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Classic Compiler Overview

GCC                                                                              LLVM
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Golang Overview

Go AST
Generic 

SSA
Mach-dep 
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Type check
DCE
Inlining
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Lexer

The whole lexer is just 765 LOC

Hand-written lexer made up of a big switch case

Doc: https://golang.org/pkg/go/scanner/

go/scanner/scanner.go

• func (s *Scanner) Init(file *token.File, src []byte, err ErrorHandler, mode Mode)

• func (s *Scanner) Scan() (pos token.Pos, tok token.Token, lit string)

https://golang.org/pkg/go/scanner/
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Parser

Hand-written LL(1) parser with 2521 LOC

Output is an abstract syntax tree (AST) representing the Go source (https://golang.org/pkg/go/ast)

Doc: https://golang.org/pkg/go/parser

go/parser/interface.go

• func ParseFile(fset *token.FileSet, filename string, src interface{}, mode Mode) (f *ast.File, err error)

• func ParseExpr(x string) (ast.Expr, error)

The go/scanner and go/parser are used by various tools (gofmt, gotype, etc.) but they are not used by the compiler
(cmd/compile). 

https://golang.org/pkg/go/ast
https://golang.org/pkg/go/parser
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Package: syntax

The compiler uses a new internal package called syntax (cmd/compile/internal/syntax) which contains:

• Lexer (cmd/compile/internal/syntax/scanner.go)

• Parser (cmd/compile/internal/syntax/parser.go)

• AST (cmd/compile/internal/syntax/nodes.go)

These are similar to the go/* packages, but streamlined and faster.

Simple API (cmd/compile/internal/syntax/syntax.go) to parse a file:

• func Parse(base *src.PosBase, src io.Reader, errh ErrorHandler, pragh PragmaHandler, fileh FilenameHandler, mode Mode) (_ *File, first error)

The compiler receives ASTs from the syntax package which are then translated into the existing compiler-internal node 
structure (by cmd/compile/internal/gc/noder.go).

For more information about the two syntax trees, please refer Robert's note.

https://groups.google.com/forum/#!topic/golang-dev/abiLfAtpbKg
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Compiler-internal Syntax Tree Node
cmd/compile/internal/gc/syntax.go
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Syntax Tree Example

1 package test
2
3 func fact(n int) int {
4         if n == 0 {
5                 return 1
6         }
7         return n * fact(n-1)
8 }

1 .   IF l(4) tc(1)

2 .   .   EQ l(4) tc(1) bool

3 .   .   .   NAME-test.n a(true) g(2) l(3) x(0) class(PPARAM) f(1) tc(1) used int

4 .   .   .   LITERAL-0 l(4) tc(1) int

5 .   IF-body

6 .   .   RETURN l(5) tc(1)

7 .   .   RETURN-list

8 .   .   .   LITERAL-1 l(5) tc(1) int

9

10 .   AS l(7) tc(1)

11 .   .   NAME-test..autotmp_2 a(true) l(7) x(0) class(PAUTO) esc(N) tc(1) assigned used int

12 .   .   CALLFUNC l(7) tc(1) int

13 .   .   .   NAME-test.fact a(true) l(3) x(0) class(PFUNC) tc(1) used FUNC-func(int) int

14 .   .   CALLFUNC-list

15 .   .   .   SUB l(7) tc(1) int

16 .   .   .   .   NAME-test.n a(true) g(2) l(3) x(0) class(PPARAM) f(1) tc(1) used int

17 .   .   .   .   LITERAL-1 l(7) tc(1) int

18

19 .   RETURN l(7) tc(1)

20 .   RETURN-list

21 .   .   MUL l(7) tc(1) int

22 .   .   .   NAME-test.n a(true) g(2) l(3) x(0) class(PPARAM) f(1) tc(1) used int

23 .   .   .   NAME-test..autotmp_2 a(true) l(7) x(0) class(PAUTO) esc(N) tc(1) assigned used int

24

25 .   VARKILL tc(1)

26 .   .   NAME-test..autotmp_2 a(true) l(7) x(0) class(PAUTO) esc(N) tc(1) assigned used int

Dump by compile flag: “-W”

$ go tool compile -w example.go
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Front End

Works done by Golang (1.9) Front End:
• Syntax check
• Type check:

calculates expression types (e.g mismatched types)
evaluates compile time constants (e.g array bound must be non-negative)
rewrites n.Op to be more specific in some cases (e.g OADD  OADDSTR)
whether function terminates

• Dead code elimination
• Inlining: 80-nodes leaf functions (default)
• Escape analysis
• Declared and not used check
• Rewrite: e.g copy(a, b) memmove, expand append(l1, l2...)
• Instrument: race & msan

There is no middle end for old versions (< 1.7) and lots of optimizations are done with AST.

