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Concepts & Techniques 

• Syntax  

– Context free grammar 

– Ambiguous grammars 

– Syntax vs. semantics 

– Predictive Parsing 

• Static semantics 

– Scope rules 

• Semantics 

– Natural Operational Semantics 
(big step) 

– Structural Operational Semantics 
(small step) 

• Runtime management 

 

• Functional programming 

– Lambda calculus 

– Recursion 

– Higher order programming 

– Lazy vs. Eager evaluation 

– Pattern matching 

– Continuation 

• Types 

– Type safety 

– Static vs. dynamic 

– Type checking vs. type inference 

– Most general type 

– Polymorphism 

– Type inference algorithm 

 



Languages 
• OCaml 

– Functional, ML family, designed with performance in mind 

– Strong static typing: Hindley-Milner type inference 

– Algebraic Data Types (ADT) 

– Pattern Matching 

– Recursion 

• JavaScript 

– Widespread use in web-browsers and mobile devices 

– Also used in server side (node.js) 

– Dynamic typing 

– Functional, “lisp in C’s clothing” 

– Prototype object system – no classes 

• Scala 

– Designed for scalability 

– Fuses functional and object oriented programming 

– Fully compatible with JVM – industrial strength to replace Java 



Semantics 

משמעות המשפט . ++id1:=id2ולהוסיף משפט מהצורה  Whileרוצים להרחיב את שפת . 6

 .באחד id2וקידום ערך המשתנה  id1במשתנה  id2היא השמה של ערך המשתנה 

כדי לטפל  ( Natural Operational Semantics)הרחיבי את הסמנטיקה הטבעית . א

 .במשפט

 :י גזירה מתאימה"על התוכנית הבאה ע' הדגימי את הסמנטיקה מסעיף א. ב

x:=1; y:=x++; x:=y++ 

כדי לטפל  ( Structural Operational Semantics)  המבנית הסמטיקההרחיבי את . ג

 .במשפט

 .'על התוכנית מסעיף ב' הדגימי את הסמנטיקה מסעיף ג. ד

 :שהגדרת SOS האם המשפטים הבאים שקולים סמנטית ב. ה

x:=y++ 

x:=y ; y:=y+1 



The While Programming Language 

• Abstract syntax 
S::= x  := a | skip | S1 ; S2 | if b then S1 else S2 | 
        while b do S 

• Use parenthesizes for precedence 

• Informal Semantics 

– skip behaves like no-operation 

– Import meaning of arithmetic and Boolean 
operations 



General Notations 

• Syntactic categories 
– Var the set of program variables 
– Aexp the set of arithmetic expressions 
– Bexp the set of Boolean expressions 
– Stm set of program statements 

• Semantic categories 
– Natural values N={0, 1, 2, …} 
– Truth values  T={ff, tt} 
– States State = Var  N 
– Lookup in a state s: s x 
– Update of a state s: s  [ x  5] 



Example State Manipulations 

• [x1, y7, z16] y = 

• [x1, y7, z16] t = 

• [x1, y7, z16][x5] = 

• [x1, y7, z16][x5] x = 

• [x1, y7, z16][x5] y = 



Semantics of arithmetic expressions 

• Assume that arithmetic expressions are side-effect 
free 

• A Aexp  : State  N 

• Defined by structural induction on the syntax tree 



Semantics of Boolean expressions 

• Assume that Boolean expressions are side-effect free 
• B Bexp  : State  T 
• Defined by induction on the syntax tree: 



Natural Operational Semantics 

• Notations: 

– S – program construct (word in the While language) 

– s, s’ – states (functions Var  N) 

• <S, s>  s’ means: 
If S is executed on state s, it terminates and the state after 
execution is s’ 

• Describe the “overall” effect of program constructs 

• Ignores non terminating computations 



Examples for  

• <y := 2, s0[x 1]>  s0[x 1] [y 2]  

• <x := x+1, s0>  s0[x 1]  

• <x := x+1, s0[x 1] >  s0[x 2]  

• <x := x+1 ; x := x+1, s0 >  s0[x 2]  

• <if x > 0 then y := 2 else y:= 3, s0 >  s0[y 3]  

• <if x > 0 then y := 2 else y:= 3, s0[x 1] >  s0[x 1] [y 2]  

• <x:=x+1 ; if x > 0 then y := 2 else y:= 3, s0 >  s0[x 1] [y 2]  

• <while x < 5 do (x:=x+2 ; y:=y+10), s0 >  s0[x 6] [y 30] 

• <(while x < 5 do (x:=x+2 ; y:=y+10)) ; 
   (while x > 0 do x := x-5),                     s0 >  s0[x -4] [y 30] 

• <while x ≥ 0 do x:=x+1, s0 >  ? 

