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32-bit Floating Point Coprocessor

Introduction

The uM-FPUV3.1 [pating point coprocessor provides instructions for working with 32-bit IEEE 754 compati
Roating point numbers and 32-bit long intedetypical calculation involves sending instructions and data from
microcontroller to the uM-FPU, performing the calculation, and transferring the result back to the microcont

Send data and

instructions \

Microcontroller Perform calculations

\ Read results -/

Instructions and data are sent to the uM-FPU using either a SEliotdrface The uM-FPUV3.1 chip has a 256
byte instruction bdér which allows for multiple instructions to sefihis improves the transfer times and allows
microcontroller to perform other tasks while the uM-FPU is performing a series of calculations. Prior to issu
instruction that reads data from the uM-FPU, the Busy/Ready status must be checked to ensure that all ins
have been executed. If more than 256 bytes are required to specify a sequence of operations, the Busy/Re
must be checked at least every 256 bytes to ensure that the instrudéorbes$ not ovei®v. See the datasheet -
more detail regarding the SPI éClinterfaces.

uM-FPU
V3.1

Instructions consist of an single opcode byte, optionally followed by addition datafdetsiled description of
each instruction is provided later in this document, and a summary table is proviggeeirdixA.

For instruction timing, seéppendix B of the uM-FPWY/3.1 Datasheet.
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uM-FPU Registers

The uM-FPUV3.1 contains 128 general purpose registers, and 8 temporary regittergisters are 32-bits and
can be used to store eithayaling point or long integer valuekhe general purpose registers are numbered 0 tc
and can be directly accessed by the instructione. eight temporary registers are used byLBET andRIGHT
parenthesis instructions to store temporary results antimaécessed directiRegister 0 is normally only used
store temporary values, since it is maatibby many instructions.

General Registers

0 32-bit Register
Register A —p 1 32-bit Register
2 32-bit Register
3 32-bit Register
Register X —p ¥ ¥
¥ ¥
¥ ¥
127 32-bit Register

Temporary Registers

T1 32-bit Register
¥ ¥
¥ ¥
¥ ¥

T8 32-bit Register

Register A

To perform arithmetic operations, one of the uM-FPU registers is selected as fedragisterA can be regardec
as the accumulator or working regis#sithmetic instructions use the value in regidiesis an operand and store
results of an operation in regisferAny register can be selected as registesing theSELECTA instruction. For
example,

SELECTA,5  select register 5 as register A

Arithmetic instructions that only involve one register implicitly refer to registéror example,
FNEG negate the value in register A

Arithmetic instructions that use two registers will specify the second register as part of the instruction. For €
FADD,4 add the value of register 4 to register A
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Register X

Register X is used to reference a series of sequential registereegister X selection is automatically incremen
to the next register in sequence by all instructions that use regigtay Xegister can be selected as register X
using theSELECTX instruction. For example,

SELECTX,16 select register 16 as register X

CLRX clear register 16 (and increment register X)
CLRX clear register 17 (and increment register X)
CLRX clear register 18 (and increment register X)

Another example would be to use tA&/RITEXandREADXnstructions to store and retrieve blocks of data.

In this document the following abbreviations are used to refer to registers:

reg[0] register 0

reg[A] registerA

reg[X] register X

reg[nn] any one of the 128 general purpose registers
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Floating Point Instructions

The following descriptions provide a quick summary of thatlhg point instructions. Detailed descriptions are

provided in the next section.

Basic Floating Point Instructions

Each of the basicdating point arithmetic instructions are provided in threfedifit forms as shown in the table
below The FADDinstruction will be used as an example to describe the thifeeedif forms of the instruction¥he

FADD,nn instruction allows any general purpose register to be added to régi$tes register to be added to

registerA is speciled by the byte following the opcodehe FADDOinstruction adds register 0 to registeand only
requires the opcod&he FADDI instruction adds a small integer value the regitdihe signed byte (-128 to 127

following the opcode is converted to&ing point and added to registerThe FADD,nn instruction is most
general, but theADDOandFADDI,bb instructions are more effent for many common operations.

Register nn
FSET,nn
FADD,nn
FSUB,nn
FSUBR,nn
FMUL,nn
FDIV,nn
FDIVR,nn
FPOW,nn
FCMP,nn

Register 0 Immediate value Description
FSETO FSETI,bb Set

FADDO FADDI,bb Add

FSUBO FSUBI,bb Subtract
FSUBRO FSUBRI,bb Subtract Reverse
FMULO FMULI,bb Multiply

FDIVO FDIVI,bb Divide

FDIVRO FDIVRI,bb Divide Reverse
FPOWO FPOWI,bb Power

FCMPO FCMPI,bb Compare

Loading Floating Point V alues

The following instructions are used to load data from the microprocessor and store it on the uM-FPU as 32

Roating point values.

FWRITE,nn,b1,b2,b3,b4
FWRITEA,b1,b2,b3,b4
FWRITEX,b1,b2,b3,b4
FWRITEO,b1,b2,b3,b4
WRBLK, tc, t1Etn
ATOF,aaE00
LOADBYTE,bb
LOADUBYTE,bb
LOADWORD,b1,b2
LOADUWORD,b1,b2
LOADE

LOADPI

Micromega Corporation

Write 32-bit Roating point value to reg[nn]

Write 32-bit Roating point value to reg[A]

Write 32-bit Boating point value to reg[X]

Write 32-bit Boating point value to reg[0]

Write multiple 32-bit values

Convert ASCII string to Roating point value and store in reg[0]
Convert signed byte to Roating point and store in reg[0]
Convert unsigned byte to Roating point and store in reg[0]
Convert signed 16-bit value to Roating point and store in reg[0]
Convert unsigned 16-bit value to Roating point and store in reg[0]
Load the value of e (2.7182818) to reg[0]

Load the value of pi (3.1415927) to reg[0]
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Reading Floating Point V alues
The following instructions are used to reazhfing point values from the uM-FPU.

FREAD,nn [b1,b2,b3,b4] Return 32-hit Roating point value from reg[nn]

FREADA [b1,b2,b3,b4] Return 32-hit Roating point value from reg[A]

FREADX [b1,b2,b3,b4] Return 32-hit Roating point value from reg[X]

FREADO [b1,b2,b3,b4] Return 32-hit Roating point value from reg[0]

RDBLK,tc [t1Etn] Read multiple 32-bit values

FTOA,bb Convert Roating point to ASCII string (use READSTRo read string)

Additional Floating Point Instructions

FSTATUS,nn LOG ACOS ROUND
FSTATUSA LOG10 ATAN FMIN,nn
FCMP2,nn,mm EXP ATAN2,nn FMAX,nn
FNEG EXP10 DEGREES FCNV,bb
FABS SIN RADIANS FMAC,nn,mm
FINV COSs FMOD FMSC,nn,mm
SQRT TAN FLOOR FRACTION
ROQOT,nn ASIN CEIL

Matrix Instructions

SELECTMA,nn,b1,b2 Select matrix A at register nn of size b1 rows x b2 columns
SELECTMB,nn,b1,b2 Select matrix B at register nn of size b1 rows x b2 columns
SELECTMC,nn,b1,b2 Select matrix C at register nn of size b1 rows x b2 columns
LOADMA,b1,b2 Load reg[0] with value from matrix A row b1, column b2
LOADMB,b1,b2 Load reg[0] with value from matrix B row b1, column b2
LOADMC,b1,b2 Load reg[0] with value from matrix C row b1, column b2
SAVEMA,b1,b2 Store reg[0] value to matrix A row b1, column b2
SAVEMB,b1,b2 Store reg[0] value to matrix A row b1, column b2
SAVEMC,b1,b2 Store reg[0] value to matrix A row b1, column b2

MOP,bb Perform matrix operation

Fast Fourier T ransform Instruction
FFT,action Perform Fast Fourier Transform operation

Conversion Instructions

FLOAT Convert reg[A] from long integer to Roating point

FIX Convert reg[A] from [3oating point to long integer

FIXR Convert reg[A] from [3oating point to long integer (with rounding)
FSPLIT reg[A] = integer value, reg[0] = fractional value
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Long Integer Instructions

The following descriptions provide a quick summary of the long integer instructions. Detailed descriptions €

provided in the next section.

Basic Long Integer Instructions

Each of the basic long integer arithmetic instructions are provided in thfeenifforms as shown in the table
below The LADDinstruction will be used as an example to descibe the thifeeethif forms of the instructionshe
LADD,nn instruction allows any general purpose register to be added to régi$tes register to be added to
registerA is speciled by the byte following the opcodehe LADDOinstruction adds register 0 to registeand only
requires the opcod&he LADDI instruction adds a small integer value the regitdihe signed byte (-128 to 127
following the opcode is converted to a long integer and added to relgigtke LADD,nn instruction is most
general, but theADDOandLADDI,bb instructions are more effent for many common operations.

Register nn
LSET,nn
LADD,nn
LSUB,nn
LMUL,nn
LDIV,nn
LCMP,nn
LUDIV,nn
LUCMP,nn
LTST,nn

Register 0 Immediate value Description

LSETO LSETI,bb Set

LADDO LADDI,bb Add

LSUBO LSUBI,bb Subtract

LMULO LMULI,bb Multiply

LDIVO LDIVI,bb Divide

LCMPO LCMPI,bb Compare

LUDIVO LUDIVI,bb Unsigned Divide
LUCMPO LUCMPI,bb Unsigned Compare
LTSTO LTSTI,bb Test Bits

Loading Long Integer V alues
The following instructions are used to load data from the microprocessor and store it on the uM-FPU as 32

integer values.

LWRITE,nn,b1,b2,b3,b4
LWRITEA,b1,b2,b3,b4
LWRITEX,b1,b2,b3,b4
LWRITEO,b1,b2,b3,b4
WRBLK, tc, t1Etn
ATOL,aaE00
LONGBYTE,bb
LONGUBYTE,bb
LONGWORD,b1,b2
LONGUWORD,b1,b2
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Write 32-bit long integer value to reg[nn]

Write 32-bit long integer value to reg[A]

Write 32-bit long integer value to reg[X]

Write 32-bit long integer value to reg[0]

Write multiple 32-bit values

Convert ASCII string to long integer value and store in reg[0]
Convert signed byte to long integer and store in reg[0]

Convert unsigned byte to long integer and store in reg[0]
Convert signed 16-bit value to long integer and store in reg[0]
Convert unsigned 16-bit value to long integer and store in reg[0]
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Reading Long Integer V alues
The following instructions are used to read long integer values from the uM-FPU.

LREAD,nn [b1,b2,b3,b4] Returns 32-bit long integer value from reg[nn]

LREADA [b1,b2,b3,b4] Returns 32-bit long integer value from reg[A]

LREADX [b1,b2,b3,b4] Returns 32-bit long integer value from reg[X]

LREADO [b1,b2,b3,b4] Returns 32-bit long integer value from reg[0]

RDBLK,tc [t1Etn] Read multiple 32-bit values

LREADBYTE [b1] Returns 8-bit byte from reg[A]

LREADWORD [b1,b2] Returns 16-bit value from reg[A]

LTOA,bb Convert long integer to ASCII string (use READSTRo read string)

Additional Long Integer Instructions

LSTATUS,nn LNEG LNOT LSHIFT,nn
LSTATUSA LABS LAND,nn LMIN,nn
LCMP2,nn,mm LINC,nn LOR,nn LMAX,nn
LUCMP2,nn,mm LDEC,nn LXOR,nn
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RESET

NOP
SELECTA,nn
SELECTX,nn
CLR,nn
CLRA

CLRX
COPY,mm,nn
COPYO,nn

General Purpose Instructions

COPYI,bb,nn LOADIND,nn SYNC
COPYA,nn SAVEIND,nn READSTATUS
COPYX,nn INDA READSTR
LOAD,nn INDX VERSION
LOADA SWAP,nn,mm IEEEMODE
LOADX SWAPA,nn PICMODE
ALOADX LEFT CHECKSUM
XSAVE,nn RIGHT READVAR,bb
XSAVEA SETOUT,bb SETSTATUS,bb

Special Purpose Instructions

Stored Function Instructions

FCALL,fn
EECALL,fn

RET

RET,cc

BRA,bb

BRA,cc,bb
JMP,b1,b2
JMP,cc,bl,b2
GOTO,nn
TABLE,tc,t1Etn
FTABLE,cc,tc,t1Etn
LTABLE,cc,tc,t1Etn
POLY,tc,t1Etn

Call Flash user-debned function

Call EPROM user-debned function

Return from user-debned function

Conditional return from user-debned function
Unconditional branch inside user-debned function
Conditional branch inside user-debned function
Unconditional jump inside user-debned function
Conditional jump inside user-debned function
Computed goto

Table lookup

Floating point reverse table lookup

Long integer reverse table lookup

N order polynomial

Analog to Digital Conversion Instructions

ADCMODE,bb
ADCTRIG
ADCSCALE,bb
ADCLONG,bb
ADCLOAD,bb
ADCWAIT

Timer Instructions

TIMESET
TIMELONG
TICKLONG

EEPROM Instructions

EESAVE,mm,nn
EESAVEA,nn
EELOAD,mm,nn
EELOADA,NN
EEWRITE,nn,bc,bl..bn

Micromega Corporation

Select A/D trigger mode

Manual A/D trigger

Set A/D Roating point scale factor
Get raw long integer A/D reading
Get scaled 3oating point A/D reading
Wait for A/D conversion to complete

Set timers
Get time in seconds
Get time in milliseconds

Save reg[nn] value to EEPROM
Save reg[A] to EEPROM

Load reg[nn] with EEPROM value
Load reg[A] with EEPROM value
Write byte string to EEPROM

8 uM-FPU V3.1 Instruction Set



External Input Instructions

EXTSET
EXTLONG
EXTWAIT

STRSET,aaE00
STRSEL,bb,bb
STRINC
STRDEC
STRINS,aaE00
STRBYTE
STRCMP,aaE00
STRFIND,aaE00
STRFCHR,aaE00
STRFIELD,bb
STRTOF
STRTOL
FTOA,bb
LTOA,bb
READSTR
READSEL

Serial Input/Output

SEROUT,bb
SEROUT,bb,bd

SEROUT,bb,aaE00

SERIN,bb

Debugging Instructions

BREAK
TRACEOFF
TRACEON
TRACESTR,aaE00
TRACEREG,nn

Micromega Corporation

Set external input counter
Get external input counter
Wait for next external input pulse

String Manipulation Instructions

Copy string to string buffer

Set string selection point

Increment string selection point
Decrement string selection point
Insert string at selection point

Insert byte at selection point

Compare string with string selection
Find string

Set Peld delimiters

Find Peld

Convert string selection to Roating point
Convert string selection to long integer
Convert Roating point value to string
Convert long integer value to string
Read entire string buffer

Read string selection

Serial Output
Serial Output
Serial Output
Serial Input

Debug breakpoint

Turn debug trace off

Turn debug trace on

Display string in debug trace

Display contents of register in debug trace
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Test Conditions

Several of the stored function instructions use a test conditionThgdest condition is an 8-bit byte that deb
the expected state of the internal status yte.upper nibble is used as a mask to determine which status bits
check A status bit will only be checked if the corresponding mask bit is sefftoellower nibble specés the
expected value for each of the corresponding status bits in the internal statAstégteondition is considered ta
be true if all of the masked test bits have the same value as the corresponding bits in the internal stdtascsby
are two special case@x60 evaluates as greater than or equal,G@® evaluates as less than or equal.

Bt 7 6 5432 10

| Mask

[1[n]s]z]

Bits 7:4 Mask bits

Bit 7
Bit 6
Bit 5
Bit 4

Mask bit for Inmity
Mask bit for NaN
Mask bit for Sign
Mask bit for Zero

Bits 3:0 Test bits
Expected state of Imiity status bit
Expected state of NaN status bit
Expected state of Sign status bit
Expected state of Zero status bit

Bit 3
Bit 2
Bit 1
Bit 0

The uM-FPUV3 IDE assembler has built-in symbols for the most common test condifioeg.are as follows:

Assembler Symbol
Z
EQ
NZ
NE
LT
LE
GT
GE
Pz
MZ
INF
FIN
PINF
MINF
NAN
TRUE
FALSE

Micromega Corporation

Test Condition
0x51
0x51
0x50
0x50
0x72
0x62
0x70
0x60
0x71
0x73
0xC8
0xCO
OxES8
OxEA
0x44
0x00
OxFF

Description

Zero

Equal

Not Zero

Not Equal

LessThan

LessThan or Equal
GreaterfThan
GreaterThan or Equal
Positive Zero
Negative Zero
InPnity

Finite

Positive Inmmity
Minus innity
Not-a-Number (NaN)
True

False
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uM-FPU V3.1 Instruction Reference

ACOS
Opcode:

Description:

Special Cases:

Arc Cosine
4B

reg[A] = acos(reg[A])
Calculates the arc cosine (inverse cosine) of an angle in the range 0.0 thrdumghipitial value

is contained in registey, and the result is stored in register

¥ if reg[A] is NaN or its absolute value is greater than 1, then the result is NaN

ADCLOAD Load scaled A/D value

Opcode: D5 nn where: nn is theA/D channel number

Description: reg[0] = float(ADCchannel[nn]) * ADCscale[nn])
Wait until theA/D conversion is complete, then load register 0 with the reading from channe
of theA/D converterThe 12-bit value is converted t@&ing point, multiplied by a scale value,
and stored in register The instruction budér should be empty when this instruction is executt
If there are other instructions in the instructionférifor another instruction is sent before the
ADCLOADNstruction has been completed, the wait will terminate and the previous value fo
selected channel will be used.

