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Overview

¥ What is declarativeneds
b Classification,
B Advantagegor largeand small programs
¥ Control Abstractions
D lterative programs
¥ Higher-Order Programming
B Procedurahbstraction
B Genericity
D Instantiation
B Embedding
¥ Abstract data types
B Encapsulation
B Security
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Declarativeoperations (1)

¥ An operation isleclarativeif whenever it is called with
the samarguments, iteturnsthe sameesults
independent o&ny other computation state
¥ A declarativeoperation is:
B Independen(depends only on its arguments, nothing else)
b Stateles¢no internal state is remembetsetween calls
B Deterministic(call with same operations always give same results)
¥ Declarativeoperationganbe composed togethéo yield
other declarative components

b All basic operations of the declarative model are declarative and
combining them always gives declarative components
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Declarativeoperations (2)

f Arguments \

Declarativ

operation

Results
&est of computation /
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Why declarative componen(s)

¥ Therearetwo reasons why thegreimportant
¥ (Programmingn thelarge) A declarative component cée written,
tested andproved correcindependent ofther componentand ofits
own pastistory.
B Thecomplexity(reasoning complexijyof a prograntomposeaf
declarative componenis thesumof thecomplexityof thecomponents
B In general theeasoning complexitgf programs that areomposedf
nondeclarative components explodes becafifeeintimateinteraction
between components
¥ (Programmingn the small)Programswrittenin thedeclarative model
aremuch easieto reason about thgsrogramswrittenin more
expressivenodels(e.g., arbject-oriented modg!
b Simplealgebraicandlogical reasoning techniques dasused
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Why declarative componen{2)

¥ Since declarative components are Given
mathematical functions, algebraic ) =2
reasoning is possible i.e.
substituting equals for equals equation

¥ Thedeclarative modesf chapter2 =7 (a) becomes b=7a’
guaranteeghat all programsvritten
aredeclarative

¥ Declarative components cae
writtenin modelsthatallow stateful
datatypes but therds noguarantee

We can replace f (a) in any other
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Classificationof
declarative programming

Descriptive

Declarative Observational Functional
programming programming
Programmable

. .1,  Declarative Deterministic
Definitionai

model logic programming

¥ Theworddeclarativemeans many things
many people Let@ try to eliminatethe
confusion

¥ Thebasicintuition is to program bgefining
thewhatwithout explaininghe how
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Nondeterministic
logic programming

Descriptive language

Is" = skip empty statement
| Ix'=ly" variable-variable binding
| IX'=lrecord variable-value binding
| Is"ls) sequential composition
| localx'in!s,"end declaration

Other descriptive languages include HTML and XML
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Descriptive language

<person id §30101-x&
<name> Seif </name>
<age> 48 </age>

</person>

Other descriptive languages include HTML a¢MvL
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Kernel language

The following defines the syntax of a statemésitdenotes a statement

empty statement
variable-variable binding
variable-value binding

|

|

| lsls)” sequential composition
| localx'inls,"end declaration

| procix' ly," E ly." @s;" end procedure introduction
| ifIx'thenls," elsels," end conditional

| @x'y"Ely; @ procedure application

|

caselx' of Ipatterhthenls," elsels," end  pattern matching
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Why the KL isdeclarative

¥ All basicoperations ardeclarative
¥ Given thecomponentgsub-statementsaredeclarative
B sequential composition
b local statement
b procedurelefinition
B procedure call
b if statement
b case statement

are alldeclarativgindependentstatelessdeterministi¢.
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Iterative computation

¥ An iterative computation is a one whose execution stack is
bounded by a constant, independent of the length of the
computation

¥ Iterative computation starts with an initial st&gand
transforms the state in a number of steps until a final state
Sinal IS reached:

$!' s! o) S
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The general scheme

fun {lterate S}
if {IsDoneS} then§
elseS,; in
S.1 = {TransformS}
{lIterate S}
end
end
¥ IsDoneandTransformare problem dependent
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The computation model

¥ STACK :[ R={lterate $}]