• NOT <while x ≥ 0 do x:=x+1, s0 >  s’ for any s’ 

s0: state which assigns 

zero to all variables 



Formally defining  

•  is defined inductively using inference rules, with both 
syntactic conditions on S and semantic conditions on s 

 



Example of Inference 

1. <y := 2, s0[x 1]>  s0[x 1] [y 2]      # by assns 

2. <if x > 0 then y := 2 else y:= 3, s0[x 1] >  s0[x 1] [y 2] # by ifns
tt  (1) 

3. <x := x+1, s0>  s0[x 1]     # by assns 

4. <x:=x+1 ; if x > 0 then y := 2 else y:= 3, s0 >  s0[x 1] [y 2]  # by compns (2,3) 

 

 



Derivation Trees 

• A derivation tree is a way to write applications of inference 
rules 

• A derivation tree is a “proof” that <S, s> s’ 

• The root of tree is <S, s> s’ 

• Each node is a conclusion from its children using an inference 
rule 

• Leaves are instances of axioms (rules with no premises) 

• Non-leaves are instances of inference rules with premises 

– Immediate children match rule premises 

– The semantic condition is satisfied 



Example Derivation Tree 

<x:=x+1 ; if x > 0 then y := 2 else y:= 3, s0 >  s0[x 1] [y 2]  

<x := x+1, s0>  s0[x 1] 

<if x > 0 then y := 2 else y:= 3, s0[x 1] >  s0[x 1] [y 2] 

<y := 2, s0[x 1]>  s0[x 1][y 2]  

assns 

assns 

compns 

ifns
tt 



Bad Derivation Tree 

<x:=x+1 ; if x > 0 then y := 2 else y:= 3, s0 >  s0[x 1] [y 3]  

<x := x+1, s0>  s0[x 1] 

<if x > 0 then y := 2 else y:= 3, s0[x 1] >  s0[x 1] [y 3] 

<y := 3, s0[x 1]>  s0[x 1][y 3]  

assns 

assns 

compns 

ifns
ff semantic condition not satisfied: 

B[x>0] (s0[x 1]) = tt  ff 



Back to Exam Question 

משמעות המשפט . ++id1:=id2ולהוסיף משפט מהצורה  Whileרוצים להרחיב את שפת . 6

 .באחד id2וקידום ערך המשתנה  id1במשתנה  id2היא השמה של ערך המשתנה 

כדי לטפל  ( Natural Operational Semantics)הרחיבי את הסמנטיקה הטבעית . א

 .במשפט

 :י גזירה מתאימה"על התוכנית הבאה ע' הדגימי את הסמנטיקה מסעיף א. ב

x:=1; y:=x++; x:=y++ 

כדי לטפל  ( Structural Operational Semantics)  המבנית הסמטיקההרחיבי את . ג

 .במשפט

 .'על התוכנית מסעיף ב' הדגימי את הסמנטיקה מסעיף ג. ד

 :שהגדרת SOS האם המשפטים הבאים שקולים סמנטית ב. ה

x:=y++ 

x:=y ; y:=y+1 



Solution 

משמעות . ++id1:=id2ולהוסיף משפט מהצורה  Whileרוצים להרחיב את שפת . 6

וקידום ערך המשתנה   id1במשתנה  id2המשפט היא השמה של ערך המשתנה 

id2 באחד. 

כדי ( Natural Operational Semantics)הרחיבי את הסמנטיקה הטבעית . א

 .לטפל במשפט

[ass-incns] <x := y++, s>  s[x Ays][y Ay+1s] 

[assns] <x := a, s>  s[x Aas] 

[ass-incns] <x := y++, s>  s[x s y][y  (s y) + 1] 



Solution 
 :י גזירה מתאימה"על התוכנית הבאה ע' הדגימי את הסמנטיקה מסעיף א. ב

x:=1; y:=x++; x:=y++ 

<(x:=1 ; y:=x++) ; x:=y++, s0 >  s0[x 1] [y 2]  