ADCLONG Load raw A/D value

Opcode: D4 nn where: nn is theA/D channel number

Description: reg[0] = ADCchannel[nn], status = longstatus(reg[0])
Wait until theA/D conversion is complete, then load register 0 with the reading from chamne
of theA/D converterThe 12-bit value is converted to a long integer and stored in regidike O.
instruction bufer should be empty when this instruction is executed. If there are other instrL
in the instruction budér, or another instruction is sent before ARCLONG@struction has been
completed, the wait will terminate and the previous value for the selected channel will be u

ADCMODE Set ADC trigger mode

Opcode: D1 nn where: nn is the trigger mode

Description: Set the trigger mode of th¢D converterThe valuenn is interpreted as follows:

Bt 7 6 54 3 2 10
[ Trigger | Repeat |

Bits 7:4 Trigger Type
0 - disabléA/D conversions
1 - manual trigger
2 - external input trigger
3 - timer triggerthe value in register O spee#bthe period in microseconds
(the minimum period is 100 microseconds)
Bits 3:0 Repeat Count
The number of samples taken for each trigger is equal to the repeat count plus
(e.g. a value of 0 will result in one sample per trigger)
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Examples:

ADCMODE,0x10 set manual trigger with 1 sample per trigger
ADCMODE,0x24 set external trigger with 5 samples per trigger

LOADWORD,1000 set timer trigger every 1000 usec, with 1 sample per trigger
ADCMODE,0x30

ADCMODE,0 disableA/D conversions

ADCSCALE Set scale multiplier for ADC

Opcode: D3 nn where: nn is theA/D channel number

Description: ADCscale[nn] = reg][0]
Set the scale value for channel nn to treatihg point value in register The scale value for all
channels is set to 1.0 at device reset or wheABeMODHBode is set to disablgdD
conversions.

ADCTRIG Trigger an A/D conversion

Opcode: D2

Description: Trigger anA/D conversion. If a conversion is already in progress the trigger is ignidnisdis
normally used only when th®DCMODIs set for manual trigger

ADCWAIT Wait for next A/D sample

Opcode: D6

Description: Wait until the nexA/D sample is readyWhenADCMODIS set for manual triggethis instruction
can be used to wait until the conversion started by th&ARSITRIGis done ADCLONGnNd
ADCLOAutomatically wait until the next sample is reatithe ADCMODE set for timer
trigger or external input triggethis instruction will wait until the next full conversion is
completedThe instruction budér should be empty when this instruction is executed. If there :
other instructions in the instruction ferf or another instruction is sent before &2CWAIT
instruction has completed, the wait will terminate.

ALOADX Load register A from register X

Opcode: 0D

Description: regl[A] =reg[X], X=X+1

Special Cases:

Set registeA to the value of register X, and increment X to select the next register in seque

¥ the X register will not increment past the maximum register value of 127

ASIN
Opcode:

Description:

Arc Sine
4A

reg[A] = asin(reg[A])
Calculates the arc sine (inverse sine) of an angle in the range of Bpi/2 throughepifttial
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Special Cases:

value is contained in registAr and the result is stored in register

¥ if reg[A] is NaN or its absolute value is greater than 1, then the result is NaN
¥ if reg[A] is 0.0, then the resultis a 0.0
¥ if reg[A] is DO0.0, then the result is 0.0

ATAN
Opcode:

Description:

Special Cases:

Arc Tangent
4C

reg[A] = atan(reg[A])
Calculates the arc tangent (inverse tangent) of an angle in the range of Bpi/2 throUdje pi/2.
initial value is contained in regist&r and the result is stored in register

¥ if reg[A] is NaN, then the result is NaN
¥ if reg[A] is 0.0, then the result is a 0.0
¥ if reg[A] is D0.0, then the result is 0.0

ATAN2
Opcode:

Description:

Special Cases:

Arc Tangent (two arguments)
4D nn where: nn is a register number

reg[A] = atan(reg[A] / reg[nn])

Calculates the arc tangent of an angle in the range of Ppi/2 througrhgifaitial value is
determined by dividing the value in registeby the value in registem, and the result in
returned in registek. This instruction is used to convert rectangular coordinates (reg[A], reg
to polar coordinates,(theta).The value of theta is returned in regigker

¥ if reg[A] or reg[nn] is NaN, then the result is NaN

¥ if reg[A] is 0.0 and reg[nn] > 0, then the result is 0.0

¥ if reg[A] > 0 and hite, and reg[nn] is +inf, then the result is 0.0
¥ if reg[A] is 0.0 and reg[nn] > 0, then the result is B0.0

¥ if reg[A] < 0 and hite, and reg[nn] is +inf, then the result is 0.0
¥ if reg[A] is 0.0 and reg[nn] < 0O, then the result is pi

¥ if reg[A] > 0 and hite, and reg[nn] is Dinf, then the result is pi
¥ if reg[A] is 0.0, and reg[nn] < 0, then the result is Bpi

¥ if reg[A] < 0 and hite, and reg[nn] is Binf, then the result is Dpi
¥ if reg[A] > 0, and reg[nn] is 0.0 or D0.0, then the result is pi/2
¥ if reg[A] is +inf, and reg[nn] isriite, then the result is pi/2

¥ if reg[A] < 0, and reg[nn] is 0.0 or BO0.0, then the result is Bpi/2
¥ if reg[A] is Binf, and reg[nn] imite, then the result is Bpi/2

¥ if reg[A] is +inf, and reg[nn] is +inf, then the result is pi/4

¥ if reg[A] is +inf, and reg[nn] is Dinf, then the result is 3*pi/4

¥ if reg[A] is Binf, and reg[nn] is +inf, then the result is Dpi/4

¥ if reg[A] is Binf, and reg[nn] is Dinf, then the result is BD3*pi/4

ATOF
Opcode:

Description:

Convert ASCII string to 3 oating point
1E aaE00 where: aaEO00 is a zero-terminate8iSCII string

Converts a zero terminat&&CllI string to a 32-bit Bating point number and stores the result
register OThe string to convert is sent immediately following the opcdte.string can be
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normal number format (e.g. 1.56, -0.5) or exponential format (e.g. 10E6). Conversion will :
the Bst invalid charactebut data will continue to be read until a zero terminator is encounte

Examples: 1E 32 2E 3534 00 (string 2.54) stores the value 2.54 in register 0
1E 31 46 33 00 (string 1E3) stores the value 1000.0 in register 0

ATOL Convert ASCII string to long integer

Opcode: 9A aakE00 where: aa...00 is a zero-terminateddSCII string

Description: Converts a zero terminat@@&CllI string to a 32-bit long integer and stores the result in registi
The string to convert is sent immediately following the opcode. Conversion will stop asthe
invalid characterbut data will continue to be read until a zero terminator is encountered.

Examples: 9A 3530 30 303030 00 (string 500000)stores the value 500000 in register O
9A 2D 35 00 (string -5) stores the value -5 in register 0

BRA Unconditional branch

Opcode: 81 bb where: bb is the relative address in bytes (-128 to +127)

Description: This instruction is only valid in a usdemed function in Flash memory or EEPROM memory
Function execution will continue at the address determined by adding the signed byte valu
address of the byte immediately following the instruction. It has a range of -128 to 12T hwgte
JMPinstruction can be used for addresses that are outside this range. If the new address i
the address range of the function, a function return occurs.

BRA,cc Conditional branch

Opcode: 82 cc, bb where: cc is the test condition

bb is the relative address in bytes (-128 to +127)

Description: This instruction is only valid in a usdemed function in Flash memory or EEPROM memdiry
the test condition is true, then function execution will continue at the address determined b
adding the signed byte value to the address of the byte immediately following the instructic
has a range of -128 to 127 byt€he JMPinstruction can be used for addresses that are outsi
this range. If the new address is outside the address range of the function, a function retur

BREAK Debug breakpoint

Opcode: F7

Description: Used in conjunction with the built-in debuggéithe debugger is enabled, a breakpoint occurs
the debug monitor is entered. If debug mode is not selected, this instruction is ignored.

CEIL Ceiling

Opcode: 52

Description: reg[A] = ceil(reg[A])
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Calculates the dating point value equal to the nearest integer that is greater than or equal t
Boating point value in registér. The result is stored in registér
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Special Cases:

¥ if is NaN, then the result is NaN

¥ if reg[A] is +inkmity or -inknity, then the result is +imidty or -infnity

¥ if reg[A] is 0.0 or B0.0, then the result is 0.0 or B0.0

¥ if reg[A] is less than zero but greater than 1.0, then the result is 0.0

CHECKSUM  Calculate checksum for uM-FPU code

Opcode: F6

Description: A checksum is calculated for the uM-FPU code and-disbred functions stored in Flasfhe
checksum value is stored in registeifBis can be used as a diagnostic test for ooy the
state of a uM-FPU chip.

CLR Clear register

Opcode: 03 nn where: nn is a register number

Description: reg[nn] = 0, status = longstatus(reg[nn])
Set the value of registen to zero.

CLRO Clear register 0

Opcode: 06

Description: reg[0] = 0, status = longstatus(reg[0])
Set the value of register 0 to zero.

CLRA Clear register A

Opcode: 04

Description: reg[A] = 0O, status = longstatus(reg[A])
Set the value of registérto zero.

CLRX Clear register X

Opcode: 05

Description: reg[X] = 0, status = longstatus(reg[X]), X = X + 1

Special Cases:

Set the value of registérto zero, and increment X to select the next register in sequence.

¥ the X register will not increment past the maximum register value of 127

COPY Copy registers
Opcode: 07 mm nn where: mmandnn are register numbers
Description: reg[nn] = reg[mm], status = longstatus(reg[nn])

The value of registanmis copied to registein.
COPYA Copy register A
Opcode: 08 nn where: nn is a register number
Description: reg[nn] = reg[A], status = longstatus(reg[A])

Set registenn to the value of registé.
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COPYO

Copy register 0

Opcode: 10 nn where: nn is a register number
Description: reg[nn] = reg[0], status = longstatus(reg[0])
Set registenn to the value of register 0.
COPYI Copy Immediate value
Opcode: 11 bb nn where: bb is an unsigned byte value (0 to 255)
nn is a register number
Description: reg[nn] = long(unsigned bb), status = longstatus(reg[nn])
The 8-bit unsigned value is converted to a long integer and stored in register nn.
COPYX Copy register X
Opcode: 09 nn where: nn is a register number
Description: reg[nn] = reg[X], status = longstatus(reg[nn]), X = X + 1

Special Cases:

Set registenn to the value of register X, and increment X to select the next register in sequ

¥ the X register will not increment past the maximum register value of 127

COSs
Opcode:

Description:

Special Cases:

Cosine
48

reg[A] = cosine(reg[A])
Calculates the cosine of the angle (in radians) in registerd stores the result in regisfer

¥ if reg[A] is NaN or an inity, then the result is NaN

DEGREES
Opcode:

Description:

Special Cases:

Convert radians to degrees
4E

The (bating point value in registéris converted from radians to degrees and the result is st
in registerA.

¥ if reg[A] is NaN, then the result is NaN

EECALL
Opcode:

Description:

Special Cases:

Call EEPROM memory user deb ned function
7F fn where: fn is the function number

The user detred functiomn, stored in EEPROM memarig executed. Up to 16 levels of nesti
is supported for function callsSThe EEPROM functions can be stored at run-time using the
EEWRITEinstruction.

If the selected user function is not deld, register O is set to NaN, and execution continues.
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EELOAD Load register nn with value from EEPROM
Opcode: DC nnee where: nn is a register number
ee is the EEPROM address slot.
Description: reg[nn] = EEPROM][ee], status = longstatus(reg[nn])
Registemn is set to the value in EEPROM at the address slot sgeb&ijee . EEPROM address
slots are 4 bytes in length (32-bits).
EELOADA Load register A with value from EEPROM
Opcode: DD ee where: ee is the EEPROM address slot
Description: reg[A] = EEPROM][eg], status = longstatus(reg[A])
RegisterA is set to the value in EEPROM at the address slot spettiyee . EEPROM address
slots are 4 bytes in length (32-bits).
EESAVE Save register nn to EEPROM
Opcode: DA nn ee where: nn is a register number
ee is the EEPROM address slot
Description: EEPROM][ee] = reg[nn]
The value in register nn is stored in EEPROM at the address slotepégiée. EEPROM
address slots are 4 bytes in length (32-bits).
EESAVEA Save register A to EEPROM
Opcode: DB ee where: ee is the EEPROM address slot
Description: EEPROM][ee] = reg[A]
The value in registek is stored in EEPROM at the address slot spetityee. EEPROM
address slots are 4 bytes in length (32-bits).
EEWRITE Write bytes to EEPROM
Opcode: DE ee bc bb...bb
where: ee is the EEPROM address slot
bc is the number of bytes
bb...bb is a string of bytes
Description: Bytes are stored sequentially in EEPROM starting at the EEPROM]|ee] addreSheslotimber
of bytes specied bybc are copied to the EEPROM starting at addresseslofddress slots are
bytes in length (32-bits). Consecutive address slots are used to store thedspanibber of bytes
This instruction can be used to store multiple values to the EEPROM address slots or to
dynamically store a uselened function.
EXP The value e raised to a power
Opcode: 45
Description: reg[A] = exp(reg[A])

Special Cases:
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Calculates the value of e (2.7182818) raised to the power ob#tsg point value in registé.
The result is stored in registér

¥ if reg[A] is NaN, then the result is NaN
¥ if reg[A] is +infmity or greater than 88, then the result is iityp
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¥ if reg[A] is Binhity or less than -88, then the result is 0.0

EXP10
Opcode:

Description:

Special Cases:

The value 10 raised to a power
46

reg[A] = expl0(reg[A])
Calculates the value of 10 raised to the power of taifg point value in registér. The result is
stored inA.

¥ if reg[A] is NaN, then the result is NaN
¥ if reg[A] is +inkmity or greater than 38, then the result is iityp
¥ if reg[A] is Binhity or less than -38, then the result is 0.0

EXTLONG Load value of external input counter

Opcode: El

Description: reg[0] = external input count, status = longstatus(reg[0])
Load register 0 with the external input count.

EXTSET Set value of external input counter

Opcode: EO

Description: external input count = reg[0]
The external input count is set to the value in register 0. If the value is -1 (OXFFFFFFFF) th
external input counter is disabled.

EXTWAIT Wait for next external input pulse

Opcode: E2

Description: Wait for the next external input to occlihe instruction buér should be empty when this
instruction is executed. If there are other instructions in the instructifer,bufanother
instruction is sent before tlEXTWAITinstruction has completed, the wait will terminate.

FABS Floating point absolute value

Opcode: 3F

Description: reg[A] = | reg[A] |

Special Cases:

Sets the Bating value in registek to the absolute value.

¥ if reg[A] is NaN, then the result is NaN

FADD
Opcode:

Description:

Special Cases:
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Floating point add

21 nn where: nn is a register number

reg[A] = reg[A] + reg[nn]
The pating point value in registan is added to thedating point value in registér and the

result is stored in registér.

¥ if either value is NaN, then the result is NaN
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¥ if one value is +imiity and the other is Dinfy, then the result is NaN
¥ if one value is +iniity and the other is not Binity, then the result is +inaty
¥ if one value is -inaty and the other is not +imity, then the result is -inity

FADDO
Opcode:

Description:

Special Cases:

Floating point add register 0
2A

reg[A] = reg[A] + reg[0]
The bating point value in register 0 is added to tbatihg point value in registér and the resul
is stored in registék.

¥ if either value is NaN, then the result is NaN

¥ if one value is +infity and the other is Dinfty, then the result is NaN

¥ if one value is +infity and the other is not Dinity, then the result is +intity
¥ if one value is -intaty and the other is not +imiity, then the result is -intity

FADDI
Opcode:

Description:

Special Cases:

Floating point add immediate value
33 bb where: bb is a signed byte value (-128 to 127)

reg[A] = reg[A] + [Roat(bb)
The signed byte value is converted tmfing point and added to the value in regidtend the
result is stored in registér.

¥ if reg[A] is NaN, then the result is NaN
¥ if reg[A] is +inkity, then the result is +imiity
¥ if reg[A] is -inmity, then the result is -irity

FCALL
Opcode:

Description:

Special Cases:

Call Flash memory user deb ned function
7E fn where: fn is the function number

The user deired functiomn, stored in Flash memarig executed. Up to 16 levels of nesting is
supported for function callsThe uM-FPU IDE provides support for programming usemeep

functions in Flash memory using the serial debug monitor (see datasheet).

If the selected user function is not deld, register 0 is set to NaN, and execution continues.

