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Admins	
  

•  h"p://www.di.unipi.it/~andrea/Dida2ca/PLP-­‐15/	
  
•  9	
  CFU/ECTS	
  
•  Students	
  enrolled	
  Ill	
  AY	
  2013/14	
  have	
  to	
  
integrate	
  the	
  course	
  with	
  a	
  3	
  CFU	
  acIvity	
  
– To	
  be	
  agreed	
  upon	
  with	
  me	
  

•  Office	
  Hours:	
  (was	
  Monday,	
  15:30-­‐17:30)	
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EvaluaIon	
  

•  2	
  midterms	
  
– November	
  2-­‐6,	
  2015	
  
– December	
  16-­‐18,	
  2015	
  

•  WriXen	
  proof	
  
•  Oral	
  examinaIon	
  

•  Pre-­‐evaluaIon:	
  
– Starter	
  kit	
  test:	
  Thu	
  October	
  1	
  at	
  17:00	
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Course	
  Topics	
  and	
  Goals	
  
•  The	
  course	
  presents	
  principles	
  and	
  techniques	
  for	
  the	
  

implementaIon	
  and	
  usage	
  of	
  programming	
  languages.	
  	
  
•  First	
  part:	
  	
  

–  formal	
  definiIon	
  of	
  the	
  syntax	
  of	
  programming	
  languages	
  
–  main	
  phases	
  of	
  a	
  compiler	
  with	
  emphasis	
  on	
  the	
  lexical,	
  syntacIcal	
  

and	
  semanIcal	
  analysis	
  phases	
  of	
  the	
  front-­‐end.	
  	
  
•  Second	
  part:	
  

–  main	
  topics	
  of	
  the	
  structure	
  of	
  programming	
  languages	
  from	
  the	
  
viewpoint	
  of	
  the	
  runIme	
  support	
  of	
  its	
  abstract	
  machine	
  and	
  of	
  the	
  
expressiveness	
  of	
  the	
  supported	
  linguisIc	
  constructs	
  

–  focus	
  on	
  constructs	
  of	
  imperaIve,	
  funcIonal,	
  object-­‐oriented,	
  and	
  
scripIng	
  languages	
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Textbooks	
  
•  [Sco"]	
  Programming	
  Language	
  Pragma@cs	
  	
  

by	
  Michael	
  L.	
  ScoX,	
  3rd	
  ediIon	
  	
  
	
  

•  [ALSU]	
  Compilers:	
  Principles,	
  Techniques,	
  and	
  
Tools	
  	
  
by	
  Alfred	
  V.	
  Aho,	
  Monica	
  S.	
  Lam,	
  Ravi	
  Sethi,	
  and	
  
Jeffrey	
  D.	
  Ullman,	
  2nd	
  ediIon	
  	
  	
  	
  	
  
	
  	
  

•  [GM]	
  Programming	
  Languages:	
  Principles	
  and	
  
Paradigms	
  	
  
by	
  Maurizio	
  Gabbrielli	
  and	
  Simone	
  MarIni	
  	
  

•  [Mitchell]	
  Concepts	
  in	
  Programming	
  Languages	
  	
  
by	
  John	
  C.	
  Mitchell	
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Credits	
  

•  Slides	
  freely	
  taken	
  and	
  elaborated	
  from	
  a	
  
number	
  of	
  sources:	
  
– Marco	
  Bellia	
  (DIP)	
  
– Gianluigi	
  Ferrari	
  (DIP)	
  
– Robert	
  A.	
  van	
  Engelen	
  	
  (Florida	
  State	
  University)	
  
– Gholamreza	
  Ghassem-­‐Sani	
  (Sharif	
  University	
  of	
  
Technology)	
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Abstract	
  Machines	
  



Abstract	
  Machine	
  for	
  a	
  Language	
  L	
  
•  Given	
  a	
  programming	
  language	
  L,	
  an	
  Abstract	
  Machine	
  
ML	
  for	
  L	
  is	
  a	
  collec4on	
  of	
  data	
  structures	
  and	
  algorithms	
  
which	
  can	
  perform	
  the	
  storage	
  and	
  execu4on	
  of	
  programs	
  
wriAen	
  in	
  L	
  	
  	
  	
  	
  