<x:=1;y:=x++, s0>  s0[x 2][y 1] <x:=y++, s0[x 2][y 1] >  s0[x 1] [y 2] 

assns ass-incns 

compns 

<x:=1, s0>  s0[x 1] <y:=x++, s0[x 1]>  s0[x 2] [y 1] 

compns 
ass-incns 



Solution 

כדי ( Structural Operational Semantics)  המבנית הסמטיקההרחיבי את . ג

 .לטפל במשפט



Structural Operational Semantics 

• Emphasizes the individual execution steps 

• <S, s>   

– the ”first” step of executing S on state s leads to  

• Two possibilities for  

–  = <S’, s’>  
The execution of S is not completed and, S’ is the 
remaining computation to be performed on s’  

–  = s’  
The execution of S has terminated with a final state s’  

•  is a stuck configuration when there are no transitions 

 



Formally defining  

•  is defined inductively using inference rules, with both 
syntactic conditions on S and semantic conditions on s 

 



Examples for  

• <y := 2, s0[x 1]>  s0[x 1] [y 2]  

• <x := x+1, s0>  s0[x 1]  

• <x := x+2 ; x := x+3, s0 >  <x := x+3, s0[x 2] > 

• <if x > 0 then y := 2 else y:= 3, s0 >  <y:= 3, s0 > 

•  <if x > 0 then y := 2 else y:= 3, s0[x 1] >   <y := 2, s0[x 1] > 

• <while x < 5 do x:=x+2, s0 >  
 <if x < 5 then (x:=x+2 ; while x < 5 do x:=x+2) else skip, s0 > 

• <while x < 0 do x:=x+2, s0 >  
 <if x < 0 then (x:=x+2 ; while x < 0 do x:=x+2) else skip, s0 > 

s0: state which assigns 

zero to all variables 



Finite Derivation Sequences  

• Computation is modeled by derivation sequences 

• A finite derivation sequence starting at <S, s>: 

– 0, 1, 2 …, k  

– 0= <S, s>  

– i  i+1 

– k is either stuck configuration or a final state 

• For each step there is a derivation tree 

• 0 k k in k steps 

• 0 *   in some finite number of steps 

• Models terminating computation 

 



Infinite Derivation Sequences  

• An infinite derivation sequence  starting at <S, s>: 

– 0, 1, 2 …  such that 

– 0=<S, s>  

– i  i+1 

• Example 

– S = while true do skip 

– s=s0 

• Models non-terminating computation 



Solution 

כדי ( Structural Operational Semantics)  המבנית הסמטיקההרחיבי את . ג

 .לטפל במשפט

[asssos] <x := a, s>  s[x Aas] 

[ass-incsos] <x := y++, s>  s[x Ays][y Ay+1s] 

[ass-incsos] <x := y++, s>  s[x  s y][y  (s y) + 1] 



Solution 

x:=1; y:=x++; x:=y++ 

 .'על התוכנית מסעיף ב' הדגימי את הסמנטיקה מסעיף ג. ד

<(x :=1 ; y:=x++) ; x:=y++, s> 
 <y:=x++ ; x:=y++, s[x 1]> 
 <x:=y++, s[x 2][y 1]> 
  s[x 1][y 2] 



Solution 

 :שהגדרת SOS האם המשפטים הבאים שקולים סמנטית ב. ה

x:=y++ 

x:=y ; y:=y+1 



JavaScript & Runtime 
על כל אחד   fמפעילה את , aומערך  fהיא מקבלת פונקציה , tail-recursiveהפונקציה הבאה כתובה בצורה 

 :ומחזירה את סכום התוצאות aמאיברי 

function mapreduce(f, a) { 
  function mr(f, a, i, total) { 
    if (i == a.length) return total; 
    else return mr(f, a, i+1, total + f(a[i])); } 
  return mr(f, a, 0, 0); 
} 

הקריאה   שתצרוךכמות הזיכרון , כך שבזמן הריצה mapreduceהסבירי כיצד ניתן להדר את הפונקציה . א

mapreduce(f, a)  תהיה בלתי תלויה בגודל המערךa. 
 