Optimization example: https://go-review.googlesource.com/c/go/+/22292

https://go-review.googlesource.com/c/go/+/22292
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Middle End
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SSA Form

Static Single Assignment form (often abbreviated as SSA form or simply SSA) is a property 
of an intermediate representation (IR), which requires that each variable is assigned exactly 
once, and every variable is defined before it is used. Existing variables in the original IR are split 
into versions, new variables typically indicated by the original name with a subscript in textbooks, so that every definition 
gets its own version. In SSA form, use-def chains are explicit and each contains a single element. (by wikipedia.org)

The primary usefulness of SSA comes from how it simultaneously simplifies and improves 
the results of a variety of compiler optimizations, by simplifying the properties of variables.

https://en.wikipedia.org/wiki/Intermediate_representation
https://en.wikipedia.org/wiki/Use-define_chain
https://en.wikipedia.org/wiki/Static_single_assignment_form
https://en.wikipedia.org/wiki/Compiler_optimization
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Convert to SSA

Converting ordinary code into SSA form is primarily a simple matter of replacing the target of each 
assignment with a new variable, and replacing each use of a variable with the "version" of the 
variable reaching that point.

Efficiently computing static single assignment form and the control dependence graph

cmd/compile/internal/gc/ssa.go
func buildssa(fn *Node, worker int) *ssa.Func

https://en.wikipedia.org/wiki/Reaching_definition
http://www.cs.utexas.edu/~pingali/CS380C/2010/papers/ssaCytron.pdf
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SSA Value

cmd/compile/internal/ssa/value.go
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Generic SSA Ops

cmd/compile/internal/ssa/gen/genericOps.go

var genericOps = []opData{

// 2-input arithmetic

// Types must be consistent with Go typing. Add, for example, must take two values

// of the same type and produces that same type.

{name: "Add8", argLength: 2, commutative: true}, // arg0 + arg1

{name: "StaticCall", argLength: 1, aux: "SymOff", call: true, symEffect: "None"}, // call function aux.(*obj.LSym), arg0=memory.         auxint=arg size.  Returns memory.

{name: "Avg32u", argLength: 2, typ: "UInt32"}, // 32-bit platforms only

{name: "Avg64u", argLength: 2, typ: "UInt64"}, // 64-bit platforms only
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SSA Basic Block

cmd/compile/internal/ssa/block.go
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SSA Example
Init <T>
b1:

v1 = InitMem <mem>
v2 = SP <uintptr> DEAD
v3 = SB <uintptr>
v4 = Const64 <int> [0] (i[int])
v6 = Const64 <int> [26]
v8 = Const64 <int64> [4294967296]
v9 = Addr <*[26]int64> {"".data2} v3
v18 = Const64 <int> [1]
Plain -> b2

b2: <- b1 b4
v5 = Phi <int> v4 v19 (i[int])
v21 = Phi <mem> v1 v16
v7 = Less64 <bool> v5 v6
If v7 -> b3 b5 (likely)

b3: <- b2
v10 = Copy <int> v5 (i[int])
v11 = IsInBounds <bool> v10 v6
If v11 -> b6 b7 (likely)

b4: <- b6
v17 = Copy <int> v10 (i[int])
v19 = Add64 <int> v17 v18 (i[int])
Plain -> b2

b5: <- b2
v20 = Copy <mem> v21
Ret v20

b6: <- b3
v14 = PtrIndex <*int64> v9 v10
v15 = Copy <mem> v21
v16 = Store <mem> {int64} v14 v8 v15
Plain -> b4

b7: <- b3
v12 = Copy <mem> v21
v13 = StaticCall <mem> {runtime.panicindex} v12
Exit v13

name i[int]: [v4 v5 v10 v17 v19]

b1:
v1 = InitMem <mem>
v2 = SP <uintptr> DEAD
v3 = SB <uintptr>
v4 = Const64 <int> [0] (i[int])
v6 = Const64 <int> [26]
v8 = Const64 <int64> [4294967296]
v9 = Addr <*[26]int64> {"".data2} v3
v18 = Const64 <int> [1]
Plain -> b2