•  An	
  abstracIon	
  of	
  the	
  concept	
  of	
  hardware	
  machine	
  
•  Structure	
  of	
  an	
  abstract	
  machine:	
  

Programs	


	



Data	



Memory	
   	


Operations and Data Structures for:	


•  Primitive Data processing	


•  Sequence control	


•  Data Transfer control	


•  Memory management	



Interpreter	
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General	
  structure	
  of	
  
the	
  Interpreter	
  

Sequence	
  control	
  

Data	
  control	
  

OperaIons	
  

start	
  

stop	
  

Fetch	
  next	
  instrucIon	
  

Decode	
  

Fetch	
  operands	
  

Choose	
  

Execute	
  op1	
   Execute	
  op2	
   Execute	
  opn	
   Execute	
  HALT	
  ...	
  

Store	
  the	
  result	
  Data	
  control	
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The	
  Machine	
  Language	
  of	
  an	
  AM	
  

•  Given	
  and	
  Abstract	
  machine	
  M,	
  the	
  machine	
  language	
  LM	
  of	
  M	
  
–  includes	
  all	
  programs	
  which	
  can	
  be	
  executed	
  by	
  the	
  interpreter	
  of	
  M	
  

•  Programs	
  are	
  parIcular	
  data	
  on	
  which	
  the	
  interpreter	
  can	
  act	
  
•  The	
  components	
  of	
  M	
  correspond	
  to	
  components	
  of	
  LM,	
  eg:	
  

–  PrimiIve	
  data	
  types	
  
–  Control	
  structures	
  
–  Parameter	
  passing	
  and	
  value	
  return	
  
–  Memory	
  management	
  

•  Every	
  Abstract	
  Machine	
  has	
  a	
  unique	
  Machine	
  Language	
  
•  A	
  programming	
  language	
  can	
  have	
  several	
  Abstact	
  Machines	
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An	
  example:	
  the	
  Hardware	
  Machine	
  	
  6 1 Abstract Machines

Fig. 1.3 The structure of a conventional calculator

For this specific case, we can, using what we have already said about the compo-
nents of an abstract machine, identify the following parts.

Memory The storage component of a physical computer is composed of various
levels of memory. Secondary memory implemented using optical or magnetic com-
ponents; primary memory, organised as a linear sequence of cells, or words, of fixed
size (usually a multiple of 8 bits, for example 32 or 64 bits); cache and the registers
which are internal to the Central Processing Unit (CPU).

Physical memory, whether primary, cache or register file, permits the storage of
data and programs. As stated, this is done using the binary alphabet.

Data is divided into a few primitive “types”: usually, we have integer numbers,
so-called “real” numbers (in reality, a subset of the rationals), characters, and fixed-
length sequences of bits. Depending upon the type of data, different physical repre-
sentations, which use one or more memory words for each element of the type are
used. For example, the integers can be represented by 1s or 2s complement num-
bers contained in a single word, while reals have to be represented as floating point
numbers using one or two words depending on whether they are single or double
precision. Alphanumeric characters are also implemented as sequences of binary
numbers encoded in an appropriate representational code (for example, the ASCII
or UNI CODE formats).

We will not here go into the details of these representations since they will be
examined in more detail in Chap. 8. We must emphasise the fact that although all
data is represented by sequences of bits, at the hardware level we can distinguish
different categories, or more properly types, of primitive data that can be manip-
ulated directly by the operations provided by the hardware. For this reason, these
types are called predefined types.

The language of the physical machine The language, L H which the physical
machine executes is composed of relatively simple instructions. A typical instruc-

•  The	
  language?	
  
•  The	
  memory?	
  
•  The	
  interpreter?	
  
•  OperaIons	
  and	
  Data	
  Structures	
  for:	
  

•  PrimiIve	
  Data	
  processing?	
  
•  Sequence	
  control?	
  
•  Data	
  Transfer	
  control?	
  
