[rd]127.96 — 032

endif
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127 96 95 64 63 32 31 0
rs A3 A2 Al AO
127 96 95 - 64 63 - 32 31 - 0
rt B3 B2 B1 BO
| l l |
v v v v
127 96 95 64 63 32 31 0
rd C32 C32 C32 C32
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PCGTB : Parallel Compare for Greater Than Byte

128-bit MMI
To compare 16 pairs of byte data in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PCGTB MMI0
011100 01010 001000
6 5 5 5 5 6

Format
PCGTB rd,rs, rt

Description
GPR[rd] ~ (GPR][rs] > GPR{rt])
Splits the 128-hit values in GPR][rs] and GPR][rt] into sixteen 8-bit signed integers and compares the data in
GPRrs] with the corresponding data in GPR][rt]. If GPR][rs] is greater than GPR[rt], stores OxFF and
otherwise, stores 0x00 in the corresponding bytes in GPR[rd].

Exceptions
None

Operation
if (GPR][rs]z.0 > GPR]rt]7.q) then
GPR[I’d]7__o ~ 18
else
GPR[I’d]7,,o ~ 08
endif

if (GPR[I’S]ls,,s > GPR[rt]]_s,,s) then

GPR[I’d]15“g ~ 18
else

GPR[I’d]15“g ~ 08
endif

(The same operations follow every 8 bits)

if (GPR[I’S]127,,120 > GPR[rt]ln,lzo) then
GPR[rd]i27.120 < 18

else
GPR[rd]i27.120 « 08

endif
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127 120119 112111104103 9695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 0
rs|A15 | Al4 | A13| A12 | A11| A10f A9 | AB | A7 | A6 | A5 | A4 | A3 | A2 | Al | A0

> > > > > > > > > > > > > > > >
127 120119 112111104103 9695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 O

rt| B15| B14| B13| B12| B11|B10| B9 | B8 | B7 | B6 | B5 | B4 | B3 | B2 | B1 | BO

I NN NN NN N (NN SO (NN AN NN NN SN N M N
vV VY Y ¥V VYV VY Y Y VYV VY YV VYV VY VY

127 120119112111104103 9695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 O

rd Bl Bl B BB BB BB BB B Bt
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PCGTH : Parallel Compare for Greater Than Halfword

128-bit MMI
To compare 8 pairs of halfword data in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PCGTH MMI0
011100 00110 001000
6 5 5 5 5 6

Format
PCGTH rd, rs, rt

Description
GPR[rd] ~ (GPR][rs] > GPR{rt])
Splits the 128-bit values in GPRJ[rs] and GPR]rt] into eight 16-bit signed integers and compares the data in
GPRrs] with the corresponding data in GPR][rt]. If GPR][rs] is greater than GPR[rt], stores OxFFFF and
otherwise, stores 0x0000 in the corresponding halfwords in GPR[rd].

Exceptions
None

Operation
if (GPR][rs]is.0> GPR][rt]s.0) then

GPR[rd]5.0 « 116
else

GPR[rd]lsuo ~ 016
endif

if (GPR[I’S]31,,1G > GPR[rt]al,,]_e) then

GPR[rd]slula ~ 116
else

GPR[rd]slula ~ Q16
endif

(The same operations follow every 16 bits)

if (GPR[I’S]127,,112 > GPR[I’t]127,,112) then
GPR[rd]27.112 < 116

else
GPR[rd]i27.112 < 016

endif
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PCGTW : Parallel Compare for Greater Than Word

128-bit MMI
To compare 4 pairs of word data in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PCGTW MMI0
011100 00010 001000
6 5 5 5 5 6

Format
PCGTW rd,rs, rt

Description
GPR[rd] ~ (GPR][rs] > GPR{rt])
Splits the 128-bit values in GPR][rs] and GPR][rt] into four 32-hit signed integers and compares the data in
GPRrs] with the corresponding data in GPR][rt]. If GPR][rs] is greater than GPR[rt], stores OXFFFFFFFF,
and otherwise stores 0x00000000 in the corresponding words in GPR][rd].

Exceptions
None

Operation
if (GPR][rs]s1.0> GPR][rt]s1.0) then

GPR[rd]s1.0 « 132
else

GPR[I’d]31“o — 032
endif

if (GPR[I’S]63,,32 > GPR[rt]e&,az) then
GPR[rd]egugz ~ 132
else

GPR[rd]egugz « 032
endif

if (GPR[I’S]gs,,M > GPR[rt]gs,,M) then

G PR[I’d]gs,,64 — 1%
else

GPR[rd]g5“64 ~ 0%
endif

if (GPR][rs]i27.96 > GPR[rt]127.96) then
GPR[rd]127.96 — 132

else
GPR[rd]127.96 — 032

endif
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127 96 95 64 63 32 31 0
rs A3 A2 Al A0
> > > >

127 96 95 64 63 32 31 0
rt B3 B2 Bl BO
} | ¢ |

127 96_95 64 63 32 31 0
rd o2 2 o2 ez
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PCPYH : Parallel Copy Halfword

128-bit MMI
To copy halfword data in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PCPYH MMI3
011100 00000 11011 101001
6 5 5 5 5 6
Format
PCPYH rd, rt
Description

GPR[rd] « GPR]rt]

Splits GPR[rt] into the high-order and low-order 64 bits. Copies each of the least-significant halfwords into

each of the halfwords of the two doublewords of GPR][rd].

Exceptions
None
Operation
GPR[rd]1s.0 ~ GPR[rt]ss.0
GPR[rd]31,,16 — GPR[rt]lS..O
GPR[rd]4.32 ~ GPR[rt]ss.0
GPR[rd]ss.48 ~ GPR[rt]ss.0
GPR[rd]79.64 — GPR{[rt]79.64
GPR[rd]es.s0 — GPR{[rt]79.64
GPR[rd]111.96 — GPR{[rt]79.64
GPR[rd]127.112 — GPR{[rt]79.64
127 80 79 64 63 16 15 0
A0
64 63 48 47 32 31 16 15 0
A0 A0 A0 A0
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PCPYLD : Parallel Copy Lower Doubleword

128-bit MMI

To combine 2 doublewords.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0

MMI rs rt rd PCPYLD MMI2

011100 01110 001001

6 5 5 5 5 6

Format

PCPYLD rd, rs, rt

Description
GPR[rd] ~ copy(GPR[rs], GPR]rt])

To calculate a 128-bit value, in which the high-order and low-order 64 bits correspond to the low-order 64
bits of GPR[rs] and low-order 64 bits in GPR][rt] respectively, and stores it in GPR[rd].

Exceptions
None
Operation
GPR[rd]127.0 « GPR]rsles.o | | GPR]rt]ss.0
127 64 63 0
rs A0
127 64 63 0
rd A0 BO
127 64 63 T 0
rt BO
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PCPYUD : Parallel Copy Upper Doubleword

128-bit MMI

To combine 2 doublewords.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0

MMI rs rt rd PCPYUD MMI3

011100 01110 101001

6 5 5 5 5 6

Format

PCPYUD rd, rs, rt

Description
GPR[rd] « copy(GPR[rs], GPR]rt])

To calculate a 128-bit value, in which the low-order and high-order 64 bits correspond to the high-order 64
bits of GPR[rs] and high-order 64 bits of GPR][rt] respectively, and stores it in GPR[rd].

Exceptions
None
Operation
GPR[rd]127,,o - GPR[I‘t]127,,64 | | GPR[I‘S]127,,64
127 64 63 0
rs A0
127 64 63 0
rd BO A0
127 T 64 63 0
rt BO
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PDIVBW : Parallel Divide Broadcast Word

128-bit MMI
To divide 4 32-bit signed integers by a 16-bit signed integer in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt 0 PDIVBW MMI2
011100 00000 11101 001001
6 5 5 5 5 6
Format
PDIVBW rs, rt
Description

(LO, HI) « GPRJrs] / GPR[rt]

Splits GPR([rs] into four signed 32-bit integers and divides each of them by the least-significant halfword of
GPR{rt]. The resulting four quotients (32-bit integers) are stored in the words corresponding to GPR[rs] in
the LO register and the four remainders (16-bit integers) are zero-extended and stored in the words
corresponding to GPR][rs] in the HI register.

Restrictions
If the least-significant halfword in GPR[rt] is zero, the arithmetic result is undefined. (An exception does not
occur.)

Exceptions
None. If the divisor is 0, an exception does not occur on overflow.

Operation
qo P GPR[TS]31,,0 DIV GPR[rt]ls,,o
r0 P GPR[I'S]31,,0 MOD GPR[rt]]_s,,o

LOa1.0 « 00310
Hlso — (r015)% || r01s.0

gl P GPR[I‘S]63,,32 DIV GPR[I’t]ls,,o
rl P GPR[I‘S]63,,32 MOD GPR[rt]]_s,,o
LO¢3.32 « Qqlaro

Hles.22 — (rls)8 || rls.o

g2 - GPR[I‘S]gs__54 div GPR[I’t]ls,,o
r2 - GPR[I‘S]gs__54 mod GPR[I’t]ls,,o
LOgs 64 — Q2310

Hlogs.64 — (r215)8 || r2ss.0

g3 P GPR[I‘S]]_N,,% div GPR[rt]ls,,o
r3 « GPRJrsli27.906 mod GPR[rt]1s.0
LO1w7.96  « 03310

Hl127.96 — (r315)% || r3is.0
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127 96 95 64 63 32 31 0
rs A3 A2 Al A0

127 16 15 0
rt BO

,_l\/

127 96 95 64 63 32 31 0
HI | sign ext(A3 MOD BO) | sign ext(A2 MOD BO) sign ext(A1 MOD B0) | sign ext( AO MOD BO)

127 96 95 64 63 32 31 0
LO A3 DIV BO A2 DIV BO Al DIV BO A0 DIV BO

Programming Notes

In the EE Core, the integer divide operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the divide operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the divide operation appropriately can improve
performance.
When 0x80000000(—2147483648), the signed minimum value, is divided by OXFFFF(-1), the operation will
result in an overflow. However, in this instruction an overflow exception does not occur and the following
results will be returned.

Quotient: 0x80000000(—2147483648), Remainder: 0x00000000(0)
If an overflow or divide-by-zero is required to be detected, then add an instruction that detects these
conditions following the divide instruction. Since the divide instruction is asynchronous, the divide operation
and check can be executed in parallel. If an overflow or divide-by-zero is detected, then the system software
can be informed of the problem by generating an exception using an appropriate code value with a BREAK
instruction.
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PDIVUW : Parallel Divide Unsigned Word

128-bit MMI
To divide 2 pairs of 32-bit unsigned integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt 0 PDIVUW MMI3
011100 00000 01101 101001
6 5 5 5 5 6
Format
PDIVUW rs, rt
Description

(LO, HI) « GPRJrs] / GPR[rt]

Divides bits 31..0 of GPR[rs] by bits 31..0 of GPR][rt]. Both are treated as 32-bit unsigned integers. The
resulting quotients and remainders are sign-extended and stored in bits 63..0 of the LO and HI registers
respectively. Similarly, divides bits 95..64 of GPR([rs] by bits 95..64 of GPR|[rt] and stores the results in bits
127..64 of LO and HI respectively.

Restrictions
If GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 127..95 equal and bits 63..31 equal), then the
result is undefined.
If the divisor is 0, an exception does not occur on overflow.

Exceptions
None. Even if the divisor is zero, a divide-by-zero exception does not occur.

Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
qo < (0 1] GPR][rs]s1.0) DIV (0 | | GPR[rt]s1.0)
r0 « (0 ]] GPR]rs]s1.0) MOD (0 || GPR]rt]s1.0)
LOes.0 < (9031)%2 | | 90s1.0
Hles.o — (r031)32 | ] rOs1.0
ql — (0 ]] GPR]rslgs.e4) DIV (0 || GPR][rt]gs.64)
rl - (0 || GPR[I‘S]gs__54) MOD (O || GPR[rt]gs__54)

LOwres « (Qla)2 || qlsro
Hlwres  « (rla)3 || rlao
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127 96 95 64 63 32 31 0
rs Al A0
127 96 95 - 64 63 32 31 - 0
r Bl BO
g
127 96 95 64 63 32 31 0
HI sign ext (O]l A1) MOD (0| BL) sign ext (O] AO) MOD (0 || BO)
127 96 95 64 63 32 31 0
LO sign ext O||AY) DIV (0| BY sign ext (0| A0) DIV (0| BO)

Programming Notes

In the EE Core, the integer divide operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the divide operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the divide operation appropriately can improve
performance.
If divide-by-zero is required to be detected, then add an instruction that detects this condition following the
divide instruction. Since the divide instruction is asynchronous, the divide operation and check can be
executed in parallel. If divide-by-zero is detected, then the system software can be informed of the problem
by generating an exception using an appropriate code value with a BREAK instruction.
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PDIVW : Parallel Divide Word

128-bit MMI
To divide 2 pairs of 32-bit signed integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt 0 PDIVW MMI2
011100 00000 01101 001001
6 5 5 5 5 6
Format
PDIVW rs, rt
Description

(LO, HI) « GPRJrs] / GPR[rt]
Divides bits 31..0 of GPR[rs] by bits 31..0 of GPR][rt]. Both are treated as 32-bit signed integers. The
resulting quotients and remainders are sign-extended and stored in bits 63..0 of the LO and HI registers

respectively. Similarly, divides bits 95..64 of GPR([rs] by bits 95..64 of GPR|[rt] and stores the results in bits
127..64 of LO and HI, respectively.

Restrictions

If GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 127..95 equal and bits 63..31 equal), then the
result is undefined.

If the divisor is 0, an exception does not occur on overflow. (An exception does not occur.)

Exceptions
None. If the divisor is zero, an exception does not occur when the arithmetic result overflows.

Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
qo P GPR[I’S]31,,0 DIV GPR[rt]31,,o
r0 P GPR[I’S]31,,0 MOD GPR[I’I]31,,0
gl P GPR[I’S]95,54 DIV GPR[I‘t]gs,,eA
rl - GPR[FS]gs,,M MOD GPR[I’t]gs,,M

LOs3.0 < (9032)%2 | ] q0s1.0
Hles.o — (r031)32 | ] r0s1.0
LOw76s < (ql31)32 || qlsro
Hlzzes  « (r1s1)% || rlswo

127 96 95 64 63 32 31 0
rs Al A0
127 96 95 - 64 63 32 31 - 0
rt B1 BO
g
127 96 95 64 63 32 31 0
HI sign ext Al MOD B1 sign ext A0 MOD BO
127 96 95 64 63 32 31 0
LO sign ext A1DIVB1 sign ext A0 DIV BO
© SCEI
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Programming Notes
In the EE Core, the integer divide operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the divide operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the divide operation appropriately can improve
performance.
When 0x80000000(—2147483648), the signed minimum value, is divided by OxFFFFFFFF(-1), the operation
will result in an overflow. However, in this instruction an overflow exception does not occur and the
following results will be returned;

Quaotient: 0x80000000(—2147483648), Remainder: 0x00000000(0)

If an overflow or divide-by-zero is required to be detected, then add an instruction that detects these
conditions following the divide instruction. Since the divide instruction is asynchronous, the divide operation
and check can be executed in parallel. If an overflow or divide-by-zero is detected, then the system software
can be informed of the problem by generating an exception using an appropriate code value with a BREAK
instruction.
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PEXCH : Parallel Exchange Center Halfword

128-bit MMI
To exchange the position of halfwords in 128-bit data.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PEXCH MMI3
011100 00000 11010 101001
6 5 5 5 5 6
Format
PEXCH rd, rt
Description

GPR[rd] ~ exchange(GPR]rt])

Splits the 128-bit data in GPR[rt] into eight halfwords, exchanges the central halfwords of each doubleword,
and stores them in GPRJ[rd]. See "Operation™ about the details of the exchange.

Exceptions
None
Operation
GPR[rd]1s.0 « GPRJrt]15.0
GPR[rd]a1.16 — GPRI[rtls7.32
GPR[rd]4.32 ~ GPR[rt]a1.16
GPR[rd]e3.48 — GPR(rt]g3.48
GPR[rd]79.64 « GPRJrt]7g.64
GPR[rd]es.s0 « GPRJrt]111.96
GPR[rd]111.96 ~ GPR]rt]es.s0
GPR[rd]127.112 < GPRJ[rt]127.112
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt A7 A6 A5 A4 A3 A2 Al A0
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rd A7 A5 A6 A4 A3 Al A2 A0
© SCEI
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PEXCW : Parallel Exchange Center Word

128-bit MMI
To exchange the position of words in 128-bit data.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PEXCW MMI3
011100 00000 11110 101001
6 5 5 5 5 6
Format
PEXCW rd, rt
Description

GPR[rd] ~ exchange(GPR]rt])

Splits a 128-bit value in GPR][rt] into four words, exchanges the two central words, and stores the result in

GPR[rd]. See "Operation" about the details of the exchange.

Exceptions
None
Operation
GPR[rd]s1.0 ~ GPR[rt]a1.0
GPR[rd]ss.32 ~ GPR[rt]os.s4
GPR[rd]es.64 ~ GPR[rt]es.s
GPR[rd]127.96 ~ GPR[rt]127.96
127 96 95 64 63 32 31 0
rt A3 A2 Al A0
127 96 95 64 63 32 31 0
rd A3 Al A2 A0
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PEXEH : Parallel Exchange Even Halfword

128-bit MMI
To exchange the position of halfwords in 128-bit data.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PEXEH MMI2
011100 00000 11010 001001
6 5 5 5 5 6
Format
PEXEH rd, rt
Description

GPR[rd] ~ exchange(GPR]rt])

Splits a 128-bit value in GPR][rt] into eight halfwords, exchanges the sequence partially and stores the result

in GPR][rd]. See "Operation" about the details of the exchange.

Exceptions
None
Operation
GPR[rd]1s.0 — GPR[rt]s7.22
GPR[rd]a1.16 ~ GPRIrt]az.16
GPR[rd]4.32 ~ GPR[rt]s.0
GPR[rd]ss.48 ~ GPR[rt]es.4s
GPR[rd]79.64 ~ GPR[rt]111.9
GPR[rd]es.s0 « GPR]rt]es.s0
GPR[rd]111.96 « GPRJrt]7g.64
GPR[rd]127.112 < GPRJ[rt]127.112
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt A7 A6 A5 Ad A3 A2 Al A0
127 112 111 6 95 80 7 64 63 48 47 31 16 15 0
rd A7 A4 A5 A6 A3 A0 Al A2
© SCEI
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PEXEW : Parallel Exchange Even Word

128-bit MMI
To exchange the position of words in 128-bit data.
Operation Code
31 26 25 21 20 16 15 11 10 5 0
MMI 0 rt rd PEXEW MMI2
011100 00000 11110 001001
6 5 5 5 5 6
Format
PEXEW rd, rt
Description
GPR[rd] ~ exchange(GPR]rt])
Splits a 128-bit value in GPR][rt] into four words, exchanges the two low-order words of each doubleword,
and stores the result in GPR[rd]. See "Operation™ about the details of the exchange.
Exceptions
None
Operation
GPR[rd]s1.0 — GPR{rt]es.s4
GPR(rd]es.3 ~ GPR[rt]es.2
GPR[rd]es.64 ~ GPR[rt]s1.0
GPR[rd]]_y“ge P GPR[rt]127,,9e
127 96 95 64 63 32 31 0
rt A3 A2 A0
127 96 95 64 63 32 31 0
rd A3 A0 A2
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PEXTS5 : Parallel Extend from 5 bits

128-bit MMI
To extend 4 bytes in the 1-5-5-5 bit format to the 8-8-8-8 bit format.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PEXT5 MMI0
011100 00000 11110 001000
6 5 5 5 5 6
Format
PEXTS rd, rt
Description

GPR[rd] ~ extend(GPR[rt])

Splits the 128-bit data in GPR[rt] into four words. Each of the low-order 16 bits are considered to be in the
1-5-5-5 bit data format, and they are extended to four words in the to 8-8-8-8 bit data format, as illustrated in
"Operation". The resulting value is stored in GPR[rd].

Exceptions
None
Operation
GPR[rd]s1.0 « GPRIrt]ss || 07 || GPR[rt]i2.10 | ] 03 | | GPR[rtJo.5 | ] 03
|1 GPRIrt]ao | ] 03
GPR[rd]nggz - GPR[rt]47 ” 07 ” GPR[I’t]46_A42 ” 03 ” GPR[rt]41_A37 ” 03
|| GPR[rt]ss.32 | | 03
GPR[rd]gs,,GA P GPR[rt]79 “ 07 “ GPR[I’t]78,,74 “ 03 “ GPR[rt]n,,eg “ 03
|1 GPRI[rt]es.cs | ] 0°
GPR[rd]]_y“ge P GPR[rt]m II 07 II GPR[rt]llo,,loe “ 03 “ GPR[I’t]los,,lol II 03
|1 GPR[rt]0.06 || 03
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt

127 ‘ % 95 ‘ 6163 ‘ 2 ‘ |

rd

31 16 15 14 10 9 54 0
rt A3 A2 Al A0

- - ~ 7/
1hit — Shit Shit Shit

31 24 23 18 16 15 110 87 / 32

rd | A3 o’ PR A L Ao L

o

8bit 8bit 8bit 8bit
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PEXTLB : Parallel Extend Lower from Byte

128-bit MMI
To combine two doublewords interleaving by bytes.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PEXTLB MMIO
011100 11010 001000
6 5 5 5 5 6
Format

PEXTLB rd, rs, rt

Description
GPR[rd] ~ combine(GPR]rs] , GPR[rt])

Splits the low-order 64 bits of GPR[rs] and GPR[rt] into byte data and stores them in GPR[rd] in an

interleaved manner.

Exceptions
None

Operation
GPR[rd]1s.0 « GPRJrs]7.o | | GPR[rt]7.0
GPR[rd]s1.16 ~ GPRIrs]is.s | | GPR[rt]ss.8

(The same operations follow every 16 bits)

GPR[rd]127,,112 - GPR[TS]53_56 ” GPR[I’t]eg,,sa
127 64 63 56 55 4847 4039 3231 2423 1615 87 O
rs A7 |A6 | AS | M4 | A3 | A2 |[Al |AD

32 31 23 16 15% 0

B2 |Al | Bl | AO | BO
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PEXTLH : Parallel Extend Lower from Halfword

To combine two doublewords interleaving by halfwords.

Operation Code

128-bit MMI

31 26 25 21 20 16 15 11 10 6 5
MMI rs rt rd PEXTLH MMIO
011100 10110 001000
6 5 5 5 5 6
Format
PEXTLH rd, rs, rt
Description
GPR[rd] ~ combine(GPR]rs] , GPR[rt])
Splits the low-order 64 bits of GPR[rs] and GPRJrt] into halfwords and stores them in GPR[rd] in an
interleaved manner.
Exceptions
None
Operation
GPR[rd]s1.0 — GPR[rslis.o || GPR[rt]1s.0
GPR[rd]es.32 — GPRIrs]s1.16 | | GPR[rt]s1.16

(The same operations follow every 32 bits)
GPR[rd]127,,112 - GPR[TS]53_43 ” GPR[I’t]eg,Ag

127

64 63 48 47 32 31 16 15 0
rs A3 A2 Al A0
127 96 95 64 63 47 32 31 16 15 0
rd A3 B3 A2 B2 Al Bl A0 BO
:\hﬁk A
127 32 3 16 15 0
rt B3 B2 Bl BO
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PEXTLW : Parallel Extend Lower from Word

128-bit MMI
To combine two doublewords interleaving by words.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PEXTLW MMI0
011100 10010 001000
6 5 5 5 5 6

Format
PEXTLW rd, rs, rt

Description
GPR[rd] ~ combine(GPR]rs] , GPR[rt])
Splits the low-order 64 bits of GPR[rs] and GPR[rt] into words and stores them in GPR[rd] in an interleaved

manner.
Exceptions
None
Operation
GPR[rd]ss.0 < GPRJrs]sio0 | | GPR[rt]s1.0
GPR[rd]127,,64 - GPR[I’S]63,,32 II GPR[rt]e3,,32
127 64 63 32 31 0
rs Al A0
127 64 63 32 31 0
rd Al Bl A0 BO
A
127 64 63 32 31 0
rt Bl BO
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PEXTUB : Parallel Extend Upper from Byte

128-bit MMI
To combine two doublewords interleaving by bytes.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PEXTUB MMI1
011100 11010 101000
6 5 5 5 5 6
Format

PEXTUB rd, rs, rt

Description
GPR[rd] ~ combine(GPR]rs] , GPR[rt])

Splits the high-order 64 bits of GPR[rs] and GPR[rt] into bytes and stores them in GPR[rd] in an interleaved

manner.

Exceptions
None

Operation
GPR[rd]1s.0 — GPRIrsl7.64 | | GPR[rt]71.64
GPR[rd]a1.16 — GPRIrslze.72 || GPR[rt]7e.72

(The same operations follow every 16 bits)

GPR[rd]127.112 « GPRJrsliz7.120 | | GPR[rt]127.120

127 120119 112111 104103 9695 8887 80 79 72 71 64 63

rs| A7| A6 | A5| M| A3 | A2| Al | AO

127 LZO 119 112 104 103 9 88 87 72
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PEXTUH : Parallel Extend Upper from Halfword

128-bit MMI
To combine two doublewords interleaving by halfwords.