b2: <- b1 b4
v5 = Phi <int> v4 v19 (i[int])
v21 = Phi <mem> v1 v16
v7 = Less64 <bool> v5 v6
If v7 -> b3 b5 (likely)

b3: <- b2
v10 = Copy <int> v5 (i[int])
v11 = IsInBounds <bool> v10 v6
If v11 -> b6 b7 (likely)

b6: <- b3
v14 = PtrIndex <*int64> v9 v10
v15 = Copy <mem> v21
v16 = Store <mem> {int64} v14 v8 v15
Plain -> b4

b4: <- b6
v17 = Copy <int> v10 (i[int])
v19 = Add64 <int> v17 v18 (i[int])
Plain -> b2

b5: <- b2
v20 = Copy <mem> v21
Ret v20

b7: <- b3
v12 = Copy <mem> v21
v13 = StaticCall <mem> {runtime.panicindex} v12
Exit v13

var data2 [26]int64

func Init() {

for i := 0; i < 26; i++ {.

data2[i] = 0x100000000

}

}

Dump by setting $GOSSAFUNC:

$ export GOSSAFUNC="Init“

A side effect of GOSSAFUNC=foo is creation of 
ssa.html in the directory containing the source 
for function/method: foo. (by David Chase)

https://groups.google.com/forum/#!topic/golang-dev/abiLfAtpbKg
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Compile

cmd/compile/internal/ssa/compile.go
func Compile(f *Func)
Compile modifies f so that on return all Values in f map to 0 or 1 assembly instructions of the target architecture

Options providing insight into compiler decisions: 

• -d=ssa/<phase>/stats

• -m 
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Machine-independent Optimization Example

Before After

90   b1:
91     v1 = InitMem <mem>
92     v2 = SP <uintptr>
93     v5 = Addr <*uint64> {~r1} v2
94     v6 = Arg <uint64> {a}
95     v8 = Const64 <uint64> [7]
96     v9 = Div64u <uint64> v6 v8
97     v10 = VarDef <mem> {~r1} v1
98     v11 = Store <mem> {uint64} v5 v9 v10
99     Ret v11

func Div(a uint64) uint64 {
return a/7;

}

103   b1:
104     v1 = InitMem <mem>
105     v2 = SP <uintptr>
106     v5 = Addr <*uint64> {~r1} v2
107     v6 = Arg <uint64> {a}
108     v8 = Const64 <uint64> [7] DEAD
109     v10 = VarDef <mem> {~r1} v1
110     v3 = Const64 <uint64> [2635249153387078803]
111     v12 = Const64 <uint64> [2]
112     v4 = Hmul64u <uint64> v3 v6
113     v7 = Avg64u <uint64> v6 v4
114     v9 = Rsh64Ux64 <uint64> v7 v12
115     v11 = Store <mem> {uint64} v5 v9 v10
116     Ret v11



© 2017 Arm Limited 21

Optimization Mathematical Background

Technique from https://gmplib.org/~tege/divcnst-pldi94.pdf

https://gmplib.org/~tege/divcnst-pldi94.pdf


© 2017 Arm Limited 22

Generic SSA Rules Example

cmd/compile/internal/ssa/gen/generic.rules

1103 // For 64-bit divides on 64-bit machines
1104 // (64-bit divides on 32-bit machines are lowered to a runtime call by the walk pass.)
1105 (Div64u x (Const64 [c])) && umagicOK(64, c) && config.RegSize == 8 && umagic(64,c).m&1 == 0 ->
1106   (Rsh64Ux64 <typ.UInt64>
1107     (Hmul64u <typ.UInt64>
1108       (Const64 <typ.UInt64> [int64(1<<63+umagic(64,c).m/2)])
1109       x)
1110     (Const64 <typ.UInt64> [umagic(64,c).s-1]))
1111 (Div64u x (Const64 [c])) && umagicOK(64, c) && config.RegSize == 8 && c&1 == 0 ->
1112   (Rsh64Ux64 <typ.UInt64>
1113     (Hmul64u <typ.UInt64>
1114       (Const64 <typ.UInt64> [int64(1<<63+(umagic(64,c).m+1)/2)])
1115       (Rsh64Ux64 <typ.UInt64> x (Const64 <typ.UInt64> [1])))
1116     (Const64 <typ.UInt64> [umagic(64,c).s-2]))
1117 (Div64u x (Const64 [c])) && umagicOK(64, c) && config.RegSize == 8 ->
1118   (Rsh64Ux64 <typ.UInt64>
1119     (Avg64u
1120       x
1121       (Hmul64u <typ.UInt64>
1122         (Const64 <typ.UInt64> [int64(umagic(64,c).m)])
1123         x))
1124     (Const64 <typ.UInt64> [umagic(64,c).s-1]))
1125
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Machine-independent Optimization Example