FCMP
Opcode:

Description:

Floating point compare
28 nn where: nn is a register number

status = compare(reg[A] - reg[nn])

Compares thediating point value in registér with the value in registam and sets the internal

status byteThe status byte can be read with the REABBIS instruction. It is set as follows:
Bit 7 6 54 3 210

L-1-[-1-IN[s[z]

Bit2  Not-a-Number Set if either value is not a valid number
Bit1  Sign Set if reg[A] < reg[nn]

Bit0  Zero Set if reg[A] = reg[nn]

If neither Bit 0 or Bit 1 is set, reg[A] > reg[nn]
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FCMPO Floating point compare register 0
Opcode: 31
Description: status = compare(reg[A] - reg[0])
Compares thedating point value in registér with the value in register 0 and sets the internal
status byteThe status byte can be read with the REABBTS instruction. It is set as follows:
Bit 7 6 54 3 2 10
LT T-IN[s[7]
Bit2  Not-a-Number Set if either value is not a valid number
Bitl  Sign Set if reg[A] < reg[0]
Bit0O Zero Set if reg[A] = reg[0]
If neither Bit O or Bit 1 is set, reg[A] > reg[0]
FCMP2 Floating point compare
Opcode: 3D nn mm where: nn and mm are register numbers
Description: status = compare(reg[nn] - reg[mm])
Compares thediating point value in regist&in with the value in register mm and sets the inte
status byteThe status byte can be read with the REABBIS instruction. It is set as follows:
Bt 7 6 5 4 3 2 10
CL - INs[Z]
Bit2  Not-a-Number Set if either value is not a valid number
Bitl1  Sign Set if reg[mm] < reg[nn]
Bit0  Zero Set if reg[mm] = reg[nn]
If neither Bit O or Bit 1 is set, reg[mm] > reg[nn]
FCMPI Floating point compare immediate value
Opcode: 3A bb where: bb is a signed byte value (-128 to 127)
Description: status = compare(reg[A] - Roat(bb))
The signed byte value is converted tmfing point and compared to thedting point value in
registerA. The status byte can be read with the REABBTS instruction. It is set as follows:
Bit 7 6 54 3 210
[T IN[s[Z]
Bit2  Not-a-Number Set if either value is not a valid number
Bitl  Sign Set if reg[A] < Pat(bb)
Bit0  Zero Set if reg[A] = bat(bb)
If neither Bit 0 or Bit 1 is set, reg[A] >dat(bb)
FCNV Floating point conversion
Opcode: 56 bb where: bb is an unsigned byte value (0 to 255)
Description: reg[A] = the converted value of reg[A]

Convert the value in registérusing the conversion speeitbby the bytéb and store the result
registerA. The conversions are as follows:

0 Fahrenheit to Celsius
1 Celsius to Fahrenheit
2 inches to millimeters
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3 millimeters to inches
4 inches to centimeters
5 centimeters to inches
6 inches to meters

7 meters to inches

8 feet to meters

9 meters to feet

10 yards to meters

11 meters to yards

12 miles to kilometers

13 kilometers to miles

14 nautical miles to meters

15 meters to nautical miles

16 acres to metets

17 meters to acres

18 ounces to grams

19 grams to ounces

20 pounds to kilograms

21 kilograms to pounds

22 US gallons to liters

23 liters to US gallons

24 UK gallons to liters

25 liters to UK gallons

26 US fuid ounces to milliliters
27 milliliters to US id ounces
28 UK Buid ounces to milliliters
29 milliliters to UK Ruid ounces
30 calories to Joules

31 Joules to calories

32 horsepower to watts

33 watts to horsepower

34 atmospheres to kilopascals
35 kilopascals to atmospheres
36 mmHg to kilopascals

37 kilopascals to mmHg

38 degrees to radians

39 radians to degrees

Special Cases: ¥ if the byte value bb is greater than 39, the value of regis$aunchanged.

FDIV Floating point divide
Opcode: 25nn where: nn is a register number

Description: reg[A] = reg[A] / reg[nn]
The bating point value in registéris divided by the 8ating point value in registein and the

result is stored in registér.

Special Cases: ¥ if either value is NaN, then the result is NaN
¥ if both values are zero or both values areityfthen the result is NaN
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¥ if reg[nn] is zero and reg[A] is not zero, then the result isitpp
¥ if reg[nn] is inkity, then the result is zero

FDIVO
Opcode:

Description:

Special Cases:

Floating point divide by register O
2E

reg[A] = reg[A] / reg[0]
The oating point value in registéris divided by the 8ating point value in register 0 and the
result is stored in registar.

¥ if either value is NaN, then the result is NaN

¥ if both values are zero or both values areitgfthen the result is NaN
¥ if reg[0] is zero and reg[A] is not zero, then the result isiipp

¥ if reg[0] is inmity, then the result is zero

FDIVI
Opcode:

Description:

Special Cases:

Floating point divide by immediate value
37 bb where: bb is a signed byte value (-128 to 127)

reg[A] = reg[A] / Roat(bb)
The signed byte value is converted tmfing point and the value in registers divided by the
converted value and the result is stored in reghster

¥ if reg[A] is NaN, then the result is NaN
¥ if both values are zero, then the result is NaN
¥ if the value bb is zero and reg[A] is not zero, then the resultrigynb

FDIVR
Opcode:

Description:

Special Cases:

Floating point divide (reversed)
26 nn where: nn is a register number

reg[A] = reg[nn] / reg[A]
The bating point value in registen is divided by the 8ating point value in registér and the
result is stored in registar.

¥ if either value is NaN, then the result is NaN

¥ if both values are zero or both values araitgfthen the result is NaN
¥ if reg[A] is zero and reg[nn] is not zero, then the result sitpp

¥ if reg[A] is inmmity, then the result is zero

FDIVRO
Opcode:

Description:

Special Cases:

Floating point divide register 0 (reversed)
2F

reg[A] = reg[0] / reg[A]
The [pating point value in register 0 is divided by thaafing point value in registérand the
result is stored in registér.

¥ if either value is NaN, then the result is NaN

¥ if both values are zero or both values areitgfthen the result is NaN
¥ if reg[A] is zero and reg[Q] is not zero, then the result isiipp

¥ if reg[A] is inknity, then the result is zero
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FDIVRI
Opcode:

Description:

Special Cases:

Floating point divide by immediate value (reversed)
38 bb where: bb is a signed byte value (-128 to 127)

reg[A] = Roat(bb) / reg[A]
The signed byte value is converted tmafing point and divided by the value in regigtefThe
result is stored in registar.

¥ if reg[A] is NaN, then the result is NaN
¥ if both values are zero, then the result is NaN
¥ if the value reg[A] is zero an@&(bb) is not zero, then the result isnitip

FFT Fast Fourier T ransform
Opcode: 6F bb where: bb speciles the type of operation
Description: The type of operation is speeitbas follows:
0 brst stage
1 next stage
2 next level
3 next block
+4 pre-processing bit reverse sort
+8 pre-processing for inverse FFT
+16 post-processing for inverse FFT
The data for th&FT instruction is stored in matr as a Nx2 matrix, where N must be a powe
of two. The data points are speeitbas complex numbers, with the real part stored inrte b
column and the imaginary part stored in the second column. If all data points can be store(
matrix (maximum of 64 points if all 128 registers are used), the Fast Fotaiesform can be
calculated with a single instruction. If more data points are required thart wilthe matrix, the
calculation must be done in blockhe algorithm iteratively writes the next block of data,
executes th&FT instruction for the appropriate stage of the E&lculation, and reads the data
back to the microcontrolleThis proceeds in stages until all data points have been processe:
application notes for more details.
FINV Floating point inverse
Opcode: 40
Description: reg[A] = 1/ reg[A]

Special Cases:

The inverse of thediting point value in registéris stored in registeX.

¥ if reg[A] is NaN, then the result is NaN
¥ if reg[A] is zero, then the result is ity
¥ if reg[A] is inmity, then the result is zero

FIX
Opcode:

Description:

Convert 3 oating point to long integer
61

reg[A] = Px(reg[A])
Converts the 8ating point value in registérto a long integer value.
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Special Cases:

¥ if reg[A] is NaN, then the result is zero

¥ if reg[A] is +inknity or greater than the maximum signed long intetlen the result is the
maximum signed long integer (decimal: 2147483647, hex: $7FFFFFFF)

¥ if reg[A] is Binhity or less than the minimum signed long integfeen the result is the
minimum signed long integer (decimal: -2147483648, hex: $80000000)

FIXR
Opcode:

Description:

Special Cases:

Convert 3 oating point to long integer with rounding
62

reg[A] = bx(round(reg[A]))
Converts the &ating point value in registérto a long integer value with rounding.

¥ if reg[A] is NaN, then the result is zero

¥ if reg[A] is +inknity or greater than the maximum signed long intetlen the result is the
maximum signed long integer (decimal: 2147483647, hex: $7FFFFFFF)

¥ if reg[A] is Dinhity or less than the minimum signed long integieen the result is the
minimum signed long integer (decimal: -2147483648, hex: $80000000)

FLOAT Convert long integer to 3  oating point
Opcode: 60
Description: reg[A] = Roat(reg[A])
Converts the long integer value in regigtdo a [bating point value.
FLOOR Floor
Opcode: 51
Description: reg[A] = Roor(reg[A])

Special Cases:

Calculates the ¢ating point value equal to the nearest integer that is less than or equal to tt
Boating point value in registé. The result is stored in registér

¥ if reg[A] is NaN, then the result is NaN
¥ if reg[A] is +inmity or -inbnity, then the result is +intity or -infnity
¥ if reg[A] is 0.0 or B0.0, then the result is 0.0 or 0.0

FMAC
Opcode:

Description:

Special Cases:

Multiply and add to accumulator
57 nn mm where: nn andmmare a register numbers

reg[A] = reg[A] + (reg[nn] * reg[mm])
The (bating point value in registen is multiplied by the value in register mm and the result i
added to registek.

¥ if either value is NaN, or one value is zero and the otherngynthen the result is NaN
¥ if either values is inity and the other is nonzero, then the result isityPb

FMAX
Opcode:

Description:

Floating point maximum
55 nn where: nn is a register number

reg[A] = max(reg[A], reg[nn])
The maximum Bating point value of registefsand registenn is stored in registek.
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Special Cases:

¥ if either value is NaN, then the result is NaN

FMIN
Opcode:

Description:

Special Cases:

Floating point minimum
54 nn where: nn is a register number

reg[A] = min(reg[A], reg[nn])
The minimum @ating point value of registefsand registenn is stored in registek.

¥ if either value is NaN, then the result is NaN

FMOD Floating point remainder

Opcode: 50 nn where: nn is a register number

Description: reg[A] = remainder of reg[A] / (reg[nn]
The bating point remainder of theoBting point value in registér divided by registenn is
stored in registeh.

FMSC Multiply and subtract from accumulator

Opcode: 58 nn mm where: nn andmmare a register numbers

Description: reg[A] = reg[A] - (reg[nn] * reg[mm])

Special Cases:

The fdating point value in registen is multiplied by the value in register mm and the result |
subtracted from registé.

¥ if either value is NaN, or one value is zero and the otherngynthen the result is NaN
¥ if either values is inity and the other is nonzero, then the result isityp

FMUL
Opcode:

Description:

Special Cases:

Floating point multiply
24 nn where: nn is a register number

reg[A] = reg[A] * reg[nn]
The fdating point value in registéris multiplied by the value in registan and the result is
stored in registeA.

¥ if either value is NaN, or one value is zero and the otherngynthen the result is NaN
¥ if either values is iniity and the other is nonzero, then the result isityp

FMULO
Opcode:

Description:

Special Cases:

Floating point multiply by register 0
2D

reg[A] = reg[A] * reg[0]
The bating point value in register 0 is multiplied by the value in registesind the result is
stored in registeA.

¥ if either value is NaN, or one value is zero and the otherngynthen the result is NaN
¥ if either values is infity and the other is nonzero, then the result isityP

Micromega Corporation 25 uM-FPU V3.1 Instruction Set



FMULI Floating point multiply by immediate value
Opcode: 36 bb where: bb is a signed byte value (-128 to 127)

Description: reg[A] = reg[A] * Roat[bb]
The signed byte value is converted tmafing point and the value in registers multiplied by the
converted value and the result is stored in reghster

Special Cases: ¥ if reg[A] is NaN, then the result is NaN
¥ if the signed byte is zero and reg[A] isnitiz, then the result is NaN

FNEG Floating point negate
Opcode: 3E

Description: reg[A] = -reg[A]
The negative of thedating point value in registéris stored in registeX.

Special Cases: ¥ if the value is NaN, then the result is NaN

FPOW Floating point power
Opcode: 27 nn where: nn is a register number

Description: reg[A] = reg[A] ** reg[nn]
The bating point value in registéris raised to the power of th@&ing point value in register
nn and stored in registé.

Special Cases: ¥ ifreg[nn] is 0.0 or ©0.0, then the resultis 1.0
¥ if reg[nn] is 1.0, then the result is the same aé tredue
¥ if reg[nn] is NaN, then the result is Nan
¥ if reg[A] is NaN and reg[nn] is nonzero, then the result is NaN
¥ if | reg[A] | > 1 and reg[nn] is +inke, then the result is +imity
¥ if | reg[A] | < 1 and reg[nn] is -inkke, then the result is +imity
¥ if | reg[A] | > 1 and reg[nn] is -inite, then the result is 0.0
¥ if | reg[A] | < 1 and reg[nn] is +inkke, then the result is 0.0
¥ if | reg[A] | = 1 and reg[nn] is inkte, then the result is NaN
¥ if reg[A] is 0.0 and reg[nn] > 0, then the result is 0.0
¥ if reg[A] is +infmity and reg[nn] < 0, then the result is 0.0
¥ if reg[A] is 0.0 and reg[nn] < 0, then the result is #itp
¥ if reg[A] is +inkmity and reg[nn] > 0, then the result is Hnity
¥ if reg[A] is -0.0 and reg[nn] > 0 but not aite odd integerthen the result is 0.0
¥ if the reg[A] is -inkity and reg[nn] < 0 but not anfte odd integerthen the result is 0.0
¥ if reg[A] is -0.0 and the reg[nn] is a positivaite odd integerthen the result is £0.0
¥ if reg[A] is -inmity and reg[nn] is a negativenite odd integerthen the result is 0.0
¥ if reg[A] is -0.0 and reg[nn] < 0 but not aite odd integerthen the result is +intity
¥ if reg[A] is -inity and reg[nn] > 0 but not anite odd integer
then the result is +inity
¥ if reg[A] is -0.0 and reg[nn] is a negativeite odd integerthen the result is Dinfty
¥ if reg[A] is -inmity and reg[nn] is a positivenite odd integer
then the result is Dinfty
¥ if reg[A] < 0 and reg[nn] is anite even integer
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then the result is equal to | reg[A] | to the power of reg[nn]

¥ if reg[A] < 0 and reg[nn] is anite odd integer

then the result is equal to the negative of | reg[A] | to the power of reg[nn]

¥ if reg[A] < 0 and hite and reg[nn] is fite and not an integethen the result is NaN

FPOWO Floating point power by register O
Opcode: 30

Description: reg[A] = reg[A] ** reg[0]
The bating point value in registéris raised to the power of th@&ing point value in register |
and stored in registéy.

Special Cases: ¥ if reg[0] is 0.0 or 0.0, then the result is 1.0
¥ if reg[0] is 1.0, then the result is the same aé tvedue
¥ if reg[0] is NaN, then the result is Nan
¥ if reg[A] is NaN and reg[0] is nonzero, then the result is NaN
¥ if | reg[A] | > 1 and reg[0] is +imite, then the result is +imiy
¥ if | reg[A] | < 1 and reg[0] is -imite, then the result is +imity
¥ if | reg[A] | > 1 and reg|O0] is -imite, then the result is 0.0
¥ if | reg[A] | < 1 and reg[0] is +imite, then the result is 0.0
¥ if | reg[A] | = 1 and reg[0] is imite, then the result is NaN
¥ if reg[A] is 0.0 and reg[0] > 0, then the result is 0.0
¥ if reg[A] is +inmmity and reg[0] < O, then the result is 0.0
¥ if reg[A] is 0.0 and reg[0] < O, then the result is ity
¥ if reg[A] is +inmmity and reg[0] > 0, then the result is +iity
¥ if reg[A] is -0.0 and reg[0] > 0 but not aite odd integerthen the result is 0.0
¥ if the reg[A] is -inkity and reg[0] < 0 but not anite odd integerthen the result is 0.0
¥ if reg[A] is -0.0 and the reg[0] is a positiveite odd integerthen the result is 0.0
¥ if reg[A] is -inmity and reg[0] is a negativenite odd integerthen the result is 0.0
¥ if reg[A] is -0.0 and reg[0] < O but not aite odd integerthen the result is +inity
¥ if reg[A] is -inmity and reg[0] > O but not anfite odd integer
then the result is +intity
¥ if reg[A] is -0.0 and reg[0] is a negativeite odd integerthen the result is Dinky
¥ if reg[A] is -inmity and reg[0] is a positiveriite odd integer
then the result is Dinfty
¥ if reg[A] < 0 and reg]0] is anfite even integer
then the result is equal to | reg[A] | to the power of reg[0]
¥ if reg[A] < 0 and reg][0] is anfite odd integer
then the result is equal to the negative of | reg[A] | to the power of reg[0]
¥ if reg[A] < 0 and hite and reg[0] is lite and not an integethen the result is NaN

FPOWI Floating point power by immediate value
Opcode: 39 bb where: bb is a signed byte value (-128 to 127)

Description: reg[A] = reg[A] ** Roat[bb]

The signed byte value is converted tafing point and the value in registers raised to the
power of the converted valu€he result is stored in registér

Micromega Corporation 27 uM-FPU V3.1 Instruction Set



Special Cases:

¥ if bb is 0, then the resultis 1.0

¥ if bb is 1, then the result is the same aé&thalue

¥ if reg[A] is NaN and bb is nonzero, then the result is NaN

¥ if reg[A] is 0.0 and bb > 0, then the result is 0.0

¥ if reg[A] is +infmity and bb < 0, then the result is 0.0

¥ if reg[A] is 0.0 and bb < 0, then the result is ity

¥ if reg[A] is +inkmity and bb > 0, then the result is +mity

¥ if reg[A] is -0.0 and bb > 0 but not an odd integeen the result is 0.0

¥ if the reg[A] is -inkity and bb < 0 but not an odd integeren the result is 0.0
¥ if reg[A] is -0.0 and bb is a positive odd integleen the result is 0.0

¥ if reg[A] is -inmmity and bb is a negative odd integéren the result is ©0.0

¥ if reg[A] is -0.0 and bb < 0 but not an odd intetfezn the result is +intity

¥ if reg[A] is -inmity and bb > 0 but not an odd integéiren the result is +inity
¥ if reg[A] is -0.0 and bb is a negative odd intetfeen the result is Dinfy

¥ if reg[A] is -inmity and bb is a positive odd integéren the result is Binfy
¥ if reg[A] < 0 and bb is an even integer

then the result is equal to | reg[A] | to the power of bb

¥ if reg[A] < 0 and bb is an odd integer

then the result is equal to the negative of | reg[A] | to the power of bb

FRAC
Opcode:

Description:

Special Cases:

Get fractional part of B oating point value
63

RegisteA is loaded with the fractional part thediing point value in registér. The sign of the
fraction is the same as the sign of the original value.

