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1. How can you quickly tell for a language with multiple inheritance, wheth?ﬂ%hcru is
linearization applied?

2. How does fiiemmmbyr of objects relate to the number of virtual tab]t} 7 Z;

3. When is the-vital table computed? | ]
2 %

4. Is every class associated with a unique virtual table? What about virﬁhl SU b@lu?

5. Given the following C++ classes:

class E Qg et id—f (Ex); };
ciass D : vixﬁﬂqlw% f(E*); };
lags C : virtual E . vimtnal waid IF(Ex); };
class B : D le.c v1rtual VO:Ld. f(E*); }
class A . B,C

@m (Fsi

Assummg, the existence of implementations uf each instance of
following calls involves a virtual thunk?

g which of the
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Assignment 7.1 Quiz

1. How can you quickly tell for a language w
linearization applied?

2. How does the number of objects relate to {

. When is the virtual table computed?

. Is every class associated with a unique virt\z

5. Given the following C++ classes:

class E { public: virtual void f(E*); };
class D { public: virtual void f(E*); };
class C : virtual E { public: virtual void f(Ex); };
class B : D { public: virtual void f(E*); }; -
class A : B,C { public: virtual void f(E*); };

Assuming the existence of implementations of each instance of £, which of the
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5. Given the following C++ classes:

class E { public:

class D { public:

- blic:

class B : D ublic:

class A : B(C/ @
e N A T

virtual void f(Ex); };
virtual void f(Ex); };
virtual void f(E*); };
virtual void f(Ex); };

irtual V_’;(}i f(Ex); }

dtions of each instance of f, which of the

A a; Ex
% /<] Ex ; e- ; m@
Vlf Q_A a; Cx ¢ = a; a‘;ﬁ@:——/yp'wb
D Aa; Cxc=a; <:—>:E\/(£ca,
I:’ A a; B¥ b = a; b->f(&a);

6. Complete the object representation and virtual table diagrams given the following:
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7. Consider the following code (note: shared base class):

class A { };

class B : public virtual A
class C : public virtual A
class D : public B, public

{%
{%
c{k

C c; A¥ a = &c; a;

Is the cast correct?

Assignment 7.2 Linearization
Consider the following classes: A(B,C) B(D,E) C(F,G) D(G) E(F)
Give the linearization order of the following methods:

1. LPDFS with Duplicate Cancellation
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Assignment 7.2 Linearization
Consider the following classes: A(B,C) B(D,E) C(F,G) D(G) E(F)
Give the linearization order of the following methods:

1. LPDFS with Duplicate Cancellation
2. Reverse Postorder Rightmost DFS
3. C3

Assignment 7.3 Multiple Inheritance — straight from the Exam 2015

Provide a C++ class structure and a main function, which failes to compile, due to
multiple inheritance causing

1. ... an ambiguously resolvable call expression

2. ... ambiguous casting target types
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7. Consider the following code (note: shared base class):
class A { };
class B : public virtual A {1}
class C : public virtual A { };
class D : public B, public C { };
Cc; A*x a = &c; (CH)a;
Is the cast correct?
Assignment 7.2 Linearization
Consider the following classes: A(B,C) B(D,E) C(F,G) D(G) E(F)
Give the linearization order of the following methods:
1. LPDFS with Duplicate Cancellation
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Assignment 7.2 Linearization
Consider the following classes: A(B,C) B(D,E) C(F,G) D(G) E(F)
Give the linearization order of the following methods:

1. LPDFS with Duplicate Cancellation A -(, C ‘F.

2. Reverse Postorder Rightmost DFS

Assignment 7.4 Multiple Inheritance|— straight from the Exam 2014

This C++ code defines a few classes:

A
P\ / 1 class A {

3. C3 ublic:
\ @ P ) This is the Virtual Table for class D:
3 int a;
Asgignment 7.3 Multiple Inherltan Q om the Exam 2015 14 virtual int f(int); Entry| Value
cfz‘a (EL lass_st.mctur? and a HPX? functiof= which failes to compile, due to 5 virtual int g(int); 0 | vbase offset (40)
Inultl le mherltance caus o b 1 | offset_to_top (0)
H&I* 4 ¥ LCC ; v class B : public A { 2| DRITI
1 1chil i ic: - .
al Lguou‘, & expre 11 s public: 3 | int D::f(int)
5 bi ting ‘b 9 int b; 4 —offset—to—b > 163
. ... ambiguous casting target types 0 int f£(int); t | b RITI =
v 1 virtual int h(int); A 1 int De-f0int) .
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S class A { ~
: pu'?ln:. This is the Virtual Table for class D: ' ubli
3 int a; ® Put . : Th& is K]}"B al Table Tor Jelass D:
. . e int a;
) v:,.rtual :,.nt f(?nt)f Entzyl Value . virtual int f(int);
s virtual int g(int); 0 | vbase offset (40) ‘ ! ! e E.ntryl? e ' upﬁ’ z
[ 1 | offset_to_top (0) i CEEATER FR5 ) 0 | vbase offsot (40) .
v class B : public A { 2 | D RTTI (I X 1 | gffset_to_top (0) “V‘C
. public: 30 int D::f(int) B class;: public A { Ax | E/Rﬁll\/- |/
9 int b; 4 | offset_to_top (-16) ; pll"bll ', 3 flint)
w  int f(int); 5 | D RTTI » I 4| 2 il A vpte
n virtual int h(int); 6 | int D:-:f(int) Sl GG 5 | D RTTI
ek 7 1 int A:iglint) 1 virtual int h(int); Tt D TCne) \ A
13 class C : virtual public A { 8 | int B::h(int) 2} 7 g(int)
i public: o | veall offset (0) i class C : virtual public A { 8 | |int B: .h(lnt)
15 int c; 10 | vcall:offset (-40) u pu1‘711<:: 9 || vcall_offset (0) llf‘ t
w  dnt £(int); 11 | offset_to_top (-40) 1w IS 10 |[vcall offset (-40)
T 1 12 | D RTTI 1 int f(int); 11 | offset_to_top (-40
s class D: public C, B { 13 | int D::f(int) S é/ 12 | D RITI D ind A
public: 14 | int A:ig(int) o “1'“5 D), (el 13 | int D::f(int)
w  int d; o publi® 14 | int A::g(int)
n int f(int); 20 int d; AVPN- o /’3
» ) 21 int f(int); |M .
2}
1 Nraw the lavent far a clace N nhiact memary ranrocontation! v
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This C++ code defines a few classes:

1 class A {
2 P‘-‘%‘ll‘:: This is the Virtual Table for class D:
3 int a;
N v%rtual %m: f(:?.nt); Entry| Value
5 virtual int g(int); 0 | vbase_offset (40)
s }; 1 | offset_to_top (0)
: class B : public A { 2 | D RTTI
s pu%nlic: 3 | int D::f(int)
9 int b; 4 | offset_to_top (-16)
10 int f(int); 5 | D RTTI
I virtual int h(int); 6 | int D::f(int)
[ H 7 | int A::g(int)
13 class C : virtual public A { 8 | int B::h(int)
1 pu‘:‘:lic: 9 | vcall_offset (0)
15 Tm: CZ. 10 | vcall_offset (-40)
1 int f(int); 11 | offset_to_top (-40)
[EI ) . 12 | D RTTI
g e B s @ B { 13 | int D::f(int)
1w public: 14 | int A::g(int)
20 int d;
< |3 |von 5 >
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Assignment 7.5 Multiple Inheritance — straight from the Exam 2016
In this assignment, we program an interpreter for C++-Classes. The following C++-
instruction sequence is our main concern; from that, we generate the corresponding Java-
Ao tobaint cod il £ 1
P

// Cx pe = new CO;
Type C = Type.getTypeFor ("C");
Pointer pc = Pointer.malloc(C.getSize());

C* pe = mew CO; C.getConstructor (J.callDirect (pc) ;

A* pa = pc; =

- . // A* pa = pe;
pa—>£(); Pointer pa = C.castPointerTo(pec,"A");
// pa—>f0);

C.callVirtual(pa,"f");
TTic signatures of the Java-Classes/ Interfaces used in this generated code can be found

in the Appendix.

1. Consider the following C++-Classes:

class A { public: int a; virtual void £(); }
class B : public A { public: int b; virtual void f(); }
class C : public B { public: int ¢; virtual void f(); }

Draw a memory representation diagram for a C-Object, and the virtual table dia-
gram for class C!

==
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This C++ code defines a few classes:
1 class A {
2 P“?llc; This is the Virtual Table for class D:
3 int a;
N v?rcual %m: f(:i.nt); Entry| Value
s virtual int g(int); 0 | vbase_offset (40)
s ) 1 | offset_to_top (0)
: class B : public A { 2 | D RTTI
s pul?lic: 3 | int D::f(int)
a int b; 4 | offset_to_top (-16)
10 int f(int); 5 | D RTTI
" virtual int h(int); 6 | int D
FER 7 | int A
13 class C : virtual public A { 8 | int B::
n pu‘l‘:licr 9 | vcall_offset (0)
15 ?Dt C;. 10 | vcall_offset (-40)
16 int £(int); 11 | offset_to_top (-40)
i} . ) 12 | D RTTI
18 cla.s? D public C, B { 13 | int D::f(int)
1 public: 14 | int A::g(int)
20 int d; ”
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Assignment 7.5 Multiple Inheritance — straight from the Exam 2016 ~

In this assignment, we program an interpreter for C++-Classes. The following C++-
instruction sequence is our main concern; from that, we generate the corresponding Java-
code to be interpreted with our framework:

// Cx pc = new C();

Type C = Type.getTypeFor("C");

Pointer pc = Pointer.malloc(C.getSize());

€ po = mew CO; C.getConstructor().callDirect(pc);

A;f?(?"“ - // A% pa = pe;
P ’ Pointer pa = C.castPointerTo(pc,"A");
// pa—>f0);

C.callVirtual(pa,"f");
The signatures of the Java-Classes/Interfaces used in this generated code can be found

in the Appendix.

