The MIPS R2000 Instruction Set

Arithmetic and Logical Instructions

In all instructions belowSrc2 caneitherbe a registeror animmediatevalue (a 16 bit integer).The
immediate formsf the instructionsare only includedfor referenceThe assemblewill translatethe
more generalform of aninstruction(e.g., add) into the immediateform (e.g., addi) if the second
argument is constant. Instructions marked with a dagger (1) are pseudoinstructions.

abs Rdest, Rsrc Absolute Value T
Put the absolute value of the integer from regR&C in registeiRdest.

add Rdest, Rsrcl, Src2 Addition (with overflow)
addi Rdest, Rsrcl, Imm Addition Immediate (with overflow)
addu Rdest, Rsrcl, Src2 Addition (without overflow)
addi u Rdest, Rsrcl, Imm Addition Immediate (without overflow)

Put the sum of the integers from regigksrcl andSrc2 (or Imm) into registeiRdest.

and Rdest, Rsrcl, Src2 AND
andi Rdest, Rsrcl, Imm AND Immediate
Put the logical AND of the integers from regidRarcl andSrc2 (or Imm) into registeiRdest.

di v Rsrcl, Rsrc2 Divide (with overflow)
di vu Rsrcl, Rsrc2 Divide (without overflow)
Divide the contents of the two registers. Leave the quotient in relgisiad the remainderin register
hi. Note thatif an operands negative,the remainderis unspecifiedby the MIPS architectureand
depends on the conventions of the machine on which SPIM is run.

di v Rdest, Rsrcl, Src2 Divide (with overflow) T
di vu Rdest, Rsrcl, Src2 Divide (without overflow) T
Put the quotient of the integers from regigercl andSrc2 into registeiRdest.

mul Rdest, Rsrcl, Src2 Multiply (without overflow) T
mul o Rdest, Rsrcl, Src2 Multiply (with overflow) T
mul ou Rdest, Rsrcl, Src2 Unsigned Multiply (with overflow) T

Put the product of the integers from regigtercl andSrc2 into registeiRdest.

mul t Rsrcl, Rsrc2 Multiply
mul tu Rsrcl, Rsrc2 Unsigned Multiply
Multiply the contents of the two registers. Leave the low-order wbtte productin registerlo and
the high-word in registdi.



neg Rdest, Rsrc Negate Value (with overflow) T
negu Rdest, Rsrc Negate Value (without overflow) T
Put the negative of the integer from regiferc into registeiRdest.

nor Rdest, Rsrcl, Src2 NOR
Put the logical NOR of the integers from registsrcl andSrc2 into registelRdest.

not Rdest, Rsrc NOT T
Put the bitwise logical negation of the integer from regR#ec into registeiRdest.

or Rdest, Rsrcl, Src2 OR
ori Rdest, Rsrcl, Imm OR Immediate
Put the logical OR of the integers from regigtsrcl andSrc2 (or Imm) into registeiRdest.

rem Rdest, Rsrcl, Src2 Remainder T
remu Rdest, Rsrcl, Src2 Unsigned Remainder T
Put the remainderfrom dividing the integerin registerRsrcl by the integerin Src2 into register
Rdest. Note that if an operand is negative, the remainder is unspecifide MIPS architectureand
depends on the conventions of the machine on which SPIM is run.

rol Rdest, Rsrcl, Src2 Rotate Left T
ror Rdest, Rsrcl, Src2 Rotate Right T
Rotate the contents of regisisrcl left (right) by the distanceindicatedby Src2 and put the result
in registerRdest.

sl | Rdest, Rsrcl, Src2 Shift Left Logical
sl v Rdest, Rsrcl, Rsrc2 Shift Left Logical Variable
sra Rdest, Rsrcl, Src2 Shift Right Arithmetic
srav Rdest, Rsrcl, Rsrc2 Shift Right Arithmetic Variable
srl Rdest, Rsrcl, Src2 Shift Right Logical
srlv Rdest, Rsrcl, Rsrc2 Shift Right Logical Variable