Operation Code

31 26 25 21 20 16 15 11 10 6 5
MMI rs rt rd PEXTUH MMI1
011100 10110 101000
6 5 5 5 5 6
Format
PEXTUH rd, rs, rt
Description
GPR[rd] ~ combine(GPR]rs] , GPR[rt])
Splits the high-order 64 bits of GPR[rs] and GPR[rt] into halfwords and stores them in GPR[rd] in an
interleaved manner.
Exceptions
None
Operation
GPR[rd]s1.0 — GPRJrslwea | | GPR[rt]79.64
GPR[rd]es.32 ~ GPR(rs]es.s0 | | GPR[rt]ss.0
GPR(rd]es.e4 ~ GPR[rs]u1.o6 | | GPR[rt]i11.96
GPR[rd]127.96 ~ GPRI[rs]iz7.112 | | GPR[rt]127.112
127 112 111 96 95 80 79 64 63 0
rs A3 A2 Al A0
127 ¥ 112 111 96 9 80 79 48 47 16 15 0
rd A3 B3 A2 B2 Al Bl A0 BO
127 111 M 0
rt B3 B2 Bl BO
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PEXTUW : Parallel Extend Upper from Word

128-bit MMI
To combine two doublewords interleaving by words.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PEXTUW MMI1
011100 10010 101000
6 5 5 5 5 6
Format
PEXTUW rd, rs, rt
Description
GPR[rd] ~ combine(GPR]rs] , GPR[rt])
Splits the high-order 64 bits of GPR[rs] and GPR|rt] into words and stores them in GPR[rd] in an
interleaved manner.
Exceptions
None
Operation
GPR[rd]sg__o - GPR[TS]95_54 ” GPR[I’t]gs,,M
GPR[rd]127.64 ~ GPR(rs]127.06 | | GPR[rt]127.96
127 96 95 64 63 0
rs Al A0
127 \ 4 96 95 64 63 32 31 0
rd Al Bl A0 BO
127 = o5 /m—m/'—o
rt B1 BO
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PHMADH : Parallel Horizontal Multiply-Add Halfword

128-bit MMI
To multiply 8 pairs of 16-bit signed integers and horizontally add.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PHMADH MMI2
011100 10001 001001
6 5 5 5 5 6

Format
PHMADH rd, rs, rt

Description
(GPR[rd], HI, LO) ~ GPR[rs] X GPR[rt] + GPR][rs] X GPR]rt]
Splits the 128-bit data in GPR[rs] and GPR[rt] into eight 16-bit signed integers. Multiplies the halfwords in
GPR{rs] by the corresponding halfwords in GPR[rt], then adds the result of adjacent multiplications and
stores them in the GPRJ[rd], HI and LO registers, as described in "Operation".

Exceptions
None. Even when the result of the arithmetic operation overflows, an overflow exception does not occur.

Operation
prod0 « GPRJrs]s1.16 X GPR]rt]s1.16 + GPRJ[rs]is.0 X GPR[rt]is.0
LOs1.0 « prod0s1.o
GPR[rd]s1.0 « prod0s;.o
prodl P GPR[I‘S]63,,48 X GPR[rt]e3,,48 + GPR[I’S]47,,32 X GPR[rt]47,,32
Hls1o ~ prodlsio
GPR(rd]es.3 « prodlss.o
prod?2 — GPRJrsles.s0 X GPR|rt]es.s0 + GPRI[rs]r9.62 X GPR[rt]79.64
LOgs.64 « prod2s1.o
GPR[rd]es.64 « prod2sy.o
prod3 « GPR[rs]iz7.112 X GPR[rt]i27.112 + GPR[rs]u11.96 X GPR[rt]111.96
Hlogs.64 ~ prod3sz.o
GPR[rd]127,,95 - prod331__o
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127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al A0
X
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt B7 B6 B5 B4 B3 B2 Bl BO
S 5 LT LA
|_|\/
127 96 95 64 63 32 31 0
rd A7xB7 + A6xB6 A5xB5 + A4xB4 A3xB3 + A2xB2 Al1xB1 + AOxBO
127 96 95 64 63 32 31 0
HI Undefined A7xB7 + A6xB6 Undefined A3xB3 + A2xB2
127 96 95 64 63 32 31 0
LO Undefined A5xB5 + A4xB4 Undefined Al1xB1 + AOxBO

Programming Notes

In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the multiply operation appropriately can improve

performance.
Even when the result of a multiply operation overflows, an overflow exception does not occur. If an
overflow is required to be detected, an explicit check is necessary.

© SCEI

-208-



EE Core Instruction Set Manual Version 3.1

PHMSBH : Parallel Horizontal Multiply-Subtract Halfword

128-bit MMI
To multiply 8 pairs of 16-bit signed integers and horizontally subtract.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PHMSBH MMI2
011100 10101 001001
6 5 5 5 5 6
Format

PHMSBH rd, rs, rt

Description
(GPR[rd], HI, LO) «~ GPR[rs] x GPR[rt] - GPR[rs] X GPR][rt]
Splits the 128-bit data in GPR[rs] and GPR[rt] into eight 16-bit signed integers. Multiplies the halfwords in
GPR{rs] by the corresponding halfwords in GPRJrt], then subtracts the results of adjacent multiplications
and stores them in the GPR[rd], HI and LO registers, as described in "Operation".

Exceptions
None

Operation
prod0
LOa1.0
GPR[rd]gl__o

prodl
Hlzo
GPR[rd]e3.32

prod?2
LOgs.64
GPR[rd]ss.s4

prod3
Hlos. 64
GPR[rd]127,,95

« GPRJrs]s1.16 X GPR]rt]s1.16 — GPR[rs]is.0 X GPR[rt]1s.0
- prod031__o
« prod0s;.o

— GPR[rs]es.4s X GPR([rt]ss.4s — GPR[rs]s7.32 X GPR[rt]s7.32
« prodlaio
« prodlaio

— GPRJrsles.s0 X GPR]rt]es.s0 — GPR[rs]z9.62 X GPR[rt]79.64
« prod2s; o
— prod2s.o

— GPRIrs]127.112 X GPR[rt]127.112 — GPR[rs]111.96 X GPR[rt]111.96
« prod3s1.0
- pr0d331,,o
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127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al A0
X
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt B7 B6 B5 B4 B3 B2 Bl BO
T L S N S
|_|\/
127 96 95 64 63 32 31 0
rd A7xB7 — A6xB6 A5xB5 — A4xB4 A3xB3 — A2xB2 A1xB1 — AOxBO
127 96 95 64 63 32 31 0
HI Undefined A7xB7 — A6xB6 Undefined A3xB3 — A2xB2
127 96 95 64 63 32 31 0
LO Undefined A5xB5 — A4xB4 Undefined A1xB1 — AOxBO

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the multiply operation appropriately can improve

performance.

Even when the result of the multiply operation overflows, an overflow exception does not occur. If an
overflow is required to be detected, an explicit check is necessary.
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PINTEH : Parallel Interleave Even Halfword

128-bit MMI
To combine halfwords in a halfword wide interleaved operation.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PINTEH MMI3
011100 01010 101001
6 5 5 5 5 6
Format
PINTEH rd, rs, rt
Description
GPR[rd] ~ interleave(GPR[rs] , GPR][rt])
Splits the GPR[rs] and GPR]rt] into words, and stores each of the low-order halfwords in GPR[rd] in an
interleaved manner.
Exceptions
None
Operation
GPR[rd]s1.0 « GPRJrslis.0 | | GPR][rt]1s.0
GPR(rd]es.3 ~ GPR[rs]s7.32 | | GPR[rt]s7.32
GPR(rd]es.e4 ~ GPRrs]z.64 | | GPR{rt]79.64
GPR[rd]]_y“ge — GPR[rs]m,,ge II GPR[rt]m,,ge
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A3 A2 Al A0
127 2 111 96 95 0 79 64 63 48 47 32 31 6 15 0
rd A3 B3 A2 B2 Al Bl A0 BO
127 112 111 T 96 95 80 79 T 64 63 48 47 T 32 31 16 15 T 0
rt B3 B2 B1 BO
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PINTH : Parallel Interleave Halfword

To combine 2 doublewords in a halfword wide interleaved operation.

Operation Code

128-bit MMI

31 26 25 21 20 16 15 11 10 6 5
MMI rs rt rd PINTH MMI2
011100 01010 001001
6 5 5 5 5 6
Format
PINTH rd, rs, rt
Description
GPR[rd] ~ interleave(GPR[rs] , GPR][rt])
Splits the high-order 64 bits of GPR[rs] and the low-order 64 bits of GPR][rt] into halfwords and stores them
in GPRJ[rd] in an interleaved manner.
Exceptions
None
Operation
GPRJrd]s1.0 — GPR[rs]z.62 | | GPR[rtlis.0
GPR[rd]es.32 ~ GPR(rs]es.e0 | | GPR[rt]s1.16
GPR[rd]os.e4 ~ GPRI[rs]u.9s | | GPR[rtls7.52
GPR[rd]127.96 ~ GPRIrs]iz7.112 | | GPR[rt]ss.48
127 112 111 96 95 80 79 64 63 0
rs A3 A2 Al A0
127 ¥y 112 111 96 9 m 48 47 16 15 0
rd A3 B3 A2 B2 Al B1 A0 BO
\N A
127 323 16 15 0
rt B3 B2 Bl BO
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PLZCW : Parallel Leading Zero or one Count Word

EE Core
To count leading zeros or ones.
Operation Code
31 26 25 21 20 16 15 11 10 0
MMI rs 0 rd 0 PLZCW
011100 00000 00000 000100
6 5 5 5 5 6
Format
PLZCW rd, rs
Description
GPR[rd] « LZC(GPR]rs]) - 1
Splits the 64-bit value in GPR[rs] into two words and counts the number of leading bits that have the same
value as the highest-order bit (either zero or one) in both words. The result minus 1 is stored in the
corresponding words in GPR[rd].
Exceptions
None
Operation
GPR[rd]gl__o — LZC(GPR[I’S]gl,,o) -1
GPR[rd]sg__gz - LZC(GPR[I’S]es,,gz) -1
If GPR[1] == 0x000F:FFOF:FFOF:FOOF
Then
PLZCW 1,1
GPR[1] == 0x0000:000B:0000:0007
63 32 31
rs Al A0
Count Leading 0/1
63 32 31
rd LZC(A1l) -1 LZC(A0) - 1
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PMADDH : Parallel Multiply-Add Halfword

128-bit MMI
To multiply 8 pairs of 16-bit signed integers and accumulate in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMADDH MMI2
011100 10000 001001
6 5 5 5 5 6

Format
PMADDH rd, rs, rt

Description
(GPR[rd], HI, LO) « (HI, LO) + GPR[rs] x GPR[rt]
Splits GPR[rs] and GPR]rt] into eight 16-bit signed integers, multiplies each halfword in GPR|[rs] by the
corresponding halfword in GPR][rt], and adds the results to the corresponding words in the HI and LO
registers. The result are stored in HI, LO, and GPR[rd].

Exceptions
None. Even when the result of the arithmetic operation overflows, an exception does not occur.

Operation

prodO « LO3z1 0+ GPR[I’S]ls,,o X GPR[I’t]ls,,o
LOs1.0 ~ prod0s1.o
GPR[rd]z1.0 « prodOs.o
prodl « LOgs.30 + GPR[I‘S]al,,le X GPR[I’t]31,,16
LO¢s3.32 — prodls.o
prod2 « Hlz1 0+ GPR[I’S]47,,32 X GPR[rt]47__3z
Hlso « prod2s1.o
GPR[rd]es.s2 « prod2s.o
prod3 « Hlgz + GPR[I’S]63,,43 X GPR[I’t]63,,48
Hlez.32 — prod3s1.o
prod4 « LOgs.64 + GPR[rs]79.64 X GPR[rt]79.64
LOgs.64 — prodds; o
GPR[rd]es.e4 — prodds; o
prod5 « LO1s7.06 + GPR[I‘S]gs,,so X GPR[I’t]gs,,so
LO127.96 «~ prodbs. o
prod6 « Hlgs 62 + GPR[rs]111.96 X GPR[rt]111.96
Hlgs 64 — prodéasi.o
GPR[rd]127,,95 - prod631__o
prod7 « Hl7.96 + GPR[rs]iz7.112 X GPR[rt]127.112
Hl127.96 — prod7s.o
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127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al A0
X
127 112111 9695 8079 6463 4847 32 31 16 15 0
rt B7 B6 B5 B4 B3 B2 B1 BO
+
127 96 95 64 63 32 31 0
HI c7 Cc6 Cc3 c2
127 96 95 64 63 32 31 0
LO C5 c4 c1 Co
M
-
127 96 95 64 63 32 31 0
HI A7xB7 + C7 ABxB6 + C6 A3xB3 + C3 A2xB2 + C2
127 96 95 64 63 32 31 0
LO ABxB5 + C5 A4xB4 + C4 A1xB1 + C1 AOXBO + CO
127 96 95 64 63 32 31 0
rd ABxB6 + C6 A4xB4 + C4 A2xB2 + C2 AOXBO + CO

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the multiply operation appropriately can improve
performance.
Even when the result of the multiply operation overflows, an overflow exception does not occur. If an
overflow is required to be detected, an explicit check is necessary.
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PMADDUW : Parallel Multiply-Add Unsigned Word

128-bit MMI
To multiply 2 pairs of 32-bit unsigned integers and accumulate in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMADDUW MMI3
011100 00000 101001
6 5 5 5 5 6

Format
PMADDUW rd, rs, rt

Description
(GPR[rd], HI, LO) « (HI, LO) + GPR[rs] x GPR[rt]
Multiplies bits 95..64 of GPR]rs] by bits 95..64 of GPR[rt] and bits 31..0 of GPR[rs] by bits 31..0 of GPR]rt]
as unsigned 32-bit integers and adds the resulting 64-bit values to the corresponding words in the HI and LO
registers. A part of the result is stored in GPR[rd]. See "Operation" for details.

Restrictions
If the contents of GPR[rt] and GPR{[rs] are not sign-extended 32-bit values (bits 127..95 equal and bits 63..31
equal), then the result is undefined.

Exceptions
None. Even when the result of the arithmetic operation overflows, an exception does not occur.

Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
prodO — (H|31,,o ” L031,,o) + (0 || GPR[I‘S]gl__o) X (0 || GPR[rt]sl__o)
LO¢3.0 « (prod0s1)32 | | prod0sy.o
Hles.o « (prod0s3)%2 | | prod0es.s2
GPR[rd]e&,o - pl’OdOea,,o
prodl — (Hlos.6a | | LOgs.64) + (0 || GPR[rs]es.64) % (0 | | GPR[rt]es.64)
LO127.64 < (prod1z)32 || prodlsio
Hl127.64 ~ (prodlgz)32 | | prodlss.s2

GPR[rd]127,,64 - pl’Odles,,o
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127 9% 95 64 63 32 31 0
rs A2 A0

127 9% 95 X 64 63 32 31 X 0
rt B2 BO

+ +

127 96 95 64 63 32 31 0
HI c6 c2

127 96 95 64 63 231 0
LO ca Co

s

127 64 63 0
rd (01 A2) x(0]|B2) +(CB || C4) (01 A0) x (0] BO) +(C2 | CO)

127 96 9 64 63 x 0
HI sign ext = sign ext =

127 96 95 64 63 30 31 0
LO sign ext sign ext

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the multiply operation appropriately can improve
performance.
Even when the result of the multiply operation overflows, an overflow exception does not occur. If an
overflow is required to be detected, an explicit check is necessary.

© SCEI
-217-



EE Core Instruction Set Manual Version 3.1

PMADDW : Parallel Multiply-Add Word

128-bit MMI
To multiply 2 pairs of 32-bit signed integers and accumulate in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMADDW MMI2
011100 00000 001001
6 5 5 5 5 6

Format
PMADDW rd, rs, rt

Description
(GPR[rd], HI, LO) « (HI, LO) + GPR[rs] x GPR[rt]
Multiplies bits 95..64 of GPR]rs] by bits 95..64 of GPR[rt] and bits 31..0 of GPR[rs] by bits 31..0 of GPR]rt]
as signed 32-bit integers and adds the resulting 64-bit value to the corresponding word positions in the HI
and LO registers. A part of the result is stored in GPR][rd]. See "Operation" for details.

Restrictions
If the contents of GPR[rt] and GPR{[rs] are not sign-extended 32-bit values (bits 127..95 equal and bits 63..31
equal), then the result is undefined.

Exceptions
None

Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
prod0 « (Hlz1o || LOs1.0) + GPR[rs]s1.0 X GPR]rt]s1.0
LO¢3.0 « (prod0s1)32 | | prod0sy.o
Hles.o « (prod0s3)%2 | | prod0es.s2
GPR[rd]e&,o - pl’OdOea,,o
prodl — (Hlos.e4 | | LOgs.64) + GPRI[rS]gs.64 X GPR[rt]os.c4
LO127.64 < (prod1z)32 || prodlsio
Hl127.64 ~ (prodlgz)32 | | prodlss.s2

GPR[rd]127,,64 - pl’Odles,,o
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127 % 95 64 63 32 31
rs A2 A0
127 9 95 X 64 63 3231 X
rt B2 BO
+ +
127 9% 95 64 63 3231
HI C6 C2
127 % 95 64 63 32 31
LO c4 Cco
s
127 64 63
rd A2 xB2+(C6 | C4) ADxBO +(C2|| CO)
127 96 9 64 63 x
) y ) y
HI sign ext sign ext
127 96 95 v 64 63 32 31
LO sign ext sign ext

Programming Notes

In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions

can execute without delay. Therefore, scheduling the multiply operation appropriately can improve

performance.
Even when the result of the multiply operation overflows, an overflow exception does not occur. If an
overflow is required to be detected, an explicit check is necessary.
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PMAXH : Parallel Maximize Halfword

128-bit MMI
To compare 16-bit signed integers and calculate the maximum value (8 parallel operations).
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMAXH MMI0
011100 00111 001000
6 5 5 5 5 6

Format
PMAXH rd, rs, rt

Description
GPR[rd] ~ max(GPR[rs], GPR[rt])
Splits GPR[rs] and GPR|rt] into eight 16-bit signed integers and compares the data in GPR[rs] with the
corresponding data in GPR[rt] and stores the maximum value in the corresponding halfwords in GPR][rd)].

Exceptions
None
Operation
if (GPR[rs]is.0 > GPR|rt]1s.0) then
GPR[I’d]ls,,o — GPR[I'S]]_s,,o
else
GPR[I’d]ls,,o P GPR[rt]]_s,,o
endif
if (GPR[rs]s1.16 > GPR[rt]s1.16) then
GPR[rd]gl,,la — GPR[I‘S]sl__le
else
GPR[I’d]31,,1e P GPR[rt]al,,le
endif

(The same operations follow every 16 bits)

if ((GPR[rs]i27.112 > GPR][rt]127.112) then

GPR[rd]127.112 < GPRJ[rs]i2r.112
else

GPR[rd]127.112 ~ GPR[rt]127.112
endif

127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al A0

127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt B7 B6 B5 B4 B3 B2 Bl BO

127*112 111* 96 95 80 79 v 64 63 \ 48 47 \ 32 31 *16 15 v 0

rd | max(A7,B7)| max(A6,B6)|max(A5,B5) |max(A4,B4) | max(A3,B3) | max(A2,B2)| max(A1,B1) | max(A0,BO)
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PMAXW : Parallel Maximize Word

128-bit MMI
To compare 32-bit signed integers and calculate the maximum value (4 parallel operations).
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMAXW MMI0
011100 00011 001000
6 5 5 5 5 6

Format
PMAXW rd, rs, rt

Description
GPR[rd] « max(GPR[rs], GPR[rt])
Splits GPR[rs] and GPR|rt] into four 32-bit signed integers and compares the data in GPR][rs] with the
corresponding data in GPR][rt] and stores the maximum value in the corresponding words in GPR[rd].

Exceptions
None
Operation
if (GPR[rs]s1.0 > GPR|[rt]s1.0) then
GPR[I’d]31,,o - GPR[rS]31..O
else
GPR[I’d]31,,o - GPR[rt]31..O
endif
if (GPR[rs]es.32 > GPR[rt]ss.32) then
GPR[rd]es.32 — GPR[rsles.2
else
GPR[rd]es.32 ~ GPR[rt]es.s
endif
if ((GPR[rs]os.64 > GPR[rt]gs.64) then
GPR[rd]es.64 — GPR[rs]es.64
else
GPR[rd]es.64 — GPR{rt]es.s4
endif
if ((GPR[rs]i27.96 > GPR]rt]127.96) then
GPR[I’d]127,,ge — GPR[rS]127..96
else
GPR[rd]127.96 ~ GPR[rt]127.96
endif
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127 96 95 64 63 32 31 0
rs A3 A2 Al A0
127 96 95 64 63 32 31 0
rt B3 B2 B1 BO
1 1 I I
v v
127 96 95 64 63 32 31 0
rd max(A3,B3) max(A2,B2) max(Al,B1) max(A0,B0)
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PMFHI : Parallel Move From HI Register

128-bit MMI
To copy the 128-bit value in the HI register to a GPR.

Operation Code
31 26 25 16 15 11 10 6 5 0
MMI 0 rd PMFHI MMI2
011100 00 0000 0000 01000 001001
6 10 5 5 6

Format
PMFHI rd

Description
GPRI[rd] < HI
Stores the 128-hit value in the HI register into GPR][rd].

Exceptions
None

Operation
GPR[rd]127.0 « Hliz7.0

© SCEI
-223-



EE Core Instruction Set Manual Version 3.1

PMFHL.LH : Parallel Move From HI/LO Register

128-bit MMI
To copy the contents of the HI and LO registers to a GPR in halfword units.
Operation Code
31 26 25 16 15 11 10 6 5 0
MMI 0 rd fmt PMFHL
011100 00 0000 0000 00011 110000
6 10 5 5 6
Format
PMFHL.LH rd
Description

GPR[rd] —« HI/LO
Splits the contents of the HI and LO registers into halfwords, rearranges them as shown in "Operation”, and
stores them in GPR][rd].

Exceptions
None
Operation
GPR[rd]ls__o « LOus.0
GPR[rd]s1.16 « LO4r.3
GPR([rd]47.32 ~ Hliso
GPR[rd]es.as « Hlyz.32
GPR[rd]79__54 « LOr9.64
GPR[rd]ss.s0 « LOu1.06
GPR[rd]m,gs « Hlzgp4
GPR[rd]127.112 < Hlug
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
Hi A3 A2 Al A0
127 A2 m 64 63 48 47 31 16 15 0
rd A3 A2 B3 B2 Al A0 Bl BO
127 112 111 4 80 79 T 64 63 48 47 4 16 15 T 0
LO B3 B2 B1 BO
© SCEI
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PMFHL.LW : Parallel Move From HI/LO Register

128-bit MMI
To copy the contents of the HI and LO registers to a GPR in word units.
Operation Code
31 26 25 16 15 11 10 6 5 0
MMI 0 rd fmt PMFHL
011100 00 0000 0000 00000 110000
6 10 5 5 6
Format
PMFHL.LW rd
Description

GPR[rd] — HI/LO

Splits the contents of the HI and LO registers into words, rearranges them as shown in "Operation”, and
stores them in GPR][rd].

Exceptions

None
Operation

GPR[rd]sw.0 « LOaz10

GPR[rd]es.32 ~ Hlswo

GPR[rd]os.e4 « LOgs 64

GPR[rd]127.96 « Hlgs.p4

127 96 95 64 63 32 31 0
HI Al AO

127 M 64 63 K 0
rd Al B1 A0 BO

127 96 95 T 64 63 32 31 T 0
LO B1 BO
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PMFHL.SH : Parallel Move From HI/LO Register

128-bit MMI
To saturate the contents of HI/LO register to signed halfwords and copy to a GPR.
Operation Code
31 26 25 16 15 11 10 6 5 0
MMI 0 rd fmt PMFHL
011100 00 0000 0000 00100 110000
6 10 5 5 6
Format
PMFHL.SH rd
Description

GPR[rd] « HI/LO
Splits the contents of HI/LO registers into words, saturates them to 16-bit signed integers, rearranges them
as shown in "Operation”, and stores them in GPR[rd].

Exceptions
None

Operation
GPR[rd]ls__o — cIamp(L031__o)
GPR[rd]s1.16 « clamp(LOegs3.32)
GPR([rd]47.32 « clamp(Hls1.0)
GPR(rd]es.4s « clamp(Hlgs.32)
GPR(rd]7.64 « clamp(LOgs 64)
GPR[rd]es.s0 ~ clamp(LO127.96)
GPR[rd]m,gs — C|amp(H|95__54)
GPR[rd]127.112 ~ clamp(H1127.96)
clamp(X)
begin

if (X > 0x00007FFF) then

clamp := Ox7FFF
else if (X < OxFFFF8000) then
clamp := 0x8000
else
clamp ;=X
endif
end
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127

96 95 64 63 32 31
HI A3 A2 Al A0
Saturate to signed Halfword
127 112 111 96 95 80 79 64 63 ! 48 47 32 31 16 15
rd A3 A2 B3 B2 Al A0 Bl BO
Saturate to signed Halfword
127 96 95 / 64 63 32 31
LG B3 B2 Bl BO
© SCEI
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PMFHL.SLW : Parallel Move From HI/LO Register

128-bit MMI
To copy the contents of HI/LO register to a GPR in word units.
Operation Code
31 26 25 16 15 11 10 6 5 0
MMI 0 rd fmt PMFHL
011100 00 0000 0000 00010 110000
6 10 5 5 6

Format
PMFHL.SLW rd

Description
GPR[rd] -« HI/LO
Splits the contents of the HI and LO registers into word data and combines them. Then saturates to 32-bit
signed integers and stores them in GPR[rd].