1. Consider the following C++-Classes:

class A { public: int a; virtual void £(); }
class B : public A { public: int b; virtual void f(J; }
class C : public B { public: int ¢; virtual void f(J; }

Draw a memory representation diagram for a C-Object, and the virtual table dia-
gram for class C!

{ |4 von 5 >
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2. [4P| Give implementations of the methods castPointerTo and callVirtual for the
type corresponding to C from directly above, that matches with the code generation
and the representation/vtable layout that you have determined above!

3. Consider the following C++-Classes:
class A { public: int a; virtual void £(); }
class B { public: int b; virtual void £(); }
class C : public B, public A { public: int c¢; virtual void £(); }
Draw a memory representation diagram for a C-Object, and the virtual table dia-
gram for class C!

4. Give implementations of the methods castPointerTo and callVirtual for the type
corresponding to € from directly above, that matches with the code generation and
the representation/vtable layout that you have determined above!

5. One of the above virtual tables has a thunk as implementation for f. Which one?

Provide an implementation of the interface method Method: :call, that performs
the necessary actions in our framework, such that it is compatible with your repre-
sentation/vtable layout.
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/%% obtain an object, representing the type denoted by the mame t */

default, getTypeFor (String t) { ... }
/*x pe: a virtual method call to method m on p with params ps */
Object callvirtual(Pointer p,String m, Object... ps);

/** returns a pointer to the cast target c wrt. the current type/pointer */
Pointer castPointerTo(Bointer p String c):

/** obtain the constvluctor for the type, givelz there Js one */

Method getConstructor();

/*% obtain the size in bytes for the type */

default int getSiz

¥
public class Pointern { E

/*% obtains fresh memory from the heap */

public static Pointer malloc(int sizelnBytes) { ... }

/** pointerarithmetics; add/sub returns the modified pointer
* without changing this

*/
public Pointer add(int offset) { ... }
public Pointer sub(int offset) { ... }

/#* derefenciate the pointer and return whatever is found in the memory
* you still need to cast to whatever is expected to be found there */
public Object deref() { ... }
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interface Type {
dok ohfodn an ohject reprecenting the type denoted by the name t */
| default Type getTypeFor(String t) { ... } |
/*% perform a virtual method call to method m on p with params ps */
Object callVirtual(Pointer p,String m, Object... ps);
/¥* returns a pointer to the cast target ¢ wrt. the current type/pointer */
Pointer castPointerTo(Pointer p,String c);
/¥* obtain the comstructor for the type, given there is one */
Method getConstructor ()
/¥* obtain the size in bytes for the type */
+
public class Pointer {
/¥* obtains fresh memory from the heap ¥/
public static Pointer malloc(int sizeImBytes) { ... }
/** pointerarithmetics; add/sub returns the modified pointer
* without changing this
*/
public Pointer add(int offset) { ... }
public Pointer sub(int offset) { ... }
/** derefenciate the pointer and return whatever is found in the memory
* you still need to cast to whatever is expected to be found there */ v
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Qerault 1nv geLdlzZey) 1 ... & "
+
public class Pointer {
/¥* obtains fresh memory from the heap */
public static Pointer malloc(int sizeInBytes) { ... }
/** pointerarithmetics; add/sub returns the modified pointer
* without changing this
*/
public Pointer add(int offset) { ... }
public Pointer sub(int offset) { ... }
/** derefenciate the pointer and return whatever is found in the memory
* you still _need to cast to whatever is expected to be found there */
i j {...}
¥
interfac // implementations are given by the framework
UbjecPointer receiver, Object... parameters) { ... }
¥

{ |5 von 5 >
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Ve obtain the size in bytes for the type */
default int getSize() { ... }
¥

public class Pointer {
/*% obtains fresh memory from the heap */
public static Pointer malloc(int sizelInBytes) { ... }
/#* pointerarithmetics; add/sub returns the modified pointer
* without changing this

*/
public Pointer add(int offset) { ... }
public Pointer sub(int offset) { ... }

/** derefenciate the pointer and return whatever is found in the memory
* you still need to cast to whatever is expected to be found there */

public Object deref() { ... }
}
interface Method { // implementations are given by the framework
Object callDirect(Pointer receiver, Object... parameters) { ... }
}

{ |5 |von 5 >
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class A 1 public: 1nt a; virtual veid I(); F
class B { public: int b; virtual void £(); }

class C : public B, public A { public: int c¢; virtual void £(); ¥

Draw a memory representation diagram for a C-Object, and the virtual table dia-
gram for class C!