Shift the contents of registBsrcl left (right) by the distance indicated Byc2 (Rsrc2) and put the
result in registeRdest.

sub Rdest, Rsrcl, Src2 Subtract (with overflow)
subu Rdest, Rsrcl, Src2 Subtract (without overflow)
Put the difference of the integers from regifercl andSrc2 into registelRdest.

xor Rdest, Rsrcl, Src2 XOR
xori Rdest, Rsrcl, Imm XOR Immediate
Put the logical XOR of the integers from regig®srcl andSrc2 (or Imm) into registeRdest.



Constant-Manipulating Instructions

i Rdest, Imm Load Immediate T
Move the immediatenm into registeiRdest.

| ui Rdest, Imm Load Upper Immediate
Load the lower halfword of the immediatem into the upper halfword akgisterRdest. The lower
bits of the register are set to 0.

Comparison Instructions
In all instructions belowSrc2 can either be a register or an immediate value (a 16 bit integer).

seq Rdest, Rsrcl, Src2 Set Equal
Set registeRdest to 1 if registeiRsrcl equalsSrc2 and to be 0 otherwise.

sge Rdest, Rsrcl, Src2 Set Greater Than Equal T
sgeu Rdest, Rsrcl, Src2 Set Greater Than Equal Unsigned T
Set registeRdest to 1 if registeRsrcl is greater than or equal 8vc2 and to 0 otherwise.

sgt Rdest, Rsrcl, Src2 Set Greater Than T
sgtu Rdest, Rsrcl, Src2 Set Greater Than Unsigned
Set registeRdest to 1 if registeiRsrcl is greater tha®rc2 and to 0 otherwise.

sl e Rdest, Rsrcl, Src2 Set Less Than Equal T
sl eu Rdest, Rsrcl, Src2 Set Less Than Equal Unsigned T
Set registeRdest to 1 if registeRsrcl is less than or equal &rc2 and to O otherwise.

slt Rdest, Rsrcl, Src2 Set Less Than
slti Rdest, Rsrcl, Imm St Less Than Immediate
sl tu Rdest, Rsrcl, Src2 Set Less Than Unsigned
sl tiu Rdest, Rsrcl, Imm Set Less Than Unsigned Immediate

Set registeRdest to 1 if registeRsrcl is less tharsrc2 (or Imm) and to O otherwise.

sne Rdest, Rsrcl, Src2 Set Not Equal
Set registeRdest to 1 if registelRsrcl is not equal t&rc2 and to 0 otherwise.

Branch and Jump Instructions

In all instructionsbelow, Src2 can either be a register or an immediatevalue (integer). Branch
instructionsuse a signed 16-bit offset field; hencethey canjump 215 - 1 instructions (notbytes)
forward or 45 instructions backwards. The jump instruction contains a 2ditess field.



b | abel Branch instruction T
Unconditionally branch to the instruction at the label.

bal | abel Branch And Link T
Unconditionallybranchto the instructionat the label. Savethe address of the next instructionin
register$r a.

bczt | abel Branch Coprocessor z True
bczf | abel Branch Coprocessor z False

Conditionally branch to the instruction at the label if coprocessor z condition flag is true (false).

beq Rsrcl, Src2, | abel Branch on Equal
Conditionally branch to the instruction at the label if the contents of reBistet equalsSrc2.

beqz Rsrc, | abel Branch on Equal Zero
Conditionally branch to the instruction at the label if the conteri®suf equals O.

bge Rsrcl, Src2, | abel Branch on Greater Than Equal
bgeu Rsrcl, Src2, | abel Branch on GTE Unsigned T
Conditionally branch to the instruction at the label if the contentsgi$terRsrcl are greaterthanor
equal toSrc2.

bgez Rsrc, | abel Branch on Greater Than Equal Zero
Conditionally branch to the instruction at the lalbehe contentsof Rsrc are greaterthanor equalto
0.

