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NuTepnpetatop CPython

KoJ Ha Ilekcnyeckum aHanus

Python c obpaboTkon OTCTYNoB

UHTepnpeTauunsa 6anT-koaa
NOTOK ?KeHOB CTekoBasi BblCOKOYpOBHeBas

BUPTYyalJibHad MallnHa

CUMHTaKCHU4YeCKUmM aHanums

PEKYPCUBHbIN CNYCK T
| dpenMbl PYHKLNNA
AST C MHCTPYKUMSMU
CeMaHTUYeCcKUMN aHanus FeHepauusa 6anT-koaga

nobaerieHne aHHoTtaumm n —AST» obxon AST v reHepauus
NPOBEPKN CEMAHTUKN cnncKa UHCTPYKLUIA



[TlpoekTnpyem BM



anemeHTbl RAM-mawunHbel (Random Access Machine)

1.

O 0hAE N

BHYyTpeHHAA namMATb — KOHEYHbIN BxogHas neHra
Habop perncTpoB ¢ LenbiMu Yncnamm [ x1 ][x2 ][ x3 ][ ]
BxogHas neHTa uenbix Yncen
BbixogHas neHTa uernbix Yncern Nporpamma
[Tlporpamma — CrnmMcoK MHCTPYKL U [ ][ ][ ][ ]
YKaszartenb Ha TEeKYLLY MHCTPYKLUIO

Habop nMHCTpyKuni

¥
OO

BbixogHas neHTa




[Tpouecc NnpoeKkTnpoBaHUS
Llenb — cnpoektupoBaTtb BM ona ceoero A3bika

1. Pucyem cxemy malluuvHbI

2. CoctaBnsieM Habop MHCTPYKLINK
o Y4ynTbiBaeM Bce BO3MOXHOCTU A3blKa
o QOueHuBaem crnocob peanusaunu



TigerVM

Crek CT1ek BO3BpaTOB U3
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TigerVM

TigerVm

-_evaluationStack: Stack<Value>
-_returnStack: Stack<ReturnContext>
-_variables: VariablesTable?
-_instructionPointer: int

-_instructions: IReadOnlyList<Instruction>
-_builtinFunctions: BuiltinFunctions
-_exitCode: int

-_result: Value
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TigerVM

TigerVm

-_evaluationStack: Stack<Value>
-_returnStack: Stack<ReturnContext>
-_variables: VariablesTable?
-_instructionPointer: int

-_instructions: IReadOnlyList<Instruction>
-_builtinFunctions: BuiltinFunctions
-_exitCode: int

-_result: Value

Crek

VariablesTable

Crek BO3BpaToB U3

-_parent: VariablesTable

-_variables: Dictionary<string, Value>
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-_depth: int

[Mporpamma (CNMCOK NHCTPYKLINI)
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APXUTEKTYpPA NpoOeKTa



HoBble Moaynn B NpoekKTe

Interpreter
Parsing Semantics
Lexemes Ast

Runtime

VirtualMachineCodegen

X

VirtualMachine



CTparernsa TecTMpoBaHus

v tests

>
>
>
>
>
>
>

1

Grammar.UnitTests '
Interpreter.Benchmarks 2

Interpreter.IntegrationTests
Interpreter.Specs
Lexemes.UnitTests
TestLibrary
VirtualMachine.UnitTests

dokyc Ha NPUEMOYHbIE TECTDI

MopaynbHble TeCTbl Ha 06paboTKy
NHCTPYKUnn VM



TecTbl ansg BM



MoaynbHbi TecT ansa VM

[Theory]
[MemberData(nameof (GetEvaluateExpressionData))]
public void Can_evaluate_expression(

—P | ist<Instruction> instructions, Value expected

)
{

FakeEnvironment environment = new();
TigerVm vm = new(environment, instructions);
Value result = vm.RunProgram();

Assert.Equal(@, vm.ExitCode);
Assert.Equal(expected, result);
Assert.Empty(environment.BufferedOutput);
Assert.Empty(environment.FlushedOutput);



MoaynbHbi TecT ansa VM

// BosBpaT OAQHOr0O 3HaA4YyeHUs CO CcTeka

{
[
new Instruction(InstructionCode.Push, 67),
new Instruction(InstructionCode.StoreResult),
new Instruction(InstructionCode.Push, 0),
new Instruction(InstructionCode.Halt),

1,
new Value(67)

Y



Peannsyem BM



NHCTpyKLUMK

public enum InstructionCode public class Instruction
{ {
// [lo6aBnseT 3HauyeHWe B CTeK public Instruction(
BbIYNCIIEHUN . InstructionCode code, Value value
Push, )
{
// 3abupaeT 3Ha4YeHMe U3 CcTeKa Code = code;
BbIYMCIIEHMN, 3anuchiBaeT €ro B HOBYI0 Operand = value;
NEepeMEHHYK C YKa3aHHbIM MMEHEM. }
DefineVar,
public InstructionCode Code { get;
/] ...
} public Value Operand { get; }



