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To compare (numerically) semantically equivalent
solutions with and without inheritance.

To compare (numerically) “virtual” and "non-virtual”
implementation approaches.

To evaluate (numerically) costs of virtual mechanism
To evaluate (numerically) costs of dynamic resolution
of the "diamond" problem.

Nobody has done this before ©
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* A representative subset of the
original C++ language
 Backward compatible with full C++

Classes: full & preliminary declarations
Single, multiple, virtual inheritance

Data members and member functions
Virtual, pure virtual member functions
Function overriding

Constructors with mem- & ctor-initializers
new operator

Standalone functions

Pointer and integer types

Qualified names and selectors

Variable declarations with initialization
Simple assignments



Typical C++ class
configuration

class A {

int a;

A(int param) : a(param) {}
\ AC) {}

class B : A {
int b;
B(int paramA, int paramB)
: A(paramA), b(paramB) {}
}s

int main() {
A* a = new B(3, 4);
exit(9);




Typical C++
virtual function
use

class Base {
int b;
virtual void f() { }
Base(int pb) : b(pb) { }
}s

class Derived : Base {

int d;

void f() { } // overrides Base::f

Derived(int pb, int pd) : Base(pb), d(pd) { }
}s

int main() {
Base* b = new Derived(3,4);
b->f(); // Derived::f() is called




"Byte code"” for a virtual machine

Stack based, registerless architecture

Procedural mechanism support

Supports common constructs and actions as
declarations, initializations, assignments

Supports full polymorphic behavior as defined in C++

. : » Command line shell
Inheritance Modeling Language for the VM

* Heap management

« Stack management

« Vtable & VTT management
* Dynamic dispatch

C++ Virtual Machine




. ADDRESS ASSIGN a auto _storage ptr

int a; ADDRESS_FORWARD auto_storage ptr 8

class A { COMMENT base_constructor_A_intintint
int a; ADDRESS_PUT thisClass auto_storage ptr
int b; ADDRESS_FORWARD auto_storage_ptr 8

NG otners, s otnersy ;| ANSSASSIOL oerd it Storsge i
. a(otherA), b(otherB) { } ADDRESS_ASSIGN otherB auto storage ptr
}s ADDRESS FORWARD auto_storage ptr 8

ADDRESS ASSIGN fromLine auto storage ptr
ADDRESS FORWARD auto_storage ptr 8

ASSIGN thisClass otherA 8
ADDRESS FORWARD thisClass 8
ASSIGN thisClass otherB 8

GO fromLine



A 3 ( 1, 2) ; ADDRESS ASSIGN a auto storage ptr

ADDRESS FORWARD auto storage ptr 24

ADDRESS GET auto_storage ptr a
ADDRESS FORWARD auto storage ptr 8
ASSIGN auto_storage ptr 1 8
ADDRESS FORWARD auto storage ptr 8
ASSIGN auto_storage ptr 2 8
ASSIGN auto_storage ptr 41 8

ADDRESS BACKWARD auto storage ptr 32
ADDRESS ASSIGN scope startl auto_storage ptr
GO 4



Reduced C++ to IML in More Details
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int main() {
Base* b = new Derived(3,4);

// TepemeweHne ykasaTensa Hayvasna CBOBOAHOrO
// CTeKOBOro nMpoCTpaHCTBA Ha 3aJaHHbIK pa3mep
ADDRESS FORWARD auto storage ptr 8

COMMENT function_main

ADDRESS ASSIGN b auto_storage ptr // BblgeneHve namATM AnAa obbekTa Tuna Base*
ADDRESS FORWARD auto_storage ptr 8
HEAP_ALLOC b 24 // Tak Kak obbekT b 6bin co3paH 4Yepe3 onepauuw hew,

// Npou3BOANTCA BblAeneHune NaMATM B AMHAMUYECKOMW MaMATH

ASSIGN auto_storage ptr b 8 // CoxpaHeHue 3HadyeHuUA heap-ykaszaTena B cTeke

ADDRESS FORWARD auto_storage ptr 8

ASSIGN auto_storage ptr 3 8 // CoxpaHeHune aprymeHTa (3) BbiI30Ba KOHCTpPYKTOpa B CTeKke
ADDRESS FORWARD auto_storage ptr 8