'S

. Give implementations of the methods castPointerTo and callVirtual for the type
corresponding to € from directly above, that matches with the code generation and
the representation/vtable layout that you have determined above!

@

. One of the above virtual tables has a thunk as implementation for £. Which one?
Provide an implementation of the interface method Method: :call, that performs
the necessary actions in our framework, such that it is compatible with vour repre-

sentation/vtable layout.
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/¥% returns a pointer to the cast target c wrt. the current type/pointer */
Pointer castPointerTo(Pointer p,String c);
/*% obtain the comstructor for the type, given there is one */
Method getConstructor();
/*% obtain the size in bytes for the type */
default int getSize() { ... }

¥

public class Pointer {
/*% obtains fresh memory from the heap */
public static Pointer malloc(int sizeInBytes) { ... }
/** pointerarithmetics; add/sub returns the modified pointer

* without changing this

o/
public Pointer add(int offset) { ... }
public Pointer sub(int offset) { ... }

/** derefemciate the pointer and return whatever is found in the memory
* you still need to cast to whatever is expected to be found there */

public Object deref() { ... }
}
interface Method { // implementations are given by the framework
Object callDirect(Pointer receiver, Object... parameters) { ... }
¥

< |5 von 5 >

wanC|_ [T 2| |[T 2|34 Bpetter : okular —Konsole  [Wtutorial07.pef - Okular

W tutorial07.pdf - Okular
Datei Bearbeiten Ansicht Gehezu Lesezeichen Extras Einstellungen  Hilfe
<> av B Y Eme
T .
// C* pc = new C();
Type C = Type.getTypeFor("C");

- - Poimter po=Pointer mattoct€ggtsize ());
G pe new CO; C.getConstructor().callDirect(pq);
A+ pa = pc; = _ )
ROV // A* pa = pc;
PR ’ Pointer pa = C.castPointerTo(pc|"A");
£/ pa—>fO;

C.callVirtual(pa,"f");
The signatures of the Java-Classes/Interfaces used in this generated code can be found

in the Appendix. l—l

class A { public: int a; virtual void f(); }
class B : public A { public: int b; virtual void f(); }
class C : public B { public: int c; virtual void f(); }

1. Consider the following C++-Clas:

Draw a memory representation diagram for a C-Object, and the virtual table dia-
gram for class C!
2. [4P] Give implementations of the methods castPointerTo and callVirtual for the

type corresponding to € from directly above, that matches with the code generation
and the representation/vtable layout that you have determined above!

{ |4 von 5 >
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The signatures of the Java-Classes/Interfaces used in this generated code can be found

Type C = Type.getTypeFor("C");
in the Appendix. yP ype.-getliyp

Pointer pc = Pointer.malloc(C.getSize());
C.getConstructor().callDirect(pc);
A* pa = pc;

Pdinter pa = C.castPointerTo(pc,"A");
pa>10;

C.callVirtual(pa,"f");
The signatures of the Java-Classes/Interfaces used in this generated code can be found

in the Appendix.

C+ pc = new C();
A% pa = pc; =
pa-—>f();

1. Consider the following C++-Classes:

class A { public: int a; virtual void £(); }
class B : public A { public: int b; virtual void f(); }
class C : public B { public: int ¢; virtual void f(); }

Draw a memory representation diagram for a C-Object, and the virtual table dia-
gram for class C!

1. Consider the following C++-Classes:

2. [4P] Give implementations of the methods castPointerTo and callVirtual for the
type corresponding to C from directly above, that matches with the code generation class A { public: int a; virtual void f(); }
and the representation/vtable layout that you have determined above! class B : public A { public: int b; virtual void £O; }
class C : public B { public: int ¢; virtual void £(); }
3. Consider the following C++-Classes:
Draw a memory representation diagram for a C-Object, and the virtual table dia-
class A { public: int a; virtual void £(); } gram for class C!
class B { public: int b; virtual void £(); }

2. [4P] Give implementations of the methods castPointerTo and callVirtual for the
type corresponding to C from directly above, that matches with the code generation
and the representation/vtable layout that you have determined above!

class C : public B, public A { public: int c¢; virtual void £(); }

Draw a memory representation diagram for a C-Object, and the virtual table dia-
gram for class C!
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