¥ if registeA is NaN or infity, then the result is NaN

FREAD Read Roating point value

Opcode: 1A nn where: nn is a register number

Returns: b1,b2,b3,b4 where: bl, b2, b3, b4 isdating point value (bl is MSB)

Description: Return 32-bit Roating point value from reg[nn]
The [bating point value of registan is returnedThe four bytes of the 32-bitating point value
must be read immediately following this instruction. If the PIC data format has been selectt
(using thePICMODENstruction), the IEEE 754 formabBting point value is converted to PIC
format before being sent.

FREADO Read Roating point value from register 0

Opcode: 1D

Returns: b1,b2,b3,b4 where: bl, b2, b3, b4 isfating point value (bl is MSB)

Description: Return 32-bit Roating point value from reg[0]

The (bating point value from register 0O is return&€te four bytes of the 32-bitdfating point
value must be read immediately following this instruction. If the PIC data format has been :
(using thePICMODERNstruction), the IEEE 754 formabBting point value is converted to PIC
format before being sent.
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FREADA Read Roating point value from register A

Opcode: 1B

Returns: b1,b2,b3,b4 where: bl, b2, b3, b4 isdating point value (bl is MSB)

Description: Return 32-bit Roating point value from reg[A]
The fdating point value of registér is returnedThe four bytes of the 32-bitdating point value
must be read immediately following this instruction. If the PIC data format has been selectt
(using thePICMODENstruction), the IEEE 754 formabBting point value is converted to PIC
format before being sent.

FREADX Read Roating point value from register X

Opcode: 1C

Returns: b1,b2,b3,b4 where: bl, b2, b3, b4 isating point value (bl is MSB)

Description: Return 32-bit Roating point value from reg[X], X=X + 1
The bating point value from register X is returned, and X is incremented to the next rdgist
four bytes of the 32-bitd&ating point value must be read immediately following this instructio
the PIC data format has been selected (usin@ & ODEnstruction), the IEEE 754 format
Roating point value is converted to PIC format before being sent.

FSET Set register A

Opcode: 20 nn where: nn is a register number

Description: reg[A] = reg[nn]
Set registeA to the value of registem.

FSETO Set register A from register 0

Opcode: 29

Description: reg[A] = reg[0]
Set registeA to the value of register 0.

FSETI Set register from immediate value

Opcode: 32 bb where: bb is a signed byte value (-128 to 127)

Description: reg[A] = Roat(bb)
The signed byte value is converted tmfing point and stored in register

FSPLIT Split integer and fractional portions of §  oating point value

Opcode: 64

Description: reg[A] = integer portion of reg[A], reg[0] = fractional portion of reg[A]

The integer portion of the original value in regigtes stored in registek, and the fractional
portion is stored in register 0. Both values are storedastrg) point values.

Special Cases: ¥ if the original value is NaN or Infty, reg[A] is set to zero and reg[0] is set to NaN
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FSTATUS
Opcode:

Description:

Get Roating point status
3B nn where: nn is a register number

status = Roatstatus(reg[nn])
Set the internal status byte to theaBng point status of the value in register Aime status byte
can be read with the READS&TUS instruction. It is set as follows:
Bt 7 6 54 3 210
(- [-[-[1[N]s]Z]
Bit3  Inbnity Set if the value is an imiity
Bit2  Not-a-Number Set if the value is not a valid number
Bit1  Sign Set if the value is negative
Bit0  Zero Set if the value is zero

FSTATUSA
Opcode:

Description:

Get Boating point status of register A
3C

status = [Rpatstatus(reg[A])
Set the internal status byte to theaing point status of the value in registeThe status byte ce
be read with the READSNTUS instruction. It is set as follows:
Bit 7 6 543 210
[-[-[-[TIN]s]Z]
Bit3  Inbnity Set if the value is an intity
Bit2  Not-a-Number Set if the value is not a valid number
Bitl  Sign Set if the value is negative
Bit0O Zero Set if the value is zero

FSUB
Opcode:

Description:

Special Cases:

Floating point subtract
22 nn where: nn is a register number

reg[A] = reg[A] - reg[nn]
The fdating point value in registen is subtracted from theodting point value in registé.

¥ if either value is NaN, then the result is NaN

¥ if both values are imity and the same sign, then the result is NaN

¥ if reg[A] is +inmity and reg[nn] is not +intity, then the result is +imdity

¥ if reg[A] is -inmity and reg[nn] is not -infity, then the result is -intity

¥ if reg[A] is not an inity and reg[nn] is an infity, then the result is an iniy of the opposite
sign as reg[nn]

FSUBO
Opcode:

Description:

Special Cases:

Floating point subtract register 0
2B

reg[A] = reg[A] - reg[0]
The (bating point value in register 0 is subtracted from th&tiRg point value in registé.

¥ if either value is NaN, then the result is NaN

¥ if both values are imity and the same sign, then the result is NaN
¥ if reg[A] is +inkmity and reg[0] is not +intaty, then the result is +intity
¥ if reg[A] is -inity and reg[0] is not -iniwty, then the result is -iniity

Micromega Corporation 30 uM-FPU V3.1 Instruction Set



¥ if reg[A] is not an inkity and reg[0] is an ininty, then the result is an inity of the opposite
sign as reg[0]

FSUBI
Opcode:

Description:

Special Cases:

Floating point subtract immediate value
34 bb where: bb is a signed byte value (-128 to 127)

reg[A] = reg[A] - Roat[bb]
The signed byte value is converted tmfing point and subtracted from the value in regsster

¥ if reg[A] is NaN, then the result is NaN
¥ if reg[A] is +inmity, then the result is +imiRty
¥ if reg[A] is -inmity, then the result is -irtity

FSUBR
Opcode:

Description:

Special Cases:

Floating point subtract (reversed)
23 nn where: nn is a register number

reg[A] = reg[nn] - reg[A]
The bating point value in registér is subtracted from thedating point value in register nn an
the result is stored in registér

¥ if either value is NaN, then the result is NaN

¥ if both values are imiity and the same sign, then the result is NaN

¥ if reg[nn] is +inlity and reg[A] is not +inhity, then the result is +intity

¥ if reg[nn] is -inlpity and reg[A] is not -inhity, then the result is -inity

¥ if reg[nn] is not an intty and reg[A] is an inbity, then the result is an inly of the opposite
sign as reg[A]

FSUBRO
Opcode:

Description:

Special Cases:

Floating point subtract register O (reversed)
2C

reg[A] = reg[Q] - reg[A]
The fdating point value in registéris subtracted from theoting point value in register 0 and
the result is stored in registér

¥ if either value is NaN, then the result is NaN

¥ if both values are imity and the same sign, then the result is NaN

¥ if reg[nn] is +inlity and reg[0] is not +iniity, then the result is +intity

¥ if reg[nn] is -inkity and reg[A] is not -inphity, then the result is -irity

¥ if reg[nn] is not an infity and reg[A] is an inbity, then the result is an inly of the opposite
sign as reg[A]

FSUBRI
Opcode:

Description:

Special Cases:

Floating point subtract immediate value (reversed)
35 bb where: bb is a signed byte value (-128 to 127)

reg[A] = Roat[bb] - reg[A]
The signed byte value is converted tmfing point and the value in registers subtracted from
and the result is stored in register

¥ if reg[A] is NaN, then the result is NaN
¥ if reg[A] is +inmity, then the result is +imiRty
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¥ if reg[A] is -inmity, then the result is -infity

FTABLE Floating point reverse table lookup
Opcode: 85 cc tc t1Etn where: cc is the test condition
tc is the size of the table
t1Etn are 32-bit Bating point values
Description: reg[0] = index of table entry that matches the test condition for reg[A]
This instruction is only valid in a usdemed function in Flash memory or EEPROM memdiry
performs a reverse table lookup onaafing point valueThe value in registek is compared to
the values in the table using the test condifidre index number of thergt table entry that
satiskes the test condition is stored in register 0. If no entry is found, register 0 is unchidrege
index number for therst table entry is zero.
FTOA Convert 3 oating point value to  ASCII string
Opcode: 1F bb where: bb is the format byte
Description: The pating point value in registéris converted to aASCII string and stored in the string berf

at the current selection poifithe selection point is updated to point immediately after the ins
string, so multiple insertions can be appendBae byte immediately following theTOAopcode
is the format byte and determines the format of the converted value.

If the format byte is zero, as many digits as necessary will be used to represent the numbe
to eight signilkeant digits Very lage or very small numbers are represented in exponential
notation.The length of the displayed value is variable and can be from 3 to 12 characters ir
The special cases of NaN (Not a Number), fibyp -inbnity, and -0.0 are handled. Examples @
theASCII strings produced are as follows:

1.0 NaN 0.0
10e20 Infinity -0.0
3.1415927 -Infinity 1.0
-52.333334 -3.5e-5 0.01

If the format byte is non-zero, it is interpreted as a decimal nuffibertens digit specds the
maximum length of the converted string, and the ones digit sgretliile number of decimal poin
The maximum number of digits for the formatted conversion is 9, and the maximum numbe
decimal points is 6. If thedating point value is too lge for the format specéal, asterisks will bt
stored. If the number of decimal points is zero, no decimal point will be displayed. Example
the display format are as follows: (note: leading spaces are shown where applicable)

Value in register A Format byte Display format
123.567 61 (6.1) [123.6]
123.567 62 (6.2) [123.57]
123.567 42 (4.2) [*.**]

0.9999 20 (2.0) [1]
0.9999 31(3.1) [1.0]

This instruction is usually followed byREADSTR instruction to read the string.

Micromega Corporation 32 uM-FPU V3.1 Instruction Set



FWRITE Write 3 oating point value
Opcode: 16 nn bl...b4 where: nn is register number
bl...b4 is Bating point value (b1 is MSB)

Description: reg[nn] = 32-bit Roating point value
The [bating point value is stored in registar. If the PIC data format has been selected (usin
the PICMODEnSstruction), the PIC formatdating point value is converted to IEEE 754 forma
before being stored in the register

FWRITEO Write 3 oating point value to register 0

Opcode: 19 bl...b4 where: bl...b4 is Bating point value (bl is MSB)

Description: reg[0] = 32-bit Roating point value
The (bating point value is stored in register 0. If the PIC data format has been selected (us
PICMODERstruction), the PIC formatdating point value is converted to IEEE 754 format be
being stored in register 0.

FWRITEA Write 3 oating point value to register A

Opcode: 17 bl...b4 where: bl...b4 is Bating point value (b1 is MSB)

Description: reg[A] = 32-bit Boating point value
The (bating point value is stored in regisferlf the PIC data format has been selected (using
PICMODEHDRstruction), the PIC formatdating point value is converted to IEEE 754 format be
being stored in registé.

FWRITEX Write 3 oating point value to register X

Opcode: 18 bl...b4 where: bl...b4 is Bating point value (b1 is MSB)

Description: reg[X] = 32-bit Boating point value, X = X + 1

Special Cases:

The pating point value is stored in register X, and X is incremented to the next rdfibieIC
data format has been selected (usingPt@VODEnNstruction), the PIC formatdating point
value is converted to IEEE 754 format before being stored in register

¥ the X register will not increment past the maximum register value of 127

GOTO Computed GOT O

Opcode: 89 nn where: nn is a register number

Description: This instruction is only valid in a usdemed function in Flash memory or EEPROM memory
Function execution will continue at the address determined by adding the register value to
current function address. If the register value is negative, or the new address is outside the
range of the function, a function return occurs.

IEEEMODE Select IEEE 3 oating point format

Opcode: F4

Description: Selects the IEEE 7540@ting point format for thEREAD FREADAFREADXFWRITE

FWRITEA andFWRITEXinstructionsThis is the default mode on reset and only needs to be
changed if thé?ICMODERstruction has been used.
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INDA

Select A using value in register

Opcode: 7C nn where: nn is a register number

Description: A = reg[nn]
Select registeA using the value contained in register

INDX Select X using value in register

Opcode: 7D nn where: nn is a register number

Description: X =reg[nn]
Select register X using the value contained in register

JMP Unconditional jump

Opcode: 83 bl b2 where: bl,b2 is the function address

Description: This instruction is only valid in a usdemed function in Flash memory or EEPROM memory
Function execution will continue at the address spetiFhe BRAInstruction can be used for
addresses that are within -128 to 127 bytes of the current address. If the new address is ol
address range of the function, a function return occurs.

JMP,cc Conditional jump

Opcode: 84 cc, bb where: cc is the test condition

b1,b2 is the function address

Description: This instruction is only valid in a usdemed function in Flash memory or EEPROM memdiry
the test condition is true, then function execution will continue at the addressesp&bidoBRA
instruction can be used for addresses that are within -128 to 127 bytes of the current addre
new address is outside the address range of the function, a function return occurs.

LABS Long Integer absolute value

Opcode: BC

Description: reg[A] = | reg[A] |, status = longstatus(reg[A])
The absolute value of the long integer value in regfsierstored in registek.

LADD Long integer add

Opcode: 9B nn where: nn is a register number

Description: reg[A] = reg[A] + reg[nn], status = longstatus(reg[A])
The long integer value in registen is added to registe.

LADDO Long integer add register O

Opcode: A6

Description: reg[A] = reg[A] + reg[0], status = longstatus(reg[A])

The long integer value in register 0 is added to register
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LADDI Long integer add immediate value
Opcode: AF bb where: bb is a signed byte value (-128 to 127)

Description: reg[A] = reg[A] + long(bb), status = longstatus(reg[A])
The signed byte value is converted to a long integer and added to r&gister

LAND Long integer AND
Opcode: COnn where: nn is a register number

Description: reg[A] = reg[A] AND reg[nn], status = longstatus(reg[A])
The bitwiseAND of the values in registér and registenn is stored in registek.

LCMP Long integer compare
Opcode: Al nn where: nn is a register number

Description: status = longstatus(reg[A] - reg[nn])
Compares the signed long integer value in regfsteith the value in registem and sets the
internal status byt& he status byte can be read with READSTATU$struction. It is set as

follows:
Bit 7 6 543 210

(el-[-[-[-T-[s]Z]

Bitl1  Sign Set if reg[A] < reg[nn]

Bit0O Zero Set if reg[A] = reg[nn]

If neither Bit O or Bit 1 is set, reg[A] > reg[nn]

LCMPO Long integer compare register 0
Opcode: AA

Description: status = longstatus(reg[A] - reg[0])
Compares the signed long integer value in registeith the value in register 0 and sets the
internal status byt& he status byte can be read with READSTATU$hstruction. It is set as

follows:
Bt 7 6 54 3 2 10
Lel-[-[-1-]-[s[Z]
Bitl1  Sign Set if reg[A] < reg[0]
Bit0  Zero Set if reg[A] = reg[0]
If neither Bit 0 or Bit 1 is set, reg[A] > reg[0]
LCMP2 Long integer compare
Opcode: B9 nn mm where: nn and mm are register numbers

Description: status = longstatus(reg[nn] - reg[mm])
Compares the signed long integer value in registewith the value in register mm and sets th
internal status byt&he status byte can be read with REEADSTATU®struction. It is set as

follows:

Bt 7 6 54 3 2 10
Lel-[-[-[-[-[s]Z]
Bitl  Sign Set if reg[nn] < reg[mm]
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Bit0  Zero Set if reg[nn] = reg[mm]
If neither Bit O or Bit 1 is set, reg[nn] > reg[mm]

LCMPI Long integer compare immediate value
Opcode: B3 bb where: bb is a signed byte value (-128 to 127)
Description: status = longstatus(reg[A] - long(bb))
The signed byte value is converted to long integer and compared to the signed long intege
in registerA. The status byte can be read with REEADSTATUShstruction. It is set as follows:
Bit 7 6 54 3 2 10
LI I517]
Bitl  Sign Set if reg[A] < long(bb)
Bit0O Zero Set if reg[A] = long(bb)
If neither Bit O or Bit 1 is set, reg[A] > long(bb)
LDEC Long integer decrement
Opcode: BE nn where: nn is a register number
Description: reg[nn] = reg[nn] - 1, status = longstatus(reg[nn])
The long integer value in registen is decremented by on€he long integer status is stored in
the status byte.
LDIV Long integer divide
Opcode: AO nn where: nn is a register number
Description: reg[A] = reg[A] / reg[nn], reg[0] = remainder, status = longstatus(reg[A])

Special Cases:

The long integer value in registris divided by the signed value in register, and the result is
stored in registeA. The remainder is stored in register O.

