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1 Foreword

Thisis preliminary.. Anything canbe changedvithout notice.

2 Instruction formats

2.1 FormatO
8 24
0 718 31
Opcode Imm 24
2.2 Formatl
8 18 6
0 718 25| 26 31
Opcode Imm 18 Reg 1
2.3 Format 2
8 12 6 6
0 718 19 | 20 25| 26 31
Opcode Imm 12 Reg 2 Reg 1
2.4 Format 3
8 6 6 6 6
0 718 13| 14 19| 20 25| 26 31
Opcode Imm 6 Rey 3 Reg 2 Rey 1l
2.5 Sizeflags

In someopcodeshe flags can containa 'size’ parametetthat definethe size of the
operandbn which the operationshouldtake place.Seethefollowing table:

Flags | Size(byte) | Sufiix | 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 Data Manipulation

3.1 CoreArithmetic
3.1.1 add
Addition

| add %r1 , %r2, %r3 |

add performsan integer addition of the two sourceoperandg%r1 and%r2) and
putstheresultin destinatioroperand%r3).

e Thesizeflagindicatesthatadd performsthe additionon the whole operandsor
only onapartof theoperands.

e The SIMD flag indicatesthat add performsmultiple addition on partsof the
operandthesizeof thesepartsis definedby the sizeflags).

e Thesaturate flag indicatesthatadd doesnot “wrap” if theresultis biggerthan
thesizeof theoperands.

0 7|8 13| 14 19| 20 25| 26 31
OP.ADD FLAGS %rl %r2 %r3

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter

10 | [g] Definesif the operationis SIMD (*)
12 | [m] Definesif the operationshouldsaturate
13 Unused.
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3.1.2 sub

Substraction

| sub%rl, %r2, %r3 |

sub performsan integer substractiorof the two sourceoperandq%r1 and %r2)
andputstheresultin destinatioroperand%or3).

e Thesizeflagindicateshatsub performsthe substractioronthewholeoperands

or only on a partof theoperands.

e TheSIMD flagindicatesthatsub performsmultiple substractioron partsof the

operandthesizeof thesepartsis definedby the sizeflags).

e Thefloor flagindicateghatsub doesnot“wrap” if theseconperands bigger

thanthefirst one.

0 718 13| 14 19| 20 25| 26 31
OPSUB | FLAGS %r1 %r2 %r3
Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [s] Definesif the operations SIMD (*)
12 | [f] Definesif the operationshouldfloor
13 Unused.
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3.1.3 mul
Multiplication
| mul %r1, %r2, %r3 |

mul performsaninteger multiplication of the two sourceoperandg%rl and%r2)
andputstheresultin destinatioroperand%or3).

e Thesizeflagindicateshatmul performsthemultiplicationonthewholeoperand-
sor only onapartof theoperandsilt only putsthelower partof theresult.

e The SIMD flag indicatesthatmul performsmultiple multiplication on partsof
the operandthe sizeof thesepartsis definedby the sizeflags).

0 718 13| 14 19| 20 25| 26 31
OP.MUL FLAGS %rl %r2 %r3

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [s] Definesif the operations SIMD (*)
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3.1.4 div
Division

| div %r1, %r2, %r3 |

div performsan integer division of the two sourceoperandq%r1 and %r2) and

putstheresultin destinatioroperand%r3).

e Thesizeflag indicatesthatdiv performsthe division on the whole operandsor

only on a partof the operandsilt only putsthe lower partof theresult.

e The SIMD flag indicatesthat div performsmultiple division on partsof the

operandthesizeof thesepartsis definedby the sizeflags).

0 7|8 13| 14 19| 20 25| 26 31
OPDIV | FLAGS %r1l %r2 %r3
Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [s] Definesif the operations SIMD (*)




F-CPUProject F-CPUArchitectureGuide

3.2 Optional Arithmetic
3.2.1 addi
Addition Immediate

| addi%r1, i8, %r2 |

Compute%r2 = %rl + 8.

