Sequence

1 Add (pos, x)

I Remove (pos, X)

1 Accessor, i.e., [pos]
1 Length ()

| nstantiating Sequence

#include  OCT/Sequence/Kernel_la_C.h

concrete_instance

class Sequence_Of Integer
I nstantiates
Sequence_Kernel_la_C <Integer>

{1

@)




Code Using Sequence Of Integer

object Sequence_Of Integer r ates;
object Integer heart rate ;

rates.Add (rates.Length (), heart_rate );

An Example

gl obal _procedure Snooth (
preserves Sequence_O _Integer& sl,
produces Sequence_OF | nteger& s2

)

requires
[s1] >= 1
ensures
/s2] = [s1] - 1 and
for all i, j: integer, a, b: string of integer
where (sl = a * <i> * <j> #* b)
(there exists c¢, d: string of integer
(s2 = ¢ * <(i+j)/2> * d and
[e] = [a]))

/*!




St

1 Add (x)

I Remove (x, X_copy)
I Remove Any (x)

1 Is Member (x)

1 Size()

Mathematics. Set Theory Notation

I Declarations of sample variablesto explain
set theory notation:

X: T, p:stringof T, s1, s2: bniteset of T
1 empty_set, {}, {x}, {x1, x2, x3}
]Sl
I Xisin sl
I Xisnotinsl




Mathematics. Set Theory Notation

I slissubset of s2

I slisnot subset of s2
1 sl intersect 2

1 sl union 2

| s1Bs2

Mathematics. Set Theory Notation

1 elements (p)

D Remember that pisastring of T in this
expression!




|nstantiating Set

#include  OCT/Set/Kernel 1. C.h O

concrete_instance

class Set Of_Integer
I nstantiates
Set_Kernel_1_C <Integer>

{1

Code Using Set. Of Integer

obj ect Character | Stream i ns;
obj ect Character_OStream outs;
obj ect Integer n;

object Set O _Integer test_set;

outs << OPl ease enter an integer: Q
ins >> n;
test_set.Add (n);




Code Continued

outs << OPl ease enter another integer: Q
ins >> n;
if (not test_set.ls_Menber (n))

{
test_set.Add (n);

}

outs << OSize is O << test_set.Size ()
<< O ng

Code Continued

outs << CEl enents are:\nQ
while (test_set.Size () > 0)
{
test _set.Renove_Any (n);
outs << n << O nQg

}

outs << OSize is O << test_set.Size ()
<< O ng




Catalyst Objects

obj ect catalyst Set_O _Integer tenp;

\.Niwile (test_set.Size () > 0)
{

test _set. Renove_Any (n);
outs << n << O nQg
tenp. Add (n);

}
test_set &= tenp;

Queue

I Enqueue (X)

1 Dequeue (X)

I Accessor, i.e., [current]
1 Length ()




|nstantiating Queue

#include  OCT/Queue/Kernel 1la C.h O

concrete_instance

class Queue_Of_Integer
I nstantiates
Queue_Kernel_1a_C <Integer>

{1

Code Using Queue Of Integer

global_procedure Find_Min (
preserves Queue_Of Integer &q,
produces Integer& min
);
/*!
requires
g /= empty string
ensures

I/




Another Example

gl obal _procedure Find_M n_And_Max (
preserves Queue_O _Integeré& q,
produces | nteger& mn,
produces | nteger & nmax

/*1
requires

ensures

1%/

Record

I Accessor, i.e., [your own beld name]

I beld_name statement lets you provide the
name to be used for any beld of any
concrete instance of Record




|nstantiating Record

concrete_instance
cl ass Nane_And_G ade :
I nstanti at es
Record <
Text,
| nt eger

{1

Naming The Fields

field_nane (Nane_And_Gade, 0, Text, nane);
field_name (Nane_And_Grade, 1, Integer, grade);




Code Using Name And_Grade

obj ect Nane_And_G ade student _i nfo;

student _i nf o[ nane] = QloeQ
student _i nfo[ grade] = 95;

if (student_info[grade] > 100)

{
student _i nfo[ name] . Add (0, & O);

}

The OChecksORelation

I One concrete component can check another:

Sequence_ checks Sequence_
Kernel_1a A Kernel_1a_C




Example: Sequence Kernel 1a C

e

Sequence Kernel la Sequence Kernel 1a C
b (standard operatior}s)