Before After

90   b1:
91     v1 = InitMem <mem>
92     v2 = SP <uintptr>
93     v5 = Addr <*int64> {~r1} v2
94     v6 = Arg <int64> {a}
95     v8 = Const64 <int64> [7]
96     v9 = Div64 <int64> v6 v8
97     v10 = VarDef <mem> {~r1} v1
98     v11 = Store <mem> {int64} v5 v9 v10
99     Ret v11

func Div(a int64) int64 {
return a/7;

}

103   b1:
104     v1 = InitMem <mem>
105     v2 = SP <uintptr>
106     v5 = Addr <*int64> {~r1} v2
107     v6 = Arg <int64> {a}
108     v8 = Const64 <int64> [7] DEAD
109     v10 = VarDef <mem> {~r1} v1
110     v3 = Const64 <uint64> [5270498306774157605]
111     v12 = Const64 <uint64> [1]
112     v14 = Const64 <uint64> [63]
113     v4 = Hmul64 <int64> v3 v6
114     v13 = Rsh64x64 <int64> v6 v14
115     v7 = Rsh64x64 <int64> v4 v12
116     v9 = Sub64 <int64> v7 v13
117     v11 = Store <mem> {int64} v5 v9 v10
118     Ret v11
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Generic SSA Rules Implementation Example

1214 (Div64 <t> x (Const64 [c])) && smagicOK(64,c) && smagic(64,c).m&1 == 0 ->
1215   (Sub64 <t>
1216     (Rsh64x64 <t>
1217       (Hmul64 <t>
1218         (Const64 <typ.UInt64> [int64(smagic(64,c).m/2)])
1219         x)
1220       (Const64 <typ.UInt64> [smagic(64,c).s-1]))
1221     (Rsh64x64 <t>
1222       x
1223       (Const64 <typ.UInt64> [63])))
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Machine-independent Optimization Example

Sub64

Rsh64x64 Rsh64x64

Hmul64 Const64 [1]

Const64 
[5270498306774157605]

Arg {a} Const64 [63]

Div64

Arg {a} Const64 [7]
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Back End
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Machine-dependent Passes
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ARM64 SSA Ops

cmd/compile/internal/ssa/gen/ARM64Ops.go

ops := []opData{
// binary ops
{name: "ADD", argLength: 2, reg: gp21, asm: "ADD", commutative: true},     // arg0 + arg1
{name: "ADDconst", argLength: 1, reg: gp11sp, asm: "ADD", aux: "Int64"},   // arg0 + auxInt
{name: "SUB", argLength: 2, reg: gp21, asm: "SUB"},                        // arg0 - arg1
{name: "SUBconst", argLength: 1, reg: gp11, asm: "SUB", aux: "Int64"},     // arg0 - auxInt
{name: "MUL", argLength: 2, reg: gp21, asm: "MUL", commutative: true},     // arg0 * arg1
{name: "MULW", argLength: 2, reg: gp21, asm: "MULW", commutative: true},   // arg0 * arg1, 32-bit
{name: "MULH", argLength: 2, reg: gp21, asm: "SMULH", commutative: true},  // (arg0 * arg1) >> 64, signed
{name: "DIV", argLength: 2, reg: gp21, asm: "SDIV"},                       // arg0 / arg1, signed
{name: "UDIV", argLength: 2, reg: gp21, asm: "UDIV"},                      // arg0 / arg1, unsighed
{name: "DIVW", argLength: 2, reg: gp21, asm: "SDIVW"},                     // arg0 / arg1, signed, 32 bit
{name: "UDIVW", argLength: 2, reg: gp21, asm: "UDIVW"},                    // arg0 / arg1, unsighed, 32 bit
{name: "MOD", argLength: 2, reg: gp21, asm: "REM"},                        // arg0 % arg1, signed
{name: "UMOD", argLength: 2, reg: gp21, asm: "UREM"},                      // arg0 % arg1, unsigned
{name: "MODW", argLength: 2, reg: gp21, asm: "REMW"},                      // arg0 % arg1, signed, 32 bit
{name: "UMODW", argLength: 2, reg: gp21, asm: "UREMW"},                    // arg0 % arg1, unsigned, 32 bit
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Convert to Machine-dependent Ops

