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1 Foreword

This is preliminary...Anythingcanbechangedwithout notice.

2 Instruction formats

2.1 Format 0

8 24
0 7 8 31
Opcode Imm 24

2.2 Format 1

8 18 6
0 7 8 25 26 31
Opcode Imm 18 Reg 1

2.3 Format 2

8 12 6 6
0 7 8 19 20 25 26 31
Opcode Imm 12 Reg 2 Reg 1

2.4 Format 3

8 6 6 6 6
0 7 8 13 14 19 20 25 26 31
Opcode Imm 6 Reg 3 Reg 2 Reg 1

2.5 Sizeflags

In someopcodesthe flags cancontaina ’size’ parameterthat definethe sizeof the
operandon which theoperationshouldtake place.Seethefollowing table:

Flags Size(byte) Suffix Name
00 1 B Byte
01 2 D Double-Byte
10 4 Q Quad-Byte
11 8 (none) Octa-Byte(Word)
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3 Arithmetic

3.1 Core Arithmetic

3.1.1 add

Addition/Substraction

add %a , %b, %c

Computes
���������	�
���

.

0 7 8 13 14 19 20 25 26 31
OP ADD FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthesizeparameter
10 [u] Definesif theoperandsareunsigned
11 [s] Definesif theoperationis SIMD (*)
12 [n] Definesif thethesecondoperand

is negated.
13 Unused.

sub%a, %b, %c

Computes
����������
����

.
sub is just analiasfor add.n .
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3.1.2 mul

Multiplication

mul %a, %b, %c

Computes
���������������

.

0 7 8 13 14 19 20 25 26 31
OP MUL FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthesizeparameter
10 [u] Definesif theoperandsareunsigned
11 [s] Definesif theoperationis SIMD (*)
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3.1.3 div

Division

div %a, %b, %c

Computes
���������������

.

0 7 8 13 14 19 20 25 26 31
OP DIV FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthesizeparameter
10 [u] Definesif theoperandsareunsigned
11 [s] Definesif theoperationis SIMD (*)

7



F-CPUProject F-CPUArchitectureGuide

3.2 Optional Arithmetic

3.2.1 addi and subi

Addition/SubstractionImmediate

addi %a, i8, %b

Compute
���������	�����

.

0 7 8 13 14 19 20 25 26 31
OP ADDI FLAGS imm8 %a %b

Flags Values Function
8-9 [qdb] Definesthesizeparameter
10 [u] Definesif theoperandsareunsigned
11 [s] Definesif theoperationis SIMD (*)

subi %a, i8, %b

Computes
����������
����

sub is just analiasfor addi.n .
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3.2.2 muli

Multiplication Immediate

muli %a, i8, %b

Computes
���������������

.

0 7 8 13 14 19 20 25 26 31
OP MULI FLAGS imm8 %a %b

Flags Values Function
8-9 [qdb] Definesthesizeparameter
10 [u] Definesif theoperandsareunsigned
11 [s] Definesif theoperationis SIMD (*)
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3.2.3 divi

Division Immediate

divi %a, i8, %b

Computes
���������������

.

0 7 8 13 14 19 20 25 26 31
OP DIVI FLAGS imm8 %a %b

Flags Values Function
8-9 [qdb] Definesthesizeparameter
10 [u] Definesif theoperandsareunsigned
11 [s] Definesif theoperationis SIMD (*)
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3.2.4 mod

Modulo

mod %a, %b, %c

Computes
��������� �"!�#$���

.

0 7 8 13 14 19 20 25 26 31
OP MOD FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthesizeparameter
10 [u] Definesif theoperandsareunsigned
11 [s] Definesif theoperationis SIMD (*)
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3.2.5 modi

Modulo Immediate

modi %a, i8, %b

Computes
���������%�&!�#%���

.

0 7 8 13 14 19 20 25 26 31
OP MODI FLAGS imm8 %a %b

Flags Values Function
8-9 [qdb] Definesthesizeparameter
10 [u] Definesif theoperandsareunsigned
11 [s] Definesif theoperationis SIMD (*)
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4 Logic

4.0.6 logic

BitwiseLogic

logic %a, %b, %c

Computes
�����('*)+���-,.���0/

where
'

is alogic functionwhosetruthtableis defined
in theflags.

0 7 8 13 14 19 20 25 26 31
OP LOGIC FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthesizeparameter
10 [01] Definesthevalueof

'*)213,41 /
11 [01] Definesthevalueof

'*)65�,41 /
12 [01] Definesthevalueof

'*)213,758/
13 [01] Definesthevalueof

'*)65�,758/

or is analiasfor logic.0111.
and is analiasfor logic.0001.
xor is analiasfor logic.0110.
not is analiasfor logic.1010.
nor is analiasfor logic.1000.
nandis analiasfor logic.1110.
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5 Test

5.0.7 testxx

Testhasbeendeprecated.Awaiting new definition.
Teston int valuesor float values.

testxx%a, %b, %c

Sets%c to 1 or 0 if the result of the test is true or false.

