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Exercise 10 — Imperative Programs with Nested Scopes — 25% of Final 2004

We consider a simple imperative programming language with variable declaratgoharid nested blocks (delimited
by beginandend).
Theabstract syntaxof this programming language is the following:

Smt = skip Expr == Id
| var Typeld |  Num
| Id:= Expr | Bool
|  Stmt; Stmt | Expr Op Expr
| if Expr then Smt elseSInt fi
|  while Expr do Smt od Op = o+ -1 01/ g]l=z]<]>
| begin Smt end

(a) For each of the following, indicate whether it denotesyatactically correct program (i.e., statement) of this
language, and if notjsibly mark the problem:

1.True;[ ] False:[ ] if a<bthenb:=aelse varintafi;while a>0doa:=a-bod
2.Te:[] False:[ ] if a < bthen begin else end fi ; whilea>0doa:=a-bod

3.Te:[] False:[ ] if a<bthenb := aelse skip fi ;
while a> 0do
begin var int a;a:=a-1end od

4.Te[ ] False:[ ] varint a;a:=10;
whilea>0dovarintb;b:=bda;a:=a-1end od

5.Tue:[ ] False:[ ] if a<bthenb:=a
else begilm:=a-b;b:=b+1;endfi
(b) Draw theabstract syntax treefor one of the longessyntactically correct statements from (a).
For notation, we use the following conventions:

“A - B’ denotes the set dbtal functionsfrom the sefAto the seB.
— “A 4 B’denotes the set gfartial functionsfrom the sefAto the seB.
— “[ A]" denotes the set of finite sequences (lists) of elements from the set

We choose the followinfasic semantic domains

Val = Bool + Num values data Value = ValBool Bool | Valint Int
Sval  =Val +{Q} storable values type SVal = Maybe Value

Env =Id + Sva environments type Env = Map Variable SVal

Sate =[Env] states type State = [ Env ]

We denote the elements ¥l by True, False, 0, 1, 2, ...

We denote the elements 8Yal by Q, True, False, 0, 1, 2, ...
From anoperational point of view, a progranstarts executing in stateconsisting of asingle, empty environment

At any time, the first element of the environment list that is the state is calledithent environment.

A variable declarationvar ty V' produces a run-time error i is in the domain of the current environment, and
otherwise entergassociated witlf) (markinguninitialised variables) into the current environment.

When execution moves pasbagin, a new, empty current environment is added to the state. When execution moves



past the matchingnd, this current environment is dropped.

A reference to a variable (in assignments or expressions) naneéer's to the first environment in the current state that
hasv in its domain of definition.

Assignments and references to non-existing variables give rise to run-time errors. In expressions, variable references
to uninitialised variables (i.e., associated witj also give rise to run-time errors.
(c) Besidegachline of the following program, write down tHaate that is reachedfter execution of the respective

line (it has been written down for you in the first few lines):

skip ; [{}]

var int Kk ; [{ki-> Q}]

begin [{}. { ki~ Q}]
varint q; [{a- Q}, { k- Q}]
k:=9; [{a-Q}, {k-9}]
varint r ;

q:=50k;

var int Kk ;
begin
varint r ;
r-=q-8,;
ki=r+5
end ;
qg:=q+Kk
end

In the following, you are asked to define the operational semantics of selected syntactic constudiave the
choicewhether you want to do this by providing derivation rules for operational semantics, similar to those on the
extra rules sheet, or whether you want to do this by providing the relevant alternatives of definitions of the Haskell
interpreter functions

evalExpr :: Expression - State - Maybe Value
interpStmt :: Statement - State - Maybe State

In the latter case, the following is the data type for the abstract syntax catgguryf statements:

data Statement = Skip
| Decl Type Variable
| Seq Statement Statement
| Assignment Variable Expression
| Conditional Expression Statement Statement
| Loop Expression Statement
| BeginEnd  Statement
(d) Define the statement semanticdefyin S endfor an arbitrary statemer®: Smt.

(If you choose Haskell, definénterpStmt ( BeginEnd stmt) for an arbitrarystmt :: Statement.)
(e) Define the statement semanticvaf ty v for an arbitrary typay and an arbitrary variable name

(If you choose Haskell, defininterpStmt (Decl ty v) for arbitraryty :: Type andv :: Variable.)

() Define the remaining cases of statement semantics. Also adapt the expression semantics from
Expr . hs on the course page to this setting.