0 7|8 11| 12 19| 20 25| 26 31
OP.ADDI FLAGS imm38 %r1 %r2

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [s] Definesif the operations SIMD (*)




F-CPUProject F-CPUArchitectureGuide

3.2.2 subi
Substractionmmediate

| subi%r1, i8, %r2 |

Computestr2 = %rl — i8

0 7|8 11| 12 19| 20 25| 26 31
OP.SUBI | FLAGS imm8 %r1 %r2

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [s] Definesif the operations SIMD (*)

10
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3.2.3 muli
Multiplication Immediate

| muli %r1, i8, %r2 |

Computesir2 = %rl x i8.

0 7|8 11| 12 19| 20 25| 26 31
OP_MULI FLAGS imm8 %r1 %r2

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [s] Definesif the operations SIMD (*)

11
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3.2.4 divi
Division Immediate

| divi %r1, i8, %r2 |

Computesir2 = %rl/i8.

0 7|8 11| 12 19| 20 25| 26 31
OP.DIVI FLAGS imm8 %r1 %r2

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [g] Definesif the operationis SIMD (*)

12
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3.2.5 mod
Modulo
| mod %r1, %r2, %r3 |

Computesir3 = %rlmod%r2.

0 7|8 13| 14 19| 20 25| 26 31
OP.MOD | FLAGS %r1 %r2 %r3

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [s] Definesif the operations SIMD (*)

13
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3.2.6 modi
Modulo Immediate

| modi %r1, i8, %r2 |

Computesir2 = %rl mod i8.

0 7|8 11| 12 19| 20 25| 26 31
OP_MODI FLAGS imm8 %r1 %r2

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [s] Definesif the operations SIMD (*)

14
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3.3 Core Shift and Rotate
3.3.1 shift
Shift

| shift %r1, %r2, %r3 |

Computesir3 = %rl << %r2 or %r3 = %rl >> %r2

0 7|8 13| 14 19| 20 25| 26 31
OPSHIFT | FLAGS %r1 %r2 %r3

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter

10 [In Definesif thedirectionis
left (cleared)or right (set).
11 | [q] Definesif the operands signed

15
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3.3.2 rot
Rotation

| rot%r1, %r2, %r3 |

Computesir3 = %rl < —%r2 or %r3 = %rl— > %r2

0 7|8 13| 14 19| 20 25| 26 31
OP.ROT | FLAGS %r1 %r2 %r3

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 [Ir Definesif thedirectionis
left (cleared)or right (set).

16
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3.4 Optional Shift and Rotate
3.4.1 shifti

Shift Immediate

| shifti %r1, imm6, %r2 |

Computesir2 = %rl << imm6 or %r2 = %rl << immb
imm6 is unsigned.

0 7|8 13| 14 19| 20 25| 26 31
OPSHIFTI | FLAGS imm6 %r1 %r2

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter

10 | [If] Definesif thedirectionis
left (cleared)or right (set).
11 | [q] Definesif the operands signed

17
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3.4.2 roti
Rotatelmmediate

| roti %r1, imm6, %r2 |

Computestr2 = %rl < —imm6 or %r2 = %rl— > immb
imm6 is unsigned.

0 7|8 13| 14 19| 20 25| 26 31
OP.ROTI FLAGS imm6 %r1 %r2

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 [Ir Definesif thedirectionis
left (cleared)or right (set).

18
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3.4.3 bitop

SingleBit Operation

| bitop %r1, imm6, %r2 |

Apply alogical operationto %r1 andbit imm6 set.

bsetis analiasfor bitop.s (bit set,or).

bclear is analiasfor bitop.c (bit clear andn).
bchangeis analiasfor bitop.x (bit changexor).
btestis analiasfor bitop.t (bit test,and).