0 7 8 13 14 19 20 25 26 31
OP TEST FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthe sizeparameter

10-13 9 1�57:<; Definesthe condiction to be
tested(seetable below)

testxx xx Value Condition
testeq eq 0000 %a is EQual to %b
testnq nq 0001 %a is Not Equal to %b
testgt gt 0010 %a is GreaterThan %b
testge ge 0011 %a is Greater than or Equal to %b
testlt lt 0100 %a is LessThan %b
testle le 0101 %a is Lessthan or Equal to %b
testcf cf 0110 Carry flag is set
testzf zf 0111 Zero flag is set

Table 1: TestOperations
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6 Load/Store

7 CoreLoad/Store

7.0.8 load

Load

load [%a + %b * size],%c����� 9 ���=�>���@?BAC��D�EC:

0 7 8 13 14 19 20 25 26 31
OP LOAD FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthe sizeparameter
10 [e] Definesthe endianness

little-endian if cleared(default)
big-endian if set

15
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7.0.9 store

Store

store%a, [%b + %c * size]

9 ���@�>���@?BAC��D E7:-�����

0 7 8 13 14 19 20 25 26 31
OP STORE FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthe sizeparameter
10 [e] Definesthe endianness

little-endian if cleared(default)
big-endian if set
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7.0.10 mov

Move

mov [%a,] %b, %c�6'*)+���F/4���������

0 7 8 13 14 19 20 25 26 31
OP MOV FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthe sizeparameter
10 [n] Definesif the data getsnegated

11-12 [sz] Defineshow the high part of the
destination registerwill be.
(Seetable below)

Flag Values Function
(default) 00 High part remainsunchanged

z 01 Zero extend
s 10 Signextend
? 11 Reserved

17
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7.0.11 loadcons

Load Constant

loadconsimm16, %a�����G�+�&�H5CI

Flags Values Function
8-9 [123] Definesthe shift parameter

0 7 8 9 10 25 26 31
OP LOADCONS EMPTY imm16 %a

18
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8 Optional Load/Store

8.0.12 loadi

Load Immediate

loadi [%a + imm10 * size],%b���J� 9 ���=���K5L1�?BA7��D EC:

0 7 8 9 10 19 20 25 26 31
OP LOADI FLAGS imm10 %a %b

Flags Values Function
8-9 [qdb] Definesthe sizeparameter
10 [e] Definesthe endianness

little-endian if cleared(default)
big-endian if set
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8.0.13 storei

Store Immediate

storei %a, [%b + imm10 * size]

9 ���@���.5C1�?BAC��D EC:M�(���

0 7 8 9 10 19 20 25 26 31
OP STOREI FLAGS imm10 %a %b

Flags Values Function
8-9 [qdb] Definesthe sizeparameter
10 [e] Definesthe endianness

little-endian if cleared(default)
big-endian if set

20
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9 Inter nal registers

Get and Put internal register.

R/W Description
R Number of cycles
R Number of cycles(countdown)
R Number of instructions executed
R Number of PagesFaults
R Number of traps/interrupts
R Number of FPU traps
R Number of Cachehit/misses
R Number of correct/incorrectbranch predictions
R Number of pipeline bubbles
R Number of TLB hits/misses

Table2: PerformanceCounters

R/W Description
RW Old Program Counter
RW Old Machine StatusWord
RW ExceptionVector
RW Temporary
R ExceptionReason
R ExceptionNumber/Type

Table 3: SpecialRegisterfor Exceptions

R/W Description
R ProcessorID

Table4: DiverseSpecialRegisters

21
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9.1 Core Inter nal registers

9.1.1 get

Get Inter nal Register

get IR[%a], %b

Get internal registerat index %a and put its content in register%b.

0 7 8 19 20 25 26 31
OP GET EMPTY %a %b
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9.1.2 put

PUT Inter nal Register

put %a, IR[%b]

Put contentsof %a and put into internal registerat index %b.

0 7 8 19 20 25 26 31
OP PUT EMPTY %a %b
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9.2 Optional Inter nal Registers

9.2.1 geti

Get Inter nal RegisterImmediate

geti IR[imm16], %a

Get internal registerat index imm16 and put its content in register%a.