¥ if reg[nn] is zero, the result is thegast positive long integer ($7FFFFFFF)

LDIVO
Opcode:

Description:

Special Cases:

Long integer divide by register 0
A9

reg[A] = reg[A] / reg[0], reg[0] = remainder, status = longstatus(reg[A])
The long integer value in registris divided by the signed value in register 0, and the result

stored in registeA. The remainder is stored in register O.

¥ if reg[0] is zero, the result is thedast positive long integer ($7FFFFFFF)

LDIVI
Opcode:

Description:

Special Cases:

Long integer divide by immediate value
B2 bb where: bb is a signed byte value (-128 to 127)

reg[A] = reg[A] / long(bb), reg[0] = remainder, status = longstatus(reg[A])
The signed byte value is converted to a long integer and refjitelivided by the converted

value.The result is stored in regist#&r The remainder is stored in register 0.

¥ if the signed byte value is zero, the result is thye$apositive long integer ($7FFFFFFF)
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LEFT
Opcode:

Description:

Special Cases:

Left Parenthesis (modibed V3.1)
14

TheLEFT instruction saves the current regisieselection, allocates the next temporary regist
sets the value of the temporary register to the current redistdue, then selects the temporar
register as registér. The RIGHT instruction is used to restore previous valilésen used
togetherthese instruction are like parentheses in an equation, and can be used to allocate
temporary registers, and change the order of a calculation. Parentheses can be nested up
levels.

¥ If the maximum number of temporary register is exceeded, the value of regssset to NaN
($7FFFFFFF).

LINC Long integer increment

Opcode: BD nn where: nn is a register number

Description: reg[nn] = reg[nn] + 1, status = longstatus(reg[nn])
The long integer value in registen is incremented by on&he long integer status is stored in
status byte.

LMAX Long integer maximum

Opcode: C5nn where: nn is a register number

Description: reg[A] = max(reg[A], reg[nn]), status = longstatus(reg[A])

Special Cases:

The maximum signed long integer value of registeamd registenn is stored in registek.

¥ if either value is NaN, then the result is NaN

LMIN
Opcode:

Description:

Special Cases:

Long integer minimum
C4 nn where: nn is a register number

reg[A] = min(reg[A], reg[nn]), status = longstatus(reg[A])
The minimum signed long integer value of regisfeend registenn is stored in registek.

¥ if either value is NaN, then the result is NaN

LMUL Long integer multiply

Opcode: 9F nn where: nn is a register number

Description: reg[A] = reg[A] * reg[nn], status = longstatus(reg[A])
The long integer value in regist&ris multiplied by registenn and the result is stored in registe
A.

LMULO Long integer multiply by register 0

Opcode: A8

Description: reg[A] = reg[A] * reg[0], status = longstatus(reg[A])

The long integer value in regist&ris multiplied by register 0 and the result is stored in registt
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LMULI Long integer multiply by immediate value
Opcode: B1 bb where: bb is a signed byte value (-128 to 127)
Description: reg[A] = reg[A] * long(bb), status = longstatus(reg[A])
The signed byte value is converted to a long integer and the long integer value inAggister
multiplied by the converted valu€he result is stored in registr
LNEG Long integer negate
Opcode: BB
Description: reg[A] = -reg[A], status = longstatus(reg[A])
The negative of the long integer value in registés stored in registek.
LNOT A=NOTA
Opcode: BF
Description: reg[A] = NOT reg[A], status = longstatus(reg[A])
The bitwise complement of the value in regigtés stored in registek.
LOAD reg[0] = reg[nn]
Opcode: OA nn where: nn is a register number
Description: reg[0] = reg[nn], status = longstatus(reg[0])
Load register 0 with the value in register.
LOADA Load register 0 with the value of register A
Opcode: 0B
Description: reg[0] = reg[A], status = longstatus(reg[0])
Load register 0 with the value of register
LOADBYTE Load register 0 with 8-bit signed value
Opcode: 59 bb where: bb is a signed byte value (-128 to 127)
Description: reg[0] = Roat(signed bb)
Loads register 0 with the 8-bit signed integer value convertedating point value.
LOADCON Load register 0 with 3 oating point constant
Opcode: 5F bb where: bb selects the constant
Description: This instruction is detred for version 3.0.0 t¢3.1.3 of the uM-FPW/3 chip, but will be remove
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in future versions. Use of this instruction is not recommended. Constant values can easily
loaded using theWRITEOQinstruction.

reg[0] = constant[bb]
Loads register 0 with theoting point constant speeith by bb as follows:

0 1.0 10
1 10.0 10
2 100.0 1
3 1000.0 108
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4 10000.0 1

5 100000.0 10

6 1000000.0 10

7 10000000.0 10

8 100000000.0 10

9 1000000000.0 10

10 I 3.402823510°@ largest positive bite 32-bit [bating point value
11 I 1.401298510% smallest positive non-zero 32-bib&ing point value
12 299792458.0 speed of light in vacuum (m/s)

13 6.6742e-1 Newtonian constant of gravitation {fkg*s?)

14 9.80665 acceleration of gravity

15 9.1093826e-31 electron mass (kg)

16 1.67262171e-27 proton mass (kg)

17 1.67492728e-27 neutron mass (kg)

18 6.0221415e23 Avogadro constant (/mol)

19 1.60217653e-19 elementary chge, electron volt

20 101.325 standard atmosphere (kPa)

Special Cases: ¥ if the byte value bb is greater than 20, regisierset to NaN.

LOADE Load register 0 with 3 oating point value of e (2.7182818)
Opcode: 5D
Description: reg[0] = 2.7182818

Loads register 0 with theoating point value of e (2.7182818).
LOADIND Load Indirect
Opcode: 7AnNn where: nn is a register number
Description:  reg[0] = reg[reg[nn]], status = longstatus(reg[0])

Special Cases:

Load register 0 with the value of the register number contained in regist€he value in
registemn is assumed to be a long integer value.

If the value in register nn > 127, register 127 is used.

LOADMA
Opcode:

Description:

Special Cases:

Load register O with the value from matrix A

68 bb bb

reg[0] = matrix A [bb, bb]
Load register 0 with a value from matAx Row and column numbers start from 0.

where: bb, bb selects the rowolumn of matri@d

If the row or column is out of range, register 0 is set to NaN.

LOADMB
Opcode:

Description:
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Load register O with the value from matrix A
69 bb bb where: bb, bb selects the rowolumn of matrix B

reg[0] = matrix B [bb, bb]
Load register 0 with a value from matrix B. Row and column numbers start from O.

uM-FPU V3.1 Instruction Set



Special Cases:

If the row or column is out of range, register 0 is set to NaN.

LOADMC
Opcode:

Description:

Special Cases:

Load register O with the value from matrix A
6A bb bb where: bb, bb selects the rowolumn of matrix C

reg[0] = matrix C [bb, bb]
Load register 0 with a value from matrix C. Row and column numbers start from 0.

If the row or column is out of range, register 0 is set to NaN.

LOADPI Load register 0 with value of Pi
Opcode: 5E
Description: reg[0] = 3.1415927

Loads register 0 with theoating point value of pi (3.1415927).
LOADUBYTE Load register O with 8-bit unsigned value
Opcode: 5A bb where: bb is an unsigned byte value (0 to 255)
Description: reg[0] = Roat(unsigned bb)

The 8-bit unsigned value is converted tmafing point and stored in register 0.
LOADUWORD Load register 0 with 16-bit unsigned value
Opcode: 5C b1,b2 where: bl,b2 is an unsigned word value (0 to 65535)
Description: reg[0] = Roat(unsigned (b1*256 + b2))

The 16-bit unsigned value is converted tafing point and stored in register 0.
LOADWORD Load register 0 with 16-bit signed value
Opcode: 5B b1,b2 where: bl,b2 is a signed word value (-32768 to 32767)
Description: reg[0] = Roat (signed(b1*256 + b2))

The 16-bit signed value is converted walng point and stored in register 0.
LOADX Load register 0 with the value of register X
Opcode: oC
Description: reg[0] = reg[X], status = longstatus(reg[0]), X = X + 1

Special Cases:

Load register 0 with the value of register X, and increment X to select the next register in
sequence.

¥ the X register will not increment past the maximum register value of 127

LOG
Opcode:

Description:

Logarithm (base e)
43

reg[A] = log(reg[A])
Calculates the natural log of thedling point value in registér. The result is stored in registér
The number e (2.7182818) is the base of the natural system of logarithms.
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Special Cases: ¥ if the value is NaN or less than zero, then the result is NaN
¥ if the value is +infty, then the result is +iniity
¥ if the value is 0.0 or B0.0, then the result isnitgb

LOG10 Logarithm (base 10)
Opcode: 44

Description: reg[A] = log10(reg[A])
Calculates the base 10 logarithm of tleating point value in registéy. The result is stored in
registerA.

Special Cases: ¥ if the value is NaN or less than zero, then the result is NaN
¥ if the value is +infity, then the result is +intity
¥ if the value is 0.0 or B0.0, then the result isnitgb

LONGBYTE  Load register O with 8-bit signed value
Opcode: C6 bb where: bb is a signed byte value (-128 to 127)

Description: reg[0] = long(signed (bb)), status = longstatus(reg[0])
The 8-bit signed value is converted to a long integer and stored in register O.

LONGUBYTE Load register O with 8-bit unsigned value
Opcode: C7 bb where: bb is an unsigned byte value (0 to 255)

Description: reg[0] = long(unsigned (bb)), status = longstatus(reg[0])
The 8-bit unsigned value is converted to a long integer and stored in register 0.

LONGUWORD Load register 0 with 16-bit unsigned value
Opcode: C9 bl,b2 where: bl,b2 is an unsigned word value (0 to 65535)

Description: reg[0] = long(unsigned (b1*256 + b2)), status = longstatus(reg[0])
The 16-bit unsigned value is converted to a long integer and stored in register O.

LONGWORD Load register 0 with 16-bit signed value
Opcode: C8 bl,b2 where: bl,b2 is a signed word value (-32768 to 32767)

Description: reg[0] = long(signed (b1*256 + b2)), status = longstatus(reg[0])
The 16-bit signed value is converted to a long integer and stored in register O.

LOR Long integer OR
Opcode: Clnn where: nn is a register number

Description: reg[A] = reg[A] OR reg[nn], status = longstatus(reg[A])
The bitwiseOR of the values in registér and register nn is stored in register

LREAD Read long integer value

Opcode: 94 nn where: nn is a register number

Returns: b1,b2,b3,b4 where: bl, b2, b3, b4 is integer value (b1 is MSB)
Description: Return 32-bit integer value from reg[nn]
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The long integer value of registen is returnedThe four bytes of the 32-bit integer value mus
be read immediately following this instruction.

LREADO Read long integer value from register O

Opcode: 97

Returns: b1,b2,b3,b4 where: bl, b2, b3, b4 is integer value (b1 is MSB)

Description: Return 32-bit integer value from reg|[0]
The long integer value of register 0 is returride four bytes of the 32-bit integer value must
read immediately following this instruction.

LREADA Read long integer value from register A

Opcode: 95

Returns: b1,b2,b3,b4 where: bl, b2, b3, b4 is integer value (b1 is MSB)

Description: Return 32-bit integer value from reg[A]
The long integer value of regist&iis returnedThe four bytes of the 32-bit integer value must
read immediately following this instruction.

LREADBYTE Read the lower 8-bits of register A

Opcode: 98

Returns: bb where: bb is 8-bit integer value

Description: Return 8-bit integer value from reg[A]
Returns the lower 8 bits of regis#er The byte containing the 8-bit integer value must be reac
immediately following the instruction.

LREADWORD Read the lower 16-bits of register A

Opcode: 99

Returns: b1,b2 where: bl, b2 is 16-bit integer value (b1 is MSB)

Description: Return 16-bit integer value from reg[A]
Returns the lower 16 bits of regisferThe two bytes containing the 16-bit integer value must
read immediately following this instruction.

LREADX Read long integer value from register X

Opcode: 96

Returns: b1,b2,b3,b4 where: bl, b2, b3, b4 is integer value (bl is MSB)

Description: Return 32-bit integer value from reg[X], X = X + 1
The long integer value from register X is returned, and X is incremented to the next.régeste
four bytes of the 32-bit integer value must be read immediately following this instruction.

LSET Set register A

Opcode: 9C nn where: nn is a register number

Description: reg[A] = reg[nn], status = longstatus(reg[A])

Set registeA to the value of registem.
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LSETO Set register A from register O
Opcode: A5
Description: reg[A] = reg[0], status = longstatus(reg[A])
Set registeA to the value of register 0.
LSETI Set register from immediate value
Opcode: AE bb where: bb is a signed byte value (-128 to 127)
Description: reg[A] = long(bb), status = longstatus(reg[A])
The signed byte value is converted to a long integer and stored in rAgister
LSHIFT Long integer shift
Opcode: C3nn where: nn is a register number
Description: if reg[nn] > 0O, then reg[A] = reg[A] shifted left by reg[nn] bits

Special Cases:

if reg[nn] < O, then reg[A] = reg[A] shifted right by -reg[nn] bits

status = longstatus(reg[A])

The value in registéek is shifted by the number of bit positions specilby the long integer valu
in registemn. RegisteA is shifted left if the value in registan is positive, and right if the valt
is negative. Zero bits are loaded into bit O during a left shift, and into bit 31 during a right sl

¥ if reg[nn] = 0, no shift occurs
¥ if reg[nn] > 32 or reg[nn] < B32, then reg[A] = 0

LSTATUS Get long integer status
Opcode: B7 nn where: nn is a register number
Description: status = longstatus(reg[nn])
Set the internal status byte to the long integer status of the value in registére status byte ce
be read with th@EADSTATUSstruction. It is set as follows:
Bit 7 6 543 210
LI I517]
Bit1  Sign Set if the value is negative
Bit0  Zero Set if the value is zero
LSTATUSA Get long integer status of register A
Opcode: B8
Description: status = longstatus(reg[A])

Set the internal status byte to the long integer status of the value in ragiBter status byte car
be read with th&@EADSTATU®struction. It is set as follows:
Bit 7 6 543 210
Ll-1-1-1-1-Is]Z]
Bitl1  Sign Set if the value is negative
Bit0O  Zero Set if the value is zero
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LSUB Long integer subtract
Opcode: 9E nn where: nn is a register number
Description: reg[A] = reg[A] - reg[nn], status = longstatus(reg[A])
The long integer value in registen is subtracted from registér
LSUBO Long integer subtract register 0
Opcode: A7
Description: reg[A] = reg[A] - reg[0], status = longstatus(reg[A])
The long integer value in register 0 is subtracted from redister
LSuBI Long integer subtract immediate value
Opcode: BO bb where: bb is a signed byte value (-128 to 127)
Description: reg[A] = reg[A] - long(bb), status = longstatus(reg[A])
The signed byte value is converted to a long integer and subtracted from register
LTABLE Long integer reverse table lookup
Opcode: 87 cc tc t1Etn where: cc is the test condition
tc is the size of the table
t1Etn are 32-bit long integer values
Description: reg[0] = index of table entry that matches the test condition for reg[A]
status = longstatus(reg[0])
This instruction is only valid in a usdemed function in Flash memory or EEPROM memdtry
performs a reverse table lookup on a long integer vale value in registek is compared to the
values in the table using the spesdiiest conditionThe index number of thergt table entry that
satisked the test condition is stored in register 0. If no entry is found, register 0 is uncligmge
index number for therst table entry is zero.
LTOA Convert long integer value to  ASCII string and store in string buffer
Opcode: 9B bb where: bb is the format byte
Description: stringbuffer = converted string
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The long integer value in regis#&ris converted to aASCII string and stored in the string berf
at the current selection poiffthe selection point is updated to point immediately after the ins
string, so multiple insertions can be appendée: byte immediately following theTOAopcode
is the format byte and determines the format of the converted value.

If the format byte is zero, the length of the converted string is variable and can range frdin
characters in length. Examples of the converted string are as follows:

1

500000

-3598390
If the format byte is non-zero, a value between 0 and 15 sggettie length of the converted
string. The converted string is right juséB. If the format byte is positive, leading spaces are |
If the format byte is negative, its absolute value spescthe length of the converted string, anc
leading zeros are used. If 100 is added to the format value the value is converted as an un
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long integer otherwise it is converted as an signed long intdfjre converted string is longer
than the specid length, asterisks are stored. If the length is spdak zero, the string will be
as long as necessary to represent the nurglkamples of the converted string are as follows:
(note: leading spaces are shown where applicable)

Value in
register A Format byte  Description Display format
-1 10 (signed 10) [ -1]
-1 110 (unsigned 10) [4294967295]
-1 4 (signed 4) [ -1]
-1 104 (unsigned 4) [F***]
0 4 (signed 4) [ 0]
0 0 (unformatted) [0]
1000 6 (signed 6) [ 1000]
1000 -6 (signed 6, zero fill) [001000]

The maximum length of the string is THis instruction is usually followed byREADSTR
instruction to read the string.