D Add (pos, x) b Add (pos, Xy———
D Remove (pos, X) D Remove (pos, X)

b Accessof(i.e., [pos] b ACCW
b Length ()<

lo

Decoupling OChecksO

Sequence_
Kernel

implements

checks | Sequence_

Kernel_C




Instantiating a Checking
Component

I Hereisa CCD for some Sequence family

components:
Sequence_
Kernel

Sequence_
Kernel_1a

Sequence_
Kernel_C

Partial Instantiation

I Partial instantiation: creating a new
template by Pxing some (but not all)
parameters of an existing template




Code for Sequence Kernel la C

concrete_template <
concrete_instance class |tem
>
class Sequence_Kernel_l1a C:
specializes
concrete_instance Sequence_Kernel C <
ltem,
Sequence_Kernel_1la <ltem>
>
{

The OfpecializesORelation

I Hereisthe CCD for what we(ve done:

Sequence_
Kernel

i/'

Sequence_ Sequence_
Kernel_1a Kernel_C
Tspecializes
uses
Sequence_
Kernel_1a_C




The CExtendsORelation (A-to-A)

I One abstract component can extend
another:

Sequence_ extends | sequence_
Kernel Reverse

Example: Sequence Reverse

éequence_KerneI \ / Sequence Reverse \

b (standard operatior}s)
b Add (pos, xy}—

P Remove (pos, x)
b Accessofi.e., pos]
b Length ()

\ / \ P Reverse (

lo




Example: Sequence Reverse

procedure Reverse () i s_abstract
/*!
ensures

self = reverse (#self)

1%/

The CExtendsORelation (C-to-C)

1 One concrete component can extend
another:

Sequence_ | extends |Sequence_1a_
Kernel_1a < Reverse_1




The Pattern Without Decoupling

Sequence_ Sequence_
Kernel Reverse

Sequence_ € Sequence_1a_
Kernel_1a Reverse_1

The Pattern With Decoupling

Sequence_ Sequence_
Kernel Reverse

Sequence_
Reverse_1




Utility Classes

1 Utility classN aclass that Qpackages
togetherOa set of (one or more) operations
that you:

D could declare as separate global opgzrati ons, but
which intuitively (pbelong togetherQ or

D want to pass as an actual parameter when
Instantiating a template

Rationale For Utility Classes

1 First use:
Dto aid in human understanding of a program

1 Second use:

Dto permit passing an operation as atemplate _
parameter: different instances of atemplate N
even in the same program N might need
different versions of some operations, so these
should be template parameters (e.g.,
Are_In_Order operation for sorting)




(Regular) Class vs. Utility Class

cl ass utility cl ass

b debnes a type (may b debnesio type (maynot
declare objects using declare objects using
name of class as type) name of class as type)

P procedure b utility _procedure

b function b utility _function

b client calls are of the b client calls are of the
form: form:

obj ect _nane. operation (); class_nane::operation ();

Example: CCD for Queue Sort 1

General_
Are_In_Order




Private Operations

1 If an operation isto be used only within a
component, not by any clients, then declare it
private, not public:

concrete_tenplate <...>

class Queue_Sort_1 : ...
{

private:
| ocal _procedure_body Renove_Mn (
alters Queue_Sort_1& q,
produces |ten& x

public: o
procedure_body Sort () ...
b

Sorting_Machine

1 Insert (X)

I Change To Extraction Phase ()
I Remove First (x)

I Remove Any (x)

1 Size()

I Is In_Extraction Phase ()




Instantiating Sorting._Machine

#i ncl ude OCT/ Sorting_Machi ne/ Kernel _1_C. hO
#include OCl/Text/Are_In_Order_1.hO

concrete_i nstance
class Sorter_ O _Text _Ilncreasing
instanti ates
Sorting_Machine_Kernel _la C <
Text,
Text Are In _Oder_ 1
>

{}

Sack

1 Push (x)

1 Pop (x)

I Accessor, i.e., [current]
1 Length ()