bgezal Rsrc, | abel Branch on Greater Than Equal Zero And Link
Conditionally branch to the instruction at the lalbehe contentsof Rsrc are greaterthanor equalto
0. Save thaddress of the next instruction in registér a.

bgt Rsrcl, Src2, | abel Branch on Greater Than T
bgtu Rsrcl, Src2, | abel Branch on Greater Than Unsigned T
Conditionally branchto the instructionat the label if the contentsof registerRsrcl are greaterthan
Src2.

bgt z Rsrc, | abel Branch on Greater Than Zero
Conditionally branch to the instruction at the label if the conterf®siaf are greater than O.

bl e Rsrcl, Src2, | abel Branch on Less Than Equal
bl eu Rsrcl, Src2, | abel Branch on LTE Unsigned T
Conditionally branchto the instructionat the labelif the contentsof registerRsrcl are lessthan or
equal toSrc2.



bl ez Rsrc, | abel Branch on Less Than Equal Zero
Conditionally branch to the instruction at the label if the conterfsaaf are less than or equal to 0.

bgezal Rsrc, | abel Branch on Greater Than Equal Zero And Link
bl t zal Rsrc, | abel Branch on Less Than And Link
Conditionally branch to the instruction at the lalbehe contentsof Rsrc are greateror equalto O or
less than O, respectively. Save #uglress of the next instruction in register 31.

blt Rsrcl, Src2, |abel Branch on Less Than T
bl tu Rsrcl, Src2, | abel Branch on Less Than Unsigned T
Conditionally branch to the instruction at the label if the contents of reBistet are less tha8rc2.

bltz Rsrc, | abel Branch on Less Than Zero
Conditionally branch to the instruction at the label if the conterfRsaf are less than O.

bne Rsrcl, Src2, [ abel Branch on Not Equal
Conditionally branch to the instruction at the label if the contents of reBistet are not equal to
Src2.

bnez Rsrc, | abel Branch on Not Equal Zero T
Conditionally branch to the instruction at the label if the conterf@siaf are not equal to O.

j | abel Jump
Unconditionally jump to the instruction at the label.

jal | abel Jump and Link
jalr Rsrc Jump and Link Register
Unconditionally jumpto the instructionat the label or whoseaddress is in registerRsrc. Savethe
address of the next instruction in registér a.

jr Rsrc Jump Register
Unconditionally jump to the instruction whoaddress is in registeiRsrc.

Load Instructions

| a Rdest, address Load Address T
Load compute@ddress, not the contents of the location, into regifteest.



| b Rdest, address Load Byte
| bu Rdest, address Load Unsigned Byte
Load the byte aaddress into registeiRdest. The byte is sign-extended by thb, but notthel bu,
instruction.

| d Rdest, address Load Double-Word T
Load the 64-bit quantity @ddress into registerflkdest andRdest + 1.

| h Rdest, address Load Halfword

| hu Rdest, address Load Unsigned Halfword
Load the 16-bit quantity (halfword) at address into registerRdest. The halfword is sign-extended
by thel h, but not thd hu, instruction

| w Rdest, address Load Word T
Load the 32-bit quantity (word) atldress into registeiRdest.

| wez Rdest, address Load Word Coprocessor
Load the word aaddress into registeiRdest of coprocessor z (0-3).

| W Rdest, address Load Word Left
| w Rdest, address Load Word Right
Load the left (right) bytes from the word at the possibly-unaligumebless into registeiRdest.

ul h Rdest, address Unaligned Load Halfword T
ul hu Rdest, address Unaligned Load Halfword Unsigned
Load the 16-bit quantity (halfword) at the possibly-unalignedaddress into register Rdest. The
halfword is sign-extended by tlh, but not the \bf ulhu, instruction

ul w Rdest, address Unaligned Load Word T
Load the 32-bit quantity (word) at the possibly-unaligaddress into registeiRdest.