0 718 13| 14 19| 20 25| 26 31
OPBITOP | FLAGS imm6 %r1 %r2
Flags | Values| Function
8-9 | [scxt] | Definestheoperation

19
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3.5 Corelogic
3.5.1 logic
Bitwise Logic

| logic %r1, %r2, %r3 |

Computesr3 = f(%rl, %r2) where f is a logic function whosetruth tableis
definedin theflags.

0 7|8 13| 14 19| 20 25| 26 31
OP.LOGIC | FLAGS %rl %r2 %r3

Flags | Values| Function
8-9 | [qdb] | Definesthesizeparameter
10 | [01] Definesthevalueof f(0,0)
11 | [01] Definesthevalueof f(1,0)
12 | [01] Definesthevalueof f(0,1)
13 | [01] Definesthevalueof f(1,1)

Y

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.

Remark:XOR shouldbe usedto compargwo numberdor equality

20
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3.6 Optional SIMD Packing
3.6.1 mix

| mix %r1, %r2, %r3 |

Mix %r1 and%r2 into %r3.

0 7|8 13| 14 19| 20 25| 26 31
OP_MIX FLAGS %r1 %r2 %r3

Flags | Values| Function
8 [hi] Defineswhich partof thewords
shouldbe mixed (high, low).

21
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3.6.2 expand

| expand%rl, %r2 |

Expand%rlinto %r2.

0 7|8 19| 20 25| 26 31
OP.EXPAND | EMPTY %r1 %r2

Flags | Values| Function
8 [hi] Defineswhichin partof theword
theresultshouldbeput (high, low).

22
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3.7 Floating Point Operations
3.7.1 Intr oduction

Therearedifferentlevelsof implementatiorof floating point operations.

Level | Instructionsmplemented
Level0 | NoFP
Level 1 | fadd,fsub,fmul, finv_app,sqrtinv_app
Level 2 | fadd,fsub,fmul, finv, sqrt
Level 2 | fadd,fsub,fmul, div, finv, sgrt,sqrtinv

23
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3.7.2 fadd
FloatingPointAddition

| fadd %r1, %r2, %r3 |

fadd performsa floating addition of the two sourceoperandg%r1 and%r2) and
putstheresultin destinationoperand%r3). The operationshouldbe IEEE-754com-
pliant.

e Thesizeflagindicateshatfadd performstheadditiononthewhole operandor
only on a part of the operandsThis sizeflagsis differentfrom the integer size
flag: only two valuesarecurrentlyassigned01) for 64 bits and(00) for 32 bits.

e The SIMD flag indicatesthatfadd performsmultiple additionon partsof the
operandthesizeof thesepartsis definedby the sizeflags).

e TheException flag indicateshatfadd shouldgeneratexxceptiongwhenneed-
ed)in accordancéo the [IEEE-754standard.

0 7|8 13| 14 19| 20 25| 26 31
OP.FADD FLAGS %rl %r2 %r3

Flags | Values| Function
8-9 | [f?7?] Definesthe sizeparameter
10 | [g] Definesif the operationis SIMD (*)
11 | [¥] Definesif IEEE compliancdsn’t required(*)

24
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3.7.3 fsub

FloatingPointSubstraction

| fsub %r1, %r2, %r3 |

fsub performsa floating substractiorof the two sourceoperandg%r1 and %r2)
and putsthe resultin destinationoperand(%r3). The operationshouldbe IEEE-754

compliant.

e Thesizeflagindicateghatfsub performsthesubstractioonthewholeoperands
or only onapartof theoperandsThis sizeflagsis differentfrom theintegersize
flag: only two valuesarecurrentlyassigned01) for 64 bits and(00) for 32 bits.

¢ TheSIMD flagindicateshatfsub performsmultiple substractioron partsof the
operandthesizeof thesepartsis definedby the sizeflags).

e Theexceptionflagindicateghatfsub shouldgeneratexceptiongwhenneeded)
in accordancéo the [EEE-754standard.