Exceptions
None
Operation
if ((Hls1.0 || LO31.0) >= 0x000000007FFFFFFF ) then
GPR[rd]es.0 ~ 0x000000007FFFFFFF
else if ( (H|31,,o I I LO31,,0) <= OxFFFFFFFF80000000 ) then
GPR[rd]es.0 ~ OxFFFFFFFF80000000
else
GPR[I’d]es,,o — (L031)32 ” LOs10
endif

if ( (H|95,,64 I I L095,,64) >= 0x000000007FFFFFFF ) then
GPR[rd]127. 64 ~ 0x000000007FFFFFFF

else if ( (H|95,,64 I I L095,,64) <= OxFFFFFFFF80000000 ) then
GPR[rd]127. 64 « OxFFFFFFFF80000000

else
GPR[rd]127. 64 — (LOg)32 || LOgs. 64

endif
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127 96 95 64 63 32 31 0
HI Al A0
Il |
127 96 95 64 63 32 31 0
LO B1 BO
ﬂ Clamp to Signed Word
127 96 95 64 63 32 31 0
rd sign ext clamp(Al || B1) sign ext clamp(AO0 || BO)
Saturation
FFFFFFFFFFFFFFFF TFFFFFFFFFFFFFFF

FFFFFFFF80000000 000000007FFFFFFF

80000000 TEFFFFEF

© SCEI
-229-



EE Core Instruction Set Manual Version 3.1

PMFHL.UW : Parallel Move From HI/LO Register

To copy the contents of the HI/LO registers to a GPR in word units.

Operation Code
26 25

31

128-bit MMI

16 15 11 10 6
MMI 0 rd fmt PMFHL
011100 00 0000 0000 00001 110000
6 10 5 5 6
Format
PMFHL.UW rd
Description
GPR[rd] « HI/LO
Splits the contents of HI/LO registers into word data, rearranges them as shown in "Operation", and stores
them in GPR{[rd].
Exceptions
None
Operation
GPR[rd]sw.0 « LOgs.32
GPR[rd]es.32 ~ Hles.3
GPR[rd]os.e4 « LOu127.9
GPR[rd]127.96 « Hl7.96
127 96 95 64 63 32 31 0
HI Al A0
127 l 96 95 64 63 l 32 31 0
rd Al B1 A0 BO
127 96 95 64 63 32 31 0
LO B1 BO
© SCEI
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PMFLO : Parallel Move From LO Register

128-bit MMI
To copy the 128-bit value in the LO register to a GPR.

Operation Code
31 26 25 16 15 11 10 6 5 0
MMI 0 rd PMFLO MMI2
011100 00 0000 0000 01001 001001
6 10 5 5 6

Format
PMFLO rd

Description
GPR[rd] ~ LO
Stores the 128-hit value in the LO register into GPR[rd].

Exceptions
None

Operation
GPR[rd]i27.0 « LOuw7.0
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PMINH : Parallel Minimize Halfword

128-bit MMI
To compare 16-bit signed integers and calculate minimum value (8 parallel operations).
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMINH MMI1
011100 00111 101000
6 5 5 5 5 6

Format
PMINH rd, rs, rt

Description
GPR[rd] « min(GPR]rs], GPR]rt])
Splits GPR[rs] and GPR]rt] into eight 16-bit signed integers, compares the data in GPR][rs] with the
corresponding data in GPR][rt], and stores the minimum value in the corresponding halfwords in GPR][rd].

Exceptions
None
Operation
if (GPR[rs]is.0 > GPR|rt]1s.0) then
GPR[I’d]ls,,o P GPR[I’t]ls,,o
else
GPR[I’d]ls,,o - GPR[I’S]ls,,o
endif
if (GPR[rs]s1.16 > GPR[rt]s1.16) then
GPR[rd]s1.16 « GPRJrt]s1.16
else
GPR[I’d]31,,1e - GPR[I’S]31,,1G
endif

(The same operations follow every 16 bits)

if ((GPR[rs]i27.112 > GPR][rt]127.112) then
GPR[rd]127.112 « GPRJrt]127.112

else
GPR[rd]127.112 — GPR(rs]iz7.112
endif
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al A0
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt B7 B6 B5 B4 B3 B2 Bl BO

| | | | | | | |
v v v v v v v v

127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rd | min(A7,B7)|min(A6,B6)|min(A5,B5) |min(A4,B4)jmin(A3,B3) |min(A2,B2)|min(A1,B1) |min(A0,BO0)
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PMINW : Parallel Minimize Word

128-bit MMI
To compare 32-bit signed integers and calculate minimum value (4 parallel operations).
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMINW MMI1
011100 00011 101000
6 5 5 5 5 6
Format

PMINW rd, rs, rt

Description
GPR[rd] « min(GPR]rs], GPR]rt])
Splits GPR[rs] and GPR|rt] into four 32-bit signed integers and compares the data in GPR][rs] with the
corresponding data in GPR([rt] and stores the minimum value in the corresponding words in GPR][rd].

Exceptions
None
Operation
if ((GPR[rs]s1.0 > GPR|[rt]s1.0) then
GPR[I’d]31,,o - GPR[rt]31..O
else
GPR[I’d]31,,o - GPR[rS]31..O
endif
if (GPR[rs]es.32 > GPR[rt]ss.32) then
GPR[rd]es.32 ~ GPR{[rt]es.22
else
GPR[rd]es.32 — GPR[rs]ss.32
endif
if ((GPR[rs]os.64 > GPR[rt]gs.64) then
GPR[rd]es.64 — GPR{rt]es.s4
else
GPR[rd]es.64 — GPR[rs]es.64
endif
if ((GPR[rs]i27.96 > GPR]rt]127.96) then
GPR[I’d]127,,ge — GPR[rt]lN..%
else
GPR[rd]127.96 ~ GPRIrs]127.96
endif
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127 96 95 64 63

32 31 0
rs A3 A2 Al A0
127 96 95 64 63 32 31 0
rt B3 B2 B1 BO
v B
127 96 95 64 63 32 31 0
rd min(A3,B3) min(A2,B2) min(A1,B1) min(A0,B0)
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PMSUBH : Parallel Multiply-Subtract Halfword

128-bit MMI
To multiply 8 pairs of 16-bit signed integers and subtract in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMSUBH MMI2
011100 10100 001001
6 5 5 5 5 6
Format

PMSUBH rd, rs, rt

Description
(GPR][rd], HI, LO) ~ (HI, LO) - GPR[rs] x GPR]rt]
Splits GPR[rs] and GPR]rt] into eight 16-bit signed integers and multiplies each halfword in GPR[rs] by the
corresponding halfword in GPR][rt] and subtracts the resulting 32-bit value from the corresponding word in
the HI/LO registers. The results of the subtraction are written back to HI/LO registers and a part of them
are stored in GPR]rd)].

Exceptions
None. Even when the result of the arithmetic operation overflows, an exception does not occur.

Operation
prodO « LO31 09— GPR[TS]]_s,,o X GPR[I’t]ls,,o
LOs1.0 — prod0s..o
GPR[rd]gl__o - prod031__o
prodil « LO¢3.32 — GPR[rs]s1.16 X GPR][rt]s1.16
LO¢s3.32 «~ prodls.o
prod?2 « Hls1.0— GPR[rslaz.32 X GPR[rt]s7.22
Hls1o — prod2s.o
GPR[rd]ss.32 « prod2s1.o
prod3 - H|63__32—GPR[I'5]63,,48 X GPR[I’t]eg_Ag
Hlgs 3 ~ prod3si.o
prod4 P LOgs,,eA—GPR[I’S]7g,,64 X GPR[I’t]7g,,64
LOgs.64 — prodds o
GPR[rd]es.e4 — prodds; o
prod5 — LO127.96 — GPRIrs]es.s0 X GPR[rt]es.s0
LO17.96 ~ prodb5z1.o
prod6 « Hlgs 64 — GPR[rs]u1.96 X GPR[rt]111.96
Hlgs. 64 — prod6s. o
GPR[rd]127,,95 - prod631__o
prod7 « Hli7.96 — GPRJ[rs]127.112 X GPR[rt]127.112
Hl127.96 « prod7si.o
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127 96 95 64 63 32 31 0
HI Cc7 C6 C3 c2
127 96 95 64 63 32 31 0
LO C5 C4 C1 Cco
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al AO
X
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt B7 B6 B5 B4 B3 B2 Bl BO
[
127 96 95 éj»é; 32 31 0
HI C7-A7xB7 C6-A6xB6 C3-A3xB3 C2-A2xB2
127 96 95 64 63 32 31 0
LO C5-A5xB5 C4-A4xB4 C1-A1xBl CO0-A0xB0
127 96 95 64 63 32 31 0
rd C6-A6xB6 C4-A4xB4 C2-A2xB2 CO-A0xBO

Programming Notes

In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the multiply operation appropriately can improve

performance.

Even when the result of the multiply operation overflows, an overflow exception does not occur. If an
overflow is required to be detected, an explicit check is necessary.

© SCEI
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PMSUBW : Parallel Multiply-Subtract Word

128-bit MMI
To multiply 2 pairs of 32-bit signed integers and subtract in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMSUBW MMI2
011100 00100 001001
6 5 5 5 5 6

Format
PMSUBW rd, rs, rt

Description
(GPR][rd], HI, LO) ~ (HI, LO) - GPR[rs] x GPR]rt]
Multiplies bits 95..64 of GPR]rs] by bits 95..64 of GPR[rt] and bits 31..0 of GPR[rs] by bits 31..0 of GPR]rt]
as signed 32-bit integers and subtracts the resulting 64-bit value from the value that combines the
corresponding word data in the HI and LO registers. A part of the result of subtraction is stored in GPR][rd].
See "Operation" for details.

Restrictions
If the contents of GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 127..95 equal and bits 63..31
equal), then the result is undefined.

Exceptions
None. Even when the result of the arithmetic operation overflows, an exception does not occur.

Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif

prod0 « (Hlzwo || LOs1.0) = GPR]rs]s1.0 X GPR][rt]s1.0
LOe¢3.0 — (pr0d031)32 ” pr0d031,,o

Hlgs.o — (prod0g3)32 | | prod0Oss.32

GPR[rd]ss.0 ~ prod0gs.o

prodl — (Hlgs.64 || LOgs.64) — GPR[rs]os.64 X GPR[rt]es. 64
LO127.64 « (prod1s1)% | | prodlss.o

Hl127.64 ~ (prodlgs)32 || prodles.s

GPR[rd]127.64 « prodles.o
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127 96 95 64 63 32 31 0
HI C6 c2

127 96 95 64 63 3231 0
LO c4 (60]

127 96 95 64 63 32 31 0
rs A2 A0

X

127 96 95 64 63 32 31 0

rt B2 BO
ik

127 64 63 0
rd (C6||C4)—IA2><BZ (CZ||CO)—AOI><BO

127 m‘ 64 63 X 0
HI ~ sign extend ~ sign extend

127 9% 95 { 64 63 32 31 ‘l, 0
LO ~ sign extend ~ sign extend

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the multiply operation appropriately can improve
performance.
Even when the result of the multiply operation overflows, an overflow exception does not occur. If an
overflow is required to be detected, an explicit check is necessary.
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PMTHI : Parallel Move To HI Register

128-bit MMI
To copy the value of a GPR to the HI register.

Operation Code
31 26 25 21 20 11 10 6 5 0
MMI rs 0 PMTHI MMI3
011100 00 0000 0000 01000 101001
6 5 10 5 6

Format
PMTHI rs

Description
HIl — GPR[rg]
To store the contents of GPR[rs] in the HI register.

Exceptions
None

Operation
Hl70 « GPR[I’S]127,,0
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PMTHL.LW : Parallel Move To HI/LO Register

128-bit MMI
To copy the value of a GPR to the HI/LO registers in word units.
Operation Code
31 26 25 21 20 11 10 6 5 0
MMI rs 0 fmt PMTHL
011100 00 0000 0000 00000 110001
6 5 10 5 6
Format
PMTHL.LW rs
Description

HI/ LO ~ GPR]rs]
Splits GPR([rs] into four words and stores them in the HI and LO registers, as shown in "Operation".

Exceptions
None

Operation
LOa1.0 ~ GPR([rs]s1.0
LO¢3.32 « LOe3.22
Hlso « GPR]rs]es.22
Hlez.32 — Hles.s2
LOgs.64 — GPR]rs]gs.64
LO1w7.96  « LO1r.96
Hlogs.64 ~ GPR(rs]127.96

Hl127.96 — Hl7.0

127 96 95 64 63 32 31 0
rs A3 A2 Al A0

127 96 95 64 63 32 31 0
HI ( not changed ) A3 ( not changed ) Al

127 96 95 y 6463 32 31 v 0
LO (' not changed ) A2 ( not changed ) A0
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PMTLO : Parallel Move To LO Register

128-bit MMI
To copy the value of a GPR to LO register.

Operation Code
31 26 25 21 20 11 10 6 5 0
MMI rs 0 PMTLO MMI3
011100 00 0000 0000 01001 101001
6 5 10 5 6

Format
PMTLO rs

Description
LO « GPRJrs]
Stores the contents of GPR[rs] in the LO register.

Exceptions
None

Operation
L0127“o - GPR[I’S]127,,0
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PMULTH : Parallel Multiply Halfword

128-bit MMI
To multiply 8 pairs of 16-bit signed integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMULTH MMI2
011100 11100 001001
6 5 5 5 5 6
Format

PMULTH rd, rs, rt

Description

(GPR[rd], LO, HI) —~ GPR[rs] X GPR]rt]
Splits GPR[rs] and GPR]rt] into eight 16-bit signed integers and multiplies the data in GPR[rs] by the

corresponding data in GPR([rt] and stores the resulting 32-bit signed integers into the HI/LO registers and
GPR[rd], as shown in "Operation".

Exceptions
None

Operation
prodo « GPRJrsis.0 x GPR]rt]1s.0
LOs1.0 ~ prod0s1.o
GPR[rd]gl__o - prod031__o
prodil ~ GPR[rs]s1.16 X GPR[rt]s1.16
LO¢s3.32 — prodls.o
prod2 — GPRJrsla7.32 X GPR][rt]s7.32
Hlso « prod2s1.o
GPR[rd]es.32 — prod2s.o
prod3 P GPR[I‘S]63,,48 X GPR[I’t]63,,43
Hlez.32 — prod3s1.o
prod4 — GPRIrs]7e.64 X GPR[rt]79.64
LOgs.64 — prodds; o
GPR[rd]ss.64 — prodda;. o
prod5 ~ GPR]rs]gs.s0 X GPR[rt]gs.s0
LO127.96 «~ prodbs. o
prod6 — GPRJrs]i11.96 X GPR[rt]111.96
Hlgs 64 — prodéasi.o
GPR[rd]127,,95 - prod631__o
prod7 « GPRIrs]127.112 X GPR[rt]127.112
Hl127.96 — prod7s.o
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127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al AO
X
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt B7 B6 B5 B4 B3 B2 Bl BO
[]
-
127 96 95 64 63 32 31
rd A6xB6 A4xB4 A2xB2 AO0xBO
127 96 95 64 63 32 31 0
HI A7xB7 A6xB6 A3xB3 A2xB2
127 96 95 64 63 32 31 0
LO A5xB5 A4xB4 Al1xB1 AO0xB0

Programming Notes

In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions
can execute without delay. Therefore, scheduling the multiply operation appropriately can improve

performance.
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PMULTUW : Parallel Multiply Unsigned Word

128-bit MMI
To multiply 2 pairs of 32-bit unsigned integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMULTUW MMI3
011100 01100 101001
6 5 5 5 5 6

Format
PMULTUW rd, rs, rt

Description
Multiplies bits 95-64 of GPR(rs] by bits 95-64 of GPR|[rt] and bits 31-0 of GPR[rs] by bits 31-0 of GPR|rt] as
unsigned 32-bit integers. The resulting 64-bit value is stored in GPR[rd] and also in the corresponding words
in the HI and LO registers, as shown in "Operation".

Restrictions
If the contents of GPR[rt] and GPR{[rs] are not sign-extended 32-bit values (bits 127-95 equal and bits 63-31
equal), then the result is undefined.

Exceptions
None

Operation
if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif
prod0 < (011 GPRJ[rsJa1.0) X (0 || GPR[rt]s1.0)
LOes.0 « (prod0s1)®2 | | prod0s1.0
Hles.o « (prod0e3)®? | | prod0es.a2
GPR[rd]es.o « prod0es.o
prodl - (0 “ GPR[FS]95,54) X (0 || GPR[I‘t]gs__m)
LO127.64 « (prod1z1)32 || prodisi.o
Hl127.64 « (prodles)® | | prodles.s
GPR[rd]127.64 « prodles.o
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127 96 95 64 63 3231
rs A2 A0
X X
127 96 95 64 63 3231
r B2 BO
d:
127 64 63
rd (0| A2)x(0]/B2) (011 A0) (01| BO)
127 96 9 64 63 323
; ) . 2
HI ~ Sign ext ~ sign ext
127 96 95 v 64 63 32 31 v
LO ~ sign ext ~ sign ext

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of

the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions

can execute without delay. Therefore, scheduling the multiply operation appropriately can improve

performance.
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PMULTW : Parallel Multiply Word

128-bit MMI
To multiply 2 pairs of 32-bit signed integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PMULTW MMI2
011100 01100 001001
6 5 5 5 5 6
Format

PMULTW rd, rs, rt

Description

Multiplies bits 95-.64 of GPRJrs] by bits 95-64 of GPR|[rt] and bits 31-0 of GPR[rs] by bits 31-0 of GPR|rt]
as signed 32-bit integers and the resulting 64-bit value is stored into GPR[rd] and the corresponding words in

the HI and LO registers, as shown in "Operation".

Restrictions

If the contents of GPR[rt] and GPR][rs] are not sign-extended 32-bit values (bits 127..95 equal and bits 63..31

equal), then the result is undefined.

Exceptions
None

Operation

if (NotWordValue(GPR]rs]) or NotWordValue(GPR[rt])) then UndefinedResult() endif

prodo ~ GPRJrs]s1.0 X GPR]rt]s1.0
LOsg3.0 « (prod0s)%2 | | prod0az.o
Hlez.0 « (prod0e3)32 | | prod0ss.a2
GPR[rd]sg__o - pr0d053__0
prodil — GPRJrslgs.64 X GPR][rt]os.e4
LO127.64 « (prod1z1)32 || prodisi.o
Hl127.64 « (prodles)32 | | prodles.az
GPRI[rd]127.64 « prodles.o
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127 96 95 64 63 32 31 0
rs A2 A0
X X

127 96 95 64 63 32 31 0
rt B2 BO

127 64 63 0
rd A2 x I|32 A0 x BOI
127 96 9 64 63 323 0
) ) ) ) 3
HI ~ sign ext ~ sign ext
127 96 95 \ 64 63 32 31 v 0
LO ~ sign ext ~ signext

Programming Notes
In the EE Core, the integer multiply operation proceeds asynchronously. An attempt to read the contents of
the LO or HI register before the multiply operation finishes will result in interlock. Other CPU instructions

can execute without delay. Therefore, scheduling the multiply operation appropriately can improve
performance.
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PNOR : Parallel Not Or

128-bit MMI
To calculate a bitwise logical NOT OR.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PNOR MMI3
011100 10011 101001
6 5 5 5 5 6
Format

PNOR rd, rs, rt

Description
GPR[rd] « GPR][rs] NOR GPR|rt]

Calculates a hitwise logical NOR between the contents of GPR[rs] and GPR[rt]. The result is stored in

GPRJrd].
The truth table values for NOR are as follows;

X Y X NORY
0 0 1
0 1 0
1 0 0
1 1 0
Exceptions
None
Operation

GPR[rd]]_y“o P GPR[I’S]127,,0 NOR GPR[I’I]127,,0
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POR : Parallel Or

128-bit MMI
To calculate a bitwise logical OR.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd POR MMI3
011100 10010 101001
6 5 5 5 5 6

Format

POR rd, rs, rt
Description

GPR[rd] ~ GPR][rs] OR GPR]rt]

Calculates a hitwise logical OR between the contents of GPR[rs] and GPR|[rt]. The result is stored into

GPRJrd].
The truth table values for OR are as follows;

XORY

0

1
1
1

X Y
0 0
0 1
1 0
1 1
Exceptions
None
Operation

GPR[rd]]_y“o P GPR[I’S]127,,0 OR GPR[I’I]127,,0
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PPACS : Parallel Pack to 5 bits

128-bit MMI
To pack 4 words in the 8-8-8-8 bit format into 4 halfwords in the 1-5-5-5 bit format.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PPAC5 MMI0
011100 00000 11111 001000
6 5 5 5 5 6
Format
PPACS rd, rt
Description

GPR[rd] « pack(GPR]rt])
Splits the 128-bit data in GPR[rt] into four words in the 8-8-8-8 bit format. Each of the low-order bits are
truncated and packed into four halfwords in the 1-5-5-5 bit format. The result is stored in GPR[rd].

Exceptions
None

Operation
GPR[rd]1s.0 « GPRJrt]s1 || GPR[rt]2s.19 | | GPR[rt]s.11 | | GPR]rt]7.3
GPR[rd]31,,16 ~ 016
GPR[rd]47,,32 P GPR[rt]e3 “ GPR[I’t]ss,,sl II GPR[rt]47,,43 II GPR[rt]ag,gs
GPR[rd]sg__4g ~ 016
GPR[rd]79.64 « GPRJrt]es | | GPR][rt]s7.83 | | GPR[rt]7e.75 | | GPR[rt]71.67
GPR[rd]gs__go ~ Q16
GPR[rd]111.96 « GPR[rt]wz7 | | GPRI[rt]us0.115 | | GPR[rt]u11.107 | | GPR[rt]10s.99
GPR[rd]127,,112 ~ 016

© SCEI
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127 96 95 64 63 32 31 0

127 142 111l 96 95 80 79l 64 63 48 47 l 3231 16 15 l 0

8bit 8bit 8bit 8bit
31 30 2423 19 18 16 15 11 10 87 32 0
A3 i A2 AL A0 |
— * * * []
1
1
!
31 45 109 54 ol
o' A3 A2 Al A0
1bit Shit Shit Shit
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PPACB : Parallel Pack to Byte

128-bit MMI
To pack the data in two GPRs into consecutive bytes.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PPACB MMIO
011100 11011 001000
6 5 5 5 5 6
Format

PPACB rd, rs, rt

Description
GPR[rd] ~ pack(GPR][rs] , GPR]rt])

Splits GPR([rs] into eight halfwords, takes the low-order bytes of each of the halfwords and stores them in
the high-order 64 bits of GPR[rd]. Likewise, takes the low-order bytes of each of the halfwords of GPR[rt]

and stores them in the low-order 64 bits of GPR[rd].

Exceptions
None

Operation
GPR[rd]7.0 « GPR[rt]7.0
GPR[rd]:s.s — GPR[rt]2s.16

(The same operations follow every 8 bits)

GPR[rd]ss.56 ~ GPR[rt]i19.112
GPR[rd]71.64 « GPR(rs]7.0
GPR[rd]79.72 — GPR[rs]2s.16

(The same operations follow every 8 bits)

GPR[rd]127.120 ~ GPR[rs]119.112

127 120119112111 104103 9695 88 87 80 79 72 71 64 63 56 55 48 47 4039 3231 2423 1615 87 O

rs A7 A6 A5 A4 A3

A2 Al A0

’
127 119 ez/

40 39 3231 2423 1615 87 O

rdl| A7 |A6 | A5 | M4 | A3 | A2| AL| AO |B7 | B6 |B5 | B4 |B3 | B2 | Bl |BO
127 120119 112 7 80 71, 56 55 40 39 1 2423 15 87 |o
rn B7 B6 B5 B4 B3 B2 Bl BO
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PPACH : Parallel Pack to Halfword

128-bit MMI
To pack the data in two GPRs into consecutive halfwords.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PPACH MMIO
011100 10111 001000
6 5 5 5 5 6
Format

PPACH rd, rs, rt

Description
GPR[rd] ~ pack(GPR][rs] , GPR]rt])

Splits GPR([rs] into four words, takes the low-order halfword of each of the words and stores them in the
high-order 64 bits of GPR[rd]. Likewise, takes the low-order halfwords of each of the words in GPR[rt] and

stores them in the low-order 64 bits of GPR[rd].