LTST Long integer bit test
Opcode: A4 nn where: nn is a register number
Description: status = longstatus(reg[A] AND reg[nn])
Sets the internal status byte based on the result of a bANBef the values in registér and
registemn. The values of registéx and registenn are not changedhe status byte can be rea
with theREADSTATUShstruction. It is set as follows:
Bt 7 6 54 3 2 10
Lel-[-[-[-[-[s]Z]
Bitl  Sign Set if the MSB of the result is set
Bit0  Zero Set the result is zero
LTSTO Long integer bit test register 0
Opcode: AD
Description: status = longstatus(reg[A] AND reg[0])
Sets the internal status byte based on the result of a bANBeof the value in registék and
register 0The values of registéy and registe® are not changedhe status byte can be read w
the READSTATU®struction. It is set as follows:
Bt 7 6 54 3 2 10
LI I517]
Bitl  Sign Set if the MSB of the result is set
Bit0O Zero Set the result is zero
LTSTI Long integer bit test using immediate value
Opcode: B6 bb where: bb is an unsigned byte value (0 to 255)
Description: status = longstatus(reg[A] AND long(bb))

The unsigned byte value is converted to long integer and the internal status byte is set bas
result of a bitwis@dANDof the converted value and registerThe value of registek is not
changedThe status byte can be read with REEADSTATUstruction. It is set as follows:
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Bt 7 6 543 2 10

Ll-[-[-[-]-[-[7]
Bit0  Zero Set if the result is zero
LUCMP Unsigned long integer compare
Opcode: A3 nn where: nn is a register number
Description: status = longstatus(reg[A] - reg[nn])
Compares the unsigned long integer value in registeith registemn and sets the internal stat
byte.The status byte can be read with READSTATU®struction. It is set as follows:
Bit 7 6 54 3 2 10
Lel-1-1-1-1-Is]Z]
Bitl  Sign Set if reg[A] < reg[nn]
Bit0  Zero Set if reg[A] = reg[nn]
If neither Bit O or Bit 1 is set, reg[A] > reg[nn]
LUCMPO Unsigned long integer compare register O
Opcode: AC
Description: status = longstatus(reg[A] - reg[0])
Compares the unsigned long integer value in registeith register 0 and sets the internal stat
byte.The status byte can be read with READSTATUSstruction. It is set as follows:
Bit 7 6 543210
Lel-[-[-[-T-[s]Z]
Bitl  Sign Set if reg[A] < reg[0]
Bit0O Zero Set if reg[A] = reg[0]
If neither Bit O or Bit 1 is set, reg[A] > reg[0]
LUCMP2 Unsigned long integer compare
Opcode: BA nn mm where: nn and mm are register numbers
Description: status = longstatus(reg[nn] - reg[mm])
Compares the unsigned long integer value in registerith the signed long integer value in
registermmand sets the internal status bytke status byte can be read with REEADSTATUS
instruction. It is set as follows:
Bit 7 6 54 3 210
(el-[-[-[-T-[s]Z]
Bitl1  Sign Set if reg[nn] < reg[mm]
Bit0O  Zero Set if reg[nn] = reg[mm]
If neither Bit O or Bit 1 is set, reg[nn] > reg[mm]
LUCMPI Unsigned long integer compare immediate value
Opcode: B5 bb where: bb is an unsigned byte value (0 to 255)
Description: status = longstatus(reg[A] - long(bb))
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The unsigned byte value is converted to long integer and compared to regigterstatus byte
can be read with thRREADSTATUSstruction. It is set as follows:
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Bt 7 6 543 2 10

(el-[-[-[-T-[s]Z]
Bitl  Sign Set if reg[A] < long(bb)
Bit0O Zero Set if reg[A] = long(bb)

If neither Bit O or Bit 1 is set, reg[A] > long(bb)

LUDIV
Opcode:

Description:

Special Cases:

Unsigned long integer divide
A2 nn where: nn is a register number

reg[A] = reg[A] / reg[nn], reg[0] = remainder, status = longstatus(reg[A])
The unsigned long integer value in regigtas divided by register nn, and the result is stored

registerA. The remainder is stored in register 0.

¥ if register nn is zero, the result is thgdest unsigned long integer ($FFFFFFFF)

LUDIVO
Opcode:

Description:

Special Cases:

Unsigned long integer divide by register O
AB

reg[A] = reg[A] / reg[0] , reg[0] = remainder, status = longstatus(reg[A])
The unsigned long integer value in regigtas divided by the signed value in register 0, and tl

result is stored in registé. The remainder is stored in register 0.

¥ if register O is zero, the result is theéet unsigned long integer ($FFFFFFFF)

LUDIVI
Opcode:

Description:

Special Cases:

Unsigned long integer divide by immediate value
B4 bb where: bb is a signed byte value (0 to 255)

reg[A] = reg[A] / long(bb) , reg[0] = remainder, status = longstatus(reg[A])
The unsigned byte value is converted to a long integer and reyyisteivided by the converted

value.The result is stored in registér The remainder is stored in register 0.

¥ if the signed byte value is zero, the result is tlyesnunsigned long integer ($FFFFFFFF)

LWRITE Write long integer value
Opcode: 90 nn b1,b2,b3,b4 where: nn is register number
b1, b2, b3, b4 is long integer value (b1 is MSB)

Description: reg[nn] = 32-bit long integer value, status = longstatus(reg[nn])

The long integer value is stored in registar
LWRITEO Write long integer value to registerO
Opcode: 93 b1,b2,b3,b4 where: bl, b2, b3, b4 is long integer value (b1 is MSB)
Description: reg[0] = 32-bit long integer value, status = longstatus(reg[0])

The long integer value is stored in register O.
LWRITEA Write long integer value to register A
Opcode: 91 b1,b2,b3,b4 where: bl, b2, b3, b4 is long integer value (b1 is MSB)
Description: reg[A] = 32-bit long integer value, status = longstatus(reg[A])

The long integer value is stored in regigter
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LWRITEX

Write long integer value to register X

Opcode: 92 b1,b2,b3,b4 where: bl, b2, b3, b4 is long integer value (b1 is MSB)
Description: reg[X] = 32-bit long integer value, status = longstatus(reg[X]), X=X + 1

The long integer value is stored in register X, and X is incremented to the next register
LXOR Long integer XOR
Opcode: C2nn where: nn is a register number
Description: reg[A] = reg[A] XOR reg[nn], status = longstatus(reg[A])

The bitwiseXOR of the values in registér and registenn is stored in registeX.
MOP Matrix Operation
Opcode: 6E bb where: bb is the operation code

6E bb ic, i1Ein ic is the index count

i1Ein are the index values

Description: The operation code nn selects one of the following operations:

0 Scalar Set. Each element: MAJF = reg[0]

1 ScalarAdd. For each element: MAf] = MA[r,c] + reg[0]

2 Scalar Subtract. For each element: M&[= MA][r,c] - reg[0]

3 Scalar Subtract (reverse). For each element: MAfrreg[0] - MA[r,c]

4 Scalar Multiply For each element: MAp] = MA[r,c] * reg[0]

5 Scalar Divide. For each element: M&]Jr= MA][r,c] / reg[0]

6 Scalar Divide (reverse). For each element: N[+ reg[0] / MA[r,C]

7 Scalar PowerFor each element: MAfR] = MA[r,c] ** reg[0]

8 Element-wise Set. Each element: MA&[r= MBJr,c]

9 Element-wiseAdd. For each element: MAf] = MA[r,c] + MBJr,c]

10 Element-wise Subtract. For each element: N[ MA[r,c] - MBJr,c]

11 Element-wise Subtract (reverse). For each element: elArMBJr,c] - MA[r,c]
12 Element-wise MultiplyFor each element: MAf] = MA[r,c] * MBJr,c]

13 Element-wise Divide. For each element: MA[r= MA[r,c] / MBJr,c]

14 Element-wise Divide (reverse). For each element: MARE MBJ[r,c] / MA[r,c]
15 Element-wise PoweFor each element: MAf] = MA[r,c] ** MBJr ,c]

16 Matrix Multiply. Calculate: MA= MB * MC

17 Identity matrix. Set: MA= identity matrix

18 Diagonal matrix. Set: MA: diagonal matrix (reg[0] value stored on diagonal)
19 Transpose. Set: MA transpose MB

20 Count. Set: reg[0] = count of all elements in MA

21 Sum. Set: reg[0] = sum of all elements in MA

22 Average. Set: reg[0] = average of all elements in MA

23 Minimum. Set: reg[0] = minimum of all elements in MA

24 Maximum Set: reg[0] = maximum of all elements in MA

25 Copy matrixA to matrix B

26 Copy matrixA to matrix C

27 Copy matrix B to matrixA

28 Copy matrix B to matrix C

29 Copy matrix C to matrijA
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Special Cases:

30 Copy matrix C to matrix B

31 Matrix Determinant: reg[0] = determinant of M&x2 and 3x3 matrices only)
32 Matrix Inverse: MA= inverse of MB (2x2 and 3x3 matrices only)

33 Indexed Load Registers to Matéx: MOR33,ic,il...in

34 Indexed Load Registers to Matrix B : M@R,ic,il...in

35 Indexed Load Registers to Matrix C : M@B,ic,il...in

36 Indexed Load Matrix B to MatriA: MOPR,36,ic,il...in

37 Indexed Load Matrix C to Matrik: MOP,37,ic,il...in

38 Indexed Save MatriA to Register: MOR8,ic,il...in

39 Indexed Save MatriA to Matrix B: MOR39,ic,i1...in

40 Indexed Save MatriA to Matrix C: MOR40,ic,il...in

The Indexed Load Registers operations take a list of register numbers and sequentially coj
indexed register values to the matrix spediffhe Indexed Load Matrix operations take a list
matrix indexes and sequentially copy the indexed matrix values to Maffixe Indexed Save
operations take a list of register numbers or matrix indices and sequentially copy the value
matrix A to registers, matrix B, or matrix These operations can be used to quickly load mat
and save results, or to extract and save matrix subsets.

¥ Indexed Load Register: register 0 is cleared to zero before the indexed values are copiet
provide an easy way to load zero values to a matrix.

¥ Indexed Load Register: if index is negative, the absolute value is used as an index, and 1
negative of the indexed value is copied.

¥ Indexed Load Matrix: an index of 0x80 is used to copy the negative of the value at index
¥ Indexed Save Matrix: if index value is negative, the mAtxislue for that index position is no
stored.

NOP No operation

Opcode: 00

Description: No operation.

PICMODE Select PIC 3 oating point format

Opcode: F5

Description: Selects the alternate PI@#ing point mode using by many PIC compilé&isinternal data on
the uM-FPU is stored in IEEE 754 format, but when the uM-FPU is in PIC mode an autom:
conversion is done by the FREAD, FREADA, FREADX, FWRITE, FWRITEA, and FWRITE
instructions so the PIC program can usatifig point data in the alternate format. Normally th
instruction would be issued immediately after the reset as part of the initializatiorThede.
IEEEMODE instruction can be used to revert to standard IEEE Gadn§ point mode.

POLY A = nth order polynomial

Opcode: 88 tc t1Etn where: tc is the number of coefirent values

t1Etn are 32-bit Bating point values
Description: reg[A] = result of nth order polynomial calculation

This instruction is only valid in a usdemed function in Flash memory or EEPROM memory
The value of the speaiid polynomial is calculated and stored in regiateiThe general form of
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the polynomial is:
Yy =Ao+AXt+AX2+E Axn

The value of x is the initial value of registerAn n* order polynomial will have n+1 coeflents
stored in the tabl&he coefleient valueso, Ay, A,, E are stored as a series of 32-bitdiing
point values (4 bytes) stored in order frémto A.. If a given term in the polynomial is not
needed, a zero must be is stored for that value.

Example: The polynomial 3x + 5 would be represented as follows:
88 02 40 A0 00 00 40 40 00 00
Where: 88 opcode
02 size of the table (order of the polynomial + 1)
40 40 00 00 Roating point constant 3.0
40 A0 00 00 Roating point constant 5.0
RADIANS Convert degrees to radians
Opcode: 4F
Description: reg[A] = radians(reg[A])

Special Cases:

The [pating point value in registéris converted from degrees to radians and the result is st
in registerA.

¥ if the value is NaN, then the result is NaN

RDBLK
Opcode:

Description:

Special Cases:

Read multiple 32-bit point values (new V3.1)
71 tc where: tc is the number of 32-bit values to read

Return tc 32-bit values from reg[X], X = X+1

This instruction is used to read multiple 32-bit values from the uM-FPU regiBterfyte
immediately following the opcode is the transfer count, and bits 6:0 specify the number of
values that follow (a value of zero spezsia transfer count of 128). If bit 7 of the transfer cou
set, the bytes are reversed for each 32-bit value that folldvssallows for efleient data transfei
when the native storage format of the microcontroller is the reverse of the uM-FPU foimaat.
register species the register to read from, and it is incremented after each 32-bit value is re

¥ the X register will not increment past the maximum register value of 127
¥ if PICMODE is enabled, the 32-bit values are assumed todim@ point values

READSEL
Opcode:
Returns:

Description:

Read string selection
EC

aa...00 where: aa...00 is a zero-terminated string

Returns the current string selection. Data bytes must be read immediately following this
instruction and continue until a zero byte is réldds instruction is typically used aft&TRSEL
or STRFIELD instructions.
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READSTATUS Return the last status byte

Opcode: F1
Returns: SS where: ss is the status byte
Description: The 8-bit internal status byte is returned.
READSTR Read string
Opcode: F2
Returns: aa...00 where: aa...00 is a zero-terminated string
Description: Returns the zero terminated string in the strinddoubata bytes must be read immediately
following this instruction and continue until a zero byte is r&ds instruction is used after
instructions that load the string fexf (e.g.FTOA LTOA VERSION. On completion of the
READSTRnstruction the string selection is set to select the entire string.
READVAR Read internal variable (modiked V3.1)
Opcode: FC bb where: bb is index of internal value
Description: reg[0] = internal value, status = longstatus(reg[0])
Sets register 0 to the current value of one of the internal registers (based on index value pi
0 A register
1 X register
2 Matrix A register
3 Matrix A rows
4 Matrix A columns
5 Matrix B register
6 Matrix B rows
7 Matrix B columns
8 Matrix C register
9 Matrix C rows
10 Matrix C columns
11 internal mode word
12 last status byte
13 clock ticks per millisecond
14 current length of string bfdr
15 string selection starting point
16 string selection length
17 8-bit character at string selection point
18 number of bytes in instruction Haf
RESET Reset
Opcode: FF
Description: Nine consecutive FF bytes will cause the uM-FPU to reset. If less then nine consecutive FI

are received, they are treated as NOPs.
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RET Return from user-deb ned function

Opcode: 80

Description: This instruction is only valid in a usdemed function in Flash memory or EEPROM memdtry
causes a return from the current function. Execution will continue with the instruction follow
the last function callThis instruction is required as the last instruction of a-detned function
in EEPROM memory

RET,cc Conditional return from user-deP  ned function (new V3.1)

Opcode: 8A cc where: cc is the test condition

Description: This instruction is only valid in a usdemed function in Flash memory or EEPROM memdiry
the test condition is true, it causes a return from the current function, and execution will col
with the instruction following the last function call. If the test condition is false, execution
continues with the next instruction.

RIGHT Right Parenthesis

Opcode: 15

Description: The right parenthesis command copies the value of regigtae current temporary register) to

Special Cases:

register 0. If the right parenthesis is the outermost parenthesis, the registection from before
the brst left parenthesis is restored, otherwise the previous temporary register is selected a
register Used together with the left parenthesis command to allocate temporary registers, ¢
change the order of a calculation. Parentheses can be nested up to eight levels.

¥ if no left parenthesis is currently outstanding, then register 0 is set to NaN. ($7FFFFFFF)

ROOT
Opcode:

Description:

Special Cases:

Calculate n * root
42 nn where: nn is a register number

reg[A] = reg[A] ** (1 / reg[nn])

Calculates thetnroot of the ®ating point value in registér and stores the result in register
Where the value n is equal to thea®ing point value in regist@n. It is equivalent to raising to
the power of (1 hn).

¥ see the description of tROWERstruction for the special cases of (1/reg[nn])
¥ if reg[nn] is inknity, then (1 / reg[nn]) is zero
¥ if reg[nn] is zero, then (1 / reg[nn]) is mty

ROUND
Opcode:

Description:

Special Cases:

Floating point Rounding
53

reg[A] = round(reg[A])
The bating point value equal to the nearest integer to tladify point value in registéris
stored in registeA.

¥ if the value is NaN, then the result is NaN
¥ if the value is +infrty or -inmnity, then the result is +iniity or -inknity
¥ if the value is 0.0 or B0.0, then the result is 0.0 or 0.0
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SAVEIND
Opcode:

Description:

Special Cases:

Save Indirect
7B nn where: nn is a register number

reg[reg[nn]] = reg[A], status = longstatus(reg[A]
The value of registeX is stored in the register whose register number is contained in registe

The value in registamn is assumed to be long integer

If the value in register nn > 127, register 127 is used.

SAVEMA
Opcode:

Description:

Special Cases:

Save register 0 value to matrix A
6B bl b2 where: bl selects the row and b2 selects the column of n#atrix

matrix A [b1, b2] = reg[0]
Store the register 0 value to matfixat the rowcolumn specied. Row and column numbers sti

from O.