0 718 13| 14 19| 20 251 26 31
OPFSUB | FLAGS %r1l %r2 %r3
Flags | Values| Function
8-9 | [f?7?] Definesthe sizeparameter
10 | [s] Definesif the operationis SIMD (*)
11 | [¥] Definesif IEEE compliancdsn’t required(*)

25
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3.7.4 fmul
FloatingPointMultiplication

| fmullf] %r1, %r2, C |

fmul performsa floating multiplication of thetwo sourceoperandg%orl and%r2)
and putsthe resultin destinationoperand(%r3). The operationshouldbe IEEE-754

compliant.

e Thesizeflagindicateghatfmul performshemultiplicationonthewholeoperand-
s or only on a partof the operandsThis sizeflagsis differentfrom the integer
sizeflag: only two valuesarecurrentlyassigned01) for 64 bits and(00) for 32

bits.

e TheSIMD flagindicatesthatfmul performsmultiple multiplicationon partsof
theoperandthesizeof thesepartsis definedby the sizeflags).

e Theexceptionflag indicatesthatfmul shouldgeneratexceptions(whenneed-
ed)in accordancéo the [IEEE-754standard.

0 7|8 13

14

19

20

25

26

31

OP.FMUL | FLAGS

%rl

%r2

%r3

Flags | Values| Function
8-9 | [f?7?]
10 | [g]
11 | [¥]

Definesthe sizeparameter
Definesif the operationis SIMD (*)
Definesif IEEE compliancdsn’t required(*)

26
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3.7.5 fdiv

FloatingPointDivision

| fdiv %r1, %r2, %r3 |

fdiv performsafloatingdivision of thetwo sourceoperand$%rl1and%r2) andputs
theresultin destinatioroperand%or3). The operationshouldbe IEEE-754compliant.

e Thesizeflagindicatesthatfdiv performsthe division on the whole operandsor
only on a partof the operandsThis sizeflagsis differentfrom the integer size
flag: only two valuesarecurrentlyassigned01) for 64 bits and(00) for 32 bits.

e The SIMD flag indicatesthat fdiv performsmultiple division on partsof the
operandthesizeof thesepartsis definedby the sizeflags).

e Theexceptionflagindicateghatfdiv shouldgeneratexceptiongwhenneeded)

in accordancéo the [IEEE-754standard.

0 718 13| 14 19| 20 25| 26 31
OPFDIV | FLAGS %r1 %r2 %r3
Flags | Values| Function
8-9 | [f?7?] Definesthe sizeparameter
10 | [s] Definesif the operationis SIMD (*)
11 | [X] Definesif IEEE compliancesn’t required(*)

27
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3.7.6 int2f and f2int
Integerto FloatingPointandFloatingPointto Integer
| int2f %r1, %r2 |

| f2int %r1, %r2 |

“int2f” corvertsinteger numberin register%rl into a floating point numberand
putit in register%r2.

“f2int” corwvertsfloating point numberin register%r1 into anintegernumberand
putit in register%r2.

0 7|8 19| 20 25| 26 31
OP.FCONV | EMPTY %rl %r2

Flags | Values| Function

8-9 | [f??] Definesthe sizeparameter

10 Directionflag.

11 [s] Definesif the operationis SIMD (*)

12 [X] Definesif IEEE compliancdsn't required(*)
13-15 Roundingmodesseetablebelow.