How Recursion Works

1 Nothing special N arecursive call is
exactly like any other operation call

I Key ideas:
D Tracing table is accurate cover story for a call

D Each call (recursive or not) resultsin a new
tracing table

P No short-cuts allowed just because you Cknow
what it going to doO

Example: Tracing Into Reverse
for Queues

g.Eivg,rS?t?é,)13> Tq=<13, 9,7,5>

X=5

aheverse (). la=<13,0,7>
X=7

Ry
Xx=9

g.Reverse () T
q=<13> q=<13>




An Extention of Stack Kernel

Stack_
Reverse

€ Stack_
Reverse_1

Partial Map

1 Debne(d, r)

1 Undebne (d, d_copy, r)
1 Undebne Any (d, r)

1 |Is_Debned (d)

I Accessor, i.e., [d]

1 Size()




Instantiating Partial _Map

#i ncl ude OCT/Partial Map/Kernel _1_C. hO

concrete_instance
class Partial _Mp_From Text _To_I nt eger
instanti ates
Partial _Map_Kernel 1 C <
Text,
I nt eger

{}

Code Using This Partial _Map Type

object Partial _Map_Text _To_Integer payroll
obj ect Text ssn, tenp;

obj ect Integer pay;

payrol | . Define (ssn, pay);

if (payroll.Ils_Defined (ssn))
{

}




Code Continued

payrol | . Undefine (ssn, tenp, pay);
pay += 10; // same as: pay = pay + 10;
payrol | . Define (tenp, pay);

.p;e\&/roll[ssn] += 10;
\.Niwile (payroll.Size () > 0)

{
payrol | . Undefi ne_Any (ssn, pay);

The QmplementsORelation

I How do you implement akernel abstract
Instance or abstract template?

Natural_
Kernel

Set_
Kernel

Natural_ Set_
Kernel_18 Kernel_1




Component Implementer 3 View

Integer i

Abstract
View 13
Concrete Integer i

<TTFT>

How To Think As An Implementer

abstract state space

“represents”
relation

concrete state space




Convention And Correspondence

constraint holds in
abstract state space

correspondence
mapping

convention holds in
concrete state space

Data Representation Approach in
RESOLVE/C++ (The Rules)

I Every RESOLVE/C++ data representation
consists of exactly one internal object

I The type of this object (the representation
record) is always a template parameter
called Rep that implements some instance of
Representation

I Representation isjust like Record (i.e,, it
has named belds, one accessor per beld)




Data Representation Approach in
RESOLVE/C++ (The Intuition)

Natural_Kernel n

Abstract

View 249

Cpncrete Natural_Kernel n
View T

Data Representation Feasibility
Rules of Thumb

1 Suppose A isthe kernel component to be
represented, and B is (a Representation
record) being considered to represent it

I Feasibility rules of thumb:
D There is some natural correspondence between
the abstract state space of B and that of A
D The abstract state space of B is at |least aslarge
as the abstract state space of A




Data Representation Preference
Rules of Thumb

1 Suppose B1 and B2 are (Representation
records) being considered to represent A
I Preference rules of thumb for B1 over B2:

DIt iseasier to write/lunderstand the
implementions of the kernel operations of A
using B1 rather than B2

B Implementations of the kernel operations of A
are more efbcient using B1 rather than B2

The CEncapsulatesORel ation

1 A kernel concrete template encapsulates
some instance of Representation

Set_
Kernel_1

encapsulates

Representation




Complete CCD for Set Kernel 1

Set_ General_
Kernel Is_Equal_To
i
Set_
Kernel_1

How An Operation Works: The

Commutative Diagram
Before After

abstract state space abstract state space

FPS

concrete state space concrete state space




Constructor

I Operation that is invoked automatically for
every object of every type at the point
where object is declared, to give object its
initial value

1 By default (i.e., without your writing any
code), al of the Rep bPeldsOconstructors are
invoked automatically so they start with
initial values for their respective types

Destructor

I Operation that isinvoked automatically for every
object of every type at end of block where object
is declared, to Gclean upOmemory used by
object@ representation

1 By default (i.e., without your writing any code),
all of the Rep PeldsCdestructors are invoked
automatically so these belds are cleaned up




Swap and Clear Operations

I Automatically available to the client of any
concrete component that is declared to
encapsulate an instance of Representation

1 As an implementer of akernel component,
you never write code for Swap or Clear if
you follow the rules (i.e., parameterize by
Rep and encapsul ate it)

Satic Array

| accessor, i.e., [i]
I Lower_ Bound ()
1 Upper_Bound ()




Instantiating Static_Array

#include  OCT/ Static_Array/ Kermnel 1 C.hO

concrete_instance
class Real_Vector_100:
instantiates
Static_Array_Kernel 1 C <Real, 1, 100>