¥ STACK :[ S, = {TransformS},
R={lterate S} |

¥ STACK :[ R={lterateS}]
¥ STACK :[S,,; = {TransformS},
R={lterateS,} |

¥ STACK :[ R={lterateS,}]
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Newtor® method for the
square root of a positive real numbe

¥ Given a real numbeg start with a guess, and improve
this guess iteratively until it is accurate enough
¥ The improved gueggOis the average af andx/g:
gl=(g+x/g)/2
#=g" Jx
A=gl"Jx
For g! to be a better guess than g: # < #
#A=gl" Ix=(g+x/g)/2" x=# /29
ie. #/2g<# #/2g<1
i.e #<2g, g" Jx<2g, 0<g+x
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Newtor® method for the
square root of a positive real numbe

¥ Given a real numbe; start with a guess, and improve
this guess iteratively until it is accurate enough

¥ The improved guesgOis the average af andx/g:
¥ Accurate enough is defined as:

[xDg| /x < 0.00001
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Sqrtlter

fun{SqrtlteGuess X}
if {GoodEnoudbuess XhenGuess
else
Guessl = {Improve Guess X}
SartiteGuessl X}
end
end
¥ Compare to the general scheme:
b The state is the paBuesaandX
B IsDoneis implemented by the proceduB@odEnough
b Transformis implemented by the procedurneprove
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The program version 1

fun{Sqrtx} fun{Improve Guess X}
Guess = 1.0 (Guess + X/Guess)/2.0

in{SartiteGuess X} end

end fun{GoodEnoudbuess X}

fun{SqrtiteGuess X}

if {GoodEnoudBuess Xhen
Guess

else
Sartitefimprove Guess X} X}
end
end
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{Abs X - Guess*Guess}/X < 0.0000]
end




Using local procedures

¥ The main procedurBqrtuses the helper procedures
Sqrtlter GoodEnoughmproveandAbs

Sqrtlters only needed insid8qrt
GoodEnougindimprovere only needed insidggrtiter
Abs(absolute value) is a general utility

The general idea is that helper procedures should not be
visible globally, but only locally

K K K K
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Sqrtversion 2

local
fun{SqrtiteGuess X}
if {GoodEnoudbuess XhenGuess
else{Sqrtitefimprove Guess XeX}
end
fun{lmprove Guess X}
(Guess + X/Guess)/2.0
end
fun{GoodEnougBuess X}
{Abs X - Guess*Guess}/X < 0.000001
end
in
fun{SaqrtX}
Guess = 1.0
in{SqrtiteGuess Xgnd

end
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Sqrtversion 3

¥ DefineGoodEnougindImprovénsideSqrtiter
local
fun{SqrtiteGuess X}
fun{improve}
(Guess + X/Guess)/2.0
end
fun{GoodEnough
{Abs X - Guess*Guess}/X < 0.000001
end
in
if {GoodEnouythenGuess
else{Sqrtite{lmprove} Xhd
end
infun{Sqrtx}
Guess =1.0in
$qrtiteGuess X}

Sqrtversion 3

¥ DefineGoodEnougindImprovénsideSqrtiter
local
fun{SqrtiteGuess X}
fun{improve}
(Guess + X/Guess)/2.0

snnd{GoodEnough The program has a single
u ; -
{Abs X - Guess*Guess}/X < 0.000001 drawback: on each iteration two
end procedure values are created,
in one forimprovend one for
if {GoodEnougthenGuess GoodEnough
else{Sqrtite{lmprove} Xhd
end
infun{Sqrtx}

Guess =1.0in
$qrtiteGuess X}

end end
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: : From a general scheme
Sqrtfinal version .
to a control abstraction (1)
fun{Sqrtx}

fun{iImprove Guess}

(Guess + X/Guess)/2.0
end The final version is
fun{GoodEnougbuess} a compromise between