Store Instructions

sb Rsrc, address Sore Byte
Store the low byte from registBsrc ataddress .

sd Rsrc, address Store Double-Word T
Store the 64-bit quantity in registdRsrc andRsrc + 1 ataddress .

sh Rsrc, address Sore Halfword
Store the low halfword from regist®src ataddress .



sw Rsrc, address Store Word
Store the word from regist&src ataddress .

swcz Rsrc, address Store Word Coprocessor
Store the word from regist&src of coprocessor z atddress .

swW Rsrc, address Sore Word Left
sw Rsrc, address Sore Word Right
Store the left (right) bytes from registsrc at the possibly-unaligneztidress.

ush Rsrc, address Unaligned Store Halfword T
Store the low halfword from registBsrc at the possibly-unaligneatidress.

usw Rsrc, address Unaligned Store Word T
Store the word from regist&src at the possibly-unaligneztidress.

Data Movement Instructions

nove Rdest, Rsrc Move T
Move the contents d®src to Rdest.

The multiply and divide unit producés resultin two additionalregistershi andlo. Theseinstruc-
tions move valuesto and from theseregisters.The multiply, divide, and remainderinstructionsde-
scribedaboveare pseudoinstructionshat make it appearas if this unit operateson the general
registers and detect error conditions such as divide by zero or overflow.

nf hi Rdest Move From hi
nfl o Rdest Move Fromlo
Move the contents of tHa (lo) register to registeRdest.

nt hi Rsrc Move To hi
ntlo Rsrc Move To lo
Move the contents registBsrc to thehi (lo) register.

Coprocessorfavetheir own registersets. Theseinstructionsmove values betweentheseregisters
and the CPU's registers.

nfcz Rdest, CPsrc Move From Coprocessor z
Move the contents of coprocessor z's regiStesrc to CPU registeRdest.



nfcl.d Rdest, FRsrcl Move Double From Coprocessor 1 T
Move the contentsof floating point registersFRsrcl andFRsrcl + 1 to CPU registersRdest and
Rdest + 1.

ntcl.d Rsrc, FRdestl Move Double To Coprocessor 1 T
Move the contentsof CPU registersRsrc and Rsrc + 1 to floating point registersFRdestl and
FRdestl + 1.

ntcz Rsrc, CPdest Move To Coprocessor z
Move the contents of CPU registsrc to coprocessor z's registePdest.

Floating Point Instructions

The MIPS has a floating point coprocessor (numbered 1) that operates on single precision (32-bit)
doubleprecision(64-bit) floating point numbers.This coprocessohasits own registerswhich are
numberedsf O - $f 31. Becauseheseregistersare only 32-bitswide, two of them are requiredto

hold doubles. To simplify matters, floating point operations only use even-numbered registers -
ding instructions that operate on single floats.

Values are moved in or out of these registensed (32-bits)atatime by | wcl, swcl, nt cl, and

nf c1 instructions described above or by thes, | . d, s. s, ands. d pseudoinstructiondescribed
below. The flag setby floating point comparison operatioris readby the CPU with its bc1t and
bclf instructions. Inall instructionsbelow, FRdest, FRsrcl, FRsrc2, and FRsrc are floating
point registers (e.g%f 2).

abs. d FRdest, FRsrc Floating Point Absolute Value Double
abs. s FRdest, FRsrc Floating Point Absolute Value Single
Compute the absolute value of the floating float double (single) in regR&ec andput it in register
FRdest.

add. d FRdest, FRsrcl, FRsrc2 Floating Point Addition Double
add. s FRdest, FRsrcl, FRsrc2 Floating Point Addition Sngle
Compute the sum of the floating float doubles (singles) in regisSRsec1 and FRsrc2 andputit in
registerFRdest.

c.eg.d FRsrcl, FRsrc2 Compare Equal Double
c.eg.s FRsrcl, FRsrc2 Compare Equal Sngle
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
floating point condition flag true if they are equal.



