Lecture #30: Operational Semantics, Part III Classes and Functions as Values

e Although the language does not allow programmers to treat classes
as first-class values, the semantics is free to do so.

e Thus, we represent a class T' with attributes a;,... a

cass(T) = (a1 =e1,...,am = €y)

e Here, the ¢; are either literal expressions or function definitions.

e Similarly, the semantics associates a function value with each func-
tion, even though programmers cannot manipulate functions as val-
ues:

v = (‘rla AR 71"!L7y1 = ela s 7yk' = eka bbody7 Ef)

e Here, the z; are parameter names and the y; are the local variables
(with initializers ¢;.)
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Function Invocation Function Invocation: Discussion

Now things get complicated: e In the rules for evaluating local definitions:
G,E" S, ke v, S, -
So(E(f)) = (21, -, %oy 1 = €1, Yk = €4, byoay, Ef) Evaluate Function ,

n,k >0 G,E S, e, v, S, -
G,E,SyFer:v1,S1, = Evaluate Actuals

Why does the state remain S,,?

G,E,Sh-1Fen vy, Syy— e What would happen if we changed the steps for allocating new vari-

Loty ooy bons Lty ooy Ly = mewloc(Sy,, n + k) Allocate New Locations for ables to
E' = Ef[ly1 /1] .. [Lon/n) L /31] - - [/ ys] Parameters and Locals G.E,S,F e\ ), S —
G,E, S, ke v, S, — .

et : Evaluate Initializers
Evaluate Initializers G, E,S, F e, v, S —

G, E', Sy =€) v), Spy— Loty - s Lons Lyt - - -, Lk = newloc(S,,n + k) Allocate New Locations for

Suir = Snlvi/l] - [n/Len][01/ L] - - [0}/ L] Assign Params. and Locals E' = Ef[la/x] .. (lon/2l[lyi/91] - - - [lyr/yx] Parameters and Locals
G,E',Spi1 b buody : = Spso, R Evaluate Body slafml A/ eallbn il - W/

| None, if Ris—
| R, otherwise
G,E,SoF fler,...,e,): R, Spia,— [INVOKE]

?
/

And Capture Return Value
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Function Invocation: Discussion

e In the rules for evaluating local definitions:
G,E" S, ke v, S, —

G,E S, e, v, S,

Why does the state remain S,,? The ¢, must all be literals or function
definitions, whose evaluation does not change the state.

e What would happen if we changed the steps for allocating new vari-

ables to

G,E,S, ke v),S,, -
: Evaluate Initializers
G,E,S,t¢€,. v, Sh,—

Lty - oy bony Lyt - -, Ly = newloc(Sy,, n + k) Allocate New Locations for
E' = B[l /1] .. [lon/zn)[la/v1] - - - [lyr/ys] Parameters and Locals
?
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Function Invocation: Discussion

e In the rules for evaluating local definitions:
G,E" S, ke v, S, —

G,E S, e, v, S, =

Why does the state remain S,,? The ¢, must all be literals or function
definitions, whose evaluation does not change the state.
e What would happen if we changed the steps for allocating new vari-
ables to
G,E,S, ke v, S, —
: Evaluate Initializers
G,E,S,t¢€,. v, Sh,—
Lty - oy bony Lyt - -, Ly = newloc(S,,n + k) Allocate New Locations for
E' = B[l /1] .. [lon/zn)[la/v1] - - - [lyr/ys] Parameters and Locals

? Nothing. The effect is the same.
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Function Invocation: Discussion (IT)

e Consider the lines:

So(E(f)) = (1, Tnyy1 = €1, ..., Yx = €}, byoay, Ey) Evaluate Function

Parameters and Locals

E' = Eylly1/z]. .. Uw;/ Tl /] - - lyi/ v

G7 Ela S’nJrl + bbody L= Sn+27 R

Evaluate Body :

G,E,SoF f(er,...,e,): R, Spio,— [INVOKE]

e The environment for evaluating the body, E’, is not an extension of
E, but rather of Ey, the environment that is part of the function's
value.

e This is in keeping with the rule you first saw in CS61A: a function
value's parent frame is the one in which the function definition is
evalated, not the one in which the call is evaluated.
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Method Dispatching

Method dispatching, as in x.£(3), is unsurprisingly close to function
invocation.

G, E,S - €p - Vo, S(),_
’U(]:X(al:ll,...,f:lf,...,am:l,,”)
SO(ZJ‘) - (x07xla eIy Y1 = 6/17 s Yk = e;wbbodwEf)

Evaluate Object
Find f in Class Value

... Evaluate Parameters as for Function Calls. ..

Loy Loty oo s L Lty << Ly = mewloc(Sy, n + k + 1)
E' = Eylloo/0] - - [ln/@a] [l /3] - - - [lyr/Ys]

... Evaluate Initializers for Locals
as for Function Calls. . .