{dAbs X - Guess*Guess}/X < 0.000001 abstraction and efficiency
en

fun{SqrtiteGuess}
if {GoodEnoudBuessihenGuess
elsefSqrtitefimprove Guessid
end
Guess =1.0
in{SqrtiteGuess}
end
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fun {Iterate S}
if {IsDoneS} then§
else§,; in
S, = {TransformS}
{lterate S}
end
end
¥ IsDoneandTransformare problem dependent
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From a general scheme
to a control abstraction (2)

fun{lterate $sDondransform} fun {lterate S}
. if {IsDoneS} then§
|f{IsDo.n§}thenS else§,, in
elseS1lin S., = {Transforms}
S1 = {Transform S} (Iterate s, }
{Iterate SlkDondransform} en de”d
end
end
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Sqrtusing thdterateabstraction

fun{Sqrtx}
fun{Improve Guess}
(Guess + X/Guess)/2.0
end
fun{GoodEnoudbuess}
{Abs X - Guess*Guess}/X < 0.000001
end
Guess = 1.0
in
{lterate Gue&®odEnoudmprove}
end
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Sqrtusing thecontrolabstraction

fun{Sqrtx}
{lterate
1.0
fun{$ G} {Abs X - G*G}/X < 0.000001
fun{$ G} (G + X/G)/21&d
}

end

Iteratecould become a linguistic abstraction
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Higher-order programming

¥ Higher-order programming theset ofprogrammingechniqueshatare
possiblewith procedurevalues Iexically-scoped closurgs
¥ Basicoperations
B Procedurahbstractioncreating procedurealueswith lexical scoping
B Genericity procedurevalues as arguments
B Instantiation procedurevalues as return values
B Embeddingprocedurevalues in data structures
¥ Control abstractions
D Integer and list loopsccumulator loopdolding alist (left andright)
¥ Data-drivertechniques
D List filtering, tree folding
Explicit lazy evaluationcurrying
¥ Higher-order programming is the foundatimfrcomponent-based
programming and object-oriented programming

«
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Procedurabbstraction

¥ Procedurahbstractions the abilityto convert any
statement int@ procedurevalue

D A procedurevalueis usually calledhclosure or moreprecisely a
lexically-scoped closure

D A procedurevalueis a pair:it combineshe procedureodewith
the environment where the procedure was cregedcontextual
environmenk

¥ Basicscheme
b Consider any statemers>
B Convert it intoa procedurevalue:P =proc{$}<s>end
D Executing{P}hasexactly the same effeasexecuting<s>
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Procedural abstraction

fun {AndThenB1 B2}
if B1 then B2 else false
end

end
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Procedural abstraction

fun {AndThenB1 B2}
if {B1} then {B2} else false

A commonlimitation

¥ Mostpopular imperative languaggs, C++, Java) doot haveprocedurealues

¥ Theyhaveonly half of thepair: variablesan reference procedurede, buthere isno
contextual environment

end ¥ Thismeans thatontrol abstractionsannot be programmén these languages
B They providea predefinedset of control abstractions (fovhile loops if statement
end ¥ Generic operationarestill possible
D They can often gdty with just the The contextual is often
empty.
¥ Thelimitationis due tothe way memory is managinithese languages
B Part ofthestoreis putonthe stack and deallocated when the stack is deallocated
D Thisis supposetb make for that
have nogarbagecollection
D It means that contextual environments cannot be cresitee they would bl of dangling
pointers
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¥ Replacespecific fun{SumList} fun FoldFactory U}
entities(zero0 and C?SE'-.“h 0 fun{FoldR. F U}
- of nilthen L
addition +) b . casc
f i ) by t [ X|L2ZhenX+SumList2} of nilthenU
unctionarguments end ] X|L2hen{F X FoldR.2 F U}
¥ The sameoutine end end
candothe sumthe ﬂ end
product the logical in
or,etc fun{FoldRL F U} fun{$ L} FoldRL F Upnd
caseL end
of nilthenU N ’ dureval |
¥ Instantiation is whea procedure returnaprocedurevalue asts result
X|LZhenfF X FoldR.2 F U
[] | n{F F }} ¥ Calling{FoldFactofyn{$ A B} A+d0}returnsafunction that behaves identically
end to SumListwhich isan QnstanceE of afolding function
end
C. Varela; Adapted w/permission from S. Haridi and P. Van Roy 33 C. Varela; Adapted w/permission from S. Haridi and P. Van Roy 34