c.le.d FRsrcl, FRsrc2 Compare Less Than Equal Double (w/ exept.)
c.le.s FRsrcl, FRsrc2 Compare Less Than Equal Sngle (w/ exept.)
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
floating point condition flagrue if thefirst is lessthanor equalto the second.Causeexeptionl14 if
FRsrcl or FRsrc2 contains an invalid floating point number.

c.lt.d FRsrcl, FRsrc2 Compare Less Than Double (w/ exept.)
c.lt.s FRsrcl, FRsrc2 Compare Less Than Sngle (w/ exept.)
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
condition flag trueif the first is lessthan the second.Causeexeption 14 if FRsrcl or FRsrc2
contains an invalid floating point number.

c.nge.d FRsrcl, FRsrc2 Compare Not Greater Than Equal Double (w/ exept.)
c. nge.s FRsrcl, FRsrc2 Compare Not Greater Than Equal Sngle (w/ exept.)
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
conditionflag trueif thefirst is not greateror equalthanthe secondor if FRsrcl or FRsrc2 is an
invalid floating point number.Causeexeption14 if FRsrcl or FRsrc2 containsan invalid floating
point number.

c.ngl e.d FRsrcl, FRsrc2 Compare Not Greater or Less Than Equal Double (W/ exept.)
c.ngl e.s FRsrcl, FRsrc2 Compare Not Greater or Less Than Equal Sngle (wW/ exept.)
Set the condition flag true if the floating point doufdengle)in registerFRsrcl or FRsrc2 contains
an invalid floating point number. Cause exeption FRs&rcl or FRsrc2 contains annvalid floating
point number.

c.ngl.d FRsrcl, FRsrc2 Compare Not Greater or Less Than Double (w/ exept.)
c.ngl.s FRsrcl, FRsrc2 Compare Not Greater or Less Than Sngle (w/ exept.)
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
condition flag true if the first imot greateror lessthanthe secondor if FRsrcl or FRsrc2 contains
an invalid floating point number. Cause exeption J#RErcl or FRsrc2 contains annvalid floating
point number.

c.ngt.d FRsrcl, FRsrc2 Compare Not Greater Than Double (wW/ exept.)
c.ngt.s FRsrcl, FRsrc2 Compare Not Greater Than Sngle (w/ exept.)
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
conditionflag trueif the first is not greaterthan the secondor if FRsrcl or FRsrc2 containsan
invalid floating point number.Causeexeption14 if FRsrcl or FRsrc2 containsan invalid floating
point number.



c.ole.d FRsrcl, FRsrc2 Compare Less Than Equal Double
c.ole.s FRsrcl, FRsrc2 Compare Less Than Equal Sngle
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
floating point condition flag true if the first is less than or equal to the second.

c.olt.d FRsrcl, FRsrc2 Compare Less Than Double
c.olt.s FRsrcl, FRsrc2 Compare Less Than Sngle
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
condition flag true if the first is less than the second.

c.seq.d FRsrcl, FRsrc2 Compare Equal Double (w/ exept.)
c.seq.s FRsrcl, FRsrc2 Compare Equal Sngle (wW/ exept.)
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
floating point condition flag true ifhey are equal. Causeexeption14 if FRsrcl or FRsrc2 contains
an invalid floating point number.

c.sf.d FRsrcl, FRsrc2 Set False Double (w/ exept.)
c.sf.s FRsrcl, FRsrc2 Set False Sngle (w/ exept.)
Set the condition flag false. Cause exeption ERi$rcl or FRsrc2 contains an invalid floatingoint
number.

c.f.d FRsrcl, FRsrc2 St False Double
c.f.s FRsrcl, FRsrc2 St False Sngle
Set the condition flag false. The content&BErcl or FRsrc2 are meaningless.

c. ueq.d FRsrcl, FRsrc2 Compare Unordered or Equal Double
c.ueqg.s FRsrcl, FRsrc2 Compare Unordered or Equal Sngle
Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
floating point condition flag true if they are equal dfiRsrcl or FRsrc2 containsan invalid floating
point number.