{1

Code Using Real Vector 100

object Real Vector 100 v;
object RealXx,y;
object Integer i;

|n >> V[i];
if (v. Upper_Bound () >=1/2)
{

y = 3.14 * V[i/2] + X;
}




Array

I Set Bounds (lower, upper)
| accessor, i.e., [i]

' Lower Bound ()

1 Upper_Bound ()

Instantiating Array

#include  OCT/Array/Kernel_1_C.h

concrete_instance

class Real_Vector
instantiates
Array_Kernel_1_C <Real>

{1




Code Using Real Vector

object Real_Vector v;
object RealXx,y;
object Integer i;

Q:Set_Bounds (1, 100);

in >> v{i;
if (v.Upper_Bound () >=i/2)
{

y = 3.14 * V[i/2] + X;

Satic_Array vs. Array

I Generd rule:

Db Use Satic_Array if you know the bounds at
compile-time.

DPUse Array if you don® know the bounds at
compile-time.

D Thereisno real difference in performance
between the implementations provided in the
Resolve/C++ Catalog N but there could bel!




|mplementing Partial Map

| Data structures N Partial_Map_Kernd 1
uses an unordered Queue of Records asthe
representation

1 Algorithms N Partial_Map_Kernel 1 uses
linear search through this Queue of
Records as the basic agorithm

Perfor rnance (le. | s_Equal _To(d2)

I
(@)
N—

Tm Partial _Map_Kernel _1() =

T pefine(d, ) =

Tm Undef i ne(d, d_copy, ) =
T Undefine_Any(d,r) =

Toa) =

T is_Defined(dy =
Thsizey =

T =

m ~Par ti al _Map_Kernel _1()




Soeeding Up Linear Search

I There@ really only one thing you can do to
speed up linear search, without abandoning
it altogether: search through fewer things!

Trld]

Iml

Hashing

1 Divide records among many buckets (of
approximately equal size), and conbne
linear search to the bucket containing the
item 0o !

bucket
number

number of d values in bucket




The QnitializeOOperation

| Recall: By default, Rep beldsOvalues are
automatically initialized to initial values of
their respective types when a
Partial_Map_ Kernel object is declared

I Problem: In this situation, the default initial
values of Rep Pelds do not represent an
initial value of type Partial Map Kernel!

Initialize

1 Thisprivate operation is present only when
you must change one or more of the default
Rep beld values, to get avalid
representation of aninitial value of the new
type

1 Initialize, if present, isinvoked .
automatically (by Representation) at Qhe
right timeO(i.e., after defaults are created)




A New Math Type: Binary Tree

internal
root . e nodes

. parentof 4 and 9

size=8
height = 4

" children of 8

right subtree




Binary Tree Operations

I Binary Treeis modeled as a mathematical
binary tree
I Operations
b Compose (X, left_subtree, right_subtree)
D Decompose (X, left_subtree, right_subtree)
D Accessor, i.e., [current]
B Height ()
bSize()

Binary Tree Traversal

I A traversal visits each item of the tree once and
only once
I Typesof traversals:
b preorder: root, left subtree, right subtree
b inorder: left subtree, root, right subtree
b postorder: left subtree, right subtree, root




Traversals ContinuedE

preorder inorder
1 2
2 /@\ 5 1 /{}\ 3
postorder

3
1/&2

Binary Search Trees (BSTS)

1 An ARE_IN_ORDER binary searchtreeisa
special kind of binary tree
b ordering property ifor each itenxin the tree and for
each itery in the right subtree rooted &t
ARE_IN_ORDER (x,y)
b ordering property 2for each itenx in the tree and for

each iteny in the left subtree rooted at
not ARE_IN_ORDER (x, y)




Math Debnition

mat h definition ARE I N ORDER (
X: Item
y: ltem
): bool ean satisfies restriction
for all x, y, z: Item
(ARE_I N_ORDER (X, x) and
((ARE_I N_ORDER (X, Yy) or
ARE_I N ORDER (y, x)) and
(if (ARE_IN_ORDER (x, y) and
ARE_I N ORDER (y, z))
then ARE I N ORDER (X, 2)))

Examples

29) 29)
(12) DAC G
OXC (8) (4 @ @

19 (9

Item is Integer
ARE_IN_ORDER (x,y) ! (x" vy)




Non-Examples

-¢ RE
4-2 0@@ <= 1

ltem is Integer
ARE_IN_ORDER (x, y) !