Roundingmodes:

Value | Roundingmode
000 | Neares(default)
001 | TowardsO
010 | AwayfromO
011 | Towards—oo
100 | Towards+oo

28
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3.7.7 finv

FloatingPointInverse

| finv%r1, %r2 |

Computesr2 = 51+

0 7|8 19| 20 25| 26 31
OP.FINV | EMPTY %rl %r2

Flags | Values| Function
8-9 | [f??] Definesthe sizeparameter
10 | [g] Definesif the operationis SIMD (*)
11 | [¥] Definesif IEEE compliancdsn’t required(*)

29
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3.7.8 fsgrt
FloatingPointSquareRoot

| fsqrt %r1, %r2 |
Computesir2 = v%rl

0 7|8 19| 20 25| 26 31
OP.FSQR | EMPTY %r1 %r2

Flags | Values| Function
8-9 | [f??] Definesthesizeparameter
10 | [s] Definesif the operationis SIMD (*)
11 | [X] Definesif IEEE compliancesn’t required(*)

30
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3.7.9 finvsqrt

FloatingPointInverseSquareRoot

| finvsqrt %r1, %r2 |

_ 1
Computesir2 = N

0 7|8 19| 20 25| 26 31
OP.FINVSQRT | EMPTY %r1 %r2

Flags | Values| Function
8-9 | [f??] Definesthe sizeparameter
10 | [s] Definesif the operationis SIMD (*)
11 | [X] Definesif IEEE compliancesn’t required(*)

31
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3.8 Optional Misc.
3.8.1 bitrev %rl, %r2, %r3

Reverseghebits from %r1 andshiftstheresultto theright %r2 bits andput the result
in %r3.

0 7|8 13| 14 19| 20 25| 26 31
OPBITREV | FLAGS %rl %r2 %r3

32
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3.8.2 bitr evi %rl, imm6, %r3

Reverseghebits from %r1 andshiftstheresultto therightimmeé bits andputtheresult
in %r3.

0 7|8 13| 14 19| 20 25| 26 31
OPBITREVI FLAGS imm6 %rl %r2

33
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3.8.3 byterev %rl, %r2

Reversebytesfrom the sourceoperand’rl (changethe endianism@andput the result
into %r2.

0 7|8 19| 20 25| 26 31
OPBYTEREV | EMPTY %rl %r2

Flags | Values| Function
8-9 | [qdb] Definesthe sizeparameter|

34
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4 Load/Store

4.1 Coreload/Store
411 load
Load
| load [%r1 +%r2 * size],%r3 |

%r3 = [%orl + %r2 x size]

0 7|8 13| 14 19| 20 25| 26 31
OP_LOAD FLAGS %r1 %r2 %r3

Flags | Values| Function

8-9 | [gdb] | Definesthesizeparameter

10 [e] Definestheendianness
little-endianif cleareddefault)
big-endianif set
11-13 RESER/ED

35
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4.1.2 store
Store

| store%r1, [%r2 +%r3 * size] |

[%or2 + %r3 * size] = %orl

0 7|8 13| 14 19| 20 25| 26 31
OP.STORE | FLAGS %r1 %r2 %r3

Flags | Values| Function

8-9 | [gdb] | Definesthesizeparameter

10 [e] Definestheendianness
little-endianif cleareddefault)
big-endianif set
11-13 RESER/ED

36
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4.1.3 mov

Move

| mov [%r1,] %r2, %r3 |
if (%or1)%r3 = %r2

0 7|8 13| 14 19| 20 25| 26 31
OP.MOV | FLAGS %r1 %r2 %r3

Flags | Values| Function

8-9 | [qdb] Definesthe sizeparameter
10-11| [sz] Defineshow thehigh partof the
destinatiorregisterwill be.

(Seetablebelow)
Flag Values| Function
(default) | 00 High partremainsunchanged
z 01 Zeroextend
S 10 Signextend
? 11 Resered

Remark:move %r0, %r0, %r0is analiasfor NOP.

37
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4.1.4 loadcons

Load Constant

| loadconsimm16, %r1 |

Loadstheimm16 constaninto the register%rl at the specifiedlocation (shifts of
16 bits). Therestof the registerremainsunmodified.