Embedding

¥ Embedding is when proceduralues argutin data
structures

¥ Embeddinchasmanyuses:

B Modules a modules a recordthatgroupstogethera set ofrelated
operations

B Software componenta software componeigageneric function
that takes set of modules ats argumentsand returng® new
module. It can be seeasspecifyinga module irtermsof the
modulest needs

B Delayed evaluatio(also callecexplicit lazy evaluatio)t build just
asmallpart of a data structureijth functions at the extremities
that can be calletb build more. The consumercancontrol
explicitly how muchof thedata structurés built.
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Control Abstractions

declare

proc{For 1 J P}
if 1 >= Jthenskip
else{P I} {For 1+1 J P}
end

end

{For 1 10 Browse}

for l'in 1..10do {Browse I} end
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Control Abstractions

proc{ForAll Xs P}
caseXs
of nil thenskip
[1 X|Xr then
{P X} { ForAll Xr P}
end
end

{ForAll[abcd]
prod$ 1} {System.showInfo"the item is: " # I}end

for l'in [a b c d]do
{SystemshowInfo"the item is: " # I}

Controlabstractions

fun {FoldL Xs F U}
casexs
of nil thenU
[1 X|Xr then{FoldL Xr F {F X U}}
end
end
Assumea list x1x2x3....]
SO# S1 # S2
U# {Fx1U}# {Fx2{Fx1U}} # ..#

end
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Controlabstractions List-basedechniques
fun {FoldL Xs F U} fun{Filter Xs P}
casexXs fun{Map Xs F}
i casexs casexs
of nil thenu of nilthennil iithenni
[ X|Xr then{FoldL Xr F {F X U}} O XKrihen of nilthennil
end (F X}{MagrF} [1 XKrandthefP X} then
end end X|{FiltetrP}
end [1 XKrthen{FiltetXrP}
What doeghis progrando ? end
{Browse {FoldL[1 2 3] end
fun{$ X Y} X|Y endnil}}
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Tree-basedechniques

pro{DFS Tree}

caseTreeoftree(node:N sons:SEnshen
{Browse N} Call {P T} at each node T

forTinSonslo{DFS T¢nd
end
end

proc{VisitNode$ree P}
caseTreeof tree(node:N sons:SBpshen
{P tree}
forTinSonsdo{VisitNode$ Plend
end
end
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Explicit lazy evaluation

¥ Supply-driven evaluatiar(e.gThe list is completely
calculated independeanf whether the elementseneeded
or not. )

¥ Demand-driven executiofe.g.The consumer ofhe list
structureasksfor newlist elements when thegreneeded

¥ Technique: grogrammedrigger.

¥ How to doit with higher-order programmirtyThe
consumer has fainction that it calls when it needsnew
list elementThe functioncall returnsa pair:the list
element an@ newfunction Thenewfunction is thenew
trigger:calling it returns the nextata itemand another
newfunction And so forth
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Currying

¥ Currying isa techniquehat can simplify programs that
heavilyusehigher-order programming

¥ The ideafunctionof n argument$ nnested functionsf
one argument.

