Design Notation, Abstraction
and Refinement
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Outline
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Design notation: TDN & GDN
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An example

module X
uses Y, Z
exports var A : integer;
type B :array (1. .10) of real;
procedure C ( D:inout B; E:ininteger; F: in real);
(optional) natural-language description of what
A, B, and C actually are, along with possible constraints
implementation
(optional) general comments about the rationale
of the modularization, hints on the implementation, etc.
is composed of R, T

end X
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Example (cont.)

module R
uses Y
exports var K :record .. .end;
type B :array (1..10)of real;
procedure C (D:inout B; E:in integer; F:in real);
implementation

end R

module T

uses Y, Z, R

exports var A : integer;
implementation

end T
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Benefits
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Example: a compiler

module "PQR+ST#
exports 5(;>"*,(‘#Q+0+#3RSPDUAY/HB-24:(\V##
# # #  POTU#H, 6#C:HP4.(8¥
implementation ...
is composed of #<O<SNOTAMQWPSX?<\WVA?$<"?X?$TTXG<09STS$I#
"POTXDTOT$<?P$Q<+6
end "POR+ST$#

module Q<+0#

uses <O<KSNOTS$ROTXDTOT$<?PH

exports 5(;>"*,(‘#Q+0+#3RSPDU#%/#B-4 (VH " POTU#,  6#CT#H4 . (BV#
end Q<+0#

module "POTXDTOT$<?P¥
uses ANQWPSX?<WSTWA?$<"?X?$TTXG<09S]
exports 5(;>"*,(‘#"POT#3PWKT"?U#;,6#CH#4.(8V
end "POTXDTOT$<?PE

[ $H
H

module <O<SNO#$
uses ANQWPSX?<WSWA?$<"?X?$TTXG<0IETS
exports 5(;>"*,(‘#<O<SNOT#3AP!$"TU#% /&4 (8V#
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GDN description

ANQWPSX?<WST#

"POTXDTOT$<?PE
T CODE

Q<+0# <O<SNOT$#
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Categories of modules
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Categories of modules (cont.)

| S%=(.(%")#
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Categories of modules (cont.)

! Abstract objects#3.J.#.=)6(.>6#)6.6'#
'1>.5),-.2;/8#
—IP=]'>6)F:-;=.-#&.(%.=-"Y#1./%5, - 6" #8&%.#%/6'(H.>'#

H,/>2;))#

—19.6.#)6(,>6,(#4%**'[#6:#>-%'/6)#
—ITE.15-)U#)@1=;-#6.=-"|#>.-> -.6;(#

| Abstract data types
—ITES;)#&.-%*#6 @5'#;5'(.2;/)#
—1G%*'#%15-'1'/6.2;/#
—1Q./@#%/)6./>)#:H#.=)6(.>6#;=]'>6)#1.@#="#:"/'(.6"*#
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Abstract objects: an example

ol <#>.-> -.6;(#HAES())%;)#'ES()) *#%/#R;-%)4#
5;) "% E#H;(1#
Hitht 3= SBHHHHESH[HHR #
oL 1)H.#)6.>J1#.)), 1'#=%/.(@#:5'(.6;)#/-Q#
ol TE.15-'#
afb#CHH[HE # #
ol +/6'(H.>"#d#

exports
B(:>"* (HRIAGH3Ie<SUHIGIE ' ( 8VH#

¢5( >'* (#RPRXa#3e<SfI#e<SaU#/blE¢ (8\/|

Qo [0 4+|




Design assessment

o| G;B#*;"#HO64'H*")%:/#./2>%5.6'#>4./:'H%/H6@5'#
H#'ES(")%;)#6,#="#'&.-,.6™*d#
—1I.(@#:;5'(.6;()#d#
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| G:B#6:#CE#%:6#d
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Abstract data types (ADTs)

| <#)6.>JH<GP

%/*%>.6')#64.64%'6.%- ) HHE4'H#
* 6.4#)6(,>6, (‘H.(HAY%* [##

module STACK _HANDLER 6#>-%'/8)
exports

type STACK =7,

This is an abstract data-type module; the data structure
IS a secret hidden in the implementation part.
procedure PUSH (S: inout STACK ; VAL:In integer);
procedure POP (S:inout STACK ; VAL: out integer);
function EMPTY (S:in STACK) : BOOLEAN;

end STACK _HANDLER
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ADTs

ol ":(()5;/*#6:#K & H# . #>-)) ) #

ol Q.@# . #/;6.2:/.-#*'6.%-)#6:#)5">%H@#% H#>'(6.%/#=,°
%/#:;5'(.2:#.(#.&.%-.=-"#=@#*'H.,-6#;/#%/)6./>'#
=]'">6)#; H#64'#<9?#
—I'[:[I#6@5'#<X?NRTU#d#3Uhl#h8#%/*%>.6")#64.6#.))%:/1'/6#

