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e: 'a list -> int2. S
oping: Stati
 s
ope is resolved at 
ompile-time (use the value of the variable de
laredin the 
losest en
losing blo
k); dynami
 s
ope is resolved at exe
ution-time (use thevalue of the variable 
losest to the 
urrent fun
tion's a
tivation re
ord on the sta
k).C++ is a language that uses stati
 s
ope. Ex
eptions are a language feature that usesdynami
 s
ope.3. Typing and Garbage Colle
tion:(a) This te
hnique is solving the problem of tags needing to be kept alongside pointersin order to make pre
ise garbage 
olle
tion work. In order for garbage 
olle
tion tobe pre
ise, the garbage 
olle
tor must know whi
h blo
ks of memory are a
tuallypointers so that it 
an follow pointers to a

ess other rea
hable obje
ts. Keepingthese tables around obviates the need to tag ea
h pointer at run-time, thus givingspa
e savings.(b) This will work better for ML be
ause it has stati
 types. Lisp and S
heme aredynami
ally-typed languages, so there is no way to build up a 
ompile-time typetable.(
) Yes, this is helpful for C programs be
ause you 
an know whi
h memory 
ontentsare a
tually pointers, instead of having to make 
onservative guesses (that anysuÆ
iently large integer value that refers to some valid address range on the heapis a pointer). However, it does not solve the problem of pointers to the middleof obje
ts, 
asts of integers to pointers (and vi
e versa), and the use of void*pointers to emulate obje
t-oriented fun
tionality.(d) No, it won't work with polymorphism be
ause a variable 
an have more than onetype at run-time, so there is no way to build up a table at 
ompile-time that mapsa variable to one type.4. Method Lookup:(a) It is found via a lookup in a method di
tionary where the di
tionary for XClass
ontains an entry that maps the method name m to the address of the �rst instru
-tion of that method (otherwise, its super
lass should 
ontain an entry for m). Thedi
tionary for ea
h 
lass also 
ontains a pointer to the di
tionary of its super
lass,so that if an entry isn't found, then the super
lass's di
tionary is sear
hed, andso on until either the method is found or an ex
eption results.(b) The main data stru
ture is a vtable, whi
h is an array 
ontaining addresses of the�rst instru
tion in ea
h method. It is used by having the 
ompiler hard
ode in a�xed 
onstant o�set from the beginning of the vtable so that overridden methodsin a sub
lass have the same o�set as their respe
tive methods in the super
lass.
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(
) The C++ vtable approa
h is more eÆ
ient be
ause a dire
t array lookup is veryfast, whereas the Java method di
tionary method is more 
exible be
ause it 
ansupport dynami
 
lass loading, et
. The vtable approa
h is more appropriatefor C++ be
ause performan
e is paramount for C++ programs, but for Javaprograms, 
exibility and extensibility are more important.
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