Searching a BST

Letls search for 27:




Sear ching ContinuedE

Let!s search for 18:

Inserting Into a BST

Let!s insert 29:

(29) <= 29 goes here




Inserting ContinuedE

Letls insert 25:

25 goes here =>(25) (29)

Deleting From a BST

Let!s delete 8 (a leaf item):




Deleting From a BST

Let!s delete 8 (a leaf item):

Just get rid
of the leaf

Deleting ContinuedE

Let!s delete 12 (no right child):




Deleting ContinuedE

Let!s delete 12 (no right child):

= (25
- 37)
(5) @ @
O ® 9 49 69

Deleting ContinuedE

Let!s delete 12 (no right child):

Just move up left
child (and whole =p
subtree) e




Deleting ContinuedE

Let!s delete 27 (no left child):

Deleting ContinuedE

Let!s delete 27 (no left child):




Deleting ContinuedE

Let!s delete 27 (no left child):
@ <= Just move up right
child (and whole
subtree)

Deleting ContinuedE

Let!s delete 37 (item with two children):




Deleting ContinuedE

Let!s delete 37 (item with two children):

(25) <=
(12) -
(5) @) @
O ® @9 @9 69
t ¢

Deleting ContinuedE

Let!s delete 37 (item with two children):

Remove largest
item from left

subtree and put
it in place of the
deleted item




Deleting ContinuedE

Let!s delete 37 (item with two children):

(25) <=
(12) -
(5) @) @
O ® @9 @9 69
t ¢

Deleting ContinuedE

Let!s delete 37 (item with two children):

Remove smallest
item from right
@ <= Subtree and put
it in place of the
deleted item




Deleting ContinuedE

Let!s delete 37 from a slightly different tree:

Deleting ContinuedE

Let!s delete 37 from a slightly different tree:




Deleting ContinuedE

Let!s delete 37 from a slightly different tree:

Deleting ContinuedE

Let!s delete 37 from a slightly different tree:




Deleting Finished!

Let!s delete 37 from a slightly different tree:

Remove smallest
item from right
subtree and put

it in place of the
deleted item

Computer Memory

object Integer i, j;

object  Character c; C:j

object Textt; t[0] t




Pointer Operations

I Declaration

1 Allocation (i.e., New(p))

I Dereference operator (i.e., *)

I Assignment operator (i.e., =)

I Equality testing operator (i.e., ==, =)
I Specia constant (i.e.,, NULL)

I Deallocation (i.e., Delete(p))

The Life of a Typical
RESOLVE/C++ Variable/Object

Call operation

p
(e
Out of
scope declare




The Life of a C++ Pointer

* Delete

Sates of a C++ Pointer

Out of
scope




Good Transitions

Bad Transitions

Out of
scope

Dead

* Delete




Possibly OLeakyO Transitions

New

2
o) ()
NULL
Out of
scope

OSpontaneousO Transitions

Out of
scope




The Life of a C++ Pointer

* Delete

FYl: The Life of a Java Reference

NULL
Out of
scope

declare (data member only)




Comparison of Complexity

aaaaaaaaaaaaa

| (D
I R/C++ object ==
) NULL
\ Javareference @’
I C++ pointer
List

Move To Start ()
Move To Finish ()
Advance ()

Add _Right (x)
Remove Right (x)
Accessor, i.e., [current]
Left Length ()
Right_Length ()




Code Using Lists

object  List_Of Integer kids;
object Integer age;

kids.Add_Right (age);

if (kids.Right_Length () > 0)
{

}

Code Using Lists

kids.Remove_Right (age);
age++,;

kids.Add_Right (age);
kids[current]++;

while  (kids.Right_Length () > 0)
{

\




Code Using Lists

obj ect List_OF _Integer teens;
while (kids.Right_Length () > 0)

/*)
NV
o .
if (kids[current] > 12)
obj ect I nteger age;
age = kids[current];
teens. Add_Ri ght (age);
}
ki ds. Advance ();
}

Summary: Pointer Problems

I Storage/memory leak

I Dereferencing dead pointer
I Deleting dead pointer

I Dereferencing null pointer

1 Aliasing (leading to GspontaneousOstate change)




How RESOLVE/C++ (Without
Pointers) Avoids These Problems

Storage/memory leak
Dereferencing dead pointer
Deleting dead pointer
Dereferencing null pointer

Aliasing (leading to GspontaneousOstate change)

The CFinalizeO Operation

Recall: By default, destructors for Rep belds
are automatically called to (Zlean upOtheir
respective typeswhen, e.g., a

Queue Kernel 1 object goes out of scope

Problem: In Queue_Kernel_1 N araw C++
implementation N this can@ be done until
after the nodes representing the

Queue Kernel 1 object are deallocated!