Before After

410 Div <T>
411   b1:
412     v1 = InitMem <mem>
413     v2 = SP <uintptr>
414     v5 = Addr <*int64> {~r1} v2
415     v6 = Arg <int64> {a}
416     v10 = VarDef <mem> {~r1} v1
417     v3 = Const64 <uint64> [5270498306774157605]
418     v12 = Const64 <uint64> [1]
419     v14 = Const64 <uint64> [63]
420     v4 = Hmul64 <int64> v3 v6
421     v13 = Rsh64x64 <int64> v6 v14
422     v7 = Rsh64x64 <int64> v4 v12
423     v9 = Sub64 <int64> v7 v13
424     v11 = Store <mem> {int64} v5 v9 v10
425     Ret v11

428 Div <T>
429   b1:
430     v1 = InitMem <mem>
431     v2 = SP <uintptr>
432     v5 = MOVDaddr <*int64> {~r1} v2 DEAD
433     v6 = Arg <int64> {a}
434     v10 = VarDef <mem> {~r1} v1
435     v3 = MOVDconst <uint64> [5270498306774157605]
436     v12 = MOVDconst <uint64> [1] DEAD
437     v13 = SRAconst <int64> [63] v6 DEAD
438     v14 = MOVDconst <uint64> [63] DEAD
439     v15 = MOVDconst <uint64> [63] DEAD
440     v16 = FlagLT_ULT <flags> DEAD
441     v18 = MOVDconst <uint64> [63] DEAD
442     v19 = FlagLT_ULT <flags> DEAD
443     v4 = MULH <int64> v3 v6
444     v7 = SRAconst <int64> [1] v4
445     v9 = SUBshiftRA <int64> [63] v7 v6
446     v11 = MOVDstore <mem> {~r1} v2 v9 v10
447     Ret v11
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ARM64 Rules Examples

(Hmul64 x y) -> (MULH x y)

(Rsh64x64 x y) -> (SRA x (CSELULT <y.Type> y (MOVDconst <y.Type> [63]) (CMPconst [64] y)))

(CMPconst (MOVDconst [x]) [y]) && int64(x)<int64(y) && uint64(x)<uint64(y) -> (FlagLT_ULT)

(CSELULT x _ (FlagLT_ULT)) -> x

(Sub64 x y) -> (SUB x y)

(SUB x (SRAconst [c] y)) -> (SUBshiftRA x y [c])
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Register Allocation

Before After

648 Div <T>
649   b1:
650     v1 = InitMem <mem>
651     v10 = VarDef <mem> {~r1} v1
652     v2 = SP <uintptr>
653     v6 = Arg <int64> {a}
654     v3 = MOVDconst <uint64> [5270498306774157605]
655     v4 = MULH <int64> v3 v6
656     v7 = SRAconst <int64> [1] v4
657     v9 = SUBshiftRA <int64> [63] v7 v6
658     v11 = MOVDstore <mem> {~r1} v2 v9 v10
659     Ret v11

662 Div <T>
663   b1:
664     v1 = InitMem <mem>
665     v10 = VarDef <mem> {~r1} v1
666     v2 = SP <uintptr> : SP
667     v6 = Arg <int64> {a} : a[int64]
668     v19 = MOVDconst <uint64> [5270498306774157605] : R0
669     v18 = LoadReg <int64> v6 : R1
670     v4 = MULH <int64> v19 v18 : R0
671     v7 = SRAconst <int64> [1] v4 : R0
672     v9 = SUBshiftRA <int64> [63] v7 v18 : R0
673     v11 = MOVDstore <mem> {~r1} v2 v9 v10
674     Ret v11

Linear scan register allocator (cmd/compile/internal/ssa/regalloc.go)
• Treat the whole function as a single long basic block and run through it using a greedy register allocator. 

