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Merritt’s Thesis for Sorting

¢ All comparison-based sorting can be viewed as
“Divide and Conquer” algorithms.

¢ Sort a pile
> Split the pile into smaller piles
» Sort each the smaller piles
» Join the sorted smaller piles into sorted pile



- Unsorted

¢ Divide and
Conquer!

= unsorted




if (o <hi) {
Abstract Sorter Class [TEIRNANIRRL
sort (A, lo, s-1);

Concrete sort (A, s, hi);
“Template Method” join (A, lo, s, hi);

# int: split(Object[] A, int lo, int hi); abstract,

# void: join(Object[] A, int lo, int s, int hi); relegated to
subclasses

J

SortAIgo




+ invariant(...);

# variant1(...);
# variant2(...);

Invariant
variants

White-box Framework:

# variant1(...); # varianti(...);

# variant2(...); # variant2(...);



Sort Framework

vold sort (Object Al ], Int lo, Int hi) {
if (lo < hi) { Recursive case

int s = split (A, lo, hi);
tAe:s-1], A[s:hi] form aproper partition of A[lo:hij-
sort (A, lo, s-1);
[ Allo:s-1] Is sorted.
sort (A, s, hi); “Free”
[LAls:hi] Is sorted.
join (A, lo, s, hi);

JIA[lo:hi] is sorted, <GSR Focus points
}// else if (hi <=10) do nothing!

} Base case is trivial




Insertion Sort ¢ Reduces to

Insertion of a

¢ int'split(Object[] A, int lo;int-hi) { single object

- return hi; . R e
/I A splits into A[lo:hi-1] and A[hi:hi]  'M'O @ SOTte
} array.

« void join(Object[] A, int lo, int s, int hi) { ® Simplifies
/[ Pre: Allo:hi-1] is sorted, s = hi. proof (if
I'r n :

. Object key = A[hi]; COTTECERERS
Int j;
for (j =hi; lo < && (key, A-1]); j- -)

Af]] = A[J-1];
All] = key;

/[l Post: A[hi] Is inserted in order into A[lo:hi-1]
}



Selection Sort > Reduces to

selecting a
+ int split(Object[] A, int lo, inthi) { MINImMum value
. intsas In the array.
for (inti=lo+1; i <=hi; I++) { 5 Simplifies
if ( (AL ASD) s =1 proof of
J correctness

/'S =Index of min value

- swap (A, lo, s);

[ Allo] = min value in A[lo:hi]

- returnlo + 1;

/I A splits into A[lo:lo] and A[lo+1:hi]

} Do Nothing!
¢ void join(Object[] A, int lo, int s, int hi) {;



Iime Complexity

o void (Object A[ ], int I, inth){  T(l, h)

- if (I <h){ C
-int s = split (A, I, h); S(l, h)
(A, |, s-1); (I, s-1)
(A, s, h); (s, h)
(A, 1, s, h)1 (I, s, h)
(I, h) =
C ifh<=]

C+S(l,h)+ 1(l,s-1)+ I(s,h)+ J(l,s,h) ifl<h



Insertion Sort Complexity

¢ Intsplit (Object[ ] A, int ], int h) {
return h;

} /1 O1)

¢ void join (Object[ ] A, int |, int s, Int h) {
Object key = A[h]; int j;
for (j =h; | <j && aOrder.lt(key, Afj-1]); - -)
Alll = All-1];  All = key;
} /1 O(h-l)

¢ T(l, h) =

- C if h<=1

- C+S(l,h)+T({, h-1) + T(h, h) +J(I, h, h) ifl <h
eletn=h-I,T({,h)=T(n) =

- Cifn<l1

. T(n-1) + O(n) =0O(n?) if1<=n



if (lo <hi){

Int s = split (A, lo, hi);
sort (A, lo, s-1);

sort (A, s, hi);

join (A, lo, s, hi);}

+ void: sort(Object[ ] A, int: lo, int: hi);
# int: split(Object[] A, int lo, int hi);
# void: join(Object[] A, int lo, Int s, int hi);

¢ Unifies sorting under one foundational principle:

¢ Reduces code complexity. Increases robustness.
¢ Simplifies program verification and complexity analysis.