[ MaBHbIM UWKI BUPTYanbHON MaLUUHbI

public Value RunProgram() {
while (true) {
Instruction instruction = _instructions[_instructionPointer++];
—» switch (instruction.Code) {
case InstructionCode.Push:
_evaluationStack.Push(instruction.Operand);
break;

case InstructionCode.Halt:
// TNony4daem Kopg BO3BpaTa MpPOrpammbl.
_exitCode = _evaluationStack.Pop().AsInt();
return _result;

default:
throw new NotImplementedException(
S$"Unsupported instruction code: {instruction.Code}"

),



KntoyeBble ngen B peanusaunm

Bbluncnenus Ha cteke Stack<Value>
CnoBapu nepemMeHHbix VariablesTable — cTek xaw-maccmBoB

YcnoBHble 1 be3ycrnoBHble nepexonbl \
Bbi30Bbl OYHKLMW C MOMOLLbIO CTEKA BO3BPATOB

VariablesTable

B~ wnh -

-_parent: VariablesTable
-_variables: Dictionary<string, Value>
-_depth: int




BbluncneHmnsa Ha cTeke

[

// (20 + 508) - 3 = 67

new Instruction(InstructionCode.

new Instruction(InstructionCode.

new Instruction(InstructionCode

new Instruction(InstructionCode.
new Instruction(InstructionCode.
new Instruction(InstructionCode.
new Instruction(InstructionCode.

new Instruction(InstructionCode.

Push, 20),
Push, 50),
.Add),

Push, 3),
Subtract),
StoreResult),
Push, 0),

Halt),



Bbi30B nonb3oBaTenbCkon pyHKLNK

case InstructionCode.Call: {
_returnStack.Push(new ReturnContext(_instructionPointer, _variables));
_instructionPointer = instruction.Operand.AsInt();
}
break;
case InstructionCode.Return: {
ReturnContext context = _returnStack.Pop();
_instructionPointer = context.InstructionPointer;

_variables = context.Variables;

break;



[IpneMoYHbIE TECTHI
Interpreter.Specs



[IpnEMOYHbIE TECTDI

v Interpreter.Specs

1. [1Ba crnosi TectoB

Vv Features
Branching.feature o Features — BO3MOXXHOCTU AA3blKa
InputOutput.feature O Programs — MOJTHOUEHHbIE
IntExpressions.feature nporpamMmmbl
LogicalOperators.feature
Helijpe s 2. TecTbl 3anyckatoT BECb MHTEpPNPETATOP

StringExpressions.feature
TypeDeclarations.feature
UserFunctions.feature
Variables.feature

v Programs
Eratosthenes.feature

v StepDefinitions

C¢ InterpreterStepDefinitions.cs



[Tpumep NpUeMOYHOro TecTa

#language: ru
dYyHKUMOHANBbHOCTbL . BETBJIEHUS

CueHapun: BeTBnieHne if...then
[lycTb A 3arpys3un nporpammy "features/branching/if_then.tig"

Korga A BbiMOJHSAW nporpammy

Torgoa s YBUXY BbIBOA:

2 %2 = 4



[Tpumep NpUeMOYHOro TecTa

#language: ru
OYHKUMOHANBbHOCTb : BETBJIEHUA

CueHapun: BeTBnieHne if...then
[lycTb A 3arpys3un nporpammy "features/branching/if_then.tig"

3

Kor,u,a A BbINOJIHAK MNporpammy
/* BeTBNneHWe c BeTKOM

Torga s YBUXY BbIBOA: then 6es else */

o (

if 2 *2 =4
2 %2 =4 then
Y print("2 * 2 = 4");
if 2 *2 =25
then
print("2 * 2 = 5")




Kak HanTtn pann ns tecta B C#?

public static class Samples

{
public static string GetSampleProgram(string filename)
{
//
}

private static string GetClassDirectory(
— [CallerFilePath] string path = ""

)
{
return Path.GetDirectoryName(path) ?? throw new ArgumentException(
$"Could not get directory path from {path}"
),
}



Kak HanTun pann n3 tecta B C#? v TestLibrary

> data
public static class Samples
{ > TestDoubles
ublic static string GetSampleProgram(string filename
" J pleProgram( ? '\ ® README.md
\ [ C* Samples.cs

N TestLibrary.csproj
private static string GetClassDirectory(

— [CallerFilePath] string path = ""

)
{

return Path.GetDirectoryName(path) ?? throw new ArgumentException(
$"Could not get directory path from {path}"
);



KoHeu