St = Sulvo/loo] -~ [on/lan [V /L] - - [0 /l,i]  Assign Params. and Locals

Ga Ela Sn+1 H bbody ) Sn+27 R
| None, if Ris -
| R, otherwise

Evaluate Body

/

And Capture Return Value

G,E,SFepfler,...,en): R, Spio,— [DISPATCH]
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Function Definitions

e Function definitions provide values for local definitions (nested func-
tions) and global functions.

e In the [INVOKE| and [DISPATCH] rules, these values then get as-
signed to the local names (denoted y; in those rules).

g1, --.,gr : variables declared with ‘global’ in f
y1=eq,...,yr = €, : local variables and functions in f
Ey = E[G(g1)/g1] .- - [G(91)/91]

V= (1., Tny Y1 = €14, Yk = €k bodys Ef)
G,E,Stdef f(x1:T1,...,2,:T,) [-> To]:b: v, S,

[FUNC—METHOD—DEF

e This is where we capture the parent local environment, E, in which
f is defined.
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Native Functions

e Certain functions are predefined (print, len, input), and do not
have normal bodies.

e For these, we denote the function bodies as, e.g., native len and
define special rules for these particular bodies.

e Assume that the native bodies expect a parameter named val (if
they have one).

e Then we can define, e.g.,
S(E(val)) =v
v =1nt(i) or v = bool(b) or v = str(n, s)
G,E,S F native print:—, S, None
S(E(val)) = v

v = [ll,lg,...,ln}
n>0

G,E,S F native len:_, S, int(n)

[PRINT]

[LEN-LIST]

and others.

Last modified: Wed Apr 10 14:50:13 2019 CS164: Lecture #30 10

Accessing Attributes of Classes

The notation from the first slide provides us with a description of a
value and its attributes:
G,E, Sy e:v,S1,—
v=X(a=10,...;id=lig,...,an =ly)
vy = S1(lia)
G,E,S)Fe.id: vy, Sy, —

[ATTR-READ)]

G, E, S() F €2 I Uy, Sl,_

G,E, Sl H €] ’U[,SQ,_
vl:X(a1:ll,...,id:lid,...,am:lm)
Sz = Sa[vy/lid]

G,E, SO + el.id = €2 — Sg,_

[ATTR-ASSIGN-STMT]

Q: In [ATTR-ASSIGN-STMT]|, what exactly happens when e; or e, have
side effects?
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Accessing Attributes of Classes

The notation from the first slide provides us with a description of a
value and its attributes:

G,E, Sy e: v, S, —
v=X(a=10,...;id=lig,...,an =ly)
vy = S1(lia)

G, E,S)Fe.id: vy, Sy, —

[ATTR-READ)]

G, E, S() F €2 I Uy, Sl,_

G,E, Sl H el ’U[,SQ,_
vl:X(a1:ll,...,id:lid,...,am:lm)
Sz = Sa[vy/lid]

G,E, SO + el.id = €2 — Sg,_

[ATTR-ASSIGN-STMT]
Q: In [ATTR-ASSIGN-STMT]|, what exactly happens when e; or e, have

side effects? A: e, is evaluated first, and therefore can affect the
evaluation of e;, but not vice-versa.
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Creating Objects

ClaSS(T) = (al =€, 0, = em) T Must Be A Class
m>1
lats - -y lam = newloc(S, m)
Yo = T(a’l - l(Lia s Um = lam)
G,G,S F €1 ’Ul,S,_

Allocate Attributes
New Object Value

: Evaluate Initializers in G
G,G,Ske, v S -

Sy = Svr/la] - [vm/lam) Initialize Attributes

Linit = loi such that a; = _init__ Get _init__ method
Slumit) = (SC(], Yy = 6/1, e Yk = e;ﬁ bbodyv Ef)
k>0
Lo, Ly, - - -, Ly = newloc(Sy, k + 1)

E' = Eyllo/wollly1/v1] - - - [Lyr/yi]
G,E,S ke v, S, =

: Call It On vy
G,E,S ¢ :v,S, -

Sy = Sivo/Leol[vr/ L] - - - [v}/ L]
G, E,, Sg F bbody P 53,_
G,E, S }— T() . Uo,Sg,_
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Starting Things Off: Programs

We start with an initial store and environment, containing just the pre-
defined function.

g1 =é1,...,g, = ej are the global variable and
function definitions in the program
P is the sequence of statements in the program
lgi, ... lgp = newloc(Sin, k)
G = Ginitllgt/ 1] - - [lgr/ 91]
Ga Ga Simlt F €171, Sinita—

G,G,0F e : v, Sinit, —
S = Sinit['l)];/lgl] . [Uk/lgk]
G,G,SFP:_ S, _

0,0,0P:_ 8 _

[PROGRAM
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Initial Store and Environment
Here, we use the native body notation from previously.
Gmit = Q)[llen/len] [lp’r'int/print] [linput/inpuﬂ
Sinit(lprint) = (val,native print,()
Sinit(lien) = (val,native len, )

Sinit(Linput) = (native print,0)
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