 :היא tail-recursiveעדיין , גרסה שונה. ב

function mapreduce2(f, a) { 
  function mr2(f, a, i, g) { 
    if (i == a.length) return g(0) 
    else return mr2(f, a, i+1, function(x) { return g(x) + f(a[i]); }); } 
  return mr2(f, a, 0, function(x) { return x; }); 
} 

אינו  ' מדוע ההסבר שנתת בסעיף א, אם כן. mr2גם במקרה זה אין צורך לחזור מהקריאה הרקורסיבית ל 

 ?mapreduce2(f,a)ומה תהיה צריכת הזיכרון של הקריאה , תקף עבור הגרסה הזו

 



Solution 
function mapreduce(f, a) { 
  function mr(f, a, i, total) { 
    if (i == a.length) return total; 
    else return mr(f, a, i+1, total + f(a[i])); 
  } 
  return mr(f, a, 0, 0); 
} 
 

 :ניתן להדר את הקוד לקוד ששקול לקוד הבא
 
function mapreduce(f, a) { 
  function mr(f, a, i, total) { 
  label1: 
    if (i == a.length) return total; 
    else { 
      f, a, i, total = f, a, i+1, total + f(a[i]); 
      goto label1; 
    } 
  } 
  return mr(f, a, 0, 0); 
} 
 



Solution 
 :היא tail-recursiveעדיין , גרסה שונה. ב

function mapreduce2(f, a) { 
  function mr2(f, a, i, g) { 
    if (i == a.length) return g(0) 
    else return mr2(f, a, i+1, function(x) { return g(x) + f(a[i]); }); 
  } 
  return mr2(f, a, 0, function(x) { return x; }); 
} 

אינו  ' מדוע ההסבר שנתת בסעיף א, אם כן. mr2גם במקרה זה אין צורך לחזור מהקריאה הרקורסיבית ל 

 ?mapreduce2(f,a)ומה תהיה צריכת הזיכרון של הקריאה , תקף עבור הגרסה הזו

 



Understanding The Code 
function mapreduce2(f, a) { 
  function mr2(f, a, i, g) { 
    if (i == a.length) return g(0) 
    else return mr2(f, a, i+1, function(x) { return g(x) + f(a[i]); }); 
  } 
  return mr2(f, a, 0, function(x) { return x; }); 
} 
mapreduce(function(a) { return a*2; }, [1,2,3]); 

 

f a i g comment 

a. a*2 [1,2,3] 0 x.x else branch – recursive call 

a. a*2 [1,2,3] 1 (y. ( . ) y) + f(a[.]) else branch – recursive call 

a. a*2 [1,2,3] 2 (z. ( . ) z) + f(a[.]) else branch – recursive call 

a. a*2 [1,2,3] 3 (w. ( . ) w) + f(a[.]) then branch – returns: g(0), which unfolds to: 
(((0 + f(a[0])) + f(a[1])) + f(a[2])) 

Calls to mr2: 



Solution 
 :היא tail-recursiveעדיין , גרסה שונה. ב

function mapreduce2(f, a) { 
  function mr2(f, a, i, g) { 
    if (i == a.length) return g(0) 
    else return mr2(f, a, i+1, function(x) { return g(x) + f(a[i]); }); 
  } 
  return mr2(f, a, 0, function(x) { return x; }); 
} 

אינו  ' מדוע ההסבר שנתת בסעיף א, אם כן. mr2גם במקרה זה אין צורך לחזור מהקריאה הרקורסיבית ל 

 ?mapreduce2(f,a)ומה תהיה צריכת הזיכרון של הקריאה , תקף עבור הגרסה הזו

 

• Still no need to return from recursive call 

• But next value of g gets a closure, that refers to variables in the 
current activation record 

• Each recursive call creates its own activation record 

• Activation records cannot be freed until the last recursive call returns 

• Memory consumption linear in the size of a 



Lazy Evalutation 

 :הבא Haskellנתבונן בקוד 

let fibs = 0 : 1 : zipWith (+) fibs (tail fibs) 

 :Scalaאו בגרסת 

lazy val fibs: Stream[Int] =  

    0 #:: 1 #:: fibs.zip(fibs.tail).map { n => n._1 + n._2 } 

 Scala    :fibs.take(3)ב . take 3 fibsחשבי את . א

כמו ב  eagerהיו מחושבים בצורה  fibsהסבירי מה היה קורה אם הארגומנטים ל . ב

C/Java/OCaml. 

 

 

 

 



Untyped Lambda Calculus: Non-Deterministic  
Operational Semantics  

( x. t1) t2  [x ↦t2] t1 

t1  t’1 

t1  t2  t’1 t2 

t2  t’2 

t1  t2  t1 t’2 

t  t’ 

 x. t   x. t’ 

Why is this semantics non-deterministic? 