Exceptions
None
Operation
GPR[rd]1s.0 ~ GPR[rt]ss.0
GPR[rd]s1.16 — GPR[rt]s7.22
GPR[rd]s.32 — GPR{[rt]79.64
GPR[rd]s3.45 ~ GPR[rt]i11.9
GPR[rd]79.64 ~ GPR{rs]1s.0
GPR[rd]es.s0 ~ GPR[rs]s7.32
GPR[rd]111.96 — GPR[rs]79.64
GPR[rd]127.112 ~ GPRIrs]u11.9
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A3 A2 Al A0

127 % 111 M 32 31 16 15 0

dl A3 A2 Al A0 B3 B2 B1 BO
127 112 111 M 48 47 4’ 16 15 T 0
t B3 B2 B1 BO
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PPACW : Parallel Pack to Word

128-bit MMI
To pack the data in two GPRs into consecutive words.
Operation Code
31 26 25 21 20 16 15 11 10 0
MMI rs rt rd PPACW MMIO
011100 10011 001000
6 5 5 5 5 6
Format

PPACW rd, rs, rt

Description
GPR[rd] ~ pack(GPR][rs] , GPR]rt])

Splits GPR([rs] into two doublewords, takes the low-order word of each of the doublewords and stores them
in the high-order 64 bits of GPR[rd]. Likewise, takes the low-order word of each of the doublewords of
GPR[rt] and stores them in the low-order 64-bit in GPR][rd].

Exceptions
None
Operation
GPR[rd]s1.0 ~ GPR[rt]1.0
GPR[rd]ss.32 — GPR{rt]es.s4
GPR[rd]es.e4 ~ GPR[rs]aw.0
GPR[rd]]_y“ge — GPR[rS]QS..GA
127 96 95 64 63 32 31 0
rs Al AD
127 96 95 32 31 0
rd Al A0 Bl BO
127 9% 95 % 231 T 0
rt Bl BO
© SCEI
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PREVH : Parallel Reverse Halfword

128-bit MMI
To exchange the position of halfwords.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PREVH MMI2
011100 00000 11011 001001
6 5 5 5 5 6
Format
PREVH rd, rt
Description
GPR[rd] ~ exchange(GPR]rt])
Splits GPR[rt] into eight halfwords, exchanges their sequence and stores them in GPR[rd].
See "Operation" about the details of the exchange.
Exceptions
None
Operation
GPR[rd]1s.0 — GPRrt]es.48
GPR(rd]s1.16 ~ GPR[rt]s7.2
GPR[rd]4.32 ~ GPR[rt]a1.16
GPR[rd]ss.48 ~ GPR[rt]ss.0
GPR[rd]79.64 ~ GPR[rt]i27.112
GPR[rd]es.s0 « GPRJrt]111.96
GPR[rd]111.96 ~ GPR]rt]es.s0
GPR[rd]127.112 « GPRJrt]7g.64
127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rt A7 A6 A5 A A3 A2 Al A0
127 96 95 64 63 32 31 0
rd A A5 A6 A7 A0 Al A2 A3
© SCEI

-255-



EE Core Instruction Set Manual Version 3.1

PROT3W : Parallel Rotate 3 Words Left

128-bit MMI
To exchange the sequence of 3 words in 128-bit data.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd PROT3W MMI2
011100 00000 11111 001001
6 5 5 5 5 6
Format

PROT3W rd, rt

Description
GPR[rd] ~ rotate(GPR]rt])

Splits GPR[rt] into four words, rotates the positions of the low-order three words, and stores them in

GPR[rd].
Exceptions
None
Operation
GPR[rd]s1.0 ~ GPR{[rt]es.22
GPR[rd]ss.32 ~ GPR[rt]os.s4
GPR[rd]es.e4 ~ GPR[rt]s1.0
GPR[rd]127.96 ~ GPR[rt]127.96
127 96 95 64 63 32 31 0
rt A3 A2 Al A0
127 96 95 64 63 32 31 0
rd A3 A0 A2 Al
© SCEI

-256-



EE Core Instruction Set Manual Version 3.1

PSLLH : Parallel Shift Left Logical Halfword

128-bit MMI
To logical shift left halfwords in 128-bit data. The shift amount is a fixed value (0-15 bits) specified by sa.

Operation Code

31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd sa PSLLH
011100 00000 110100
6 5 5 5 5 6
Format

PSLLH rd, rt, sa

Description
GPR[rd] « GPR[rt] <<sa (logical)
Splits GPR[rt] into eight halfwords, shifts them left by the number of bits specified by the low-order 4 bits of
sa and inserts zeros in the emptied bits. The resulting value is stored in the corresponding halfwords in
GPR[rd].

Restrictions
The value of sa must be within the range from 0 to 15. Otherwise, the result is undefined.

Exceptions
None
Operation
S « Saz.o
GPR[rd]]_s,,o P GPR[rt]ls.s,,o “ 0s
GPR[rd]31,,16 P GPR[rt]31.s,,1e II 0s
GPR([rd]47.32 ~ GPR[rt]s7s.32 | | 0
GPR(rd]ss.43 ~ GPR[rt]gss.a8 | | 0
GPR(rd]7.64 ~ GPR[rt]zgs 64 | | 0
GPR[rd]es.s0 ~ GPRJrt]es-s.e0 | | 0¢
GPR[rd]111.96 « GPRJrt]i11-s.96 | | 0¢
GPR[rd]127.112 ~ GPR[rt]a27s.112 | | 0¢
127 : 112 111 : 96 95 : 80 79 : 64 63 : 48 47 : 32 31 : 16 15 : 0
| A7 | A6 | A5 | Ad | A3 | A2 | AL | AD

=
[N
N
=
[N
[N
©
®_______
©
a1
(0.0}
Q-
~
©
c;_______
w
_J;__—____
hy]
w
N
w
[y
=
QD _
=
a1
o

dlazi oo i |mic|mic|[m ol ¢ Alios A0 ! O
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PSLLVW : Parallel Shift Left Logical Variable Word

128-bit MMI
To shift left 2 words in 128-bit data. The shift amount is specified by a GPR.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSLLVW MMI2
011100 00010 001001
6 5 5 5 5 6

Format
PSLLVW rd, rt, rs

Description
GPR[rd] « GPR][rt] << GPRJrs] (logical)
Splits GPR[rt] into two doublewords and shifts each of the low-order words left. The shift amount is
specified by the low-order 5 bits of the corresponding word in GPR]rs]. Inserts zeros in the emptied bits.
The resulting two 32-bit values are sign-extended and stored in GPR[rd].

Exceptions
None

Operation
s <« GPRJrsla.o
t - GPR[I’S]eg,,M

GPR[rd]ss.0 « (GPRJrt]s1-5)% | | GPR][rt]s1:5.0 | | 0¢
GPR(rd]127.64 « (GPR[rt]es-)% | | GPR[rt]os-t.64 | | Ot
127 68 64 63 4 0
rs t s
127 96 95 64 63 32 31 0
rt i Al i A0
|
| | |
I | I
| | I
| ! i
1127 % 95 64 63 3231 o
rd « sign extend Al i 0 « sign extend A0 E 0
> >
t bit S hit
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PSLLW : Parallel Shift Left Logical Word

128-bit MMI
To logically shift left four words in 128-bit data. The shift amount is a fixed value specified by sa.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd sa PSLLW
011100 00000 111100
6 5 5 5 5 6

Format
PSLLW rd, rt, sa

Description
GPR[rd] « GPR[rt] <<sa (logical)
Splits GPR[rt] into four words, shifts left by the number of bits specified by sa and inserts zeros in the
emptied bits. The resulting value is stored in the corresponding words in GPR][rd].

Exceptions
None
Operation
GPR[rd]s1.0 « GPRJrt]s1-sa.0 | | 02
GPR[rd]ss.22 — GPR[rt]ss-sa.32 | | 02
GPR[rd]os. 64 « GPR[rt]ossa.64 | | 0
GPR[rd]127.96 « GPR[rt]127-sa.6 | | 05
127 : 96 95 : 64 63 : 32 31 : 0
rt ; A3 i A2 i Al i A0
| | i | |
] [} | ] 1
] [} | 1 1
| | ! | i
127 96!95 64163 32!'31 0!
d A3 1 0% A2 1 0% AL I 0% A0 | 0%
«—> P E— «—» p—
sa bit sa bit sa bit sa bit
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PSRAH : Parallel Shift Right Arithmetic Halfword

128-bit MMI

To arithmetically shift right 8 halfwords in 128-bit data. The shift amount is a fixed value (0-15 bits) specified by
sa.

Operation Code

31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd sa PSRAH
011100 00000 110111
6 5 5 5 5 6
Format
PSRAH rd, rt, sa
Description

GPR[rd] « GPR[rt] >>sa (arithmetic)

Splits GPR[rt] into eight halfword data, shifts right by the bit number specified by the low-order 4 bits of sa
and duplicates the sign bits in the emptied bits. The resulting values are stored in the corresponding
halfwords in GPR[rd].

Restrictions
The value of sa must be within the range from 0 to 15. Otherwise, the result is undefined.

Exceptions
None
Operation

S « Sa3.0
GPR[rd]ss.0 < (GPRI[rt]ss)* | | GPR[rt]:s.s
GPR[rd]s1.16 <« (GPR][rt]a1)s | | GPR[rt]s1.16+s
GPRI[rd]s7.32 « (GPRIrtla7)* | | GPR[rt]a7.s2+s
GPR[rd]e3,,48 - (GPR[rt]e3)5 “ GPR[I’t]e3,,43+s
GPR[rd]79,,64 - (GPR[rt]79)S “ GPR[I’t]7g,,64+s
GPR[rd]es.s0 <~ (GPR]rt]es)s | | GPR[rt]os.80+s
GPR[rd]111.96 < (GPR[rt]a11)s | | GPR[rt]111.96+s
GPR[rd]127.112 <« (GPR[rt]127)s | | GPR[rt]127.112+s
127I 112111I 9695I 80 79 : 6463l 48 47 : 32 31 . 16 15 : 0

| A7 1 A6 | A5 | A A3 | A2 Al | AO |
: [} I I I : I I I
| ] | ] ] ] ] ] ]
! i | | | | | i i
i\:\:\:\:\:\:\:\:
1127 112 111 96,95 80,79 64, 63 48, 47 32,31 16 15 0]

rd| sign EA7 sign E A6 | sign i A5 | sign EA4 sign i A3 |sign i A2 | sign l} Al |sign I}AO
— — — — — — — —
s bit s bit s bit s bit s bit s bit s hit s bit
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PSRAVW : Parallel Shift Right Arithmetic Variable Word

128-bit MMI
To arithmetically shift right 2 words in a 128-bit data. The shift amount is specified by a GPR.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSRAVW MMI3
011100 00011 101001
6 5 5 5 5 6

Format
PSRAVW rd, rt, rs

Description
GPR[rd] « GPR][rt] >> GPRJrs] (arithmetic)
Splits GPR[rt] into two doublewords and shifts each of the low-order words right. The shift amount is
specified by the low-order 5 bits of the corresponding word in GPR][rs]. Duplicates the sign bits into the
emptied bits. The resulting two 32-bit values are sign-extended and stored in GPR[rd].

Exceptions
None

Operation
S <« GPRJrsla.o
t - GPR[I’S]eg,,M

GPRJrd]ss.0 — (GPRJrt]s1)%2 | | (GPR[rt]s1)s M GPR[rt]s1.s
GPR[rd]127.64 ~ (GPR]rt]es)%2 | | (GPR[rt]es)t I GPR[rt]gs. 64+t
127 68 6463 4 0
rs t s
127 96 95 64 63 32 31 0
T T
rt Al | A0 |
| . | |
| | [}
| | |
| | [}
| | |
127 96 95 64 63 32 31 0!
I 1
rd ~ sign extend < sign P AL —signextend | - sign, A0
«—
t bit s bit
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PSRAW : Parallel Shift Right Arithmetic Word

128-bit MMI
To arithmetically shift right 4 words in 128-bit data. The shift amount is a fixed value specified by sa.

Operation Code

31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd sa PSRAW
011100 00000 111111
6 5 5 5 5 6
Format

PSRAW rd, rt, sa

Description
GPR[rd] « GPR[rt] >>sa (arithmetic)
Splits GPR[rt] into four words, shifts them right by the number of bits specified by sa and duplicates the sign
bits in the emptied bits. The resulting value is stored in the corresponding words of GPR[rd].

Exceptions
None
Operation
GPR[rd]s1.0 — (GPRJrt]s1)sa | | GPR[rt]s1.sa
GPR[rd]ss.22 « (GPR[rt]gs)2 | | GPR[rt]gs.32+sa
GPR[rd]ss.s4 < (GPRIrt]os)a | | GPRIrt]ss.64+sa
GPR[rd]]_y“ge - (GPR[IT]J_N)SIi I I GPR[rt]127,,9e+sa
127 96 95 64 63 32 31 0
T T T T
rt A3 ; A2 i Al i A0 i
| | | | |
| | | | |
| | | | |
| | | | |
: \ | \ i \ : \ :
1127 96 195 64|63 32131 0
rd signext i A3 signext 1 A2 signext | Al signext i A0
sa bit sa bit sa bit sa bit
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PSRLH : Parallel Shift Right Logical Halfword

128-bit MMI
To logically shift right 8 halfwords in 128-bit data. The shift amount is a fixed value (0-15 bits) specified by sa.

Operation Code

31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd sa PSRLH
011100 00000 110110
6 5 5 5 5 6
Format

PSRLH rd, rt, sa

Description
GPR[rd] « GPR[rt] >>sa (logical)
Splits GPR[rt] into eight halfwords, shifts right by the number of bits specified by the low-order 4 bits of sa
and inserts zeros into the emptied bits. The resulting value is stored in the corresponding halfwords in
GPR[rd].

Restrictions
The value of sa must be within the range from 0 to 15. Otherwise, the result is undefined.

Exceptions
None
Operation

S « Saz.o
GPR[rd]]_s,,o - 0s “ GPR[rt]ls,,s
GPR[rd]s1.16 « 05 || GPR[rt]s1.16+s
GPR([rd]47.32 « 05 || GPRrt]a7.32+4s
GPR(rd]ss.43 « 05 || GPR{rt]es.as+s
GPR(rd]7.64 « 05 || GPR{rt]zg.64+s
GPR[rd]es.s0 < 05 || GPR[rt]os.s0+s
GPR[rd]111.96 — 05 || GPR[rt]111.96+s
GPR[rd]127.112 ~ 05 || GPR[rt]sz7.112+s
127 : 112 111 : 96 95 : 80 79 : 64 63 : 48 47 : 32 31 . 16 15 : 0

| A7 1 A6 | A5 | Ad A3 | A2 | Al A0 |
: [} I I I : I I I
AVNAVYAVYAVAVAVAYAS
i ! ! ! ! ! : ! !
1127 : 121111 : 96,95 : 80,79 : 64, 63 : 48, 47 . 32,31 . 16,15 : 0]

d CIA7[CiA| CiA|lCIM|OCIA| T 2| CiAL| CfA
— — — — — — — —
s bit s bit s bit s bit s bit s bit s hit s bit
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PSRLVW : Parallel Shift Right Logical Variable Word

128-bit MMI
To logically shift right 2 words in 128-bit data. The shift amount is specified by a GPR.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSRLVW MMI2
011100 00011 001001
6 5 5 5 5 6
Format
PSRLVW rd, rt, rs
Description
GPR[rd] « GPR][rt] >> GPRJrs] (logical)
Splits GPR[rt] into two doublewords and shifts each of the low-order words right. The shift amount is
specified by the low-order five bits of the corresponding word in GPR{[rs]. Inserts zeros into the emptied
bits. The resulting two 32-bit values are sign-extended and stored in GPR][rd].
Exceptions
None
Operation
S « GPR[rs]a.0
t « GPR[rs]es.64
temp0 — 0 || GPR[rt]s1.s
templ « 0t | | GPRJrt]os. 64+t
GPR[rd]e&,o P (temp031)32 II temp0s1.0
GPR[rd]i27.64 « (templ31)32 || templsio
127 68 6463 4 0
rs t s
127 96 95 64 63 32 31 0
T T
rt A A0 !
| | . |
| | |
| | [}
| | |
| | [}
i ! :
127 96 95 64, 63 32 31 0!
1 1
rd — sign extend o ! A ~ sign extend o° | AQ
«—
t bit S bit
© SCEI
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PSRLW : Parallel Shift Right Logical Word

128-bit MMI
To arithmetically shift right 4 words in 128-bit data. The shift amount is a fixed value specified by sa.

Operation Code

31 26 25 21 20 16 15 11 10 6 5 0
MMI 0 rt rd sa PSRLW
011100 00000 111110
6 5 5 5 5 6
Format

PSRLW rd, rt, sa

Description
GPR[rd] « GPR[rt] >>sa (logical)
Splits GPR[rt] into four words, shifts them right by the number of bits specified by sa and inserts zeros into
the emptied bits. The resulting value is stored in the corresponding words in GPR[rd].

Exceptions
None
Operation
GPR[rd]s1.0 « 052 || GPR[rt]s1.sa
GPR[rd]e&,az « 0s2 “ GPR[rt]GS..32+sa
GPR[rd]es.s4 « 02 || GPR[rt]es.s4+sa
GPR[rd]]_y“ge « Qs “ GPR[rt]127,,9e+sa
127 96 95 64 63 32 31 0
T T T T
rt A3 i A2 E Al g A0 i
| | | | |
| | | | |
| | | | |
| | | | |
! | : | \ |
1127 96! 95 64| 63 32!31 0|
df 02 1 A3 0 1 A2 0* I Al 0 1 A0
sa bit sa bit sa bit sa bit
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PSUBB : Parallel Subtract Byte

128-bit MMI
To subtract 16 pairs of 8-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSUBB MMIO
011100 01001 001000
6 5 5 5 5 6
Format

PSUBB rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]

Splits GPR[rs] and GPR|rt] into sixteen 8-bit integers, subtracts the data in GPR][rt] from the corresponding
data in GPRJrs] and stores them in the corresponding bytes in GPR[rd]. If an overflow or underflow occurs,

the results are just truncated.

Exceptions

None. Even when the result of the arithmetic operation overflows or underflows, an exception does not

occur.

Operation
GPR[rd]Lo P (GPR[I‘S]7,,0 - GPR[I’t]7,,o)7,,0
GPR([rd]s.s ~ (GPR(rs]is.s — GPR(rt]1s.8)7.0

(The same operations follow every 8 bits)

127 120 119 112111 104103 96 95 88 87 80 79 72 71 64 63 5655 4847 4039 3231 2423 1615 87 O

rs| A15| Al4| A13| A12 | A11 [AI0 | A9 | AB | A7 | A6

A5 | M| A3| A2 | AL | AD

127 120 119 112 111104103 96 95 8887 80 79 7271 64 63 565548 47 4039 3231 2423 1615 87 O

n|B15| Bl4 | B13| B12 | B11

BS | B4 B2 | Bl

8

BIO| B9 | B3 | B7 | BS
| |

L |
BEEEEEREER

127 120119 112111 104103 96 95 88 87 80 79 72 71 64 63 56 55 48 47 40 39 3231 24 23 16 1

||E|33
-

87

rd Al15 Al4 A13 A2 All A10 A9 A8 A7 A6
B8 B6

B15 B14 B13 B12 B11 B10 B_9 B7

A5 A A3
B5 B4 B3

et
2127 ——
g5 T

B &
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PSUBH : Parallel Subtract Halfword

128-bit MMI
To subtract 8 pairs of 16-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSUBH MMI0
011100 00101 001000
6 5 5 5 5 6

Format
PSUBH rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Splits the 128-bit value in GPR][rs] and GPR|[rt] into eight 16-bit integers, subtracts the data in GPR[rt] from
the corresponding data in GPR][rs] and stores them in the corresponding halfwords in GPR[rd]. If an
overflow or underflow occurs, the results are just truncated.

Exceptions
None

Operation
GPR[rd]1s.0 — (GPRJrslis.0 - GPR[rt]1s5.0)15.0
GPR[rd]s1.16 — (GPRJrs]s1.16 - GPR[rt]31.16)15.0

(The same operations follow every 16 bits)

GPR[rd]127.112 — (GPR[rs]127.112 - GPR[rt]127.112)15.0

127 112 111 96 95 80 79 64 63 48 47 32 31 16 15 0
rs A7 A6 A5 A4 A3 A2 Al AO

127 112 111 96 95 80 79 64 63 48 47 3231 16 15 0
rt B7 B6 B5 B4 B3 B2 Bl BO

[ ]
-
127 112 111 96 95 8079 64 63 48 47 3231 16 15 0

rd A7-B7 A6-B6 A5-B5 A4-B4 A3-B3 A2-B2 Al-Bl1 | A0O-BO
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PSUBSB : Parallel Subtract with Signed saturation Byte

128-bit MMI
To subtract 16 pairs of 8-bit signed integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSUBSB MMI0
011100 11001 001000
6 5 5 5 5 6

Format
PSUBSB rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Splits GPR[rs] and GPR|rt] into sixteen 8-bit signed integers, subtracts the data in GPR[rt] from the
corresponding data in GPR([rs] with saturation and stores them in the corresponding bytes in GPR[rd].

Exceptions
None

Operation
if ((GPR][rs]z.o — GPR][rt]7.0) >= 0x7F) then
GPR[rd]Lo ~ OxX7F
else if (0x100 <= (GPR[rs]7.o — GPR]rt]7.q) < 0x180) then
GPR[rd]Lo ~ 0x80

else

GPR[rd]7.0 < (GPR][rs]7.o — GPR[rt]7.0)7.0

endif

if (GPRIrs]is.s — GPR[rt]is.s) >= Ox7F) then

GPR[rd]]_s,,s ~ OxX7F

else if (0x100 <= (GPR]rs]is.s — GPR][rt]1s.5) < 0x180) then
GPRI[rd]s.s ~ 0x80

else

GPR([rd]:s.s « (GPR(rs]is.s = GPR[rt]ss.8)7.0
endif

(The same operations follow every 8 bits)

if ((GPR([rs]127.120 — GPR{rt]127.120) >= 0x7F) then

GPR[rd]127,,120 ~ OxX7F
else if (0x100 <= (GPRJrs]i27.120 — GPR][rt]127.120) < 0x180) then
GPR[rd]127,,1zo ~ 0x80
else
GPR[rd]127.120 « (GPRJrsli27.120 — GPR[rt]127.120)7.0
endif
© SCEI
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127 120119 112111 104103 9695 8887 8079 72 71 6463 5655 4847 4039 3231 2423 1615 87 O
rs|A15 | Al4 | A13 | A12 [A11 [A10| AO |AB | A7 | A6 |AS5 | A |A3 | A2 | Al |AO

127 120119 112111 104103 9695 88 87 80 79 72 71 64 63 5655 4847 4039 32 31 2423 1615 87 0
n|Bl5|Bl4 | B13 | B12 |B11 | B10| B9 | B8 | B7 | B6 |B5S | B4 | B3 | B2 | B1 | BO

] Clamp to signed byte

127 120119 112111 104103 9695 88 87 80 79 72 71 6463 5655 4847 4039 32 31 2423 1615 87 0
rdl A | Av | Al | AR All | A10 A9 A8 A7 A6 A5 AL A3 A2 Al A0

B15 B14 B13 B12 B11l B10 B9 B8 B7 B6 BS B4 B3 B2 Bl BO
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PSUBSH : Parallel Subtract with Signed Saturation Halfword

128-bit MMI
To subtract 8 pairs of 16-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSUBSH MMI0
011100 10101 001000
6 5 5 5 5 6

Format
PSUBSH rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Splits GPR[rs] and GPR]rt] into eight 16-bit signed integers, subtracts the data in GPR[rt] from the
corresponding data in GPR([rs] and stores them in the corresponding halfwords in GPR][rd]. If an overflow
or underflow occurs, the results are just truncated.

Exceptions
None
Operation
if ((GPR][rs]is.0o — GPR[rt]is.0) >= Ox7FFF) then
GPR[rd]1s.0 ~ OX7FFF
else if (0x10000 <= (GPR[rs]is.0 — GPR][rt]15.0) < 0x18000) then
GPR[rd]]_s,,o ~ 0x8000
else
GPRI[rd]s.0 ~ (GPR[rs]is.0 — GPRI[rt]1s.0)15.0
endif
if ((GPR(rs]s1.16 — GPR(rt]1.16) >= 0x7FFF) then
GPR[rd]sl__le « OXTFFF
else if (0x10000 <= (GPR[rs]s1.16 — GPR][rt]s1.16) < 0x18000) then
GPR[rd]31,,16 ~ 0x8000
else
GPR[rd]a1.16 — (GPR[rs]s1.16 — GPR(rt]a1.16)15.0
endif

(The same operations follow every 16 bits)

if (GPR[rs]i27.112 = GPR[rt]127.112) >= 0X7FFF) then

GPR[rd]127,,112 ~ OXTFFF
else if (0X10000 <= (GPR[I‘S]127,,112 - GPR[rt]127,,112) < 0X18000) then
GPR[rd]127,,112 ~ 0x8000
else
GPR[rd]127.112 « (GPRJrsliz27.12 — GPR[rt]127.112)15.0
endif
© SCEI
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I's

rt

127 112

111 96

95

80 79 64 63

48 47 3231

16 15

0

A7

A6

A5

A4

A3

A2

Al

A0

127 112

111 96

95

8079 64 63

48 47 3231

16 15

0

B7

B6

B5

B4

B3

B2

Bl

BO

M Clamp to signed halfword

rd

127 112

111 96

95

-

80 79 64 63

48 47 3231

16 15

0

A7-B7

A6-B6

A5-B5

Ad4-B4

A3-B3

A2-B2

Al1-B1

AO0-BO
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PSUBSW : Parallel Subtract with Signed Saturation Word

128-bit MMI
To subtract 4 pairs of 32-bit signed integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSUBSW MMI0
011100 10001 001000
6 5 5 5 5 6

Format
PSUBSW rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Splits GPR[rs] and GPR|rt] into four 32-bit signed integers, subtracts the data in GPR][rt] from the
corresponding data in GPR([rs] with saturation and stores them in the corresponding words in GPR[rd].