0 7 8 9 10 25 26 31
OP GETI EMPTY imm16 %a

24



F-CPUProject F-CPUArchitectureGuide

9.2.2 puti

Put Inter nal RegisterImmediate

puti %a, IR[imm16]

Get internal registerat index imm16 and put its content in register%a.

0 7 8 9 10 25 26 31
OP PUTI EMPTY imm16 %a
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10 Shift and Rotate

10.1 CoreShift and Rotate

10.1.1 shift

Shift

shift %a, %b, %c

Computes
�����(���ON=NG���

or
���������OP=PG���

0 7 8 13 14 19 20 25 26 31
OP SHIFT FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthe sizeparameter
10 [a] Definesif the operand is signed
11 [lr] Definesif the dir ection is

left (cleared)or right (set).
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10.1.2 rot

Rotation

rot %a, %b, %c

Computes
�����(���ON�
Q���

or
���������-
�PR���

0 7 8 13 14 19 20 25 26 31
OP ROT FLAGS %a %b %c

Flags Values Function
8-9 [qdb] Definesthe sizeparameter
10 [a] Definesif the operand is signed
11 [lr] Definesif the dir ection is

left (cleared)or right (set).

27
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10.2 Optional Shift and Rotate

10.2.1 shifti

Shift Immediate

shifti %a, imm6, %b

Computes
�����(���ON=N
�����"I

or
���������ON=N>�����"I

imm6 is unsigned.

0 7 8 13 14 19 20 25 26 31
OP SHIFTI FLAGS imm6 %a %b

Flags Values Function
8-9 [qdb] Definesthe sizeparameter
10 [a] Definesif the operand is signed
11 [lr] Definesif the dir ection is

left (cleared)or right (set).
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10.2.2 roti

Rotate Immediate

roti %a, imm6, %b

Computes
�����(���ON(
������"I

or
���������-
(P>�����"I

imm6 is unsigned.

0 7 8 13 14 19 20 25 26 31
OP ROTI FLAGS imm6 %a %b

Flags Values Function
8-9 [qdb] Definesthe sizeparameter
10 [a] Definesif the operand is signed
11 [lr] Definesif the dir ection is

left (cleared)or right (set).
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11 Floating Point Operations

11.1 CoreFloating Point Operations

11.1.1 fadd

Floating Point Addition/Substraction

fadd %a, %b, %c

Computes
�����(���S�>���

0 7 8 13 14 19 20 25 26 31
OP FADD FLAGS %a %b %c

Flags Values Function
8-9 [f??] Definesthe sizeparameter
10 [n] Definesif the secondoperand is negated
11 [s] Definesif the operation is SIMD (*)
12 [x] Definesif IEEE complianceisn’t required (*)

fsub %a, %b, %c

Computes
�����(���T
����

.
fsub is justanaliasfor fadd.n .
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11.1.2 fmul

FloatingPointMultiplication

fmul[f] %a, %b, C

Computes
�������������

0 7 8 13 14 19 20 25 26 31
OP FMUL FLAGS %a %b %c

Flags Values Function
8-9 [f??] Definesthesizeparameter
10 [n] Definesif thesecondoperandis negated
11 [s] Definesif theoperationis SIMD (*)
12 [x] Definesif IEEE complianceisn’t required(*)
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11.1.3 fdiv

FloatingPointDivision

fdiv %a, %b, %c

Computes
���������������

0 7 8 13 14 19 20 25 26 31
OP FDIV FLAGS %a %b %c

Flags Values Function
8-9 [f??] Definesthesizeparameter
10 [n] Definesif thesecondoperandis negated
11 [s] Definesif theoperationis SIMD (*)
12 [x] Definesif IEEE complianceisn’t required(*)
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11.1.4 int2f and f2int

Integerto FloatingPointandFloatingPointto Integer

int2f %a, %b

f2int %a, %b

“int2f ” convertsintegernumberin register%ainto afloatingpointnumberandput
it in register%b.

“f2int” convertsfloating point numberin register%a into an integer numberand
put it in register%b.

0 7 8 19 20 25 26 31
OP FCONV EMPTY %a %b

Flags Values Function
8-9 [f??] Definesthesizeparameter
10 [n] Definesif thesecondoperandis negated
11 [s] Definesif theoperationis SIMD (*)
12 [x] Definesif IEEE complianceisn’t required(*)

13-15 Roundingmodesseetablebelow.