If the row or column is out of range, no value is stored.

SAVEMB
Opcode:

Description:

Special Cases:

Save register 0 value to matrix B
6C bl b2 where: bl selects the row and b2 selects the column of matrix B

matrix B [b1, b2] = reg[0]
Store the register 0 value to matrix B at the,ro@umn specied. Row and column numbers sti

from 0.

If the row or column is out of range, no value is stored.

SAVEMC
Opcode:

Description:

Special Cases:

Save register 0 value to matrix C
6D bl b2 where: b1l selects the row and b2 selects the column of matrix C

matrix C [b1, b2] = reg[0]
Store the register 0 value to matrix C at the, romlumn specied. Row and column numbers sti

from 0.

If the row or column is out of range, no value is stored.

SELECTA Select A
Opcode: 01 nn where: nn is a register number
Description: A=nn

The valuenn is used to select registér
SELECTMA Select matrix A
Opcode: 65 nn bl b2 where: nn is a register number

b1l is the number of rows, b2 is number of columns

Description: Select matrix A, X = nn

The valuenn is used to select a register that is the start of matiMatrix values are stored in
sequential registers (rows * columnghe X register is also set to thesbelement of the matrix
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so that th&READX, FWRITEX, LREADX, LWRITEX, SAVEX, SETX, LOADX
instructions can be immediately used to store values to or retrieve vales from the matrix.

SELECTMB Select matrix B
Opcode: 66 nn bl b2 where: nn is a register number
bl is the number of rows, b2 is number of columns
Description: Select matrix B, X = nn
The valuenn is used to select a register that is the start of matrix B. Matrix values are store
sequential registers (rows * columnghe X register is also set to thesbelement of the matrix
so that thd~READX, FWRITEX, LREADX, LWRITEX, SAVEX, SETX, LOADX
instructions can be immediately used to store values to or retrieve vales from the matrix.
SELECTMC  Select matrix C
Opcode: 67 nn bl b2 where: nn is a register number
bl is the number of rows, b2 is number of columns
Description: Select matrix C, X = nn
The valuenn is used to select a register that is the start of matrix B. Matrix values are store
sequential registers (rows * columnEhe X register is also set to thesbelement of the matrix
so that th&READX, FWRITEX, LREADX, LWRITEX, SAVEX, SETX, LOADX
instructions can be immediately used to store values to or retrieve vales from the matrix.
SELECTX Select register X
Opcode: 02 nn where: nn is a register number
Description: X=nn
The valuenn is used to select register X.
SERIN Serial input (new V3.1)
Opcode: CF bb where: bb specifes the type of operation
Description: This instruction is used to read serial data from the SERINTpminstruction is ignored if Debt
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Mode is enabledl'he baud rate for serial input is the same as the baud rate for serial output
set with theSEROUT,0instruction.The operation to be performed is spediby the byte
immediately following the opcode:
0 Disable serial input
Enable character mode serial input
Get character mode serial input status
Get serial input character
Enable NMEAserial input
Get NMEAinput status
Transfer NMEAsentence to string Hef

OO0 hA WN B

SERIN,O
Disable serial inpufThis can be used to save interrupt processing time if serial input is not t
continuously

SERIN,1

Enable character mode serial input. Serial input is enabled, and incoming characters are s
160 byte bufer. The serial input status can be checked witlBRIN,2 instruction and input
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characters can be read using 8RIN,3 instruction.

SERIN,2
Get character mode serial input stafilge status byte is set to zero (2) if the inpuffidauis empty
or non-zero (NZ) if the input bfdr is not empty
Bt 7 6 5432 10
Lal-[-[-[-[-[-]Z]
Bit0  Zero Set if receive budér is empty
Clear if receive bdér is not empty

SERIN,3

Get serial input charactérhe serial input character is stored in register 0. If this instruction it
last instruction in the instruction Hef, it will wait for the next available input characthrthere
are other instructions in the instruction feufor another instruction is sent before 8RIN,3
instruction has completed, it will terminate and store a zero value in register OANotayn
problem inV3.1 is that carriage return (Ox0OD) characters are returned as zero bytes.

SERIN,4

Enable NMEAserial input. Serial input is enabled, and the serial input data is scanned for I
sentences which are then stored in a 200 byfieibAtiditional NMEA sentences can be ferfed
while the current sentence is being procestbd.sentence prefzharacter ($), trailing checksu
characters (if specéel), and the terminator (CR,LF) are not stored in thiebtINMEA sentence:
are transferred to the string Berffor processing using tf®ERIN,6 instruction, and the NMEA
input status can be checked with 8€RIN,5 instruction.

SERIN,5
Get the NMEAiInput statusThe status byte is set to zero (2) if thefbufs empty or non-zero
(NZ) if at least one NMEAentence is available in the farf

Bt 7 6 5 4 3 2 10

l-{-[-[-]-1-]z]
Bit0O Zero Set if NMEAbuffer is empty
Clear if at least one NMEBentence is available in the faif

SERIN,6

Transfer NMEAsentence to string lfef. This instruction transfers the next NMEB&ntence to
the string bukr, and selects therét keld of the string so thatSTRCMRnstruction can be used
check the sentence type. If the sentence is valid, the status byte i8>&4 tand the greatethan
(GT) test condition will be true. If an error occurs, the status byte will be 8g8%, 0x92 ,
0xA2, orOxB2. Bit 4 of the status byte is set if an overrun error occurred. Bit 5 of the statu
is set if a checksum error occurré@the less-than (D) test condition will be true for all errors. If
this instruction is the last instruction in the instructiorféft will wait for the next available
NMEA sentence. It there are other instructions in the instructidarpaf another instruction is
sent before th8ERIN,6 instruction has completed, it will terminate and return an empty

sentence.
Bt 7 6 5 4 3 2 10
[L]-fc]v]-]-Is]-]
Bit5 Checksum errorSet if checksum error occurred
Bit4  Overrun Set if overrun occurred
Bit1l Sign Set if error occurred
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SEROUT
Opcode:

Description:

Serial Output (new V3.1)

CE bb where: bb speciles the type of operation
CE bb bd bd specites the 1/0O mode and baud rate
CE bb aaE00 aaE0o0 is a zero-terminated string

This instruction is used to set the serial input/output mode and baud rate, and to send serii
the SEROUTpin. The operation to be performed is specitby the byte immediately following

the opcode:

0 Set serial I/O mode and baud rate

1 Send text string to serial output

2 Send string bdiér to serial output

3 Send string selection to serial output

4 Send lower 8 bhits of register 0 to serial output

5 Send text string and zero terminator to serial output
SEROUT,0,bb

This instruction sets the baud rate for serial input/output, and enables or disables Debug M
The mode is spec#el by the byte immediately following the operation type:
0 57,600 baud, Debug Mode enabled
300 baud, Debug Mode disabled
600 baud, Debug Mode disabled
1200 baud, Debug Mode disabled
2400 baud, Debug Mode disabled
4800 baud, Debug Mode disabled
9600 baud, Debug Mode disabled
19200 baud, Debug Mode disabled
38400 baud, Debug Mode disabled
57600 baud, Debug Mode disabled
10 115200 baud, Debug Mode disabled
For mode 0, DEBUG ON} message is sent to the serial output and the baud rate is chang
For modes 1 to 10, if the debug mode is enablgEBUG OFF} message is sent to the seric
output before the baud rate is changed.

O© O ~NO OIS WNPE

SEROUT,1,aa..00
The text string spec#@l by the instruction (not including the zero-terminator) is sent to the st
output.The instruction is ignored if Debug Mode is enabled.

SEROUT,2
The contents of the string lfef are sent to the serial outplihe instruction is ignored if Debug
Mode is enabled.

SEROUT,3
The current string selection is sent to the serial ftw.instruction is ignored if Debug Mode i<
enabled.

SEROUT,4
The lower 8 bits of register 0 are sent to the serial port as an 8-bit charhetarstruction is
ignored if Debug Mode is enabled.
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SEROUT,5,aa..00
The text string specé#d by the instruction (including the zero-terminator) is sent to the seria
output.The instruction is ignored if Debug Mode is enabled.

SETOUT Set output
Opcode: DO nn where: nn is a command byte

Description: Set the OUTO or OUT1 output pin according to the commandrivyes follows:
Bit 7 6 54 3 2 10
| Pin | Action |

Bits 7:4 Output pin (upper nibble)
0-0uUTO
1-0UT1
Bits 3:0 Action (lower nibble)
0 - set output low
1 - set output high
2 - toggle the output to opposite level
3 - set output to high impedance

SETSTATUS  Set status byte (new V3.1)
Opcode: CD bb where: ss is status value

Description: status = bb
The internal status byte is set to the 8-bit value specib

SIN Sine
Opcode: a7

Description: reg[A] = sin(reg[A])
Calculates the sine of the angle (in radians) in regésterd stores the result in regisfer

Special Cases: ¥ ifA is NaN or an inhity, then the result is NaN
¥ ifAis 0.0, then the result is 0.0
¥ ifA is B0.0, then the result is 0.0

SQRT Square root
Opcode: 41

Description: reg[A] = sqrt(reg[A])
Calculates the square root of theaing point value in registér and stores the result in registe
A.

Special Cases: ¥ if the value is NaN or less than zero, then the result is NaN
¥ if the value is +infty, then the result is +iniity
¥ if the value is 0.0 or 0.0, then the result is 0.0 or 0.0
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STRBYTE Insert byte at string selection (new V3.1)
Opcode: ED
Description: The lower 8 bits of register O are stored as an 8-bit character in the strfiergdbuiie current
selection pointThe selection point is updated to point immediately after the stored byte, so
multiple bytes can be appended.
STRCMP Compare string with string selection
Opcode: E6 aa...00 where: aa...00 is a zero-terminated string
Description: status = longstatus of string compare
The string is compared with the string at the current selection point and the internal status
set.The status byte can be read with READSTATU$struction. It is set as follows:
Bt 7 6 54 3 210
LT I517]
Bitl1  Sign Set if string selection < spe@® string
Bit0O Zero Set if string selection = spe@b string
If neither Bit O or Bit 1 is set, string selection > spedistring
STRDEC Decrement string selection point (new V3.1)
Opcode: EF
Description: The string selection point is decremented and the selection length is set to zero.

Special Cases:

¥ the selection point will not decrement past the beginning of the string

STRFCHR Set beld separator characters

Opcode: E8 aa...00 where: aa...00 is a zero-terminated string

Description: The string speciés a list of characters (maximum of 6) to be usecelis$eparatorg. he default
beld separator is a comma.

STRFIELD Find Peld in string (modibed V3.1)

Opcode: E9 bb where: bb is the eld number

Description: The selection point is set to the spedhreld. Fields are numbered from 1 to n, and are separ

Special Cases:

by the characters speeitb by the lasB TRFCHRnstruction. If noSTRFCHRInstruction has bee
executed, the defaulekl separator is a comma. If bit 7hdf is set, then bits 6:0 &b specify a
register numberand the lower 8 bits of the register specify te&lmumber

¥ if bb = 0, selection point is set to the start of the strinfgbuf
¥ if bb > number of éids, selection point is set to the end of the strinebuf

STRFIND
Opcode:

Description:
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Find string in the string selection
E7 aa...00 where: aa...00

(modiked V3.1)
is a zero-terminated string

Search the string selection for thestoccurrence of the speeitbstring. If the string is found, th
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selection point is set to the matching substring. If the string is not found, the selection poin
to the end of the string selection.

STRINC
Opcode:

Description:

Special Cases:

Increment string selection point (new V3.1)
EE

The string selection point is incremented and the selection length is set to zero.

¥ the selection point will not increment past the end of the string

STRINS Insert string
Opcode: E5 aa...00 where: aa...00 is a zero-terminated string
Description: Insert the string in the string Baf at the current selection poifithe selection point is updated 1

point immediately after the inserted string, so multiple insertions can be appended.
STRSEL Set string selection point (modiked V3.1)
Opcode: E4 nn mm where: nn is the start of the selection

mmis the length of the selection

Description: Set the start of the string selection to charamteand the length of the selectionntorcharacters

Special Cases:

Characters are numbered from 0 to n. If bit Afis set, then bits 6:0 oin specify a register
number and the lower 8 bits of the register specify the start of the selection. If bihTigfet,
then bits 6:0 ommepecify a register numheand the lower 8 bits of the register specify the ler
of the selection.

¥ if nn > string length, start of selection is set to end of string
¥ if nn+mm > string length, selection is adjusted for the end of string

STRSET
Opcode:

Description:

Special Cases:

Copy string to string buffer
E3 aa...00 where: aa...00 is a zero-terminated string

Copy the string to the string faf and set the selection point to the end of the string.

¥ if nn > string length, only thed® 127 characters will be stored in stringfeuf

STRTOF Convert string selection to 3  oating point

Opcode: EA

Description: Convert the string at the current selection point toatig point value and store the result in
register O.

STRTOL Convert string selection to long integer

Opcode: EB

Description: Convert the string at the current selection point to a long integer value and store the result

register 0.
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SWAP

Swap registers

Opcode: 12 nn mm where: nn andmm are register numbers
Description: tmp = reg[nn], reg[nn] = reg[mm], reg[mm] = tmp
The values of registem and registemmare swapped.
SWAPA Swap register A
Opcode: 13 nn where: nn is a register number
Description: tmp = reg[nn], reg[nn] = reg[A], reg[A] = tmp
The values of registem and registeA are swapped.
SYNC Synchronization
Opcode: FO
Returns: 5C
Description: A sync characteOk5C) is sent in reply This instruction is typically used after a reset to verif
communications.
TABLE Table Iopkup
Opcode: 85 tc t1Etn where: tc is the size of the table
t1Etn are 32-bit Bating point or integer values
Description: reg[A] = value from table indexed by reg[0]

Special Cases:

This opcode is only valid within a user function stored in the uM-FPU Flash memory or EE
memory The value of the item in the table, indexed by register 0, is stored in régiiee st
byte after the opcode spee#bthe size of the table, followed by groups of four bytes represel
the 32-bit values for each item in the taflbis instruction can be used to load eitheatthg
point values or long integer valud$e long integer value in register 0 is used as an index int
table.The index number for therst table entry is zero.

¥ if reg[0] <= 0, then the result is item 0
¥ if reg[0] > maximum size of table, then the result is the last item in the table

TAN
Opcode:

Description:

Special Cases:

Tangent
49

reg[A] = tan(reg[A])
Calculates the tangent of the angle (in radians) in redisd@d stores the result in regisfer

¥ if reg[A] is NaN or an inity, then the result is NaN
¥ if reg[A] is 0.0, then the result is 0.0
¥ if reg[A] is PO0.0, then the result is 0.0

TICKLONG
Opcode:

Description:
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Load register O with millisecond ticks
D9

reg[0] = ticks, status = longstatus(reg[0]
Load register 0 with the ticks (in milliseconds).
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TIMELONG Load register 0 with time value in seconds
Opcode: D8

Operation: reg[0] = time, status = longstatus(reg[0]
Description: Load register 0 with the time (in seconds).
TIMESET Set time value in seconds

Opcode: D7

Description: time = reg[0], ticks = 0

Special Cases:

The time (in seconds) is set from the value in regist€h®.ticks (in milliseconds) is set to zerc

¥ if reg[0] is -1, the timer is turnedfof

TRACEOFF  Turn debug trace off

Opcode: F8

Description: Used with the built-in debuggdf the debugger is not enabled, this instruction is ignored. De
tracing is turned éf and alTRACE OFF} message is sent to the serial output.

TRACEON Turn debug trace on

Opcode: F9

Description: Used with the built-in debuggdf the debugger is not enabled, this instruction is ignored. De
tracing is turned on, and{@RACE ON} message is sent to the serial outpbe debug terminal
will display a trace of all instructions executed until tracing is turngéd of

TRACEREG  Display register value in debug trace

Opcode: FB nn where: nn is a register number

Description: Used with the built-in debuggdf the debugger is not enabled, this instruction is ignored. If tl
debugger is enabled, the value of regiatemwill be displayed on the debug terminal.

TRACESTR Display debug trace message

Opcode: FA aaE00 where: aaEO00 is a zero-terminated string

Description: Used with the built-in debuggdf the debugger is not enabled, this instruction is ignored. If tl
debugger is enabled, a message will be displayed on the debug teffhiealero terminated
ASCII string to be displayed is sent immediately following the opcode.

VERSION Copy the version string to the string buffer (modibed V3.1)

Opcode: F3

Description: The uM-FPUV3.1 version string is copied to the stringfleufat the current selection point, anc
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the version code is copied to registefBe version code is represented as follows:
Bit 1514131211109 8 7 6 5 4 3 2 1 O

| 3 | Major | Minor | Beta |
Bits 15:12 Chip Version (always set to 3)
Bits 11:8 Major Version
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Bits 7:4 Minor Version
Bits 3:0 BetaVersion

As an example, for the uM-FPUB.1.3 general release:
version string: uM-FPUV3.1
version code:  0x3130

WRBLK
Opcode:

Description:

Special Cases:

Write multiple 32-bit values (new V3.1)
70 tc t1Etn where: tc is the number of 32-bit values to write

t1Etn are 32-bit values
reg[X]=t, X =X+1,fort=tltotn
This instruction is used to write multiple 32-bit values to the uM-FPU regi3ieesbyte
immediately following the opcode is the transfer count, and bits 6:0 specify the number of .
values that follow (a value of zero spessta transfer count of 128). If bit 7 of the transfer cou
set, the bytes are reversed for each 32-bit value that folldvissallows for efleient data transfel
when the native storage format of the microcontroller is the reverse of the uM-FPU fdnent.
register species the register to write to, and it is incremented after each 32-bit value is writt

¥ the X register will not increment past the maximum register value of 127
¥ if PICMODE is enabled, the 32-bit values are assumed todim@ point values

XSAVE
Opcode:

Description:

Special Cases:

Save register nn to register X
OE nn where: nn is a register number

reg[X] = reg[nn], status = longstatus(reg[X]), X =X + 1
Set register X to the value of register, and select the next register in sequence as register .