•  Memory	
  management?	
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ImplemenIng	
  an	
  Abstract	
  Machine	
  
•  Each	
  abstract	
  machine	
  can	
  be	
  implemented	
  in	
  hardware	
  or	
  in	
  

firmware,	
  but	
  if	
  it	
  is	
  high-­‐level	
  this	
  is	
  not	
  convenient	
  in	
  general	
  
•  An	
  abstract	
  machine	
  M	
  can	
  be	
  implemented	
  over	
  a	
  host	
  

machine	
  MO,	
  which	
  we	
  assume	
  is	
  already	
  implemented	
  
•  The	
  components	
  of	
  M	
  are	
  realized	
  using	
  data	
  structures	
  and	
  

algorithms	
  implemented	
  in	
  the	
  machine	
  language	
  of	
  MO	
  
•  Two	
  main	
  cases:	
  
–  The	
  interpreter	
  of	
  M	
  coincides	
  with	
  the	
  interpreter	
  of	
  MO	
  

• M	
  is	
  an	
  extension	
  of	
  MO	
  

•  other	
  components	
  of	
  the	
  machines	
  can	
  differ	
  
–  The	
  interpreter	
  of	
  M	
  is	
  different	
  from	
  the	
  interpreter	
  of	
  MO	
  

• M	
  is	
  interpreted	
  over	
  MO	
  
•  other	
  components	
  of	
  the	
  machines	
  may	
  coincide	
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Hierarchies	
  of	
  Abstract	
  Machines	
  
•  ImplementaIon	
  of	
  an	
  AM	
  with	
  another	
  can	
  be	
  
iterated,	
  leading	
  to	
  a	
  hierarchy	
  (onion	
  skin	
  model)	
  	
  

•  Example:	
  
22 1 Abstract Machines

Fig. 1.8 A hierarchy of
abstract machines

A canonical example of a hierarchy of this kind in a context that is seemingly
distant from programming languages is the hierarchy5 of communications protocols
in a network of computers, such as, for example, the ISO/OSI standard.

In a context closer to the subject of this book, we can consider the example shown
in Fig. 1.8.

At the lowest level, we have a hardware computer, implemented using physical
electronic devices (at least, at present; in the future, the possibility of biological
devices will be something that must be actively considered). Above this level, we
could have the level of an abstract, microprogrammed machine. Immediately above
(or directly above the hardware if the firmware level is not present), there is the ab-
stract machine provided by the operating system which is implemented by programs
written in machine language. Such a machine can be, in turn, seen as a hierarchy of
many layers (kernel, memory manager, peripheral manager, file system, command-
language interpreter) which implement functionalities that are progressively more
remote from the physical machine: starting with the nucleus, which interacts with
the hardware and manages process state changes, to the command interpreter (or
shell) which allows users to interact with the operating system. In its complexity,
therefore, the operating system on one hand extends the functionality of the physical
machine, providing functionalities not present on the physical machine (for exam-
ple, primitives that operate on files) to higher levels. On the other hand, it masks
some hardware primitives (for example, primitives for handling I/O) in which the
higher levels in the hierarchy have no interest in seeing directly. The abstract ma-
chine provided by the operating system forms the host machine on which a high-
level programming language is implemented using the methods that we discussed in
previous sections. It normally uses an intermediate machine, which, in the diagram
(Fig. 1.8), is the Java Virtual machine and its bytecode language. The level provided
by the abstract machine for the high-level language that we have implemented (Java

5In the literature on networks, one often speaks of a stack rather than, more correctly, of a hierarchy.
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ImplemenIng	
  a	
  	
  
Programming	
  Language	
  

•  L	
   	
  high	
  level	
  programming	
  language	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  

•  ML 	
  abstract	
  machine	
  for	
  L	
  
•  MO	
   	
  host	
  machine	
  
•  Pure	
  Interpreta@on	
  

–  ML	
  is	
  interpreted	
  over	
  MO	
  
–  Not	
  very	
  efficient,	
  mainly	
  because	
  of	
  the	
  interpreter	
  (fetch-­‐decode	
  

phases)	
  

•  Pure	
  Compila@on	
  
–  Programs	
  wriXen	
  in	
  L	
  are	
  translated	
  into	
  equivalent	
  programs	
  

wriXen	
  in	
  LO,	
  the	
  machine	
  language	
  of	
  MO	
  
–  The	
  translated	
  programs	
  can	
  be	
  executed	
  directly	
  on	
  MO	
  	
  

•  	
  ML	
  is	
  not	
  realized	
  at	
  all	
  
–  ExecuIon	
  more	
  efficient,	
  but	
  the	
  produced	
  code	
  is	
  larger	
  

•  Two	
  limit	
  cases	
  that	
  almost	
  never	
  exist	
  in	
  reality	
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