• Spill the value whose next use is farthest in the future
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Code Gen

Prog describes a single machine instruction
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Code Gen

Emit Prog(s) for the Value(s)

cmd/compile/internal/arm64/ssa.go

Before After

707 Div <T>
708   b1:
709     v1 = InitMem <mem>
710     v10 = VarDef <mem> {~r1} v1
711     v2 = SP <uintptr> : SP
712     v6 = Arg <int64> {a} : a[int64]
713     v19 = MOVDconst <uint64> [5270498306774157605] : R0
714     v18 = LoadReg <int64> v6 : R1
715     v4 = MULH <int64> v19 v18 : R0
716     v7 = SRAconst <int64> [1] v4 : R0
717     v9 = SUBshiftRA <int64> [63] v7 v18 : R0
718     v11 = MOVDstore <mem> {~r1} v2 v9 v10
719     Ret v11

722         00000 (3)       TEXT    "".Div(SB)
……

725  v19    00003 (4)       MOVD    $5270498306774157605, R0
726  v18    00004 (4)       MOVD    "".a(RSP), R1
727  v4     00005 (4)       SMULH   R1, R0, R0
728  v7     00006 (4)       ASR     $1, R0, R0
729  v9     00007 (4)       SUB     R1->63, R0, R0
730  v11    00008 (4)       MOVD    R0, "".~r1+8(RSP)
731  b1     00009 (4)       RET
732         00010 (?)       END
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Intrinsic
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Intrinsic

If a function is an intrinsic, the code for that function is usually inserted inline, avoiding the 
overhead of a function call and allowing highly efficient machine instructions to be emitted 
for that function. 

An intrinsic is often faster than the equivalent inline assembly, because the optimizer has a built-in knowledge of how many intrinsics behave, so some optimizations can be available that are not 
available when inline assembly is used. Also, the optimizer can expand the intrinsic differently, align buffers differently, or make other adjustments depending on the context and arguments of the call.

Go source code Intrinsic disablement Intrinsic enablement

package test

import "math"

func MySqrt(x float64) float64 {
return math.Sqrt(x)

}

MOVD 16(R28), R1
MOVD RSP, R2
CMP R1, R2
BLS 9(PC)
MOVD.W R30, -32(RSP)
MOVD 40(RSP), F0
MOVD F0, 8(RSP)
CALL math.Sqrt(SB)
MOVD 16(RSP), F0
MOVD F0, 48(RSP)
MOVD.P 32(RSP), R30
RET
……

MOVD 16(R28), R1
MOVD RSP, R2
CMP R1, R2
BLS 5(PC)
MOVD 8(RSP), F0
FSQRTD F0, F0
MOVD F0, 16(RSP)
RET
……
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Intrinsic

1. Register a hook to convert a call node into SSA value that implements that call as an intrinsic

cmd/compile/internal/gc/ssa.go
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Intrinsic

2. Add ARM64 ops

ops := []opData{
{name: "MVN", argLength: 1, reg: gp11, asm: "MVN"},       // ^arg0
{name: "NEG", argLength: 1, reg: gp11, asm: "NEG"},       // -arg0
{name: "FNEGS", argLength: 1, reg: fp11, asm: "FNEGS"},   // -arg0, float32
{name: "FNEGD", argLength: 1, reg: fp11, asm: "FNEGD"},   // -arg0, float64
{name: "FSQRTD", argLength: 1, reg: fp11, asm: "FSQRTD"}, // sqrt(arg0), float64
{name: "REV", argLength: 1, reg: gp11, asm: "REV"},       // byte reverse, 64-bit
{name: "REVW", argLength: 1, reg: gp11, asm: "REVW"},     // byte reverse, 32-bit
{name: "REV16W", argLength: 1, reg: gp11, asm: "REV16W"}, // byte reverse in each 16-bit halfword, 32-bit
{name: "RBIT", argLength: 1, reg: gp11, asm: "RBIT"},     // bit reverse, 64-bit
{name: "RBITW", argLength: 1, reg: gp11, asm: "RBITW"},   // bit reverse, 32-bit
{name: "CLZ", argLength: 1, reg: gp11, asm: "CLZ"},       // count leading zero, 64-bit
{name: "CLZW", argLength: 1, reg: gp11, asm: "CLZW"},     // count leading zero, 32-bit
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Intrinsic

3. Add rule to convert SSA generic ops to ARM64 ops (or progs)

cmd/compile/internal/ssa/gen/ARM64.rules

(Sqrt x) -> (FSQRTD x)

(ZeroExt16to64 x) -> (MOVHUreg x)
(Or64 x y) -> (OR x y)
(Ctz64 <t> x) -> (CLZ (RBIT <t> x))

4. Re-generate Ops and Rules

$ cd cmd/compile/internal/ssa/gen; go run *.go
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Thank You!
Danke!
Merci!
谢谢!
ありがとう!
Gracias!
Kiitos!
감사합니다
धन्यवाद
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