¥ AdvantageThe intermediate functions can be uséful
themselves

fun{Max X Y} fun{Max X}
if X>=¥thenX else Yend E$ fun{$ Y}
end if X>=YhenX else Yend
end
end
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Abstract dataypes

¥ A datatypsds a set ofraluesand anassociatedet of
operations

¥ A datatypes abstraconly if it is completely describeby
its set of operationsegardles®f its implementation

¥ Thismeanghat it ispossibleto changeheimplementation
of thedatatype without changing its use

¥ Thedatatypes thus describetly a set oprocedures

¥ Theseoperations are thenly thingthat auserof the
abstraction can assume
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Example A Stack

¥ Assume we wartb definea newdatatype stack T whose
elements are ainy typeT

fun{NewStagk! Stack T
fun{Push Stack T!T" }:!Stack T
fun{PopStack T!T" }:!Stack T
fun{lIsEmptyStack T}:!Boal

¥ Theseoperationsiormally satisfy certain conditions
{IsEmpty{NewStachk} = true
for any E andSQ S1={ PushSOE} and SO={Pop S1 B hold
{Pop {NewStack E} raises error
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Stack {mplementatioi

fun { NewStack nil end

fun {PushS E} E|Send

fun {Pop S E}caseSof X|S1lthenE =X Slend end
fun {IsEmptyS} S==nilend
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Stack @nother implementatign

fun {NewStack nil end

fun {PushS E} E|Send

fun{Pop S E}caseS of X|SlthenE =X Slend end
fun {IsEmptyS} S==nilend

fun {NewStack emptyStaclend

fun {PushS E} stack(E Sgnd

fun {Pop S E}caseS of stack(X S1}henE = X Slend end
fun {IsEmptyS} S==emptyStaclend
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Dictionaries

¥ Thedatatype dictionaris a finitemappingfrom a sefT to !value',
whereT is either!atont' or lintegef
¥ fun{NewDictiongry
b returnsanempty mapping
¥ fun{PutD Kewalug
b returnsadictionary identicato D exceptKeyis mappedo Value
¥ fun{CondGeb KeyDefault
b returnsthevalue corresponding Keyin D, otherwise returns
Default

¥ fun{Domai}
b returnsa list of thekeysin D
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Implementation

fun{Put Ds Key Value}
caseDs
of nilthen[Key#Value]
[] (K#V)|DaindtheiKey==Khen
(Key#Value) | Dr
[1 (K#V)|DendtheiK>Keyhen
(Key#Value)|(K#V)|Dr
[1 (K#V)|DandtheiK<Keyhen
(K#V)|{Put Dr Key Value}
end
end
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Implementation

fun{CondGebs Key Default}
caseDs
of nilthenDefault
[1 (K#V)|DendtheiKey==Khen
\%
[] (K#V)|DandthelK>Keyhen
Default
[] (K#V)|DandtheiK<Keyhen
CondGebr Key Default}
end
end
fun{Domain Ds}
{Map Dsin{$ K#_} Knd
end
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Further implementations

¥ Because of abstraction, we can replace the dictionary ADT

implementation using a list, whose complexity is linear (i.e.,

O(n)), for a binary tree implementation with logarithmic
operations (i.e., O(log(n)).

¥ Data abstraction makes clients of the ADT unaware (other
than through perceived efficiency) of the internal
implementation of the data type.

¥ Itis important that clients do not use anything about the
internal representation of the data type (e.g., Usiargth
Dictionary}  to get the size of the dictionary). Using only
the interface (defined ADT operations) ensures that
different implementations can be used in the future.
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Secureabstract datéypes
Stack is nosecure

fun{NewStaghilend
fun{PushHs E} E|®nd
fun{Pop S E}
caseSof X|SthenE=X Sknd
end
fun{lIsEmptg}S==niend
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Secureabstract dattypesl|

¥ The representation of the stack is visible:
[abcd]

¥ Anyone can usanincorrectrepresentation, i.e., by
passing other language entitteshe stack operation,
causingt to malfunction(like a|b|Xor Y=a|b|Y)

¥ Anyone can writenew operations on stackbus breaking
theabstraction-representation barrier

¥ How can we guarantdhat the representationiisvisible?
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Secureabstract datsypesli|

¥ Themodel carbeextended Herearetwo ways

b By addinga newbasic typeanunforgeable constacalledaname

b By addingencapsulated state

¥ A name is like an atonexceptthat itcannotbetypedin on

akeyboardor printed
B Theonly wayto haveanameis if oneis given itexplicitly
¥ Thereare justwo operations omames
N={NewNamé : returnsafresh name
N1==N2: returns trueor false
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SecureabstractdatatypesV

¥We wantto Qwrap EandCunwrapEvalues
¥l et us useamesdo defineawrapper& unwrapper

procfNewWrappé@Wrap ?Unwrap}
Key={lewNanje
in
fun{Wrap X}
fun{$ K}f K==KethenXend end
end
fun{Unwrap C}
{C Key}
end
end
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Secureabstract datéypes
A securestack

With thewrapper& unwrapper we can builalsecurestack

localWrap Unwram
{NewWrapper Wrap Unjvrap
fun{NewStagkWrap riend
fun{PushS E} WrarE|{Unwrais}}end
fun{Pop S E}
case{Unwras}of X|StthenE=X WrapS1l}end
end
fun{lIsEmpt} Unwrags}=niend
end
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Capabilities and security

¥ We saya computatioris securdf it haswell-defined and controllable
propertiesindependentf the existence obther(possibly malicious
entities(eithercomputations ohumang in the system

¥ What propertiesnust aanguagenave tobe secure

¥ Onewayto makealanguage secure e baset on capabilities

B A capability is anunforgeable language entii@ticket ) that gives its
owner theright toperforma particularactionand only thaaction

B In ourmodel,all values areapabilitieg(recordsnumbersprocedures
name$ since they give theght toperform operationsnthevalues

B Havingaprocedure gives theght tocall that procedureProceduresre
very general capabilitiesince what thego dependontheirargument

B Using namesisprocedureargumentsllows very preciseontrol ofrights
for exampleit allowsus tobuild securebstract data types

¥ Capabilities originateth operatingsystems research
D A capability can giveprocess theight tocreatea file in somedirectory
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Secureabstractatatypes/

¥ We add twanewconceptgo thecomputation model
¥ {NewChunk Record
b returnsavalue similarto record but its arity canndieinspected
b recall{Arity foo(a:1 b:2)} is [a b]
¥ {NewNamé
b afunctionthatreturnsa newsymbolic(unforgeablei.e.cannotbe
guesseyiname
b foo(a:1 b:2 fN\ewNamé:3) makesimpossibleto access thehird
componentif youdo notknow thearity
¥ {NewChunk fo¢a:1 b:2 fN\ewNamé:3) }

b Returns wha?
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Secureabstractatatypey/I

proc{NewWrappe?Wrap ?Unwrap}
Key=lewName
in
fun{Wrap X}
{NewChunk fd&ey:X)}
end
fun{Unwrap C}
C.Key
end
end
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Secureabstract datéypes
Anothersecurestack

With the newwrapper& unwrapper we can build another secstack
(since we only usthe interface tevrapandunwrap thecodeis
identicalto theone using higher-order programmjng

localWrap Unwram
{NewWrapper Wrap Unjvrap
fun{NewStagkWrap rliend
fun{PushS E}WraE|[Unwrags}lend
fun{Pop S E}
case{Unwrais}of X|SthenE=X WrapS1l}end
end
fun{lIsEmpt$} Unwraisk=nikend
end
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Exercises

76.Modify the Pascal function to use local functions for
AddList, ShiftLeft, ShiftRight Think about the
abstraction and efficiency tradeoffs.

77.VRH Exercise 3.10.2 (page 230)
78.*VRH Exercise 3.10.3 (page 230)

79.*Develop a control abstraction for iterating over a list of
elements.
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80. Implement the functionKilterAnd Xs P Q} that returns

all elements of Xs in order for which P and Q return true.

Hint: Use {Filter Xs P}.

81.Compute the maximum element from a nonempty list of
numbers by folding.

82.*Suppose you have two sorted lists. Merging is a simple
method to obtain an again sorted list containing the
elements from both lists. Write a Merge function that is
generic with respect to the order relation.

83.*VRH Exercise 3.10.17 (pg. 232). You do not need to
implement it usinggump simply specify how you would
add currying to Oz (syntax and semantics).
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