Flags

Values

Function

8-9

[123]

Definesthe shift parameter

0

7

8 9

10 25

26 31

OP_LOADCONS

EMPTY

imm16

%rl

38
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4.1.5 loadconsx

Load Constantith SignExtension

| loadconsximm16, %r1 |

Loadstheimm16 constaninto the register%rl at the specifiedlocation (shifts of
16 bits). The higherpartof theregisteris assignedhe valueof the mostsignificantbit
of theconstantThelower partof theregisterremainsunmodified.

Flags | Values| Function

8-9 | [123] | Definestheshift parameter|
0 718 91|10 25| 26 31
OP.LOADCONSX | EMPTY imm16 %rl

39
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LOADCONST.Cby WHYGEE 14 septembre 1999

to be included in a compiler or an assembler, after some
interface fixing : it currently outputs  to stderr, it will
output to a file the same way.

*

#include  "stdlib.h"
#include  "stdio.h"

#define  MAXSIZE (sizeof(long long int))
I* should be ideally 8 *

void  emit_constant(unsigned long long int c, unsigned char reg)
unsigned short int data[MAXSIZE>>1];

signed long long int tu;
signed int s=0;

if  (reg==0)
{
fprintf(stderr,"\n Error : can't write to register 0 \n");
exit(-1); /* should be performed by an error routine that does this cleanly */
}
if  (c==0)
fprintf(stderr,"mov n%d,ro\\n",reg);
}
else if (c==-1)
{
fprintf(stderr,"logic.1111 n%d,r0,ro\\n",reg);
}

else if ((c>65535)&((c & -C)==c))
/* a power of two, but the latency of bitset is higher */

do { s++ c>>=1; } while (c!=0); /* find the LSB *
it (s>63)

fprintf(stderr,"loadconsts n%d,0x\%04X\\n",reg,s);
fprintf(stderr,"bitset n%d,r0,n%d\n",reg,reg);
}

else

fprintf(stderr,"bitset n%d,r0,\%d\n",reg,s);
}

else /* any kind of number *

u=c;
do {
t=u;
data[s]=t & OXFFFF;
u=t>>16;
S+t
} while  ((t'=u) & (s<MAXSIZE>>1));

s

/* handle the case where the MSBof the highest data is not the sign */
if ((data[s]'data[s-1])& 0x8000)

fprintf(stderr,"loadconsts.\%d 1\%d,0x\%04X\\n", s,reg,datal[s]);
s

fprintf(stderr,"loadconst.\%d N%d,0x\%04X\n", s,reg,data[s]);
s

else

s
fprintf(stderr,"loadconsts.\%d n\%d,0x\%04X\n", s,reg,data[s]);
s

}
while  (s>=0)
fprintf(stderr,"loadconst.\%d N%d,0x\%04X\n", s,reg,data[s]);

s

}
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4.1.6 cachemm

CacheMemoryManagement
prefetch flusha datablock to/from a memorylevel.

| cachemm%r1, %r2 |

Flags

Values

Function

8-9
10
11

12-14

[qdb]
[fp]
U

[01F?

Definesthe sizeparameter

Prefetch/Fetch

Lock. Thisflagmeanghatthe data
arestaticandwill beusedalot
Memorylevel (seetablebelow)

000
001
010
011
100
101
110
111

O—0

<Orc

datal.1 cache

[unused]

local memory
globalmemory

instructionsL1 cache
onchipunifiedcache

offchip unifiedcache

virtual memory(harddisk)

0

7

8 19| 20

25

26

31

OP.CACHEMM

EMPTY %r1

%r2

[subjectto changessdiscussiongo] alsopossible askfor compressiomn thefly.

example: "flushg ra,rb” flushesrb bytesstartingat addresga from every memory
level until global memory Any cache(L1, L2, local...)containingdatathatbelongto
the block is updatedin main memoryandthe correspondingachespacesare freed
(availablefor futureuse).this shouldbe executedeverytimethe programeknows that
hewon't usea block of datauntil a certainmoment,andthe cachelevel is a hint for

performance.