Different Evaluation Orders 

(x. (add x x)) (add 2 3)  

( x. t1) t2  [x ↦t2] t1 

t1  t’1 

t1  t2  t’1 t2 

t2  t’2 

t1  t2  t1 t’2 

t  t’ 

 x. t   x. t’ 

(x. (add x x)) (5)   add 5 5  10 

(x. (add x x)) (add 2 3)  (add (add 2 3) (add 2 3))   

(add 5 (add 2 3))   (add 5 5)  10 

This example: same final result but lazy performs more computations 



Different Evaluation Orders 

(x. y. x) 3 (div 5 0)  

( x. t1) t2  [x ↦t2] t1 

t1  t’1 

t1  t2  t’1 t2 

t2  t’2 

t1  t2  t1 t’2 

t  t’ 

 x. t   x. t’ 

Exception: Division by zero 

(x. y. x) 3 (div 5 0)  (y. 3) (div 5 0)  3 

This example: lazy suppresses erroneous division and reduces to final result 

Can also suppress non-terminating computation. 

Many times we want this, for example: 

if i < len(a) and a[i]==0: print “found zero” 



Divergence 

( x. t1) t2  [x ↦t2] t1 (-reduction) 

( x.(x  x)) ( x.(x  x)) 

Apply 

x 

Apply 

x x 

x 

Apply 

x x 



Divergence 

( x. t1) t2  [x ↦t2] t1 (-reduction) 

Apply 

x 

Apply 

x x 

x 

Apply 

x x 

 

Apply 

x 

Apply 

x x 

x 

Apply 

x x 

( x.(x  x)) ( x.(x  x)) 



Different Evaluation Orders 

( x. t1) t2  [x ↦t2] t1 (-reduction) 

( x.y) (( x.(x  x)) ( x.(x  x))) 

Apply 

x 

y 

Apply 

x 

Apply 

x x 

x 

Apply 

x x 

Apply 

x 

y 

Apply 

x 

Apply 

x x 

x 

Apply 

x x 

 



Different Evaluation Orders 

( x. t1) t2  [x ↦t2] t1 (-reduction) 

( x.y) (( x.(x  x)) ( x.(x  x))) 

Apply 

x 

y 

Apply 

x 

Apply 

x x 

x 

Apply 

x x 

y 

 



Different Evaluation Orders 

( x. t1) t2  [x ↦t2] t1 (-reduction) 

( x.y) (( x.(x  x)) ( x.(x  x))) 

Apply 

x 

y 

Apply 

x 

Apply 

x x 

x 

Apply 

x x 

def f(): 

    while True: pass 

 

def g(x): 

    return 2 

 

print g(f()) 



v ::=                    values 

    x. t               abstraction values 

    other values 

Call-by-value Operational Semantics 

( x. t1) v2  [x ↦v2] t1   (E-AppAbs) 

t ::= terms 

 x variable 

  x. t abstraction 

 t t                  application 

t1 t’1 

    t1  t2    t’1 t2   
(E-APPL1) 

t2  t’2 

    v1  t2    v1 t’2   
(E-APPL2) 



Summary Order of Evaluation 

• Full-beta-reduction 
– All possible orders 

• Applicative order call by value 
– Left to right 
– Fully evaluate arguments before function 

• Normal order 
– The leftmost, outermost redex is always reduced first 

• Call by name 
– Evaluate arguments as needed 

• Call by need 
– Evaluate arguments as needed and store for subsequent usages 
– Implemented in Haskell 
 

 



Solution 

 :הבא Haskellנתבונן בקוד 

let fibs = 0 : 1 : zipWith (+) fibs (tail fibs) 

 :Scalaאו בגרסת 

lazy val fibs: Stream[Int] =  

    0 #:: 1 #:: fibs.zip(fibs.tail).map { n => n._1 + n._2 } 

 Scala    :fibs.take(4)ב . take 4 fibsחשבי את . א

 .C/Java/OCamlכמו ב  eagerהיו מחושבים בצורה  fibsהסבירי מה היה קורה אם הארגומנטים ל . ב

 

 

 

 

• Take 4 fibs returns [0,1,1,2] 

• Eager evaluation would not terminate 

• Lazy evaluation terminates, as elements in the list tail are only 
computed when they are needed 

• Note that fibs is an infinite list 



JavaScript Scope Rules 

• JavaScript does not have block scope even though its block syntax suggests that it does. This 
confusion can be a source of errors. 

