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let x:=0
’JG"’ Prwealure Me(n) = X:= x+n  in

-
call ik(n;

—

- let x:= true in

all inc (2);

—

—

code  produey i f cede  consumer
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Dynamic scoping
was a historical non-sense.

old Fortran 1960-705

old Lisp they didn’t know
how to implement
the static scoping!
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Porometer P«“Lni
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€ let pocdure reet(x) = x:=0
|“ld ’::’

v o ol reset(y) ;
et g:= 2
- <all reset ) ;
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“O|alisl7| = 1
HEPZ=E O C
eru|

“Hl 22| 2k ol
i I8 X2 &
Z20 2.

coll §(8)

wll § 6o $F 82

55331

let % =0 in (x sum 2z} 2N 38

\et Fvomdure Sum (n)
= 'Rv izl Yon do
X = X
n

el sum (10) ;
Wy xel,

versus
let Pmdwe sum (nY = - -

'W\

write (coll swmfic))+)
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Chaement %2 MIEY %R, Z M
‘Ewm zepq % A, MO

42 a£n W WA &G
|

6, MFE § oM
O MES & oM

P -YE

Expregion E > N | e [Kilse | ©

x| eoll xCE) | el m<yd
| E+E |E~E [E%E | E/c
E=E |E<E |[mtE

2:=E | E;E

| $E then E ke E

| if € Hhen E

| while. E do E

l‘f\y L:=F % € ‘oE
\vesd x | write E

|let 2:=E W E

et prosdwe x(4)=E W E
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nez
b€ B ={T.F]
U € Vol = Z+B+ i}
6 € Ew = 1d - Addy + Rosdure
M € Mem = Addy — Vol
Progdwe = Id x E XEw

§ MEtwe T M CMEOYeM

6, MFE, 4Vi, N, 6,MFE YU, N,

6,M FE, B0, My CHMEZ=E -, h/ew)
U= W0y
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Reum'we Cll

ea) let onu.dme Foc (n)

o1[l/z][{z, E1,01)/f] ~ 000

n
call doc C2)

\

Doecw't meon whodt e ivlended berouge ...
6(+) = (’I, E!, ﬂ)

6,[0/<] WTo/e1 FE, 4N, N,
6,M F wll $(B) &, M,

let proc f(x) = call f(x) o“[(:m,e,,o'i>/{],ﬁ FE, 4WM
in call f(1) 6N Flet proc f0=E,nE, Y9N’

Kol Pl APE WM T Y 4
=2} ?
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Memory cell’s lifetime
in our imperative language

let Memory cell’s life time
xi=1 is equal to its scope.
in

X 1= X+1; We can check this property

Iet_ against the semantic definition
?1’ =0 (though hard to formally prove it).
|

y = xX+1;

y =y-1

end;

write xX+2

end
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Not a bad language, I’'m happy:
-can hame memory cells

-can hame program codes

-names with scopes

-recursive calls

-call-by-value, call-by-reference
-for-loops, while-loops

-integer 1/0 P,,“,... P-E

Expration E > N [ bue [Rlse | ©
x| ol xCE) | el =<yd

| E+E |E-E |E*E | £/

But, very primitive for £2 £ e
2:=E | B;E
data structures! | § E Hen E obe E
-can you compute trees? | ifke then E
—-can you compute cars? 'l:-:hxiedl.ee ki
—Can you compute sets? Ivesd x |write E
-yes, but... llet 1:=E n E

|t prosdwe x(y)=E W E
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RecoroL

% 2|H 3K ZE2MY gt aid
pet 2 MY P T A0 %
Zng okt LA

Mewa

Record is very convenient
in building non-primitive
data structures.

Reord = Feld = Addy

L E

€3) {aser—’ﬂ., name > L] RE

ey

{“Y H"'; t‘rHi;} [N

{left o 4, wrbet 00 rigt a4y E
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Note: I—bréwz]:ieu—’w
record 4+ re Vol = Z+B + Retod +i'}
1221729 28 o pon = My = Wl

o =2 s

¢ € Enw = 1d = Addr + Rotedun
Prosdwe = Id X E x Env

Iaud 4y ¢ s R, epe 4P

| {2k, = nnE)
| Ex
| Ex:=E
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f( et
X :={id := 8303, weight := 64}
In

X
end

)

X1 {id:11, weight:I2} 11 8303
12 64
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€g) |et
item := {id := 200012, age := 20}
In
item.id + item.age

eg)
let
tree := {left:={}, v:=0, right:={}}
N
tree.left := 1;

tree.right := {left:={}, v:=2, right:=3};
call add(tree);
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Not a bad language, I'm happy:
-can hame memory cells

-can name program codes

-names with scopes

-recursive calls

-call-by-value, call-by-reference
-for-loops, while-loops

-integer |/O

-primitive values: integers, booleans
-compound values: records

But, should memory
be always named? Or, why not
- locations as values?
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L ocations as values

let
E -> ... X =0
malloc(E) I|net
&x | *E vy := malloc(1)
N
end;
X 1= 1;
let x ;= malloc(1); ev;/]gte X
y =0
in *X :=vy; X := &y
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