"preftchu ra,rb” copiesthe datablock at addresga andsizerb thatis presentin
lower memorylevels (virtual, global,local) to the unified offchip memory(at least).

forms: rr or ri (sizecouldbeimmediate)

Thesdnstructionsareveryimportantfor memorymanagemengndshouldbeused
whenperformingSMC (for memorycohereng).
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4.2 Optional Load/Store
4.2.1 loadi

LoadImmediate

| loadi [%r1 +imm9 * size],%r2 |

%r2 = [Yorl + imm9 * size]

0 7|8 10| 11 19| 20 25| 26 31
OP_LOADI FLAGS imm9 %r1 %r2

Flags | Values| Function

8-9 | [qdb] | Definesthesizeparameter

10 | [e] Definesthe endianness
little-endianif cleared/default)
big-endianif set
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4.2.2 storei

Storelmmediate

| storei%rl, [%r2 +imm9 * size] |

[%72 + imm9 * size] = %rl

0 7|8 10| 11 19| 20 25| 26 31
OP.STOREI | FLAGS imm9 %r1 %r2

Flags | Values| Function

8-9 | [qdb] | Definesthesizeparameter

10 | [e] Definestheendianness
little-endianif cleared(default)
big-endianif set
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4.3 Internal registersinfo

GetandPutinternalregistet

R/W | Description

Numberof cycles

Numberof cycles(countdavn)
Numberof instructionsexecuted
Numberof PagesFaults
Numberof traps/interrupts
Numberof FPUtraps
Numberof Cachehit/misses
Numberof correct/incorrecbranchpredictions
Numberof pipelinebubbles
Numberof TLB hits/misses

VXV OODIOIODIOIOD

Table 1: Performance&ounters

R/W | Description

RW | Old ProgramCounter
RW | Old MachineStatuswWord
RW | ExceptionVector
RW

R

R

Temporary
ExceptionReason
ExceptionNumber/lype

Table 2: SpecialRegisterfor Exceptions

R/W | Description
R ProcessolD

Table 3: DiverseSpecialRegisters
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4.4 Corelnternal registers
4.4.1 get
GetlInternalRegister

| getIR[%r1], %r2 |

Getinternalregisterat index %r1 and put its contentin register%r2. The whole
registergetsdumped.Thereis nosizeflag.

0 7|8 19| 20 25| 26 31
OP.GET | EMPTY %r1 %r2
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4.4.2 put
PUT InternalRegister
| put %r1, IR[%r2] |

Putcontentsof %r1 andputinto internalregisteratindex %r2. Thewholeregister
getsdumped.Thereis no sizeflag.

0 7|8 19| 20 25| 26 31
OP.PUT | EMPTY %r1 %r2
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4.5 Optional Internal Registers
45.1 geti

GetlInternalRggisterimmediate

| geti IRimm16], %r1 |

Getinternalregisteratindex imm16andputits contentin register%rl. Thewhole
registergetsdumped.Thereis nosizeflag.

0 718 9|10 25| 26 31
OP.GETI | EMPTY imm16 %r1
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452 puti

PutinternalRegisterimmediate

| puti %r1, IR[imm16] |

Getinternalregisteratindex imm16andputits contentin register%rl. Thewhole
registergetsdumped.Thereis nosizeflag.

0 7|8 9|10 25| 26 31
OP.PUTI | EMPTY imm16 %rl
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5 Flow Control

5.1 CoreBranch
5.1.1 jmpa
AbsoluteJump.

| impa [%r1,] %r2 |

If %r1 containsanon-nilvaluejumpto theaddresgointedby %r2.

Flags| Values| Function
8 [n] Negateshe condition
9-10 | [Im] Testthe MSB or theLSB

0 7|8 19| 20 25| 26 31
OP.JMPRA | EMPTY %r1 %r2
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5.1.2 loadaddr
Load Address
| loadaddr imm18 %r1 |

StoresPC + imm18 into %r1l.
Theresultis a64 bit addressimm18is a signedvalue.