Exceptions
None

Operation
if (GPR[rs]s1.0 — GPR[rt]s1.0) >= Ox7FFFFFFF) then
GPR[rd]s1.0 ~ OX7FFFFFFF
else if (0x100000000 <= (GPR]rs]s1.0 — GPR]rt]s1.0) < 0x180000000) then
GPR[rd]s1.0 ~ 0x80000000
else
GPR[rd]s1.0 — (GPR]rs]s1.0 — GPR[rt]s1.0)s1.0
endif
if ((GPR[I’S]ea,sz - GPR[rt]e&,az) >= 0X7FFFFFFF) then
GPR[rd]ss.22 — OX7FFFFFFF
else if (0X100000000 <= (GPR[I’S]@3,,32 - GPR[rt]e&,sz) < OXlSOOOOOOO) then
GPR[rd]e&,az ~ 0x80000000
else
GPR[rd]ss.32 — (GPRJrsles.32 — GPR[rt]es.32)31.0
endif
if ((GPR[I’S]gs,,M - GPR[rt]gs,,GA) >= 0X7FFFFFFF) then
GPR[rd]es.s4 — OX7FFFFFFF
else if (0X100000000 <= (GPR[I’S]gs,,M - GPR[rt]gs,,GA) < OXlSOOOOOOO) then
GPR[rd]gs,,GA ~ 0x80000000
else
GPR[rd]ss.64 —~ (GPRrs]es.64 — GPR(rt]os.64)31.0
endif
if ((GPR[I’S]127,,96 - GPR[TI]]_N,,%) >= 0X7FFFFFFF) then
GPR[rd]127.96 — OX7FFFFFFF
else if (0X100000000 <= (GPR[I’S]127,,96 - GPR[I’t]127,,ge) < 0X180000000) then
GPR[rd]127,,95 ~ 0x80000000
else
GPR[rd]127.96 — (GPRJrsli27.96 — GPR][rt]127.96)31.0
endif

© SCEI
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127 96 95 64 63 32 31
rs A3 A2 Al A0
127 96 95 64 63 32 31
rt B3 B2 Bl BO
[ ] Clamp to signed word
127 96 95 64 63 32 31
rd A3-B3 A2-B2 Al-Bl1 AO0-BO
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PSUBUB : Parallel Subtract with Unsigned Saturation Byte

128-bit MMI
To subtract 16 pairs of 8-bit unsigned integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSUBUB MMI1
011100 11001 101000
6 5 5 5 5 6

Format
PSUBUB rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Splits GPR[rs] and GPR|rt] into sixteen unsigned bytes, subtracts the data in GPR[rt] from the
corresponding data in GPR([rs] with saturation and stores them in the corresponding bytes in GPR[rd].

Exceptions
None

Operation
if ((GPR][rs]z.o — GPR][rt]7.0) <= 0x00) then

G PR[rd]Lo ~ 0x00

else

GPR[rd]Lo P (GPR[I‘S]7,,0 - GPR[I’t]7,,o)7,,0

endif

if ((GPR][rs]is.s — GPR[rt]is.s) <= 0x00) then
GPR[rd]ls__g ~ 0x00

else

GPR([rd]s.s ~ (GPR(rs]is.s — GPR(rt]1s.8)7.0
endif

(The same operations follow every 8 bits)

if ((GPR[rs]i27.120 — GPR[rt]127.120) <= 0x00) then

GPR[rd]127,,1zo ~ 0x00
else
GPR[rd]127.120 — (GPRI[rs]127.120 — GPR[rt]127.120)7.0
endif
© SCEI
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127 120119 112111 104103 9695 8887 8079 7271 6463 5655 48 47 4039 3231 2423 1615 87 O

rsg A15| Al4 | A13| A12 ([A11 |A1I0| AOQ | AB | A7 | A6 | AS| M | A3 | A2 | A1 | AD

127 120119 112111 104103 9695 8887 8079 7271 6463 5655 4847 4039 3231 2423 1615 87 O
rt|B15| B14| B13| B12 | B11|B10| B9 | B8 | B7 | B6 | B5S | B4 | B3| B2 | B1L | BO

M Clamp to unsigned byte

2

127 120119 112111 104103 96 95 8887 8079 7271 6463 5655 48 47 40 39 3231 2423 1615 87 O
rdl A Al4 | A13 A2 All A10 A9 A8 A7 A6 A5 Ad A3 A2 Al A0
B5 B4 B3

B15 B14 B13 B12 B11 B10 B9 B8 B7 B6

B2 B1 BO
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PSUBUH : Parallel Subtract with Unsigned Saturation Halfword

128-bit MMI
To subtract 8 pairs of 16-bit unsigned integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSUBUH MMI1
011100 10101 101000
6 5 5 5 5 6

Format
PSUBUH rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Splits GPR[rs] and GPR|rt] into eight unsigned halfword data, subtracts the data in GPR[rt] from the
corresponding data in GPR[rs] with saturation and stores them in the corresponding halfwords in GPR][rd].

Exceptions
None

Operation
if ((GPR][rs]is.o — GPR[rt]is.0) <= 0x0000) then
GPR[rd]]_s,,o ~ 0x0000
else
GPR[rd]s.0 ~ (GPR(rs]is.0 — GPRIrt]1s.0)15.0
endif
if (GPR[rs]s..16 — GPR[rt]1.16) <= 0x0000) then
GPR[rd]sl__le ~ 0x0000
else
GPR[rd]s1.16 ~ (GPR(rs]s1.16 — GPR]rt]s1..16)15.0
endif

(The same operations follow every 16 bits)

if ((GPR][rs]i27.112 — GPR][rt]127.112) <= 0x0000) then

GPR[rd]127,,112 ~ 0x0000
else
GPR[rd]127.112 — (GPR[rsli27.112 — GPR[rt]127.112)15.0
endif
© SCEI
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I's

rt

127 112

111 96 95

80 79 64 63 48 47 3231 16

15

0

A7

A6

A5

A4 A3 A2 Al

AO

127 112

111 96 95 8079 64 63 48 47 3231 16

B7

B6

BS

B4 B3 B2 Bl

M Clamp to unsigned halfword

rd

127 112

111

96 95

>
8079 6463 4847 3231 16

15

0

A7-B7

A6-B6

A5-B5

A4-B4 A3-B3 A2-B2 Al1-B1

A0-BO
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PSUBUW : Parallel Subtract with Unsigned Saturation Word

128-bit MMI
To subtract 4 pairs of 32-bit unsigned integers with saturation in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSUBUW MMI1
011100 10001 101000
6 5 5 5 5 6

Format
PSUBUW rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Splits GPR[rs] and GPR]rt] into four unsigned words, subtracts the data in GPR[rt] from the corresponding
data in GPR]rs] with saturation and stores them in the corresponding words in GPR][rd)].

Exceptions
None

Operation
if ((GPR][rs]s1.0 — GPR[rt]s1.0) <= 0x00000000) then
GPR[rd]s1.0 — 0x00000000
else
GPR][rd]s1.0 « (GPR(rs]ss.0 — GPR{rt]s1.0)31.0
endif
if ((GPR][rs]ss.32 — GPR[rt]es.32) <= 0x00000000) then
GPR[rdJes.22 — 0x00000000
else
GPR[rd]s3.32 — (GPRI[rs]es.32 — GPR(rt]g3.32)31.0
endif
if ((GPR][rs]os.esa — GPR[rt]os.62) <= 0x00000000) then
GPR[rdJss e — 0x00000000
else
GPR[rd]es.e4 — (GPRJrs]gs.64a — GPR[rt]os. 64)31.0
endif
if (GPR[rs]i27.96 — GPR[rt]127.95) <= 0x00000000) then
GPR[rd]]_y“ge ~ 0x00000000
else
GPR[rd]127.96 — (GPRJrsli27.96 — GPR][rt]127.96)31.0
endif

© SCEI
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127 96 95 64 63 32 31
rs A3 A2 Al A0
127 96 95 64 63 32 31
rt B3 B2 Bl BO
[ ] Clamp to unsigned word
127 96 95 64 63 32 31
rd A3-B3 A2-B2 Al-B1 A0-BO
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PSUBW : Parallel Subtract Word

128-bit MMI
To subtract 4 pairs of 32-bit integers in parallel.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PSUBW MMIO
011100 00001 001000
6 5 5 5 5 6
Format

PSUBW rd, rs, rt

Description
GPR[rd] « GPR][rs] — GPRJrt]
Splits GPR[rs] and GPR|rt] into four 32-bit signed integers, subtracts the data in GPR][rt] from the
corresponding data in GPR([rs] and stores them in the corresponding words in GPR][rd].
If an overflow or underflow occurs, the results are just truncated.

Exceptions
None
Operation
GPR[rd]s1.0 — (GPRJrs]s1.0 — GPR[rt]s1.0)s1.0
GPR[rd]ss.32 — (GPRJrsles.32 — GPR[rt]es.32)31.0
GPR[rd]es.e4 — (GPR]rs]gs.64a — GPR[rt]os. 64)31.0
GPRI[rd]127.96 — (GPR[rs)127.96 — GPR[rt]127.96)31.0
127 96 95 64 63 32 31 0
rs A3 A2 Al A0
127 96 95 64 63 32 31 0
rt B3 B2 Bl BO
[
<5
127 96 95 64 63 32 31 0
rd A3-B3 A2-B2 Al1-B1 AO0-BO
© SCEI
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PXOR : Parallel Exclusive OR

128-bit MMI
To calculate a bitwise logical EXCLUSIVE OR.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd PXOR MMI2
011100 10011 001001
6 5 5 5 5 6

Format
PXOR rd, rs, rt

Description
GPR[rd] « GPR][rs] XOR GPRrt]

Calculates a 128-bit bitwise logical XOR between GPR[rs] and GPRJrt]. The result is stored in GPR[rd].
The truth table values for XOR are as follows;

X Y XXORY
0 0 0
0 1 1
1 0 1
1 1 0
Exceptions
None
Operation

GPR[rd]i27.0 « GPR]rs]i27.0 XOR GPR[rt]127.0
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QFSRYV : Quadword Funnel Shift Right Variable

128-bit MMI
To right shift a 128-bit value. The shift amount is specified by the SA register.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
MMI rs rt rd QFSRV MMI1
011100 11011 101000
6 5 5 5 5 6

Format
QFSRV rd, rs, rt

Description
GPR[rd] —~ (GPR[rs], GPR][rt]) >> SA
Shifts right the 256-bit concatenation of GPR[rs] with GPR[rt] by the number of bits specified by the SA
register, and stores the low-order 128 bits of the result in GPR[rd].
Since the value of the SA register is set using the MTSAB or MTSAH instruction, the shift amount with the
QFSRV instruction must be a multiple of bytes or halfwords.

Exceptions
None

Operation
if (SA=0)then
GPR[rd]127.0 ~ GPRI[rt]uz7.0
else

GPR[rd]127.0 « GPR{rs]sa-1.0 | | GPR[rt]127.5a
endif

Programming Notes

A left funnel shift is made possible by the value set in the SA register. To left shifts s bytes and s halfwords,
specify 16-s in the MTSAB instruction and 8-s in the MTSAH instruction respectively (0<s<16). A quick
way to perform this computation is as follows;

// Register %sal contains the left shift amount

subi Y%samt, %sal, 1

mtsab  %samt, -1

// The following QFSRYV does a shift left by %sal bytes

gfsrv  %dst, %srcl, %src2
The instruction can be used to rotate 128-bit data by specifying the same register in rs and rt. For example,
the following code rotates right the contents of GPR[5] by three halfwords (=48-bit) and places the result in
GPRI[6].

mtsah 0, 3

gfsrv 16, 5,15
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SQ : Store Quadword

128-bit MMI
To store 128-bit data in memory.
Operation Code
31 26 25 21 20 16 15 0
SQ base rt offset
011111
6 5 5 16
Format

SQ rt, offset (base)

Description
memory [GPR[base] + offset] — GPR[rt]
Adds the offset as a 16-bit number to the value in GPR[base] to form the effective address. Stores the 128-
bit data in GPR{[rt] at the address.
The least-significant four bits of the effective address are masked to zero when accessing memory.
Therefore, the effective address does not have to conform to the natural alignment.

Exceptions
TLB Refill, TLB Invalid, Address Error

Operation
vAddr — sign_extend (offset) + GPR[base]
VAddI’a,,o =04

(pAddr, uncached) — AddressTranslation (vAddr, DATA, STORE)
quadword — GPR[rt]i27.0
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4. System Control Coprocessor (COPQ)
Instruction Set

This chapter describes the system control coprocessor (COPO) instructions.
COPQ instructions can operate on the system control coprocessor register to perform memory control and
exception handling for the EE Core. A COPQ instruction is valid when either the EE Core is in kernel mode or

bit 28 (CU[0]) of the status register is 1. If a COPO instruction is executed in other cases, a Coprocessor
Unusable exception occurs.
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BCOF : Branch on Coprocessor 0 False

MIPS |
To branch according to the coprocessor 0's condition signal.
Operation Code
31 26 25 21 20 16 15 0
COPO BCO BCOF offset
010000 01000 00000
6 5 5 16
Format
BCOF offset
Description

Checks the CPCONDO signal (coprocessor 0's condition signal) when the BCOF instruction is fetched. If
the CPCONDO signal is false, executes the subsequent instruction (branch delay slot instruction), then the
program branches to the target address, which is the offset shifted left by 2 bits and added to the address of
the instruction in the delay slot.

Restrictions

There must be at least one instruction between an instruction that changes the CPCONDO signal and the
BCOF instruction. Hardware does not detect a violation of this restriction.

Exceptions

Coprocessor unusable.

Operation
I:

1+1:

condition « NOT CPCONDO
target — (offsetis)* || offset | | 02

if condition then
PC ~ PC + target

endif

Programming Notes
Coprocessor 0's condition signal is a DMA transfer termination signal.

© SCEI
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BCOFL : Branch on Coprocessor 0 False Likely

MIPS |
To branch according to the coprocessor 0's condition signal.
Operation Code
31 26 25 21 20 16 15 0
COPO BCO BCOFL offset
010000 01000 00010
6 5 5 16
Format
BCOFL offset
Description

Checks the CPCONDOQO signal (coprocessor 0's condition signal) when the BCOFL instruction is fetched. If
the CPCONDO signal is false, executes the subsequent instruction (branch delay slot instruction), then the
program branches to the target address, which is the offset shifted left by 2 bits and added to the address of
the instruction in the delay slot.

If the CPCONDO signal is true, nullifies the branch delay slot instruction.

Restrictions
There must be at least one instruction between an instruction that changes the CPCONDO signal and the
BCOFL instruction. Hardware does not detect a violation of this restriction.

Exceptions
Coprocessor unusable

Operation
I: condition —« NOT CPCONDO
target — (offsetis)* || offset | | 02
I+1: if condition then
PC ~ PC + target
else
NullifyCurrentInstruction()
endif

Programming Notes
The coprocessor 0's condition signal is a DMA transfer termination signal.
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BCOT : Branch on Coprocessor 0 True

MIPS |
To branch according to the coprocessor 0's condition signal.
Operation Code
31 26 25 21 20 16 15 0
COPO BCO BCOT offset
010000 01000 00001
6 5 5 16
Format
BCOT offset
Description

Checks the CPCONDO signal (coprocessor 0's condition signal) when the BCOT instruction is fetched. If
the CPCONDO signal is true, executes the subsequent instruction (branch delay slot instruction), then the
program branches to the target address, which is the offset shifted left by 2 bits and added to the address of
the instruction in the delay slot.

Restrictions

There must be at least one instruction between an instruction that changes the CPCONDO signal and the
BCOT instruction. Hardware does not detect a violation of this restriction.

Exceptions

Coprocessor unusable

Operation
I:

1+1:

condition —« CPCONDO

target — (offsetis)* || offset | | 02

if condition then
PC ~ PC + target

endif

Programming Notes
The coprocessor 0's condition signal is a DMA transfer termination signal.
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BCOTL : Branch on Coprocessor 0 True Likely

MIPS |
To branch according to the coprocessor 0's condition signal.
Operation Code
31 26 25 21 20 16 15 0
COPO BCO BCOTL offset
010000 01000 00011
6 5 5 16
Format

BCOTL offset

Description
Checks the CPCONDOQO signal (coprocessor 0's condition signal) when the BCOTL instruction is fetched. If
the CPCONDO signal is true, executes the subsequent instruction (branch delay slot instruction), then the
program branches to the target address, which is the offset shifted left by 2 bits and added to the address of
the instruction in the delay slot. 1f the COPCONDO signal is false, nullifies the branch delay slot instruction.

Restrictions
There must be at least one instruction between an instruction that changes the CPCONDO signal and the
BCOTL instruction. Hardware does not detect a violation of this restriction.

Exceptions
Coprocessor unusable

Operation
I: condition —« CPCONDO
target — (offsetis)* || offset | | 02
I+1: if condition then
PC — PC + target
else
NullifyCurrentinstruction()
endif

Programming Notes
The coprocessor 0's condition signal is a DMA transfer termination signal.
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DI : Disable Interrupt

MIPS |
To disable an interrupt.
Operation Code
31 26 25 21 20 6 5 0
COPO CcO 0 DI
010000 10000 000 0000 0000 0000 111001
6 5 15 6
Format
DI
Description

Disables all interrupts except the NMI.

Exceptions
None
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El : Enable Interrupt

MIPS |

To enable an interrupt.

Operation Code
31 26 25 21 20 6 5 0
COPO CcO 0 El
010000 10000 000 0000 0000 0000 111000
6 5 15 6

Format
El

Description
Enables all interrupts.

Exceptions
None
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ERET : Exception Return

MIPS 111
To return from an exception handler.
Operation Code
31 26 25 21 20 6 5 0
COPO CcO 0 ERET
010000 10000 000 0000 0000 0000 011000
6 5 15 6
Format
ERET
Description

ERET is an instruction for returning from an interrupt, exception or error trap.

Unlike a branch or jump instruction, ERET does not execute the subsequent instruction. ERET flushes the
effective pipelines of the CPU before fetching the instruction from the jump destination. Any pending loads
or stores and ongoing multiplications, divisions, product-sum operations, COP1 and COP2 instructions are
not flushed.

Restrictions
An ERET instruction must not be placed in a branch delay slot.

Exceptions
Coprocessor unusable

Programming Notes
The instruction immediately after the ERET instruction is never executed. However, if that instruction
references a general-purpose register whose value is not yet loaded by a pending non-blocking instruction
(for example, 3-operand multiplications or non-blocking load), the ERET instruction may stall. If the
preceding code of the ERET executes the non-blocking load that ends after the ERET, NOP must follow
the ERET. For example:

// Example 1. no interlocks -- target PC available; cycle 13

//
pmaddh %5, %4, %3 // Exec start: cycle 10;

// result available: cycle 12
eret // Exec start: cycle 11;

/7 target PC select: cycle 13
nop // Exec start: cycle 11

// Example 2: 3-operand multiply result used by "instruction
// following ERET -- target PC available: cycle 15

//
pmaddh %5, %4, %3 // Exec start: cycle 10;

// result available: cycle 12
eret // Exec start: cycle 11;

// target PC select: cycle 15
add %7, %5, %0 // Exec start: cycle 11;

// addition done: cycle 13
// add squashed: cycle 14

// Example 3: non-blocking load result used by "instruction”
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// following ERET -- target PC available cycle 13+n,
// where n is the number of CPU cycles it takes for the
// load result to arrive.

//
Iw %5, 0(2) // Exec start: cycle 10;

// result available: cycle 10+n
eret // Exec start: cycle 11;

// target PC select: cycle 13+n
add %7, %5, %0 // Exec start: cycle 11;

// addition done: cycle 11+n
// add squashed: cycle 12+n

-293-
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MFBPC : Move from Breakpoint Control Register

MIPS |
To transfer the contents of the breakpoint control register to a general-purpose register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MFO rt 11000 0
010000 00000 000 0000 0000
6 5 5 5 11
Format
MFBPC rt
Description

GPR[rt] - COP0 BPC
Copies the contents of the breakpoint control register (one of the COPO0 debug registers) to GPR[rt].

Exceptions
Coprocessor unusable

Operation
data — CPR][0, Breakpoint Control]
GPR[rt] - (data31)32 “ datas; o
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MFCO : Move from System Control Coprocessor

To transfer a COPO register to a general-purpose register.

Operation Code
31 26 25 21 20 16 15 11 10

MIPS |

COPO MFO rt rd
010000 00000

0
000 0000 0000

6 5 5 5

Format
MFCO rt, rd

Description
GPRI[rt] « CPRJ[0,rd]
Copies the contents of COPO coprocessor register rd to GPR][rt].

Exceptions
Coprocessor unusable

Operation
data — CPR][O, rd]
GPR[rt] « (datas)3 || datas:.o

11
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MFDAB : Move from Data Address Breakpoint Register

MIPS |
To transfer the data address breakpoint register to a general-purpose register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MFO rt 11000 0
010000 00000 000 0000 0100
6 5 5 5 11
Format
MFDAB rt
Description

GPR[rt] - COP0 DAB
Copies the contents of the data address breakpoint register (one of the COPO debug registers) to GPR][rt].

Exceptions
Coprocessor unusable

Operation
data — CPR[0, Data Address Breakpoint]
GPR[rt] « (datas)3 || datas:.o
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MFDABM : Move from Data Address Breakpoint Mask Register

MIPS |
To transfer the data address breakpoint mask register to a general-purpose register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MFO rt 11000 0
010000 00000 000 0000 0101
6 5 5 5 11
Format
MFDABM rt
Description

GPR[rt] - COP0 DABM
Copies the contents of the data address breakpoint mask register (one of the COPO debug registers) to
GPRrt].

Exceptions
Coprocessor unusable

Operation
data — CPR[0, Data Address Breakpoint Mask]
GPR[rt] « (datas)3 || datas:.o
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MFDVB : Move from Data value Breakpoint Register

MIPS |
To transfer the data value breakpoint register to a general-purpose register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MFO rt 11000 0
010000 00000 000 0000 0110
6 5 5 5 11
Format
MFDVB rt
Description

GPR[rt] - COP0 DVB
Copies the contents of the data value breakpoint register (one of the COPO debug registers) to GPR[rt].

Exceptions
Coprocessor unusable

Operation
data — CPR[0, Data Value Breakpoint]
GPR[rt] « (datas)3 || datas:.o
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MFDVBM : Move from Data Value Breakpoint Mask Register

MIPS |
To transfer the data value breakpoint mask register to a general-purpose register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MFO rt 11000 0
010000 00000 000 0000 0111
6 5 5 5 11
Format
MFDVBM rt
Description
GPR[rt] « COP0 DVBM
Copies the contents of the data value breakpoint mask (one of the COPO debug registers) register to
GPRrt].
Exceptions
Coprocessor unusable
Operation
data — CPR[0, Data Value Breakpoint Mask]
GPR[rt] « (datas)3 || datas:.o
© SCEI
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MFIAB : Move from Instruction Address Breakpoint Register

MIPS |
To transfer the instruction address breakpoint register to a general-purpose register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MFO rt 11000 0
010000 00000 000 0000 0010
6 5 5 5 11
Format
MFIAB rt
Description

GPR[rt] — COPO IAB
Copies the contents of the instruction address breakpoint register (one of the COPO0 debug registers) to
GPRrt].

Exceptions
Coprocessor unusable

Operation
data — CPR][O, Instruction Address Breakpoint]
GPR[rt] - (data31)32 “ datas; o
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MFIABM : Move from Instruction Address Breakpoint Mask Register

MIPS |
To transfer the instruction address breakpoint mask register to a general-purpose register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MFO rt 11000 0
010000 00000 000 0000 0011
6 5 5 5 11
Format
MFIABM rt
Description

GPR[rt] « COPO IABM
Copies the contents of the instruction address breakpoint (one of the COPO debug registers) mask register to
GPRrt].

Exceptions
Coprocessor unusable

Operation
data — CPRJ[O, Instruction Address Breakpoint Mask]
GPR[rt] « (datas)3 || datas:.o
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MFPC : Move from Performance Counter

MIPS |
To transfer a performance counter register to a general-purpose register.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 1 0
COPO MFO rt 11001 0 reg 1
010000 00000 00000
6 5 5 5 5 5 1
Format
MFPC rt, reg
Description

GPR[rt] « CPR[0, CTR][reqg]]
Copies the contents of a COPO performance counter register specified by reg to GPRJ[rt]. The reg field
indicates the performance counter number, and only 0 and 1 are valid.