Easy split/Hard join

Insertion

|

+ void: sort(Object[] a, int: lo, int: hi);
#int: split(Object[] A, int lo, int hi);
# void: join(Object[] A, int lo, int s, int hi);

4)
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Hard split/Easy join



It’s more than just sorting...

It’s all about abstraction...

Not Just Buzzwords...

2 . Write once/use many
@

2 . change the variants
@
@

. . add new capabilities
*



Extending Without Changing

¢ Graphics, sort order and performance
measurements are completely separate from
the sorting.

¢ Add functionality to the sorters, ordering
operators, and sortable objects without
disturbing their abstract behavior.

¢ Wrap the sorters, operators and objects in
something abstractly equivalent that adds
functionality:




Decorator intercepts
calls to decoree

Subclass holds an instance of its superclass

AComponent

... Sl + Object: method(Object x)

// do additional processing
Object y = decoree.method(x);
// do more processing
returny;

Decorator

- AComponent: decoree

Concretelmpl -
+ Object: method(Object x) + Object: method(Object x)

Decorator performs additional processing
Decorators can be layered on top of each other

Decorator is abstractly equivalent to the decoree



Abstract Template

Sorters Pattern sorter

decoratable ordering

coratable objects :
strategy for comparisons

being sorted

; Shject[] &, mnt 1o, int ha)
ﬁtmf spfszﬂbjecfﬁﬂ, inf .!‘.-_:- inf .I'-::!,J

Sort usipg an abstract
fi orderingstrategy

GraphicSorter

Bubhle Sorter

SelectonSorter

InsertionSorter

QuickSorier




GraphicSorter Decorator

_ Decoree.
private ASorter sorter,

int split(Object[] A, int lo, int hi) { Delegation to
. . . the decoree.
Int s = sorter.split(A, lo, hi);

/[ recolor split sections and pause Graphics
retun's:  |dentical behavior decoration.
) as the decoree.

void join(Object[] A, int lo, int s, int hi) { Delegation to

sorter.join(A, lo, s, hi): the decoree.

/[ recolor joined sections and pause
) Graphics
decoration.



Comparison Strategies

Decorated
AQrder
to graphically
show
comparisons

Decorated
AQOrder
to reverse
sort order

ACkder

+ boofean
+ Boolean
*+ hoolean
+ hoolean
*+ hoolean
+ hoolean

Jeg(Chiect x, Olbact p)
DiE(Ohvect x, Chject p)

- nelChject x, Ohject +)
: le(Ohject x, Chiject v)
s gtiChgect x, Object w)
: gelObject 1, Ohject )

1

i 1 aCrrder

Abstract
comparison
operator

Decorated
AQOrder
to count
comparisons

CouniOrder

cnunteri’

Counter




Sortable Integers Absiract

class
Alnteger

Concrete + int : peflalue()
Implementation v Ly : makeCompare Factory
+ String : toString) method

for
Decorated Alnteger |, omparison
to count pecesse ;

e TN\ strategy

CInteger Countlnteger

= Counter : counter
= Alnteger : ablumber

==IColored Ohject== m Dbject adapte
+ +01d : setColor{Color color) ger decorator
+ Color : getColor)

/

Cﬂlﬂmﬂ_ﬂhject Cﬂlﬂl‘ﬂlﬂ.ﬂtﬂgﬂl‘ lapter
H Color - color = [ColoredCihiect : 1ColoredCibject

= Alnteger : ablumber




Beyond sorting...

Instead of disparate and complex

Abstraction unifies and simplifies

Instead of rigidity and limitedness

Abstraction enables flexibility and extensibility



Download the paper!

http://exciton.cs.rice.edu/research/SIGCSE01
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