Finalize

I Thisprivate operation is present only when
you are writing a Qaw C++0O
implementation, where one or more Rep
Peldsisapointer N inwhich case you must
deall ocate some memory yourself

I Finalize, if present, isinvoked .
automatically (by Representation) at Qhe
right timeQ(i.e., before Rep belds go away)

C++ Pointer Pitfalls

I Many problems arise from two common
practices in normal C++ programs.
D Using pointer types to objects, where you really
should have used the objects themselves

D Using assignment of pointers to objects
(shallow copy), where you really should have
assigned object values (deep copy)

D1n both cases, you get aliasing that causes
trouble! (See Names 2.2 C++.cppE )




Before First Push:

L o | O

this —
(all_names) length | 0

k» IAI lml lyl I\OI
X
(one_name)

After First Push:

A/top' A/ data

this h
(all_names) lengt 1 next

&
k» IAI lml lyl I\OI
X
(one_name)




Before Second Push:

L o | 5T amal| >

this
(all_names) length 1 next A___l_

k’ lal lml lyl I\OI
X
(one_name)

After Second Push:

A/top' A/ data data
this
(all_names) length 2 next

bel's

next

k’ lal lml lyl I\OI
X
(one_name)




Before Third Push:

A o | T ama| O n | A
thi
(aII_nallfnes) length 2 next A/ next A___l_

k» IBI lol lbl I\OI
X
(one_name)

Questions to Consider in Normal
C++ Useof Pointers

I Whereistheright place to allocate
memory?

1 Whereistheright place to deallocate
memory?

I Example: Inside the last loop of

Names 2.3 C++.cpp, should more memory
be allocated here?




Loop Invariants

I Helps you understand how and why aloop
works

D Mode of each material object indicates
(generally) what changes over asingle iteration

B maintains clause says what does not change
over asingleiteration (hence, is OnvariantQ
b decreases clause gives a non-negative integer-

valued expression that gets smaller over a
single iteration

Example

global_procedure Concatenate (
alters  Queue_Of Integer &1,
consumes Queue_Of Integer &(Q2
);
/*!
ensures
gl = #ql * #q2
I*/




Reasoning With A Loop Invariant

while (g2.Length () > 0)
/*!
alters gl, q2
maintains

gl * g2 = #ql1 * #q2
decreases
la2]
1%/
{
}

Why Optimizations Should Wait

object Integer k = g2.Length ();
while (k > 0)
/*!
alters gql, g2, k
maintains
gl * g2 = #g1 * #g2 and
k = |q2]
decreases
k
1%/
{

}




Observations About Loop
|nvariants

1 Discovering an invariant made it easier
(possible?) to reason about (predict the
behavior of) aloop. (Recall singleand
double LEGO blocks.)

1 Given acorrect invariant, one can predict
the behavior of aloop without seeing its
body. (Recall Concatenate example.)

Establishing A Loop Invariant

while (g2.Length () > 0)
/*!
alters gql, q2
maintains
gl * g2 = #ql * #q2
decreases
la2]
I*/
{ _
obj ect Integer n;
g2. Dequeue (n);
gl. Enqueue (n);




Another Example

gl obal _function Real Power (
preserves Real x,
preserves Integer p
)
/*!
requires
p>0
ensures
Power = x ~ (p)
I*/

Version 1

obj ect Real result;
obj ect Integer this_p;
result = x;
this_p = 1;
while (this_p <= p/2)
/*!
preserves p
alters result, this p
maintains
result = x © (this p) and
this p <= p and
there exists k: integer (this p = 27(k))
decreases
p/2 - this p




Version 2

result = 1.0;
factor = x;

p_left = p;

while (p_left > 0)
/*!

alters result, factor, p left
maintains
p_left >= 0 and
result * factor "~ (p_left) =
x "~ (p)
decreases
p left

~ o