Exceptions
Coprocessor unusable

Operation
data — CPR][O0, Performance Counter(reg)]
GPR[rt] « (datas)3 || datas:.o
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MFPS : Move from Performance Event Specifier

MIPS |
To transfer the performance counter control register to a general-purpose register.

Operation Code
31 26 25 21 20 16 15 11 10 6 5 1 0
COPO MFO rt 11001 0 reg 0
010000 00000 00000 00000
6 5 5 5 5 5 1

Format
MFPS rt, reg

Description
GPR[rt] « COPO CCR
Copies the contents of the COPO performance counter control register to GPR]rt].
The reg field indicates the performance control register number, and 0 must be specified.

Exceptions
Coprocessor unusable

Operation
data — CPR][0, Performance Control(reg)]
GPR[rt] « (datas)3 || datas:.o
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MTBPC : Move to Breakpoint Control Register

MIPS |
To copy a general-purpose register value to the breakpoint control register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MTO rt 11000 0
010000 00100 000 0000 0000
6 5 5 5 11
Format
MTBPC rt
Description

Transfers the lower 32 bits of GPR|[rt] to the breakpoint control register (one of the COPO0 debug registers).

Exceptions
Coprocessor unusable

Operation
CPRJ[0, Breakpoint Control] — GPR]rt]s1.0

Note
To guarantee COPO register update, it is necessary to place a SYNC.P instruction after the MTBPC
instruction (preferably immediately after).
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MTCO : Move to System Control Coprocessor

MIPS |
To copy a general-purpose register value to the COPO register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MTO rt rd 0
010000 00100 000 0000 0000
6 5 5 5 11
Format
MTCO rt, rd
Description

Transfers the lower 32 bits of GPR[rt] to CPRI[0,rd)].

Exceptions
Coprocessor unusable

Operation
CPR[O0, rd] « GPR]rt]s.0

Note

To guarantee COPO register update, it is necessary to place a SYNC.P instruction after the MTCO instruction

(preferably immediately after).
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MTDAB : Move to Data Address Breakpoint Register

MIPS |
To copy a general-purpose register value to the data address breakpoint register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MTO rt 11000 0
010000 00100 000 0000 0100
6 5 5 5 11
Format
MTDAB rt
Description

Transfers the lower 32 bits of GPR|[rt] to the data address breakpoint register (one of the COPO debug registers).

Exceptions
Coprocessor unusable

Operation
CPR][0, Data Address Breakpoint] — GPR]rt]s1.0

Note
To guarantee COPO register update, it is necessary to place a SYNC.P instruction after the MTDAB
instruction (preferably immediately after).
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MTDABM : Move to Data Address Breakpoint Mask Register

MIPS |
To copy a general-purpose register value to the data address breakpoint mask register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MTO rt 11000 0
010000 00100 000 0000 0101
6 5 5 5 11
Format
MTDABM rt
Description
Transfers the lower 32 bits of GPR][rt] to a data address breakpoint mask register (one of the COPO debug
registers).
Exceptions

Coprocessor unusable

Operation
CPR[0, Data Address Breakpoint Mask] « GPR[rt]s1.0

Note
To guarantee COPO register update, it is necessary to place a SYNC.P instruction after the MTDABM
instruction (preferably immediately after).
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MTDVB : Move to Data Value Breakpoint Register

MIPS |
To copy a general-purpose register value to the data value breakpoint register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MTO rt 11000 0
010000 00100 000 0000 0110
6 5 5 5 11
Format
MTDVB rt
Description

Transfers the lower 32 bits of GPR][rt] to the data value breakpoint register (one of the COPO debug registers).

Exceptions
Coprocessor unusable

Operation
CPR][0, Data Value Breakpoint] — GPR]rt]s1.0

Note
To guarantee COPO register update, it is necessary to place a SYNC.P instruction after the MTDVB
instruction (preferably immediately after).
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MTDVBM : Move to Data Value Breakpoint Mask Register

MIPS |
To copy a general-purpose register value to the data value breakpoint mask register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MTO rt 11000 0
010000 00100 000 0000 0111
6 5 5 5 11
Format
MTDVBM rt
Description
Transfers the lower 32 bits of GPR][rt] to the data value breakpoint mask register (one of the COPO debug
registers).
Exceptions

Coprocessors unusable

Operation
CPR[0, Data Value Breakpoint Mask] — GPR]rt]s1.o

Note
To guarantee the COPO register update, it is necessary to place the SYNC.P instruction after the MTDVBM
instruction (preferably immediately after).
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MTIAB : Move to Instruction Address Breakpoint Register

MIPS |
To copy a general-purpose register value to an instruction address breakpoint register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MTO rt 11000 0
010000 00100 000 0000 0010
6 5 5 5 11
Format
MTIAB rt
Function
Description
Transfers the lower 32 bits of GPR]rt] to the instruction address breakpoint register (one of the COPO debug
registers).
Exceptions

Coprocessor unusable

Operation
CPRJ0, Instruction Address Breakpoint] — GPR]rt]s1.0

Note
To guarantee COPO register update, it is necessary to place a SYNC.P instruction after the MTIAB
instruction (preferably immediately after).
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MTIABM : Move to Instruction Address Breakpoint Mask Register

MIPS |
To copy a general-purpose register value to the instruction address breakpoint mask register.
Operation Code
31 26 25 21 20 16 15 11 10 0
COPO MTO rt 11000 0
010000 00100 000 0000 0011
6 5 5 5 11
Format
MTIABM rt
Description
Transfers the lower 32 bits of GPR]rt] to the instruction address breakpoint mask register (one of the COP0 debug
registers).
Exceptions

Coprocessor unusable

Operation
CPRJ0, Instruction Address Breakpoint Mask] — GPR([rt]s1.0

Note
To guarantee the COPO register update, it is necessary to place a SYNC.P instruction after the MTIABM
instruction (preferably immediately after).
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MTPC : Move to Performance Counter

MIPS |
To copy a general-purpose register value to a performance counter.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 1 0
COPO MTO rt 11001 0 reg 1
010000 00100 00000
6 5 5 5 5 5 1
Format
MTPC rt, reg
Description

Copies the lower 32 bits of GPR]rt] to the COPO performance counter register number specified by reg. Only 0
and 1 are valid values for reg.

Exceptions
Coprocessor unusable

Operation
CPR[0, CTR[reg]] « GPR][rt]s1.0

Note
To guarantee COPO register update, it is necessary to place a SYNC.P instruction after the MTPC instruction
(preferably immediately after). If the performance counter is set by the MTPC instruction when the
performance counter is in operation, the counter values will be undefined.

© SCEI
-312-



EE Core Instruction Set Manual Version 3.1

MTPS : Move to Performance Event Specifier

MIPS |
To copy a general-purpose register value to a performance counter control register.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 1 0
COPO MTO rt 11001 0 reg 0
010000 00100 00000 00000
6 5 5 5 5 5 1
Format
MTPS rt, reg
Description
Transfers the lower 32 bits of GPR[rt] to a performance counter control register specified by reg. Only 0 is
valid for reg.
Exceptions

Coprocessor unusable

Operation
CPR[0, CCR] ~ GPR]rt]a1.0

Note
To guarantee register update, it is necessary to place a SYNC.P instruction after the MTPS instruction
(preferably immediately after).
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5. COP1 (FPU) Instruction Set

This chapter describes the COP1 coprocessor instructions that are Floating-Point Unit (FPU). The FPU
consists of 32 Floating-Point Registers (FPR) of 32-bit each, an Accumulator (ACC), and two Control Registers
(FCR). The FPU can handle both single-precision floating-point values and fixed-point values (32-bit signed
integers). The COP1 instruction is categorized as the following:

« Addition, subtraction, multiplication and division of floating-point values
* Product-sum or difference operation

« Comparison of floating-point values

« Blanch by the comparison

» Numerical format conversion

« Data transfer to/from the CPU

« Load/Store between memory and FPRs
Flags that reflect the status of the results are allocated to bits of FCR31 as shown below. Flags that are not
indicated in the instructions are not changed.

Flag Description Bit
Condition Flag Flag C Comparison Flag FCR313
Cause Flag Flag | Invalid Operation Flag FCR3117
Flag D 0 Division Flag FCR3136
Flag O Overflow Flag FCR3115
Flag U Underflow Flag FCR3114
Sticky Flag Flag Sl Invalid Operation Cumulative FCR31s
Flag
Flag SD 0 Division Cumulative Flag FCR31s
Flag SO Overflow Cumulative Flag FCR31,
Flag SU Underflow Cumulative Flag FCR31;
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ABS.S : Floating Point Absolute Value

MIPS |
To obtain the absolute value of a single-precision floating-point value.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S 0 fs fd ABS
010001 10000 00000 000101
6 5 5 5 5 6
Format
ABS.S fd, fs
Description

FPR[fd] — ABS(FPR[fs])
Obtains the single-precision floating-point absolute value of FPR[fs] and stores it in FPR[fd].

Exceptions
Coprocessor unusable

Operation
FPR[fd] — ABS(FPR[fs])
Flag O <0
Flag U <0
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ADD.S : Floating Point ADD

MIPS |
To add single-precision floating-point values.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs fd ADD
010001 10000 000000
6 5 5 5 5 6
Format

ADDS fd, fs, ft

Description
FPR[fd] — FPR[fs] + FPRI[ft]
Adds the single-precision floating-point values of FPR[fs] and FPR[ft], then stores the result in FPR[fd].
When an exponent overflow occurs, Flag O and Flag SO are set to 1 and + maximum or * maximum is
stored in FPR[fd] as the result. When an exponent underflow occurs, Flag U and Flag SU are set to 1 and
+0 or = 0is stored in FPR[fd] as the result.

Exceptions
Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow

are not generated by this instruction.

Operation
FPR[fd] « FPR[fs] + FPRI[ft]
Flag O ~ 1if exponent overflows.
Flag U ~ 1 if exponent underflows.
FlagSO < 1if exponent overflows.
FlagSU < 1if exponent underflows.
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ADDA.S : Floating Point Add to Accumulator

EE Core
To add single-precision floating-point values and store the result in an accumulator.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs 0 ADDA
010001 10000 00000 011000
6 5 5 5 5 6
Format
ADDAS fs, ft
Description

ACC ~ FPR]fs] + FPR[ft]

Adds the single-precision floating-point values of FPR[ft] and FPR[fs] then stores the result in accumulator
ACC. When an exponent overflow occurs, Flag O and Flag SO are set to 1 and + maximum or - maximum
is stored in ACC as a result. When an exponent underflow occurs, Flag U and Flag SU are set to 1 and +0 or
-0 is stored in ACC as a result.

Exceptions

Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow
are not generated by this instruction..

Operation
ACC ~ FPR[fs] + FPR[ft]
Flag O ~ 1if exponent overflows.
Flag U ~ 1 if exponent underflows.
FlagSO < 1if exponent overflows.
FlagSU < 1if exponent underflows.
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BC1F : Branch on FP False

MIPS |
To branch according to the result of the immediately preceding floating-point comparison operation.
Operation Code
31 26 25 21 20 16 15 0
COP1 BC1 BC1F offset
010001 01000 00000
6 5 5 16
Format

BC1F offset

Description
if (C = 0) then branch
Checks Flag C (FCR313), which shows the result of the immediately preceding floating-point comparison
operation. In the case of 0 (false), branches to the target address after execution of the branch delay
instruction. The target address is obtained by adding an 18-bit signed offset (the offset field left-shifted by 2
bits) to the instruction address of the branch delay slot.

Exceptions
Coprocessor unusable

Operation
I condition « (FCR31y = 0)
target_offset — (offset;s)GPRLEN-(16+2) | | offset || 02
1+1 if condition then

PC — PC + target_offset
endif

Programming Notes
With the 18-bit signed instruction offset, the conditional branch range is =128 KB.
To branch to more distant addresses, use the J or JR instructions.
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BC1FL : Branch on FP False Likely

MIPS I

To branch according to the result of the immediately preceding floating-point comparison operation. Executes
the branch delay slot instruction only when the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
COP1 BC1 BC1FL offset
010001 01000 00010
6 5 5 16
Format

BCI1FL offset

Description
if (C = 0) then branch_likely
Checks Flag C (FCR3123), which shows the result of the immediately preceding floating-point comparison
operation. In the case of 0 (false), branches to the target address after execution of the branch delay
instruction. In the case of 1 (true), nullifies the branch delay slot instruction. The target address is obtained
by adding an 18-bit signed offset (the offset field left-shifted by 2 bits) to the instruction address of the
branch delay slot.

Exceptions
Coprocessor unusable

Operation
I condition « (FCR31: =0)
target_offset — (offset;s)GPRLEN-(16+2) | | offset || 02
1+1: if condition then

PC — PC + target_offset
else

NullifyCurrentInstruction()
endif

Programming Notes
With the 18-bit signed instruction offset, the conditional branch range is =128 KB.
To branch to more distant addresses, use the J or JR instructions.
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BCI1T : Branch on FP True

MIPS |
To branch according to the result of the immediately preceding floating-point comparison operation.
Operation Code
31 26 25 21 20 16 15 0
COP1 BC1 BC1T offset
010001 01000 00001
6 5 5 16
Format

BC1T offset

Description
if (C = 1) then branch
Checks Flag C (FCR313), which shows the result of the immediately preceding floating-point comparison
operation. In the case of 1 (true), branches to the target address after execution of the branch delay
instruction. The target address is obtained by adding an 18-bit signed offset (the offset field left-shifted by 2
bits) to the instruction address of the branch delay slot.

Exceptions
Coprocessor unusable

Operation
I condition « (FCR31y =1)
target_offset — (offset;s)GPRLEN-(16+2) | | offset || 02
1+1 if condition then

PC — PC + target_offset
endif

Programming Notes
With the 18-bit signed instruction offset, the conditional branch range is =128 KB.
To branch to more distant addresses, use the J or JR instructions.
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BCI1TL : Branch on FP True Likely

MIPS I

To branch according to the result of the immediately preceding floating-point comparison operation. Executes
the branch delay slot instruction only when the branch is taken.

Operation Code

31 26 25 21 20 16 15 0
COP1 BC1 BC1TL offset
010001 01000 00011
6 5 5 16
Format

BCITL offset

Description
if (C = 1) then branch_likely
Checks Flag C (FCR3123), which shows the result of the immediately preceding floating-point comparison
operation. In the case of 1 (true), branches to the target address after execution of the branch delay
instruction. The target address is obtained by adding an 18-bit signed offset (the offset field left-shifted by 2
bits) to the instruction address of the branch delay slot.

Exceptions
Coprocessor unusable

Operation
I condition « (FCR31x; =1)
target_offset — (offset;s)GPRLEN-(16+2) | | offset || 02
1+1 if condition then
PC — PC + target_offset
else
NullifyCurrentInstruction()
endif

Programming Notes
With the 18-bit signed instruction offset, the conditional branch range is =128 KB.
To branch to more distant addresses, use the J or JR instructions.
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C.EQ.S : Floating Point Compare

MIPS |
To compare single-precision floating-point values and record the result in Flag C.
Operation Code
31 26 25 21 20 16 15 11 10 6 543 2 10
COP1 S ft fs 0 FC | 0| cond| O
010001 10000 00000 11 01
6 5 5 5 5 2 1 2 1
Format
CEQS fs, ft
Description

C < (FPR[fs] = FPRIft])

Compares the single-precision floating-point values of FPR[fs] and FPR[ft]. If they are equal, sets Flag C
(FCR3123) to 1 (true) and sets it to 0 (false) otherwise. The comparison is exact; therefore no overflow nor
underflow occurs. Note that the FPU does not support NaN (non-numeric). +0 = -0, as a zero sign is
disregarded.

Exceptions
Coprocessor unusable

Operation
if (FPR[fs] = FPR[ft]) then
FCR312x <1
else
FCR312 <0
endif

© SCEI
-323-



EE Core Instruction Set Manual Version 3.1

C.F.S : Floating Point Compare

MIPS |
To record the comparison of single-precision floating-point values in Flag C.
Operation Code
31 26 25 21 20 16 15 11 10 6 543 2 10
COP1 S ft fs 0 FC | 0| cond| O
010001 10000 00000 11 00
6 5 5 5 5 2 1 2 1
Format
CFS fs, ft
Description
C<0

Compares the single-precision floating-point values of FPR[fs] and FPR[ft].
Sets Flag C (FCR3123) to 0 (false) regardless of the result.

Exceptions
Coprocessor unusable

Operation
FCR312 -0
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C.LE.S : Floating Point Compare

MIPS |
To compare single-precision floating-point values and record the result in Flag C.
Operation Code
31 26 25 21 20 16 15 11 10 6 543 2 10
COP1 S ft fs 0 FC | 0| cond| O
010001 10000 00000 11 11
6 5 5 5 5 2 1 2 1
Format
CLES fs, ft
Description

C < (FPR[fs] <= FPR[ft])

Compares the single-precision floating-point values of FPR[fs] and FPR[ft]. If the value of FPR][fs] is
smaller than the value of FPR[ft], sets Flag C (FCR31,3) to 1 (true) and sets it to O (false) otherwise. The
comparison is exact; therefore no overflow nor underflow occurs. +0 = -0, as a zero sign is disregarded.

Exceptions
Coprocessor unusable

Operation
if (FPR[fs] <= FPR[ft]) then
FCR312 <1
else
FCR312 <0
endif
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C.LT.S : Floating Point Compare

MIPS |
To compare single-precision floating-point values and record the result in Flag C.
Operation Code
31 26 25 21 20 16 15 11 10 6 543 2 10
COP1 S ft fs 0 FC | 0| cond| O
010001 10000 00000 11 10
6 5 5 5 5 2 1 2 1
Format
CLTS fs, ft
Description

C  (FPR[fs] < FPR[ft])

Compares the single-precision floating-point values of FPR[fs] and FPR[ft]. If the value of FPR][fs] is
smaller than the value of FPR[ft], sets Flag C (FCR31,3) to 1 (true) and sets it to 0 (false) otherwise. The
comparison is exact; therefore no overflow nor underflow occurs. +0 = -0, as a zero sign is disregarded.

Exceptions
Coprocessor unusable

Operation
if (FPR[fs] < FPR[ft]) then
FCR312 <1
else
FCR312 <0
endif
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CFC1 : Move Control Word from Floating Point

MIPS |
To copy the contents of an FPU control register to a GPR.
Operation Code
31 26 25 21 20 16 15 11 10 0
COP1 CFC1 rt fs 0
010001 00010 000 0000 0000
6 5 5 5 11
Format
CFC1 rt, fs
Description
GPR[rt] « FCR[fs]
Sign-extends the contents of the COP1 (FPU) control register FCR[fs] and stores them in GPR]rt].
Exceptions
Coprocessor unusable
Operation
GPR]rt] ~ sign_extend(FCRJfs])
Programming Notes
FCRJ[O0] is the Implementation / Revision register and FCR[31] is the Control / Status register.
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CTC1 : Move Control Word to Floating Point

MIPS |
To copy the contents of an FPU control register to a general-purpose register.

Operation Code
31 26 25 21 20 16 15 11 10 0
COP1 CTC1 rt fs 0
010001 00110 000 0000 0000
6 5 5 5 11

Format
CTC1 rt, fs

Description
FCR[fs] — GPRJrt]
Transfers the lower 32 bits of GPR[rt] to the control register FCR][fs] of the COP1 (FPU).

Restrictions
This operation is only defined when fs is 0 or 31.

Exceptions
Coprocessor unusable

Operation
FCR[fS] P GPR[I’t]31,,o
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CVT.S.W : Fixed-point Convert to Single Floating Point

MIPS |
To convert a 32-bit signed integer to a single-precision floating-point value.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 W 0 fs fd CVTS
010001 10100 00000 100000
6 5 5 5 5 6
Format
CVT.S.W fd, fs
Description

FPR[fd] — convert_and_round(FPR][fs])
Converts the value of FPR][fs] to a single-precision floating-point value considered to be a 32-bit signed
integer and stores it in FPR[fd].

Exceptions
Coprocessor unusable

Operation
FPR[fd] — convert(FPR[fs], S)
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CVT.W.S : Floating Point Convert to Word Fixed-point

MIPS |
To convert a 32-bit signed integer to a single-precision fixed-point value.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S 0 fs fd CVTW
010001 10000 00000 100100
6 5 5 5 5 6
Format
CVT.W.S fd, fs
Description

FPR[fd] — convert_and_round(FPR][fs])
Converts the value of FPR][fs] to a 32-bit signed integer considered to be a single-precision floating-point
value and stores it in FPR[fd]. If the biased exponent of FPR[fs] exceeds 0x9d, clamping is performed.

Exceptions
Coprocessor unusable

Operation

if (FPR[fs]a0.23 <= 0x9d) then
FPR[fd] — convert(FPR[fs], W)

else if (FPR[fs]z = 0) then
FPR[fd] — OX7FFFFFFF

else
FPR[fd] — 0x80000000

endif
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DIV.S : Floating Point Divide

MIPS |
To divide single-precision floating-point values .
Operation Code
31 26 25 21 20 16 15 11 10 0
COP1 S ft fs fd DIv
010001 10000 000011
6 5 5 5 5 6

Format
DIV.S fd, fs, ft

Description
FPR[fd] — FPR[fs] / FPRI[ft]
Divides the value of FPR[fs] by the value of FPR][ft] and stores the result in FPR[fd]. Every value is handled
as a single-precision floating-point value.
When FPR]ft] is zero and FPR][fs] is not zero, Flag D and Flag SD are set to 1 with the value of +maximum
or -maximum as the result. When both operands are zeros(0/0), Flag | and Flag Sl are set to 1 with the
value of +maximum or -maximum as the result. When an exponent overflow occurs, the value is
+maximum or -maximum. When an exponent underflow occurs, the result value is +0 or -0.

Exceptions
Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow
are not generated by this instruction.

Operation
FPR[fd] ~ FPRIfs] / FPR[ft]
Flag | ~ 1if FPR[fs] = 0 AND FPR[ft] =0
Flag D ~ 1if FPR[fs] # 0 AND FPR[ft] =0
Flag SI ~ 1if FPR[fs] = 0 AND FPR[ft] = 0
Flag SD ~ 1if FPR[fs] # 0 AND FPR[ft] =0
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LWCL1 : Load Word to Floating Point

MIPS |
To load a word from memory into a floating-point register.
Operation Code
31 26 25 21 20 16 15 0
LWC1 base ft offset
110001
6 5 5 16
Format

LWC1 ft, offset(base)

Description
FPR[ft] — memory[GPR[base]+offset]
Adds the 16-bit signed offset to the value of GPR[base] and the word data at the obtained effective address
is read into FPR[ft].

Restrictions
The effective address must comply with word alignment. In other cases, an address error exception occurs if
the lower 2 bits of the effective address are not 0.

Exceptions
Coprocessor unusable
TLB Refill
TLB Invalid
Address Error

Operation (128-bit bus)
vAddr « sign_extend(offset) + GPR[base]
if vAddr, o # 02 then

SignalException(AddressError)
endif

(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
memquad ~ LoadMemory(uncached, WORD, pAddr, vAddr, DATA)
byte « VAddrs.

FPR[ﬂ] - memquad31+g*byte,,s*byte
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MADD.S : Floating Point Multiply-ADD

MIPS |
To multiply single-precision floating-point values and add to the accumulator.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs fd MADD
010001 10000 011100
6 5 5 5 5 6
Format

MADD.S fd, fs, ft

Description
FPR[fd] — ACC + FPR][fs] x FPRJft]
Multiplies the value of FPR[fs] by the value of FPR][ft] and adds the result to the value of accumulator ACC.
Stores the result in FPR[fd]. The results are all single-precision floating-point values. When an exponent
overflow occurs, Flag O and Flag SO are set to 1 with the value of +maximum or -maximum as the result.
When an exponent underflow occurs, Flag U and Flag SU are set to 1 with the value of +0 or -0 as the

result.

Exceptions
Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow

are not generated by this instruction.

Operation
TEMP ~ fs X ft
if (TEMP.exp = plusminuszero) then // multiply underflow occured
FCR31.SU ~ 1
if (ACC.exp >= 0xFF) then //Exp of ACC is in overflow state at instruction entry
if (TEMP.exp >= OxFF) then
FPR[fd] — maxmin(TEMP.sign)
else
FPR[fd] - ACC
endif
FCR31.SO ~ 1

FCR31.0 ~ 1
else // Exp of ACC is normal or in underflow state at instruction entry

if (TEMP.exp >= OxFF) then
FPR[fd] — maxmin(TEMP.sign)
FCR31.50 ~ 1
FCR31.0 ~ 1

else
if (TEMP.exp = 0x00) then

FPR[fd] - ACC
else

TEMP1 — ACC + TEMP

if (TEMPL1.exp >= OxFF) then
FPR[fd] — maxmin(TEMP1.sign)
FCR31.SO ~ 1
FCR31.0 ~ 1

else

© SCEI
-333-



EE Core Instruction Set Manual Version 3.1

if (TEMPL1.exp = 0x00) then
FPR[fd] — signedzero(TEMP1.sign)

FCR31.SU ~ 1
FCR31U ~ 1
else
FPR[fd] -« TEMP1
endif
endif
endif
endif
endif
maxmin(sign)
begin
if (sign = 1)
maxmin — OxFFFFFFFF
else
maxmin « OX7FFFFFFF
end
signedzero(sign)
begin
if (sign = 1)
signedzero — 0x80000000
else
signedzero — 0x00000000
end
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MADDA.S : Floating Point Multiply-Add

EE Core
To multiply Single-precision floating-point values and add to the accumulator.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs 0 MADDA
010001 10000 00000 011110
6 5 5 5 5 6
Format

MADDAS fs, ft

Description
ACC ~ ACC + FPR[fs] X FPR]ft]

Multiplies the value of FPR[fs] by the value of FPR][ft] and adds the result to the Accumulator ACC; that
result is stored in the Accumulator ACC. The results are all single-precision floating-point values. When an
exponent overflow occurs, Flag O and Flag SO are set to 1 with the value of +maximum or -maximum as a

result. When an exponent underflow occurs, Flag U and Flag SU are set to 1 with the value of +0 or -0 as a
result.