¥ the X register will not increment past the maximum register value of 127

XSAVEA
Opcode:

Description:

Special Cases:

Save register A to register X
OF

reg[X] = reg[A], status = longstatus(reg[X]), X=X +1
Set register X to the value of regiséerand select the next register in sequence as register X

¥ the X register will not increment past the maximum register value of 127
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Appendix A

uM-FPU V3.1 Instruction Summary

Instruction Opcode Arguments Returns Description
NOP 00 No Operation
SELECTA 01 |nn Select register A
SELECTX 02 |nn Select register X
CLR 03 |nn reglnn] = 0
CLRA 04 regfA] =0
CLRX 05 reg[X]=0,X=X+1
CLRO 06 reg[0] =0
COPY 07 |mm,nn reg[nn] = reg[mm]
COPYA 08 |nn reg[nn] = reg[A]
COPYX 09 |nn reglnn] =reg[X], X=X+ 1
LOAD 0A |nn reg[0] = reg[nn]
LOADA 0B reg[0] = reg[A]
LOADX 0C regf0] =reg[X], X=X+ 1
ALOADX 0D reglA] =reg[X], X=X+ 1
XSAVE OE |nn reg[X] =reg[nn], X=X+ 1
XSAVEA OF reg[X] =reg[A], X=X +1
COPYO 10 |nn reg[nn] = reg[0]
COPYI 11 |bb,nn reg[nn] = long(unsigned byte bb)
SWAP 12 |nn,mm Swap reg[nn] and reg[mm]
SWAPA 13 |nn Swap reg[nn] and reg[A]
LEFT 14 Left parenthesis
RIGHT 15 Right parenthesis
FWRITE 16 |nn,bl,b2,b3,b4 Write 32-bit Boating point to reg[nn]
FWRITEA 17 |bl1,b2,b3,b4 Write 32-bit Boating point to reg[A]
FWRITEX 18 |b1,b2,b3,b4 Write 32-bit Roating point to reg[X]
FWRITEQ 19 |bl,b2,b3,b4 Write 32-bit Boating point to reg[0]
FREAD 1A |nn bl,b2,b3,b4 Read 32-bit Boating point from reg[nn]
FREADA 1B bl,b2,b3,b4 Read 32-bit [3oating point from reg[A]
FREADX 1C bl,b2,b3,b4 Read 32-bit 3oating point from reg[X]
FREADO 1D bl,b2,b3,b4 Read 32-bit Boating point from reg[0]
ATOF 1E [aaE00 Convert ASCII to Roating point
FTOA 1F |bb Convert Roating point to ASCII
FSET 20 |nn reg[A] = reg[nn]
FADD 21 |nn reg[A] = reg[A] + reg[nn]
FSUB 22 |nn reg[A] = reg[A] - reg[nn]
FSUBR 23 |nn reg[A] = reg[nn] - reg[A]
FMUL 24 |nn reg[A] = reg[A] * reg[nn]
FDIV 25 |nn reg[A] = reg[A] / reg[nn]
FDIVR 26 |nn reg[A] = reg[nn] / reg[A]
FPOW 27 |nn reg[A] = reg[A] ** reg[nn]
FCMP 28 |[nn Compare reg[A], reg[nn],
Set [Roating point status
FSETO 29 reg[A] = reg[0]
FADDO 2A reg[A] = reg[A] + reg[0]
FSUBO 2B reg[A] = reg[A] - reg[0]
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FSUBRO 2C reg[A] = reg[0] - reg[A]
FMULO 2D reg[A] = reg[A] * reg[0]
FDIVO 2E reg[A] = reg[A] / reg[0]
FDIVRO 2F reg[A] = reg[0] / reg[A]
FPOWO 30 reg[A] = reg[A] ** reg[0]
FCMPO 31 Compare reg[A], reg[0],

Set Roating point status
FSETI 32 |bb reg[A] = Roat(bb)
FADDI 33 |bb reg[A] = reg[A] - Roat(bb)
FSUBI 34 |bb reg[A] = reg[A] - Roat(bb)
FSUBRI 35 |bb reg[A] = Roat(bb) - reg[A]
FMULI 36 |bb reg[A] = reg[A] * RBoat(bb)
FDIVI 37 |bb reg[A] = reg[A] / Roat(bb)
FDIVRI 38 |bb reg[A] = Roat(bb) / reg[A]
FPOWI 39 |bb reg[A] = reg[A] ** bb
FCMPI 3A |bb Compare reg[A], Roat(bb),

Set [Roating point status
FSTATUS 3B |nn Set [Roating point status for reg[nn]
FSTATUSA 3C Set Roating point status for reg[A]
FCMP2 3D |nn,mm Compare reg[nn], reg[mm]

Set [3oating point status
FNEG 3E reg[A] = -reg[A]
FABS 3F reg[A] = | reg[A] |
FINV 40 reg[A] = 1/ reg[A]
SOQRT 41 reg[A] = sgrt(reg[A])
ROOT 42 |nn reg[A] = root(reg[A], reg[nn])
LOG 43 reg[A] = log(reg[A])
LOG10 44 reg[A] = log10(reg[A])
EXP 45 reg[A] = exp(reg[A])
EXP10 46 reg[A] = exp10(reg[A])
SIN 47 reg[A] = sin(reg[A])
COS 48 reg[A] = cos(reg[A])
TAN 49 reg[A] = tan(reg[A])
ASIN 4A reg[A] = asin(reg[A])
ACOS 4B reg[A] = acos(reg[A])
ATAN 4C reg[A] = atan(reg[A])
ATAN2 4D |nn reg[A] = atan2(reg[A], reg[nn])
DEGREES 4E reg[A] = degrees(reg[A])
RADIANS 4F reg[A] = radians(reg[A])
FMOD 50 |nn reg[A] = reg[A] MOD reg[nn]
FLOOR 51 reg[A] = Roor(reg[A])
CEIL 52 reg[A] = ceil(reg[A])
ROUND 53 reg[A] = round(reg[A])
FMIN 54 [nn reg[A] = min(reg[A], reg[nn])
FMAX 55 |[nn reg[A] = max(reg[A], reg[nn])
FCNV 56 |bb reg[A] = conversion(bb, reg[A])
FMAC 57 [nn,mm reg[A] = reg[A] + (reg[nn] * reg[mm])
FMSC 58 |nn,mm reg[A] = reg[A] - (reg[nn] * reg[mm])
LOADBYTE 59 |[bb reg[0] = Roat(signed bb)
LOADUBYTE |5A |bb reg[0] = Roat(unsigned byte)
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LOADWORD |[5B |b1l,b2 reg[0] = Roat(signed b1*256 + b2)

LOADUWORD |5C |bl,b2 reg[0] = Roat(unsigned b1*256 + b2)

LOADE 5D reg[0] = 2.7182818

LOADPI 5E reg[0] = 3.1415927

LOADCON 5F |bb reg[0] = Roat constant(bb)

FLOAT 60 reg[A] = Roat(reg[A])

FIX 61 reg[A] = bx(reg[A])

FIXR 62 reg[A] = bx(round(reg[A]))

FRAC 63 reg[A] = fraction(reg[A])

FSPLIT 64 reg[A] = integer(reg[A]),
reg[0] = fraction(reg[A])

SELECTMA 65 [nn,bb,bb Select matrix A

SELECTMB 66 [nn,bb,bb Select matrix B

SELECTMC 67 [nn,bb,bb Select matrix C

LOADMA 68 |bb,bb reg[0] = Matrix A[bb, bb]

LOADMB 69 |bb,bb reg[0] = Matrix B[bb, bb]

LOADMC 6A |bb,bb reg[0] = Matrix C[bb, bb]

SAVEMA 6B |bb,bb Matrix A[bb, bb] = reg[0]

SAVEMB 6C |bb,bb Matrix B[bb, bb] = reg[0]

SAVEMC 6D |bb,bb Matrix C[bb, bb] = reg[0]

MOP 6E [bb Matrix/\Vector operation

FFT 6F |bb Fast Fourier Transform

WRBLK 70 |tc,t1Etn Write multiple 32-bit values

RDBLK 71 |tc t1Etn Read multiple 32-bit values

LOADIND 7A |nn reg[0] = reg[reg[nn]]

SAVEIND 7B |nn reg[reg[nn]] = reg[A]

INDA 7C |[nn Select register A using value in reg[nn]

INDX 7D [nn Select register X using value in reg[nn]

FCALL 7E [fn Call user-debned function in Flash

EECALL 7F |in Call user-debned function in EEPROM

RET 80 Return from user-debned function

BRA 81 [bb Unconditional branch

BRA,cc 82 |[cc,bb Conditional branch

JMP 83 |[b1,b2 Unconditional jump

JMP,cc 84 |cc,bl,b2 Conditional jump

TABLE 85 |tc,t1Etn Table lookup

FTABLE 86 |cc,tc,t1Etn Floating point reverse table lookup

LTABLE 87 |cc,tc,t1Etn Long integer reverse table lookup

POLY 88 |tc,t1Etn reg[A] = nth order polynomial

GOTO 89 [nn Computed GOTO

RET,cc 8A |cc Conditional return from user-debned
function

LWRITE 90 |nn,bl,b2,b3,b4 Write 32-bit long integer to reg[nn]

LWRITEA 91 |b1,b2,b3,b4 Write 32-bit long integer to reg[A]

LWRITEX 92 [b1,b2,b3,b4 Write 32-bit long integer to reg[X],
X=X+1

LWRITEO 93 |[b1,b2,b3,b4 Write 32-bit long integer to reg[0]

LREAD 94 |[nn b1,b2,b3,b4 Read 32-bit long integer from reg[nn]

LREADA 95 bl,b2,b3,b4 Read 32-bit long value from reg[A]
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LREADX 96 b1,b2,b3,b4 Read 32-bit long integer from reg[X],
X=X+1

LREADO 97 bl,b2,b3,b4 Read 32-bit long integer from reg[0]

LREADBYTE |98 bb Read lower 8 bits of reg[A]

LREADWORD |99 bl,b2 Read lower 16 bits reg[A]

ATOL 9A |aaE00 Convert ASCII to long integer

LTOA 9B |bb Convert long integer to ASCII

LSET 9C [nn reg[A] = reg[nn]

LADD 9D |nn reg[A] = reg[A] + reg[nn]

LSUB 9E [nn reg[A] = reg[A] - reg[nn]

LMUL 9F [nn reg[A] = reg[A] * reg[nn]

LDIV A0 [nn reg[A] = reg[A] / reg[nn]
reg[0] = remainder

LCMP Al |nn Signed compare reg[A] and reg[nn],
Set long integer status

LUDIV A2 |nn reg[A] = reg[A] / reg[nn]
reg[0] = remainder

LUCMP A3 |nn Unsigned compare reg[A] and reg[nn],
Set long integer status

LTST A4 |nn Test reg[A] AND reg[nn],
Set long integer status

LSETO A5 reg[A] = reg|0]

LADDO A6 reg[A] = reg[A] + reg[0]

LSUBO A7 reg[A] = reg[A] - reg[0]

LMULO A8 reg[A] = reg[A] * reg[0]

LDIVO A9 reg[A] = reg[A] / reg[0]
reg[0] = remainder

LCMPO AA Signed compare reg[A] and reg[0],
set long integer status

LUDIVO AB reg[A] = reg[A] / reg[0]
reg[0] = remainder

LUCMPO AC Unsigned compare reg[A] and reg[0],
Set long integer status

LTSTO AD Test reg[A] AND reg]0],
Set long integer status

LSETI AE [bb reg[A] = long(bb)

LADDI AF |bb reg[A] = reg[A] + long(bb)

LSUBI BO |bb reg[A] = reg[A] - long(bb)

LMULI B1 |bb reg[A] = reg[A] * long(bb)

LDIVI B2 |bb reg[A] = reg[A] / long(bb)
reg[0] = remainder

LCMPI B3 |bb Signed compare reg[A] - long(bb),
Set long integer status

LUDIVI B4 |bb reg[A] = reg[A] / unsigned long(bb)
reg[0] = remainder

LUCMPI B5 |bb Unsigned compare reg[A] and long(bb),
Set long integer status

LTSTI B6 |bb Test reg[A] AND long(bb),
Set long integer status

LSTATUS B7 |nn Set long integer status for reg[nn]

LSTATUSA B8 Set long integer status for reg[A]
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LCMP2 B9 |nn,mm Signed long compare reg[nn], reg[mm]
Set long integer status
LUCMP2 BA |nn,mm Unsigned long compare reg[nn], reg[mm]
Set long integer status
LNEG BB reg[A] = -reg[A]
LABS BC reg[A] = | reg[A] |
LINC BD |nn reg[nn] = reg[nn] + 1, set status
LDEC BE |nn reg[nn] = reg[nn] - 1, set status
LNOT BF reg[A] = NOT reg[A]
LAND CO |nn reg[A] = reg[A] AND reg[nn]
LOR Cl |nn reg[A] = reg[A] OR reg[nn]
LXOR C2 |[nn reg[A] = reg[A] XOR reg[nn]
LSHIFT C3 |nn reg[A] = reg[A] shift reg[nn]
LMIN C4 |nn reg[A] = min(reg[A], reg[nn])
LMAX C5 |nn reg[A] = max(reg[A], reg[nn])
LONGBYTE C6 |bb reg[0] = long(signed byte bb)
LONGUBYTE |C7 |bb reg[0] = long(unsigned byte bb)
LONGWORD |C8 |bl,b2 reg[0] = long(signed b1*256 + b2)
LONGUWORD |C9 |bl1,b2 reg[0] = long(unsigned b1*256 + b2)
SETSTATUS |CD |ss Set status byte
SEROUT CE [bb Serial output
bb,bd
bb,aaE00
SERIN CF |[bb Serial input
SETOUT DO |bb Set OUT1 and OUT2 output pins
ADCMODE D1 |bb Set A/D trigger mode
ADCTRIG D2 A/D manual trigger
ADCSCALE D3 |ch ADCscale[ch] = reg[0]
ADCLONG D4 |ch reg[0] = ADCvalue[ch]
ADCLOAD D5 |[ch reg[0] =
Roat(ADCvalue[ch]) * ADCscale[ch]
ADCWAIT D6 wait for next A/D sample
TIMESET D7 time = reg|[0]
TIMELONG D8 reg[0] = time (long integer)
TICKLONG D9 reg[0] = ticks (long integer)
EESAVE DA |nn,ee EEPROM][ee] = reg[nn]
EESAVEA DB |ee EEPROM][ee] = reg[A]
EELOAD DC |nn,ee reg[nn] = EEPROMJee]
EELOADA DD |ee reg[A] = EEPROM[ee]
EEWRITE DE |ee,bc,bl1Ebn Store bytes starting at EEPROM][ee]
EXTSET EO external input count = reg[0]
EXTLONG E1l reg[0] = external input counter
EXTWAIT E2 wait for next external input
STRSET E3 [aaE00 Copy string to string buffer
STRSEL E4 |bb,bb Set selection point
STRINS E5 |aaE00 Insert string at selection point
STRCMP E6 |aaE00 Compare string with string selection
STRFIND E7 [aaE00 Find string
STRFCHR E8 |aaE00 Set beld separators
STRFIELD E9 |bb Find Peld
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STRTOF EA Convert string selection to Boating point

STRTOL EB Convert string selection to long integer

READSEL EC aaE00 Read string selection

STRBYTE ED Insert byte at selection point

STRINC EE Increment string selection point

STRDEC EF Decrement string selection point

SYNC FO 5C Get synchronization byte

READSTATUS |F1 SS Read status byte

READSTR F2 aaE00 Read string from string buffer

VERSION F3 Copy version string to string buffer

IEEEMODE F4 Set IEEE mode (default)

PICMODE F5 Set PIC mode

CHECKSUM |F6 Calculate checksum for uM-FPU code

BREAK F7 Debug breakpoint

TRACEOFF F8 Turn debug trace off

TRACEON F9 Turn debug trace on

TRACESTR FA [aaE00 Send string to debug trace buffer

TRACEREG FB |nn Send register value to trace buffer

READVAR FC |bb Read internal register value

RESET FF Reset (9 consecutive FF bytes cause a
reset, otherwise it is a NOP)

Notes:
Opcode Opcode value in hexadecimal
Arguments  Additional data required by instruction
Returns Data returned by instruction
nn register number (0-127)
mm register number (0-127)
fn function number (0-63)
bb 8-bit value
b1,b2 16-bit value (b1 is MSB)
b1,b2,b3,b4 32-bit value (bl is MSB)
b1Ebn string of 8-bit bytes
SS Status byte
bd baud rate and debug mode
cc Condition code
ee EEPROM address slot (0-255)
ch A/D channel number
bc Byte count
tc 32-bit value count
t1Etn String of 32-bit values
aaE00 Zero terminated ASCII string
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