• JavaScript does have function scope. That means that the parameters and variables defined 
in a function are not visible outside of the function, and that a variable defined anywhere 
within a function is visible everywhere within the function. 

 

function foo ()  

    {  

    var  a = 3, b = 5;  

     {  

        var  b = 7, c = 11;  

 // At this point, a is 3, b is 7, and c is 11 

  

        a += b + c;  

 // At this point, a is 21, b is 7, and c is 11 

  

     }  

 // At this point, a is 21, b is 7, and c is 11 

  

    a += (b -  c) ;  

    // At this point, a is 17, b is 7, and c is 11  

     

    return;  

    }  



Scope Rules Contôd 

function foo () {  

    var  a = 3, b = 5;  

    alert('a');  

   var  bar = function (  ) {  

        var  b = 7, c = 11;  

alert('a='+ a+',b ='+ b+',c ='+c);  

// At this point, a is 3, b is 7, and c is 11 

 

       a += (b + c);  

alert('a='+ a+',b ='+ b+',c ='+c);  

// At this point, a is 21, b is 7, and c is 11 

 

    }  

alert('a='+ a+',b ='+b);  

//At this point, a is 3, b is 5, and c is not defined  

 

    bar(  );  

alert('a='+ a+',b ='+b);  

// At this point, a is 21, b is 5 

 

}  



Functions ï Closure 

• Closures are functions that refer to independent (free) variables 

• function defined in the closure 'remembers' the environment in which it 
was created in. 

var  myObject  = function (  ) {  

    var  value = 0;  

 

    return {  

        increment: function ( inc ) {  

            value += typeof  inc  === 'number' ? inc  : 1;  

        },  

        getValue : function (  ) {  

            return value;  

        }  

    }  

}(  );  



Functions ï Closure (Contôd) 

 
// Define a function that sets a DOM node's color  

// to yellow and then fades it to white.  

var  fade = function (node) {  

    var  level = 1;  

    var  step = function (  ) {  

        var  hex = level.toString ( 16);  

        node.style.backgroundColor  = '#FFFF' + hex + hex;  

        if (level < 15) {  

            level += 1;  

            setTimeout (step, 100 );  

        }  

    };  

    setTimeout (step, 100 );  

};  

fade( document.body );  



== vs === 

• JavaScript has two sets of equality operators: === and !==, and their evil 
twins == and !=. The good ones work the way you would expect. 

• The evil twins do the right thing when the operands are of the same type, 
but if they are of different types, they attempt to coerce the values. The 
rules by which they do that are complicated and unmemorable. 

'' == ' 0'          // false  

0 == ''            // true  

0 == ' 0'           // true  

 

false == 'false'   // false  

false == ' 0'       // true  

 

false == undefined // false  

false == null      // false  

null == undefined  // true  

 

' \ t \ r \ n ' == 0    // true  



Question 1 

 
//global scope  

(function() {  

    //anonymous function scope  

    var  foo = 1;  

    function bar() {  

        //bar function scope  

        var  foo = 2;  

    }  

    bar();  

    console.log(foo);  

    if(true) {  

        var  foo = 3; // redeclares  foo  

    }  

    console.log(foo);  

})();  



Question 1 

 
//global scope  

(function() {  

    //anonymous function scope  

    var  foo  = 1;  

    function bar() {  

        //bar function scope  

        var  foo  = 2;  

    }  

    bar();  

    console.log( foo ); //outputs 1 

    if(true) {  

        var  foo  = 3; // redeclares  foo  

    }  

    console.log( foo ); //outputs 3 

})();  



Question 2 

 
(function() {  

    function foo(x) {  

        var  baz  = 3;  

        return function (y) {  

        console.log(x + y + (++ baz ));  

        }  

    }  

var  moo = foo( 2); // moo is now a closure.  

moo(1); //  

moo(1); //  

})();  



Question 2 

 
(function() {  

    function foo(x) {  

        var  baz  = 3;  

        return function (y) {  

        console.log(x + y + (++ baz ));  

        }  

    }  

var  moo = foo( 2); // moo is now a closure.  

moo(1); // 7 

moo(1); // 8 

})();  