Exceptions

Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow
are not generated by this instruction.

Operation
TEMP  fs X ft
if (TEMP.exp = plusminuszero) then // multiply underflow occured
FCR31.SU ~ 1

if (ACC.exp >= 0xFF) then //Exp of ACC is in overflow state at instruction entry
if (TEMP.exp >= OxFF) then

ACC — maxmin(TEMP.sign)
else
ACC ~ ACC
endif
FCR31.SO ~ 1
FCR31.0 ~ 1

else // Exp of ACC is normal or in underflow state at instruction entry
if (TEMP.exp >= OxFF) then

ACC — maxmin(TEMP.sign)
FCR31.SO ~ 1

FCR31.0 - 1
else

if (TEMP.exp = 0x00) then
ACC ~ ACC
else
TEMP1 — ACC + TEMP
if (TEMPL1.exp >= OxFF) then
ACC — maxmin(TEMP1.sign)
FCR31.SO ~ 1

FCR31.0 - 1
else
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if (TEMPL1.exp = 0x00) then
ACC - signedzero(TEMP1.sign)

FCR31.SU ~ 1
FCR31U ~ 1
else
ACC ~ TEMP1
endif
endif
endif
endif
endif
maxmin(sign)
begin
if (sign = 1)
maxmin — OxFFFFFFFF
else
maxmin « OX7FFFFFFF
end
signedzero(sign)
begin
if (sign = 1)
signedzero — 0x80000000
else
signedzero — 0x00000000
end
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MAX.S : Floating Point Maximum

EE Core
To obtain the maximum of two single-precision floating-point values.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs fd MAX
010001 10000 101000
6 5 5 5 5 6
Format
MAX.S fd, fs, ft
Description

FPR[fd] — max(FPR[fs], FPR[ft])
Compares the values of FPR[fs] and FPR[ft] and stores the greater value in FPR[fd]. Flag O and Flag U are
cleared to zero.

Exceptions
Coprocessor unusable

Operation
if (FPR[fs] >= FPR[ft]) then
FPR[fd] — FPR[fs]

else
FPR[fd] — FPRI[ft]
endif
Flag O <0
Flag U <0
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MFC1 : Move Word from Floating Point

MIPS |
To copy the contents of a floating-point register (FPR) to a general-purpose register (GPR).
Operation Code
31 26 25 21 20 16 15 11 10 0
COP1 MFC1 rt fs 0
010001 00000 000 0000 0000
6 5 5 5 11
Format
MFC1 rt, fs
Description

GPR[rt] « FPR[fs]
Sign-extends the FPR[fs] value and stores it in GPR[rt].

Exceptions
Coprocessor unusable

Operation
GPR[rt] — sign_extend(FPR][fs])
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MIN.S : Floating Point Minimum

EE Core

To obtain the minimum of two single-precision floating-point values.

Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs fd MIN
010001 10000 110000
6 5 5 5 5 6

Format
MIN.S fd, fs, ft

Description
FPR[fd] — min(FPR[fs], FPRIft])
Compares the values of FPR[fs] and FPR[ft] and stores the lesser value in FPR[fd].
Flag O and Flag U are cleared to zero.

Exceptions
Coprocessor unusable

Operation

if (FPR[fs] <= FPR]ft]) then
FPR[fd] — FPR]fs]

else
FPR[fd] — FPRI[ft]

endif

Flag O <0

Flag U <0
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MOQOV.S : Floating Point Move

MIPS |
To move data between floating-point registers (FPR).
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S 0 fs fd MOV
010001 10000 00000 000110
6 5 5 5 5 6
Format
MOV.S fd, fs
Description

FPR[fd] — FPR[fs]
Stores the value of FPR][fs] in FPR[fd)].

Exceptions
Coprocessor unusable

Operation
FPR[fd] — FPRI[fs]
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MSUB.S : Floating Point Multiply and Subtract

MIPS |
To multiply single-precision floating-point values and subtract from Accumulator.
Operation Code
31 26 25 21 20 16 15 11 10 6 0
COP1 S ft fs fd MSUB
010001 10000 011101
6 5 5 5 5 6
Format

MSUB.S fd, fs, ft

Description
FPR[fd] — ACC - FPR[fs] X FPRIft]

Multiplies the value of FPR[fs] by the value of FPR][ft] and subtracts the product from the Accumulator
ACC, then stores the result in FPR[fd]. The results are all single-precision floating-point values. When an
exponent overflow occurs, Flag O and Flag SO are set to 1 with the value of +maximum or -maximum as a
result. When an exponent underflow occurs, Flag U and Flag SU are set to 1 with the value of +0 or -0 as a

result.

Exceptions

Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow

are not generated by this instruction.

Operation
TEMP  fs x ft
if (TEMP.exp = plusminuszero) then // multiply underflow occured
FCR31SU ~ 1
if (ACC.exp >= 0xFF) then //Exp of ACC is in overflow state at instruction entry
if (TEMP.exp >= OxFF) then
FPR[fd] — maxmin(TEMP.sign)
else
FPR[fd] -« ACC
endif
FCR31.SO ~ 1
FCR31.0 ~ 1
else // Exp of ACC is normal or in underflow state at instruction entry
if (TEMP.exp >= OxFF) then
FPR[fd] — maxmin(TEMP.sign)
FCR31.50 ~ 1

FCR31.0 ~ 1
else
if (TEMP.exp = 0x00) then
FPR[fd] - ACC
else
TEMP1 — ACC-TEMP
if (TEMPL1.exp >= OxFF) then
FPR[fd] — maxmin(TEMP1.sign)
FCR31.SO ~ 1
FCR31.0 ~ 1
else
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if (TEMPL1.exp = 0x00) then
FPR[fd] — signedzero(TEMP1.sign)

FCR31.SU ~ 1
FCR31U ~ 1
else
FPR[fd] -« TEMP1
endif
endif
endif
endif
endif
maxmin(sign)
begin
if (sign = 1)
maxmin — OxFFFFFFFF
else
maxmin « OX7FFFFFFF
end
signedzero(sign)
begin
if (sign = 1)
signedzero — 0x80000000
else
signedzero — 0x00000000
end
© SCEI
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MSUBA.S : Floating Point Multiply and Subtract from Accumulator

EE Core
To multiply single-precision floating-point values and subtract from Accumulator.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs 0 MSUBA
010001 10000 00000 011111
6 5 5 5 5 6
Format
MSUBA.S fs, ft
Description

ACC ~ ACC - FPR[fs] x FPRIft]

Multiplies the value of FPR[fs] by the value of the FPR[ft], subtracts the product from the Accumulator
ACC, then writes the result back to the ACC. The results are all single-precision floating-point values.
When an exponent overflow occurs, Flag O and Flag SO are set to 1 with +maximum or -maximum as a
result. When an exponent underflow occurs, Flag U and Flag SU are set to 1 and the result value is +0 or -0.

Exceptions

Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow
are not generated by this instruction.

Operation
TEMP ~ fs x ft
if (TEMP.exp = plusminuszero) then // multiply underflow occured
FCR31SU ~ 1

if (ACC.exp >= 0xFF) then //Exp of ACC is in overflow state at instruction entry
if (TEMP.exp >= OxFF) then

ACC — maxmin(TEMP.sign)
else
ACC —~ ACC
endif
FCR31.S0 ~ 1
FCR31.0 ~ 1

else // Exp of ACC is normal or in underflow state at instruction entry
if (TEMP.exp >= OxFF) then

ACC — maxmin(TEMP.sign)
FCR31.SO ~ 1

FCR31.0 ~ 1
else

if (TEMP.exp = 0x00) then
ACC ~ ACC
else
TEMP1 — ACC-TEMP
if (TEMP1.exp >= OxFF) then
ACC ~ maxmin(TEMP1.sign)
FCR31.SO ~ 1

FCR31.0 ~ 1
else

if (TEMPL1.exp = 0x00) then

© SCEI
-343-



EE Core Instruction Set Manual Version 3.1

else
endif
endif
endif
endif
endif
maxmin(sign)
begin
if (sign = 1)
maxmin — OxFFFFFFFF
else
maxmin — Ox7FFFFFFF
end
signedzero(sign)
begin
if (sign = 1)
signedzero — 0x80000000
else
signedzero — 0x00000000
end

ACC « signedzero(TEMP1.sign)

FCR31LSU ~ 1
FCR31U ~ 1

ACC ~ TEMP1
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MTC1 : Move Word to Floating Point

MIPS |
To copy the contents of a general-purpose register (GPR) to a floating-point register (FPR).
Operation Code
31 26 25 21 20 16 15 11 10 0
COP1 MTC1 rt fs 0
010001 00100 000 0000 0000
6 5 5 5 11
Format
MTCL1 rt, fs
Description
FPR[fs] — GPR]rt]
Stores the lower 32 bits of GPR[rt] in a floating-point register FPR][fs].
Exceptions
Coprocessor unusable
Operation
FPR[fs] « GPRJrt]si.0
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MUL.S : Floating Point Multiply

MIPS |
To multiply single-precision floating-point values.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs fd MUL
010001 10000 000010
6 5 5 5 5 6
Format

MUL.S fd, fs, ft

Description
FPR[fd] — FPR[fs] x FPRIft]
Multiplies the value of FPR[fs] by the value of FPR][ft] and stores the product in FPR[fd]. When an
exponent overflow occurs, Flag O and Flag SO are set to 1 with the value of +maximum or -maximum as a
result. When an exponent underflow occurs, Flag U and Flag SU are set to 1 with the value of +0 or -0 as a
result.

Exceptions
Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow
are not generated by this instruction.

Operation
FPR[fd] « FPR[fs] x FPR[ft]
Flag O ~ 1 if exponent overflows.
Flag U ~ 1 if exponent underflows.
FlagSO < 1if exponent overflows.
FlagSU < 1if exponent underflows.
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MULA.S : Floating Point Multiply to Accumulator

EE Core
To multiply single-precision floating-point values and store in Accumulator.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs 0 MULA
010001 10000 00000 011010
6 5 5 5 5 6
Format
MULAS fs, ft
Description

ACC — FPRI[fs] X FPRIft]

Multiplies the value of FPR[fs] by the value of FPR[ft] as single-precision floating-point values and stores the
product in the ACC register. When an exponent overflow occurs, Flag O and Flag SO are set to 1 and
+maximum or -maximum value is stored in the ACC register as the result. When an exponent underflow
occurs, Flag U and Flag SU are set to 1 and the value of +0 or -0 is stored in the ACC register as the result.

Exceptions

Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow
are not generated by this instruction.

Operation
ACC ~ FPRI[fs] x FPR[ft]
Flag O ~ 1if exponent overflows.
Flag U ~ 1 if exponent underflows.
FlagSO < 1if exponent overflows.
FlagSU < 1if exponent underflows.
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NEG.S : Floating Point Negate

MIPS |
To negate a floating-point value.

Operation Code
31 26 25 21 20 16 15 11 10 6 5 0

COP1 S 0 fs fd NEG

010001 10000 00000 000111

6 5 5 5 5 6

Format

NEG.S fd, fs
Description

FPR[fd] — —FPR[fs]

Stores the value which is obtained by reversing the sign bit of FPR[fs] in FPR[fd]. Flag O and Flag U are

cleared to zero.

Exceptions
Coprocessor unusable

Operation
FPR[fd] — —FPR[fs]
Flag O <0
Flag U <0
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RSQRT.S : Floating Point Reciprocal Square Root

MIPS IV
To obtain the reciprocal of the square root of a single-precision floating-point value.
Operation Code
31 26 25 21 20 16 15 11 10 0
COP1 S ft fs fd RSQRT
010001 10000 010110
6 5 5 5 5 6
Format
RSQRT.S fd, fs, ft
Description
FPR[fd] — FPRI[fs] / SQRT(FPR][ft])
Divides the value of FPR[fs] by the square root of FPR][ft] and stores the result in FPR[fd]. Values are
handled as single-precision floating-point. When the value of FPR][ft] is 0, Flag D and Flag SD are set to 1
and +maximum or —maximum is stored in FPR[fd] as the result. When the value of FPR[ft] is negative, Flag
I and Flag Sl are set to 1 and the value of FPR[fs] divided by SQRT(ABS(FPR[ft])) is stored in FPR[fd] as
the result. When an exponent overflow occurs, the result is +maximum or —maximum. When an exponent
underflow occurs, the result is +0 or —0.
Exceptions
Coprocessor unusable. Floating-point exceptions, such as invalid operation or inexact are not generated.
Operation
FPR[fd] — FPR[fs] / SQRT(FPR][ft])
Flag | ~ 1ifFPR[ft] <0
Flag D < Lif FPR[ft] =0
Flag SI ~ 1ifFPR[ft] <0
FlagSD « lif FPR[ft]=0
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SQRT.S : Floating Point Square Root

MIPS II
To obtain the square root of a single-precision floating-point value.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft 0 fd SQRT
010001 10000 00000 000100
6 5 5 5 5 6
Format
SQRT.S fd, ft
Description

FPR[fd] — SQRT(FPR[ft])

Calculates the single-precision floating-point square root value of FPR[ft] and stores the result in FPR[fd]. If
the value of FPR]ft] is -0, the result is —0.

If the value of FPRJft] is less than 0, Flag | and Flag SI are set to 1 and the value of SQRT(ABS(FPR]ft])) is
stored in FPR[fd] as the result.

Exceptions
Coprocessor unusable. No floating-point exceptions, such as invalid operation, inexact and so on.

Operation
FPR[fd] « SQRT(FPRIft])
Flag | ~ 1if (FPR[ft] < 0)
Flag D <0

FlagSI < 1if (FPR[ft] < 0)
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SUB.S : Floating Point Subtract

MIPS |
To subtract single-precision floating-point values.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs fd SUB
010001 10000 000001
6 5 5 5 5 6
Format

SUB.S fd, fs, ft

Description
FPR[fd] — FPR[fs] — FPRI[ft]
Subtracts the value of FPR[ft] from the value of FPR[fs] and stores the result in FPR[fd]. Values are handled
as single-precision floating-point. When an exponent overflow occurs, Flag O and Flag SO are set to 1 and
+maximum or —maximum is stored in FPR[fd] as the result. When an exponent underflow occurs, Flag U
and Flag SU are set to 1 and +0 or -0 is stored in FPR[fd] as the result.

Exceptions
Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow
are not generated by this instruction.

Operation
FPR[fd] « FPR[fs] — FPRI[ft]
Flag O ~ 1if exponent overflows.
Flag U ~ 1if exponent underflows.
Flag SO ~ 1if exponent overflows.
Flag SU ~ 1if exponent underflows.
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SUBA.S : Floating Point Subtract to Accumulator

EE Core
To subtract single-precision floating-point values and store in Accumulator.
Operation Code
31 26 25 21 20 16 15 11 10 6 5 0
COP1 S ft fs 0 SUBA
010001 10000 00000 011001
6 5 5 5 5 6
Format
SUBAS fs, ft |
Description

ACC —~ FPR][fs] - FPRI[ft]

Subtracts the value of FPR[ft] from the value of FPR[fs] and stores the result in the ACC register. Values are
handled as single-precision floating-point. When an exponent overflow occurs, Flag O and Flag SO are set
to 1 and +maximum or —maximum is stored in the ACC register as the result. When an exponent underflow
occurs, Flag U and Flag SU are set to 1 and +0 or —0 is stored in the ACC register as the result.

Exceptions

Coprocessor unusable. Floating-point exceptions such as invalid operation, inexact, overflow and underflow
are not generated by this instruction.

Operation
ACC ~ FPRI[fs] - FPRI[ft]
Flag O ~ 1if exponent overflows.
Flag U ~ 1 if exponent underflows.
FlagSO < 1if exponent overflows.
FlagSU < 1if exponent underflows.
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SWCL1 : Store Word from Floating Point

MIPS |
To store the contents of a floating-point register in memory.
Operation Code
31 26 25 21 20 16 15 0
SWC1 base ft offset
111001
6 5 5 16
Format
SWC1 ft, offset(base)
Description

memory[GPR[base]+offset] — FPR[ft]

Adds the 16-bit signed offset to the value of GPR[base] and stores the contents of FPR[ft] in memory at the

obtained effective address.

Restrictions

The effective address must comply with word alignment. Otherwise, an address error exception occurs if the
lower 2 bits of effective address are not 0.

Exceptions

Coprocessor unusable

TLB Refill

TLB Invalid
Address error

Operation (128-bit bus)
« sign_extend(offset) + GPR[base]

vAddr

if vAddry o # 02 then

SignalException(AddressError)

endif

(pAddr, uncached) — AddressTranslation (vAddr, DATA, LOAD)
byte ~ VAddrs o
dataquad — Q%-8%byte | | FPR[ft] | | O8byte
StoreMemory(uncached, WORD, dataquad, pAddr, vAddr, DATA)
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6. Appendix Instruction Set List

The instructions of the EE Core, COP0, COP1 (FPU) and COP2 (VU macro instructions) are classified
according to the following functions. The chapter number in this book where each instruction is described is
shown in the table. However, for the VU macro instructions indicated as VPUQ, see a supplementary volume
"VU User's Manual".

» Computational Instructions
Integer add / subtraction and Floating point add / subtraction
Integer multiplication / division and Floating point multiplication / division
Integer multiply-add and Floating point multiply-add
Shift operation / Logical operation / Comparison operation
Maximum / Minimum value
Data Format Conversion
Exchange
Random Numbers
Other Operations (e.g. absolute value, square-root)
» Data transfer instructions
Instructions for transferring between registers
Load / Store
Data transfer with special registers
* Program Control Instructions
Conditional Branch / Jump
Subroutine Call
Break / Trap

 Other Instructions
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6.1. Computational Instructions

6.1.1. Integer Addition and Subtraction

Inst. Description Ref.
ADD Add 2
ADDI Add Immediate 2
ADDIU Add Immediate Unsigned 2
ADDU Add Unsigned 2
DADD Doubleword Add 2
DADDI Doubleword Add Immediate 2
DADDIU Doubleword Add Immediate (Unsigned) 2
DADDU Doubleword Add Unsigned 2
DSUB Doubleword Subtract 2
DSUBU Doubleword Subtract Unsigned 2
SUB Subtract 2
SUBU Subtract Unsigned 2
PADDB Parallel Add Byte 3
PADDH Parallel Add Halfword 3
PADDSB Parallel Add with Signed Saturation Byte 3
PADDSH Parallel Add with Signed Saturation Halfword 3
PADDSW Parallel Add with Signed Saturation Word 3
PADDUB Parallel Add with Unsigned Saturation Byte 3
PADDUH Parallel Add with Unsigned Saturation Halfword 3
PADDUW Parallel Add with Unsigned Saturation Word 3
PADDW Parallel Add Word 3
PADSBH Parallel Add/Subtract Halfword 3
PSUBB Parallel Subtract Byte 3
PSUBH Parallel Subtract Halfword 3
PSUBSB Parallel Subtract with Signed Saturation Byte 3
PSUBSH Parallel Subtract with Signed Saturation Halfword 3
PSUBSW Parallel Subtract with Signed Saturation Word 3
PSUBUB Parallel Subtract with Unsigned Saturation Byte 3
PSUBUH Parallel Subtract with Unsigned Saturation Halfword 3
PSUBUW Parallel Subtract with Unsigned Saturation Word 3
PSUBW Parallel Subtract Word 3
VIADD Integer Add VPUO
VIADDI Integer Add Immediate VPUO
VISUB Integer Subtract VPUO
6.1.2. Floating Point Addition and Subtraction
Inst. Description Ref.
ADD.S Single Floating Point Add 5
ADDA.S Single Floating Point Add to Accumulator 5
SUB.S Single Floating Point Subtract 5
SUBA.S Single Floating Point Subtract to Accumulator 5
VADD Addition VPUO
VADDA ADD output to ACC VPUO
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Inst. Description Ref.
VADDADbc |ADD broadcast bc field VPUO
VADDAI ADD output to ACC broadcast | register VPUO
VADDA(q ADD output to ACC broadcast Q register VPUO
VADDbc ADD output to ACC broadcast bc field VPUO
VADDiI ADD broadcast | register VPUO
VADDq ADD broadcast Q register VPUO
VSUB Subtraction VPUO
VSUBA SUB output ACC VPUO
VSUBAbc SUB output to ACC broadcast bc field VPUO
VSUBAI SUB output to ACC broadcast I register VPUO
VSUBA(q SUB output to ACC broadcast Q register VPUO
VSUBbc SUB broadcast bc field VPUO
VSUBI SUB broadcast I register VPUO
VSUBq SUB broadcast Q register VPUO
6.1.3. Integer Multiplication and Division
Inst. Description Ref.
DIV Divide 2
DIvU Divide Unsigned 2
MULT Multiply 2
MULTU Multiply Unsigned 2
DIVl Divide 1 3
DIVUl Divide Unsigned 1 3
MULT Multiply (3-operand) 3
MULT1 Multiply 1 3
MULTU Multiply Unsigned (3-operand) 3
MULTU1 Multiply unsigned 1 3
PDIVBW Parallel Divide Broadcast Word 3
PDIVUW Parallel Divide Unsigned Word 3
PDIVW Parallel Divide Word 3
PMULTH Parallel Multiply Halfword 3
PMULTUW  |Parallel Multiply Unsigned Word 3
PMULTW Parallel Multiply Word 3
6.1.4. Floating Point Multiplication and Division

Inst. Description Ref.
DIV.S Single Floating Point Divide 5
MUL.S Single Floating Point Multiply 5
MULA.S Single Floating Point Multiply to Accumulator 5
VDIV Floating Divide VPUO
VMUL Multiply VPUO
VMULA MUL output to ACC VPUO
VMULAbc  |MUL output to ACC broadcast bc field VPUO
VMULAI MUL output to ACC broadcast | register VPUO
VMULAqQ MUL output to ACC broadcast Q register VPUO
VMULbc MUL broadcast bc field VPUO
VMULI MUL broadcast | register VPUO
VMULQq MUL broadcast Q register VPUO
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6.1.5. Integer Multiply-Add

Inst. Description Ref.
MADD Multiply 7 Add 3
MADD1 Multiply 7 Add 1 3
MADDU Multiply / Add Unsigned 3
MADDU1 Multiply / Add Unsigned 1 3
PHMADH Parallel Horizontal Multiply / Add Halfword 3
PHMSBH Parallel Horizontal Multiply / Subtract Halfword 3
PMADDH Parallel Multiply / Add Halfword 3
PMADDUW |Parallel Multiply / Add Unsigned Word 3
PMADDW  |Parallel Multiply / Add Word 3
PMSUBH Parallel Multiply / Subtract Halfword 3
PMSUBW Parallel Multiply / Subtract Word 3

6.1.6. Floating Point Multiply-Add
Inst. Description Ref.
MADD.S Single Floating Point Multiply and Add 5
MADDA.S  |Single Floating Point Multiply and Add to Accumulator 5
MSUB.S Single Floating Point Multiply and Subtract 5
MSUBA.S Single Floating Point Multiply and Subtract from Accumulator 5
VMADD MUL and ADD (SUB) VPUO
VMADDA  [MUL and ADD (SUB) output to ACC VPUO
VMADDAbc |MUL and ADD (SUB) output to ACC broadcast bc field VPUO
VMADDAI |MUL and ADD (SUB) output to ACC broadcast | register VPUO
VMADDAq |MUL and ADD (SUB) output to ACC broadcast Q register VPUO
VMADDbc |MUL and ADD (SUB) broadcast bc field VPUO
VMADDiI MUL and ADD (SUB) broadcast I register VPUO
VMADDq MUL and ADD (SUB) broadcast Q register VPUO
VMSUB Multiply and SUB VPUO
VMSUBA Multiply and SUB output to ACC VPUO
VMSUBAbc |Multiply and SUB output to ACC bc field VPUO
VMSUBAI Multiply and SUB output to ACC | register VPUO
VMSUBAq  |Multiply and SUB output to ACC Q register VPUO
VMSUBbc Multiply and SUB broadcast bc field VPUO
VMSUBI Multiply and SUB broadcast | register VPUO
VMSUB(q Multiply and SUB broadcast Q register VPUO