c.ule.d FRsrcl, FRsrc2 Compare Unordered or Less Than Equal Double

c.ule.s FRsrcl, FRsrc2 Compare Unordered or Less Than Equal Sngle

Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
floating point condition flag true if the first is less than or equal to the seconBRsi€1l or FRsrc2
contains an invalid floating point number.

c.ult.d FRsrcl, FRsrc2 Compare Unordered or Less Than Double

c.ult.s FRsrcl, FRsrc2 Compare Unordered or Less Than Sngle

Compare the floating point doub{single)in registerFRsrcl againstthe onein FRsrc2 and sethe
conditionflag trueif thefirst is lessthan the secondor if FRsrcl or FRsrc2 containsan invalid
floating point number.



c.un.d FRsrcl, FRsrc2 Compare Unordered Double
c.un.s FRsrcl, FRsrc2 Compare Unordered Sngle
Set the condition flag true FRsrc1 or FRsrc2 contains an invalid floating point number.

cvt.d.s FRdest, FRsrc Convert Sngleto Double
cvt.d.w FRdest, FRsrc Convert Integer to Double
Convert the single precisidioating point numberor integerin registerFRsrc to a doubleprecision
number and put it in registéRdest.

cvt.s.d FRdest, FRsrc Convert Double to Sngle
cvt.s.w FRdest, FRsrc Convert Integer to Sngle
Convert the double precisidioating point numberor integerin registerFRsrc to a single precision
number and put it in registéRdest.

cvt.w d FRdest, FRsrc Convert Double to Integer
cvt.w s FRdest, FRsrc Convert Sngleto Integer
Convert the double or single precision floating point number in re§iR®rc to anintegerand put it
in registerFRdest.

di v.d FRdest, FRsrcl, FRsrc2 Floating Point Divide Double
di v.s FRdest, FRsrcl, FRsrc2 Floating Point Divide Sngle
Compute the quotient of the floating float doubles (singles) in regisRscl andFRsrc2 and put it
in registerFRdest.

| . d FRdest, address Load Floating Point Double T
| . s FRdest, address Load Floating Point Sngle T
Load the floating float double (single)address into registefFRdest.

li.d FRdest, Imm Load Floating Point Double Immediate T
l'i.s FRdest, Imm Load Floating Point Sngle Immediate T
Load the floating float double (single) immediatam (e.g. 3.141) into regist&Rdest.

nov. d FRdest, FRsrc Move Floating Point Double
nov. s FRdest, FRsrc Move Floating Point Sngle
Move the floating float double (single) from regigk&tsrc to registefFRdest.

mul . d FRdest, FRsrcl, FRsrc2 Floating Point Multiply Double
mul . s FRdest, FRsrcl, FRsrc2 Floating Point Multiply Sngle
Compute the product of the floating float doubles (singles) in regisRecl andFRsrc2 and put it
in registerFRdest.



neg. d FRdest, FRsrc Negate Double
neg.s FRdest, FRsrc Negate Sngle
Negate the floating point double (single) in regi§®src and put it in registeFRdest.

s.d FRdest, address Sore Floating Point Double
S. s FRdest, address Sore Floating Point Sngle T
Store the floating float double (single) in regigt&dest ataddress.

sub. d FRdest, FRsrcl, FRsrc2 Floating Point Subtract Double
sub. s FRdest, FRsrcl, FRsrc2 Floating Point Subtract Sngle
Compute the difference of the floating float doubles (singles) in regifR=i€1 andFRsrc2 and put
it in registerFRdest.

Exception and Trap Instructions

rfe Return From Exception
Restore the Status register.

syscal | System Call
Register$v0 contains the number of the system call provided by SPIM.

break n Break
Cause exception n. Exception 1 is reserved for the debugger.

nop No operation T
Do nothing.