ASSIGN auto_storage ptr 4 8 // CoxpaHeHue aprymeHTa (4) Bbi30Ba KOHCTpPYKTOpa B CTeKe
ADDRESS FORWARD auto_storage ptr 8

ASSIGN auto_storage ptr 82 8 // CoxpaHeHue HOMepa "BO3BpPATHOM MHCTPYKUMM" B MaMATb CTekKa
ADDRESS BACKWARD auto_storage ptr 24 // Bo3BpaleHue ykKaszaTenAa Ha Ha4dano cBobOAHOM YacCcTU cTeka

// ANA BO3MOXHOCTWU 3aHATb 3Ty MNaMATb CaefyHWuMm cTekdpernmom
// v nonyynTb MNpaBo 4YUTaTb 3TY MHPOPMaLUMK B HOBOM scope



ADDRESS_ASSIGN
GO
ADDRESS_ASSIGN
ADDRESS_PUT

ADDRESS_GET
ADDRESS_FORWARD
ADDRESS_PUT
ADDRESS_FORWARD

*
ASSIGN

ADDRESS_BACKWARD
ADDRESS_ASSIGN
GO
ADDRESS_ASSIGN
ADDRESS_ASSIGN

int main() {

b->f(); // Derived::f() is called

}
scope_start2 auto_storage ptr // Co3pgaHne HOBOro crtekdpenma
35 // Tepexon Ha Ha4Yano Bbi3bIBAEMOU PYHKLUM
auto _storage ptr scope start2 // YpaneHne BepxHero cTtekppeunma
virtual function go b // KonupoBaHue agpeca obbekTa (this)
// AnAa nocnepywuwen mogudmnkaunu
auto_storage ptr virtual function_go // CoxpaHme this B cTeke

auto_storage ptr 8
virtual function_go virtual function_go // MNonyyeHue agpeca BUpTyasbHON Tabauupbl

virtual function go 8 // CmeweHue BHYTpU BUPTYANIbHON Tabauupbl

// BnA nonyvYeHnsa uHPopmauuum O BbiI3bIBAEMOM MeToze
auto_storage ptr 96 8 // CoxpaHeHne HOMepa BO3BPAaTHOW MHCTPYKLUUU

// AnA BO3BpaWeHUsa M3 BbiI30OBa
auto_storage ptr 8 // Bo3BpaueHue ykasaTenAa Ha Hayano CBOOOAHOW 4YacCcTu cTeka
scope_start3 auto_storage ptr // Ha4dano HoBoro crtekppenma
virtual function_go // TNepexon Ha Ha4vano Bbi3blIBAEMON GYHKLNM

auto_storage ptr scope start3 // 3akpbiTne ctekdppenma (cm. *)
auto_storage ptr scope start® // 3akpbiTue M3Ha4YanbHOro ctek ¢ppenma (main)
// -> nporpamMmMa 3aKoH4YMNaCb



Demo:
Interactive execution



* Each bytecode instruction is assigned a predefined
efficiency score (EF).

» Executed programs receive final performance
score.

* Program scores allow to objectively evaluate and
compare performance.

B, —ith byte code instruction
E = ZC(BI) C(B.) — EF for ith instruction
i=1,2,..,k



Execution: VM memory model overview

Auto Storage (Stack)

Lightweight storage

Has predefined lifetime for
stored values

Constant costs of operations

Heap

Heavy memory storage
Has no rules for value lifetime
Runtime evaluation of operation

costs




ADDRESS_ASSIGN
ADDRESS_GET

ADDRESS_PUT
ADDRESS_FORWARD

ADDRESS_BACKWARD
ASSIGN

HEAP_ALLOC

HEAP_FREE
GO

COMMENT

4
4

4
(2[3)*N
2+ M
2+ M
2|3

0

Copying address

Instruction requires copying address (1EF)
and store it inside the receiver memory (2EF)

Reverse instruction of the previous

Takes address and parameter (2EF),
applies arithmetic operation, stores new address

Same as previous

2 if provider literal, 3 if provider is alias.
N = sizeof / size_of address

M = costs of heap management,
2 EF for allocation and assigning new address

Same as above

2 If the value provider is a literal,
3 in case provider is an address

has no runtime impact