Roundingmodes:

Value Roundingmode
000 Nearest(default)
001 Towards0
010 Away from 0
011 Towards


QU
100 Towards

�=U
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11.2 Optional Floating Point Operations

11.2.1 finv

FloatingPointInverse

finv %a, %b

Computes
����� VW@X

0 7 8 19 20 25 26 31
OP FINV EMPTY %a %b

Flags Values Function
8-9 [f??] Definesthesizeparameter
10 [n] Definesif thesecondoperandis negated
11 [s] Definesif theoperationis SIMD (*)
12 [x] Definesif IEEE complianceisn’t required(*)
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11.2.2 fsqrt

FloatingPointSquareRoot

fsqrt %a, %b

Computes
������Y ���

0 7 8 19 20 25 26 31
OP FSQRT EMPTY %a %b

Flags Values Function
8-9 [f??] Definesthesizeparameter
10 [n] Definesif thesecondoperandis negated
11 [s] Definesif theoperationis SIMD (*)
12 [x] Definesif IEEE complianceisn’t required(*)
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11.2.3 finvsqrt

FloatingPointInverseSquareRoot

finvsqrt %a, %b

Computes
����� VZ W@X

0 7 8 19 20 25 26 31
OP FINVSQRT EMPTY %a %b

Flags Values Function
8-9 [f??] Definesthesizeparameter
10 [n] Definesif thesecondoperandis negated
11 [s] Definesif theoperationis SIMD (*)
12 [x] Definesif IEEE complianceisn’t required(*)
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12 Branch

12.0.4 jmpa

AbsoluteJump.

jmpa [%a,] %b

If %acontainsanon-nil valuejump to theaddresspointedby %b.

0 7 8 19 20 25 26 31
OP JMPA EMPTY %a %b
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12.0.5 jmpi

AbsoluteJumpImmediate.

jmpi [%a,] %b, imm12

If %acontainsanon-nil valuejump to addresspointedby %b+4*imm12.

0 7 8 19 20 25 26 31
OP JMPI imm12 %a %b
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12.0.6 jmpr

RelativeJumpImmediate.

jmpr [%a,] imm18

Theimm18is a signedvalue.Warning!All codeis alignedon a 32bit boundaryso
theimm18valuewill beshiftedto theleft 2 times.

0 7 8 25 26 31
OP JMPR imm18 %a
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13 CPU Control

13.0.7 syscalland trap

syscall[%a,] imm18

trap [%a,] imm18

Syscallaretwo namesfor thesameinstruction.
[FIX ME] But whatdoesit do ?
Theargumentis ignoredby thehardwareandmaybeusedto encodeinformation

for systemsoftware.To retrievetheargumentsystemsoftwaremustloadtheinstruction
word from memory.

0 7 8 25 26 31
OP SYSTRAP imm18 %a
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13.0.8 halt

halt [%a,] [imm18]

Haltsuntil anExternalExceptionoccurs

0 7 8 25 26 31
OP HALT imm18 %a
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13.0.9 rfe

rfe [%a,] [imm18]

ReturnFromException...
[FIX ME] Little short...

0 7 8 25 26 31
OP RFE imm18 %a
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A ExceptionHandling (out of date)

Type1 Softwareexception
Type2 Externalexception(interrupt)
Type3 PrivilegeViolation
Type4 MemoryError
Type5 Syscall

Table 5: Typesof exceptions

[FIXME] How many differentstypesdo we needto have,eachonecorresponding
to onepointerin theexceptionvector(exceptfor thehardwarethattakesall therest).

Exceptionpointervectorhas64 entries.[FIXME] Confirmthat.

SR OPC Old ProgramCounter
SR OMSW Old MachineStatusWord
SR EV ExceptionVector
SR TMP Temporary
SR ER ExceptionReason
SR ENT ExceptionNumber/Type

Table6: SpecialRegistersfor Exceptionhandling

1 ExternalInterupt
2 IllegalOpcode
3 MalformedInstruction
4 PriviledgeViolation
5 Integerdivideby ZERO
6 FPdivideby ZERO
7 FPINF-INF
8 FPINF/INF
9 FPZERO/ZERO
10 FPZERO*INF
11 FPSQRT(NEG)
12 MemoryException

Table 7: PossibleExceptionReasonsValues

Upontheoccuranceof anexception,theproccessorperformsthefollowing..

[ Invalidateor FlushPipeline[FIXME]

[ StorePCin SR OPC

[ StoreMSW in SR OMSW

43



F-CPUProject F-CPUArchitectureGuide

[ Switch(ExceptionType)

– CaseInternalException:storeExceptionTypein SR ENT

– CaseExternalException:storeExceptionNumberin SR ENT

– CaseSycall:storetheimm21in SR ENT

[ Jumpto theappropriateaddressusingtheExceptionVector(SREV).

UponCall to theRFEinstruction:

[ StoreSR OPCin PC

[ StoreSR OMSWin MSW
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B Commments

New instructionformats(little-endian)
ThedistinctionbetweenCoreandOptionalfunctions
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