0 718 25| 26 31
OP.LOADADDR imm18 %rl
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5.1.3 loopentry
Loop Entry

| loopentry %r1 |

StoresPC + 4 into %rl.

0 7|8 25| 26 31
OP.LOOPENTRY | EMPTY %r1

Thisinstructionis a specialform of loadaddr

51



F-CPUProject F-CPUArchitectureGuide

5.1.4 loop
Loop
| loop %r1, %r2 |

Performstwo parallelthings:
e decrement8or2

e checksf theold valueof %r2 waszero.In the caseof nonnullity, it branchedo
theaddressontainedn %r1.

This overlappingof the operationsallows greaterparallelismandlower lateng :
we canloop fastwithout compromisingsecurity

0 7|8 19| 20 25| 26 31
OP.LOOP | EMPTY %rl %r2
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5.2 Optional Branch
5.2.1 jmpi

AbsoluteJumplmmediate.

| jmpi [%r1,] %r2, imm12 |

If %r1 containsa non-nilvaluejump to addresgointedby %r2+4*imm12.

0 718 19| 20 25| 26 31
OPJMPI | imm12 %rl %r2
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5.2.2 jmpr

Relatve Jumplmmediate.

| jmpr [%r1,] 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 %r1
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5.3 CoreCPU Control
5.3.1 syscallandtrap

| syscall[%r1,] imm18 |

| trap [%r1,] imm18 ]

Syscallaretwo namedor the sameinstruction.

[FIX ME] Butwhatdoesit do ?

The argumentis ignoredby the hardwareandmay be usedto encodeinformation
for systensoftware.To retrieve theargumentystensoftwaremustloadtheinstruction
word from memory

0 7|8 25| 26 31
OPSYSTRAP| imm18 %r1
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5.3.2 halt

| halt [%r1,] [imm18] |

Haltsuntil anExternalExceptionoccurs

0 7

25

26

31

OP_HALT

imm18

%rl
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5.3.3 rfe

| rfe [%r1,] [imm18] |

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

0 7

25

26

31

OP.RFE

imm18

%rl
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A ExceptionHandling (out of date)

Typel | Softwareexception

Type2 | Externalexception(interrupt)
Type3 | PrivilegeViolation

Type4 | MemoryError

Type5 | Syscall

Table 4: Typesof exceptions

[FIXME] How mary differentstypesdo we needto have, eachonecorresponding
to onepointerin the exceptionvector(exceptfor the hardwarethattakesall therest).
Exceptionpointervectorhas64 entries [FIXME] Confirmthat.

SROPC Old ProgramCounter
SR OMSW | Old MachineStatusword

SREV ExceptionVector
SRTMP Temporary
SRER ExceptionReason

SRENT ExceptionNumber/ype

Table5: SpecialRegistersfor Exceptionhandling

Externalinterupt
lllegalOpcode
MalformedInstruction
PriviledgeViolation
Integerdivide by ZERO
FPdivide by ZERO
FPINF-INF
FPINF/INF
FPZERO/ZERO
FPZERO*INF
FPSQRT(NEG)
Memory Exception

e
ShBoow~wouorwne

Table 6: PossibleExceptionReasond/alues

Uponthe occurancef anexception,the proccessoperformsthefollowing..
¢ Invalidateor FlushPipeline[FIXME]

e StorePCin SROPC

e StoreMSW in SR OMSW
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e Switch(Exceptionlype)

— CaselnternalException:storeExceptionTypein SREENT
— CaseExternalException:storeExceptionNumberin SRENT
— CaseSycall:storetheimm21in SRENT

e Jumpto theappropriateaddresaisingthe ExceptionVector(SREV).
UponCall to the RFEinstruction:

e StoreSROPCin PC

e StoreSROMSWin MSW
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B Commments
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