6.1.7. Shift Operation
Inst. Description Ref.
DSRA Doubleword Shift Right Arithmetic 2
DSLL Doubleword Shift Left Logical 2
DSLL32 Doubleword Shift Left Logical + 32 2
DSLLV Doubleword Shift Left Logical Variable 2
DSRA32 Doubleword Shift Right Arithmetic + 32 2
DSRAV Doubleword Shift Right Arithmetic 2
DSRL Doubleword Shift Right Logical 2
DSRL32 Doubleword Shift Right Logical + 32 2
DSRLV Doubleword Shift Right Logical Variable 2

© SCEI

-358-




EE Core Instruction Set Manual Version 3.1

Inst. Description Ref.
SLL Shift Left Logical 2
SLLV Shift Left Logical Variable 2
SRA Shift Right Arithmetic 2
SRAV Shift Right Arithmetic Variable 2
SRL Shift Right Logical 2
SRLV Shift Right Logical Variable 2
PSLLH Parallel Shift Left Logical Halfword 3
PSLLVW Parallel Shift Left Logical Variable Word 3
PSLLW Parallel Shift Left Logical Word 3
PSRAH Parallel Shift Right Arithmetic Halfword 3
PSRAVW Parallel Shift Right Arithmetic Variable Word 3
PSRAW Parallel Shift Right Arithmetic Word 3
PSRLH Parallel Shift Right Logical Halfword 3
PSRLVW Parallel Shift Right Logical Variable Word 3
PSRLW Parallel Shift Right Logical Word 3
QFSRV Quadword Funnel Shift Right Variable 3
6.1.8. Logical Operation
Inst. Description Ref.
AND AND 2
ANDI AND Immediate 2
NOR NOR 2
OR OR 2
ORI OR Immediate 2
XOR Exclusive OR 2
XORI Exclusive OR Immediate 2
PAND Parallel AND 3
PNOR Parallel NOR 3
POR Parallel OR 3
PXOR Parallel XOR 3
VIAND Integer AND VPUO
VIOR Integer OR VPUO
6.1.9. Comparison Operation

Inst. Description Ref.
SLT Set on Less Than 2
SLTI Set on Less Than on Immediate 2
SLTIU Set on Less Than on Immediate Unsigned 2
SLTU Set on Less Than Unsigned 2
PCEQB Parallel Compare for Equal Byte 3
PCEQH Parallel Compare for Equal Halfword 3
PCEQW Parallel Compare for Equal Word 3
PCGTB Parallel Compare for Greater Than Byte 3
PCGTH Parallel Compare for Greater Than Halfword 3
PCGTW Parallel Compare for Greater Than Word 3
C.EQS Single Floating Point Compare 5
CFS Single Floating Point Compare 5
C.LE.S Single Floating Point Compare 5
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Inst. Description Ref.
CLTS Single Floating Point Compare 5
VCLIP Clipping VPUO

6.1.10. Maximum / Minimum Value

Inst. Description Ref.
PMAXH Parallel Maximum Halfword 3
PMAXW Parallel Maximum Word 3
PMINH Parallel Minimum Halfword 3
PMINW Parallel Minimum Word 3
MAX.S Single Floating Point Maximum 5
MIN.S Single Floating Point Minimum 5
VMAX Maximum VPUO
VMAXbc Maximum broadcast bc field VPUO
VMAXi Maximum broadcast | register VPUO
VMINI Minimum VPUO
VMINIbc Minimum broadcast bc field VPUO
VMINIi Minimum broadcast | register VPUO
6.1.11. Data Format Conversion

Inst. Description Ref.
PEXT5 Parallel Extend from 5 bits 3
PPAC5 Parallel Pack to 5 bits 3
CVT.S.W 32-bit Fixed Point Floating Point Convert to Single Floating Point 5
CVT.W.S Single Floating Point Convert to 32-bit Fixed Point 5
VFTOIO0 Float to Integer, fixed point O bit VPUO
VFTOI12 Float to Integer, fixed point 12 bits VPUO
VFTOI15 Float to Integer, fixed point 15 bits VPUO
VFTOI4 Float to Integer, fixed point 4 bits VPUO
VITOFO Integer to Float, fixed point 0 bit VPUO
VITOF12 Integer to Float, fixed point 12 bits VPUO
VITOF15 Integer to Float, fixed point 15 bits VPUO
VITOF4 Integer to Float, fixed point 4 bits VPUO
VMR32 Rotate right 32 bits VPUO

6.1.12. Exchange

Description

PCPYH Parallel Copy Halfword

PCPYLD Parallel Copy Lower Doubleword
PCPYUD Parallel Copy Upper Doubleword
PEXCH Parallel Exchange Center Halfword
PEXCW Parallel Exchange Center Word
PEXEH Parallel Exchange Even Halfword

PEXEW Parallel Exchange Even Word
PEXTLB Parallel Extend Lower From Byte
PEXTLH Parallel Extend Lower From Halfword
PEXTLW Parallel Extend Lower From Word
PEXTUB Parallel Extend Upper From Byte
PEXTUH Parallel Extend Upper From Halfword

W W[ W W W[ W W W w wlww
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Inst. Description Ref.
PEXTUW Parallel Extend Upper From Word 3
PINTEH Parallel Interleave Even Halfword 3
PINTH Parallel Interleave Halfword 3
PPACB Parallel Pack To Byte 3
PPACH Parallel Pack To Halfword 3
PPACW Parallel Pack To Word 3
PREVH Parallel Reverse Halfword 3
PROT3W Parallel Rotate 3 Word 3
6.1.13. Random Number
Inst. Description Ref.
VRGET Random-unit get R register VPUO
VRINIT Random-unit init R register VPUO
VRNEXT Random-unit next M sequence VPUO
VRXOR Random-unit XOR R register VPUO
6.1.14. Other Operations

Inst. Description Ref.
PABSH Parallel Absolute Halfword 3
PABSW Parallel Absolute Word 3
PLZCW Parallel Leading Zero Count Word 3
ABS.S Single Floating Point Absolute 5
NEG.S Single Floating Point Negate 5
RSQRT.S Single Floating Point Reciprocal Square Root 5
SQRT.S Single Floating Point Square Root 5
VABS Absolute VPUO
VOPMSUB  |Outer product MSUB VPUO
VOPMULA  |Outer product MULA VPUO
VRSQRT Floating reciprocal Square-root VPUO
VSQRT Floating reciprocal Square VPUO
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6.2. Data Transfer Instructions

6.2.1. Instructions for Transferring between Registers

Inst. Description Ref.
MFHI Move From HI 2
MFLO Move From LO 2
MOVN Move on Register Not Equal to Zero 2
MOVZ Move on Register Equal to Zero 2
MTHI Move To HI 2
MTLO Move To LO 2
MFHI1 Move From HI1 3
MFLO1 Move From LO1 3
MTHI1 Move To HI1 3
MTLO1 Move To LO1 3
PMFHI Parallel Move From HI 3
PMFHL Parallel Move From HI / LO 3
PMFLO Parallel Move From LO 3
PMTHI Parallel Move To HI 3
PMTHL Parallel Move To HI / LO 3
PMTLO Parallel Move To LO 3
MFC1 Move Word from FPR 5
MOV.S Single Floating Point Move 5
MTC1 Move Word to FCR 5
CFC2 Move Control From COP2 VPUO
CTC2 Move Control To COP2 VPUO
LQC2 Load Quadword to COP2 VPUO
QMFC2 Quadword Move From COP2 VPUO
QMTC2 Quadword Move To COP2 VPUO
SQC2 Store Quadword from COP2 VPUO
VMFIR Move From integer register VPUO
VMOVE Move Floating register VPUO
VMTIR Move To integer register VPUO
6.2.2. Load
Inst. Description Ref.
LB Load Byte 2
LBU Load Byte Unsigned 2
LD Load Doubleword 2
LDL Load Doubleword Left 2
LDR Load Doubleword Right 2
LH Load Halfword 2
LHU Load Halfword Unsigned 2
LUI Load Upper Immediate 2
LW Load Word 2
LWL Load Word Left 2
LWR Load Word Right 2
Lwu Load Word Right Unsigned 2
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Inst. Description Ref.
LQ Load Quadword 3
LWC1 Load Word to FPR 5
VILWR Integer load word register VPUO
VLQD Load Quadword with pre-decrement VPUO
VLQI Load Quadword with post-increment VPUO
6.2.3. Store
Inst. Description Ref.
SB Store Byte 2
SD Store Doubleword 2
SDL Store Doubleword Left 2
SDR Store Doubleword Right 2
SH Store Halfword 2
SW Store Word 2
SWL Store Word Left 2
SWR Store Word Right 2
SQ Store Quadword 3
SWC1 Store Word from FPR 5
VISWR Integer store word register VPUO
VSQD Store Quadword with pre-decrement VPUO
VSQI Store Quadword with post-increment VPUO
6.2.4. Special Data Transfer

Inst. Description Ref.
MFSA Move From SA Register 3
MTSA Move To SA Register 3
MTSAB Move Byte Count to SA Register 3
MTSAH Move Halfword Count to SA Register 3
MFBPC Move From Breakpoint Control 4
MFCO Move From COPO 4
MFDAB Move From Data Address Breakpoint 4
MFDABM Move From Data Address Breakpoint Mask 4
MFDVB Move From Data Value Breakpoint 4
MFDVBM Move From Data Value Breakpoint Mask 4
MFIAB Move From Instruction Address Breakpoint 4
MFIABM Move From Instruction Address Breakpoint Mask 4
MFPC Move From Performance Counter 4
MFPS Move From Performance Event Specifier 4
MTBPC Move To Breakpoint Control 4
MTCO Move To COPO 4
MTDAB Move To Data Address Breakpoint 4
MTDABM Move To Data Address Breakpoint Mask 4
MTDVB Move To Data Value Breakpoint 4
MTDVBM Move To Data Value Breakpoint Mask 4
MTIAB Move To Instruction Address Breakpoint 4
MTIABM Move To Instruction Address Breakpoint Mask 4
MTPC Move From Performance Counter 4
MTPS Move From Performance Event Specifier 4
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Inst. Description Ref.

CFC1 Move Control Word from FCR 5

CTC1 Move Control Word to FCR 5
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6.3. Program Control Instructions

6.3.1. Conditional Branch

Inst. Description Ref.
BEQ Branch on Equal 2
BEQL Branch on Equal Likely 2
BGEZ Branch on Greater Than or Equal to Zero 2
BGEZL Branch on Greater Than or Equal to Zero And Link 2
BGTzZ Branch on Greater Than Zero 2
BGTZL Branch on Greater Than Zero Likely 2
BLEZ Branch on Less Than or Equal to Zero 2
BLEZL Branch on Less Than or Equal to Zero Likely 2
BLTZ Branch on Less Than Zero 2
BLTZL Branch on Less Than Zero Likely 2
BNE Branch on Not Equal 2
BNEL Branch on Not Equal Likely 2
BCOF Branch on COPO False 4
BCOFL Branch on COPO False Likely 4
BCOT Branch on COPO True 4
BCOTL Branch on COPO True Likely 4
BC1F Branch on FPU False 5
BC1FL Branch on FPU False Likely 5
BC1T Branch on FPU True 5
BC1TL Branch on FPU True Likely 5
BC2F Branch on COP2 False VPUO
BC2FL Branch on COP2 False Likely VPUO
BC2T Branch on COP2 True VPUO
BC2TL Branch on COP2 True Likely VPUO
6.3.2. Jump
Inst. Description Ref.
J Jump 2
JR Jump Register 2
6.3.3. Subroutine Call

Inst. Description Ref.
BGEZAL Branch on Greater Than or Equal to Zero And Link 2
BGEZALL Branch on Greater Than or Equal to Zero And Link Likely 2
BLTZAL Branch on Less Than Zero and Link 2
BLTZALL Branch on Less Than Zero And Link Likely 2
JAL Jump And Link 2
JALR Jump And Link Register 2
VCALLMS Call micro sub-routine VPUO
VCALLMSR |Call micro sub-routine register VPUO
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6.3.4. Break / Trap

Inst. Description Ref.
BREAK Break 2
SYSCALL System Call 2
TEQ Trap if Equal 2
TEQI Trap if Equal Immediate 2
TGE Trap if Greater Than or Equal 2
TGEI Trap if Greater Than or Equal Immediate 2
TGEIU Trap if Greater Than or Equal Immediate Unsigned 2
TGEU Trap if Greater Than or Equal Immediate Unsigned 2
TLT Trap if Less Than 2
TLTI Trap if Less Than Immediate 2
TLTIU Trap if Less Than Immediate Unsigned 2
TLTU Trap if Less Than Unsigned 2
TNE Trap if Not Equal 2
TNEI Trap if Not Equal Immediate 2
ERET Exception Return 4
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6.4. Other Instructions

Inst. Description Ref.

SYNC.stype [Synchronization 2
VWAITQ wait Q register VPUO
PREF Prefetch 2
DI Disable Interrupt 4
El Enable Interrupt 4
VNOP no operation VPUO
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7. Appendix OpCode Encoding

This section shows the instructions of the EE Core, COP0 and COP1 (FPU) according to the bit pattern of the
instruction codes. The characters shown in a bold italic type are instruction classes and their details are shown in
the attached tables.

Explanation of terms:

reserved Undefined instruction. When executing, generates undefined instruction exception.
undefined Undefined instruction. When executing, the operation is undefined.
unsupported MIPS IV instructions that the EE Core does not support. If executing them, an
undefined instruction exception occurs.
* EE Core-specific instructions (in the table of the CPU instruction)
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7.1. CPU Instructions

7.1.1. Instructions encoded by OpCode field

31 26 25 21 20 16 10 6 5 0
OpCode
6 5 5 5 5 6
Bits 28 - 26
Bits 0 1 2 3 4 5 6 7

31-29 000 001 010 011 100 101 110 111

0 000 | SPECIAL | REGIMM J JAL BEQ BNE BLEZ BGTZ
1 001 ADDI ADDIU SLTI SLTIU ANDI ORI XORI LUI

2 010 COPO COP1 COP2 reserved BEQL BNEL BLEZL BGTZL

3 011 | DADDI | DADDIU LDL LDR MMI* reserved LQ* SQ*
4 100 LB LH LWL Lw LBU LHU LWR Lwu
5 101 SB SH SWL SW SDL SDR SWR CACHE

6 110 | unsupported LWC1 unsupported PREF unsupported | unsupported | LQC2 ** LD

7 111 | unsupported SWC1 unsupported | reserved | unsupported | unsupported | SQC2 ** SD

** LQC2 and SQC2 are COP2 Instructions.
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7.1.2. SPECIAL Instruction Class
Instructions encoded by function field when OpCode = SPECIAL.

31 26 25 21 20 16 10 6 5 0
OpCode = function
SPECIAL

6 5 5 5 5 6
Bits2-0
Bits 0 1 2 3 4 5 6 7
5-3 000 001 010 011 100 101 110 111

0 000 SLL reserved SRL SRA SLLV reserved SRLV SRAV

1 001 JR JALR MOvVZ MOVN | SYSCALL | BREAK reserved SYNC

2 010 MFHI MTHI MFLO MTLO DSLLV reserved DSRLV DSRAV

3 011 MULT MULTU DIV DIVU unsupported | unsupported | unsupported | unsupported

4 100 ADD ADDU SUB SUBU AND OR XOR NOR

5101 | MFSA* MTSA * SLT SLTU DADD DADDU DSUB DSUBU

6 110 TGE TGEU TLT TLTU TEQ reserved TNE reserved

7 111 DSLL reserved DSRL DSRA DSLL32 reserved DSRL32 DSRA32
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7.1.3. REGIMM Instruction Class
Instructions encoded by rt field when OpCode = REGIMM.

31 26 25 21 20 16 10 6 5 0
OpCode = rt
REGIMM
5 5 5 5 5 3
Bits 18 - 16
Bt 0 1 2 3 4 5 6 7
20-19 | o 001 010 011 100 101 110 111

0 00 BLTZ BGEZ BLTZL BGEZL reserved reserved reserved reserved

0 01 TGEI TGEIU TLTI TLTIU TEQI reserved TNEI reserved

2 10 | BLTZAL | BGEZAL | BLTZALL | BGEZALL | reserved reserved reserved reserved

3 11 [ MTSAB* | MTSAH * | reserved reserved reserved reserved reserved reserved
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7.2. EE Core-Specific Instructions

7.2.1. MMI Instruction Class

Instructions encoded by function field when OpCode = MMI.

31 26 25 21 20 16 10 6 5 0
OpCode = function
MM
6 5 5 5 5 6
Bits 2 - 0
Bits 0 1 2 3 4 5 6 7
5-3 000 001 010 011 100 101 110 111

0 000 MADD MADDU | reserved reserved PLZCW reserved reserved reserved

1 001 MMI0 MMI2 reserved reserved reserved reserved reserved reserved

2 010 MFHI1 MTHI1 MFLO1 MTLO1 reserved reserved reserved reserved

3 011 MULT1 | MULTU1 DIV1 DIVU1 reserved reserved reserved reserved

4 100 | MADD1 | MADDUL1 | reserved reserved reserved reserved reserved reserved

5 101 MMI1 MMI3 reserved reserved reserved reserved reserved reserved

6 110 PMFHL PMTHL reserved reserved PSLLH reserved PSRLH PSRAH

7 111 reserved reserved reserved reserved PSLLW reserved PSRLW PSRAW
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7.2.2. MMIO Instruction Class
Instructions encoded by function filed when OpCode = MMI and bits 5..0 = MMIO0.

31 2% 25 21 20 16 10 6 5 0
OpCode = function MMI0
MMI
6 5 5 5 5 6
Bits7- 6
Bits 0 1 2 3
10-8 00 01 10 11

0 000 PADDW PSUBW PCGTW PMAXW

1 001 PADDH PSUBH PCGTH PMAXH

2 010 PADDB PSUBB PCGTB reserved

3 011 reserved reserved reserved reserved

4 100 | PADDSW PSUBSW PEXTLW PPACW

5101 | PADDSH PSUBSH PEXTLH PPACH

6 110 PADDSB PSUBSB PEXTLB PPACB

7 111 reserved reserved PEXT5 PPACS
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7.2.3. MMI1 Instruction Class

Instructions encoded by function field when OpCode = MMI and bits 5..0 = MMIL

31 26 25 21 20 16 10 6 5 0
OpCode = function MMI1
MMI
6 5 5 5 5 6
Bits 7 - 6

Bits 0 1 2 3

10-8 00 01 10 11

0 000 reserved PABSW PCEQW PMINW

1 001 PADSBH PABSH PCEQH PMINH

2 010 reserved reserved PCEQB reserved

3 011 reserved reserved reserved reserved

4 100 | PADDUW PSUBUW PEXTUW reserved

5 101 PADDUH PSUBUH PEXTUH reserved

6 110 PADDUB PSUBUB PEXTUB QFSRV

7 111 reserved reserved reserved reserved
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7.2.4. MMI2 Instruction Class
Instructions encoded by function field when OpCode = MMI and bits 5..0 = MMI2.

31 26 25 21 20 16 10 6 5 0
OpCode = function MMI2
MMI
6 5 5 5 5 6
Bits7- 6
Bits 0 1 2 3
10-8 00 01 10 11

0 000 | PMADDW reserved PSLLVW PSRLVW

1 001 PMSUBW reserved reserved reserved

2 010 PMFHI PMFLO PINTH reserved

3 011 | PMULTW PDIVW PCPYLD reserved

4 100 | PMADDH | PHMADH PAND PXOR

5 101 PMSUBH PHMSBH reserved reserved

6 110 reserved reserved PEXEH PREVH

7 111 | PMULTH PDIVBW PEXEW PROT3W
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7.2.5. MMI3 Instruction Class
Instructions encoded by function field when OpCode = MMI and bits 5..0 = MMI3.

31 26 25 21 20 16 10 6 5 0
OpCode = function MMI3
MMI
6 5 5 5 5 6
Bits7- 6
Bits 0 1 2 3
10-8 00 01 10 11

0 000 | PMADDUW reserved reserved PSRAVW

1 001 reserved reserved reserved reserved

2 010 PMTHI PMTLO PINTEH reserved

3 011 | PMULTUW | PDIVUW PCPYUD reserved

4 100 reserved reserved POR PNOR
5 101 reserved reserved reserved reserved
6 110 reserved reserved PEXCH PCPYH

7 111 reserved reserved PEXCW reserved
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7.3. COPO Instructions

7.3.1. COPO Instruction Class
Instructions encoded by rs field when OpCode = COPO.

31 26 25 21 20 16 10 6 5 0
OpCode = rs
COPO
6 5 5 5 5 6
Bits 23 - 21

Bits 0 1 2 3 4 5 6 7
25-24 000 001 010 011 100 101 110 111

0 00 MFO reserved reserved reserved MTO reserved reserved reserved
101 BCO reserved reserved reserved reserved reserved reserved reserved
2 10 Cco reserved reserved reserved reserved reserved reserved reserved
311 reserved reserved reserved reserved reserved reserved reserved reserved

7.3.2. BCO Instruction Class
Instructions encoded by rt field when OpCode field = COPO0 and rs field = BCO.

31 26 25 21 20 16 10 6 5 0
OpCode = rs = rt
COPO BCO
6 5 5 5 5 6
Bits 18 - 16

Bits 0 1 2 3 4 5 6 7
20-19 000 001 010 011 100 101 110 111

0 00 BCOF BCOT BCOFL BCOTL reserved reserved reserved reserved

101 reserved reserved reserved reserved reserved reserved reserved reserved

2 10 reserved reserved reserved reserved reserved reserved reserved reserved
311 reserved reserved reserved reserved reserved reserved reserved reserved
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7.3.3. CO Instruction Class
Instructions encoded by function field when OpCode = COPO and rs = CO.

31 26 25 21 20 16 10 6 5 0
OpCode = rs= function
COPO Co
6 5 5 5 5 6
Bits2-0
Bits 0 1 2 3 4 5 6 7
5-3 000 001 010 011 100 101 110 111

0 000 | undefined TLBR TLBWI undefined | undefined | undefined | TLBWR | undefined

1 001 TLBP undefined | undefined | undefined | undefined | undefined | undefined | undefined

2 010 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined

3 011 ERET undefined | undefined | undefined | undefined | undefined | undefined | undefined

4 100 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined

5 101 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined

6 110 | undefined [ undefined | undefined | undefined | undefined | undefined | undefined | undefined

7 111 El DI undefined | undefined | undefined | undefined | undefined | undefined
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7.4. COP1 Instructions

7.4.1. COP1 Instruction Class
Instructions encoded by rs field when OpCode = COP1.

31 26 25 21 20 16 10 6 5 0
OpCode = rs
COPO
6 5 5 5 5 6
Bits 23 - 21
Bis 0 1 2 3 4 5 6 7
25-24 000 001 010 011 100 101 110 111

0 00 MFC1 reserved CFC1 reserved MTC1 reserved CTC1 reserved

101 BC1 reserved reserved reserved reserved reserved reserved reserved

2 10 S reserved reserved reserved w reserved reserved reserved

311 reserved reserved reserved reserved reserved reserved reserved reserved

7.4.2. BC1 Instruction Class
Instructions encoded by rt field when OpCode field = COPI and rs = BCL.

31 26 25 21 20 16 10 6 5 0
OpCode = rs = rt
COPO BCI
6 5 5 5 5 6
Bits 18 - 16
Bits 0 1 2 3 4 5 6 7
20-19 000 001 010 011 100 101 110 111

0 00 BC1F BC1T BC1FL BCITL | reserved | reserved | reserved | reserved

1 01 | reserved | reserved | reserved | reserved | reserved | reserved | reserved | reserved

2 10 | reserved | reserved | reserved | reserved | reserved | reserved | reserved | reserved

3 11 | reserved | reserved | reserved | reserved | reserved | reserved | reserved | reserved
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7.4.3. S Instruction Class

Instructions encoded by function field when OpCode = COPZand rs = S.

31 26 25 21 20 16 10 6 5 0
OpCode = rs = function
COPO S
6 5 5 5 5 6
Bits 2 - 0
Bis 0 1 2 3 4 5 6 7
5-3 000 001 010 011 100 101 110 111
0000 | ADD SUB MUL DIV SQRT ABS MOV NEG

1 001 | undefined [ undefined | undefined | undefined | undefined | undefined | undefined | undefined

2 010 | undefined | undefined | undefined | undefined | undefined | undefined | RSQRT | undefined

3 011 ADDA SUBA MULA | undefined [ MADD MSUB MADDA | MSUBA

4 100 | undefined | undefined | undefined | undefined CVTW undefined | undefined | undefined

5 101 MAX MIN undefined | undefined | undefined | undefined | undefined | undefined

6 110 CF undefined C.EQ undefined CLT undefined C.LE undefined

7 111 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined
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7.4.4. W Instruction Class
Instructions encoded by function field when OpCode = COPZand rs = W.

31 26 25 21 20 16 10 6 5 0
OpCode = rs = function
COPO w
6 5 5 5 5 6
Bits 2~0
Bits 0 1 2 3 4 5 6 7
5-3 000 001 010 011 100 101 110 111

0 000 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined

1 001 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined

2 010 | undefined [ undefined | undefined | undefined | undefined | undefined | undefined | undefined

3 011 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined

4 100 CVTS undefined | undefined | undefined | undefined | undefined | undefined | undefined

5 101 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined

6 110 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined

7 111 | undefined | undefined | undefined | undefined | undefined | undefined | undefined | undefined
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