',.-%6@#>4">J#.('#.&.%-.=-'#
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An example:
simulation of a gas station

module Y+YPX"<$A

uses "<$A#H

exports
HBOQSH T THRUAVH
B> (HTOITITHI | UHYl#:, 64 TITHGHY/#"<BABV
B> (HOTJITITHS | UHOb/#: 64 TITHUM: 64#'<SABV
H,/>2;] #AXTOQRERIU#%/H!ITITS8#UAWPPET<0V
H,/>2; #STOD?GHIHY%/#H)' T T8HUA#0<?I$KSV
15> (HQTSDTHflHjart UKL/ TITHVAU#; 64 TITSY

// queues are not assignable or checkable for equality,

“w,_»w

(since “:=” and “=” are not exported)
L
end Y+YPX"<$A
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More examples

| AG(%/#
| S%)6#
| G.)4#6.=-'#

| YOO-'#
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Generic modules (templates)

| R.(.1'6(%>B(64.#6@5'#

generic module DTOXA?<"K

#
#xports

# B> (HRIAGH3e<SHUSDM

# B> (#RPRXa#3e<Sfl#e<Sa#UZsB#
HOR#

fend DTOXA?<"I

o| +/)6.12.2:/#

?290U#H#HHHHMBHWTEHENT STACK is GEN STACK (INTEGER)

" UHBHHHHHSERC R AL E >
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Functors

| LW %% Y HE @5 IH./#:5' (. 2:1#1,)6#.- ) H="H5 (. &Yo* *#
VHH5.(.1'6'(#
#'(%> A% - HH3BBYGP REBH

#)) #[#
# #H#
B Q#

| 1+/)6./12.2;/#

WOOUHHHHHaEEELEH MR TYPE is M(A _TYPE) PROC(M A TYPE)

HHHHIHHH A HIH AR BB #E#Eid *base, size t nmemb, size t size,

int (*compar) (const void *, const void *))

#iBEA - U anediiigtitringSet = Set (OrderedString)
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Specific techniques for design for change

ol "[C:,(.2;/#>,))6./6)#
####ine MaxSpeed 5600
| 1":/%002:/.-#>:15%-.2:/

...source fragment common to all versions...

# ifdef hardware-1

...source fragment for hardware 1 ...
# endif

#ifdef hardware-2

...source fragment for hardware 2 ...
# endif

| TW'M' (#)2--U#)'-'>6#&.-, 9FL5-"1[#.6#(,/2 1 ##
| TA:NB.(‘#:'/'(.2;/ #
0!>:15%-'(#>;15%-' ) @B.>H%/6'(H.>'#5(;6;6 @5%/ :#&:;-)8
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Stepwise refinement

| <H)@)6'L.2>1#%6'(.2&'#5(;: (. 1#*) %: /#
6'>4/%i,'#64.6#,/H:(6,/.6'-@H#L.QH#-' *H#6:#
):NB.(‘H64.6HY%)HA. (H6:H# & -& HH

o| <BH# >AH)6'5IHE(;=-1THR#'>:15;) *#%/6:#
—I)'i, /> H#),=5(;=-"1) U#RIV#RaV#LR/#
—1.#)'-'>2;/U#%H#3>,;/*8#64'[#R#'-)'#Ra
—1L.1#%6'(.2;/U#B4%-'#3>;/*8#*,X);1'64%/-
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Step 1 Example

# RVH# P problem to solve#

Ste

# RIV#RaV#RPYecomposed into sequence
Ste

# RIVH#

# 1B4%-'#"#-;,5##

# # {RalfV #2 decomposed into a loop# #
# #*#- 5V # #

# RbV#

Step 4

RIVH#

BA%-"#"#-,,5H##

# #BoH#'THO6PB decomposed into selectiontt
# # RalfliV# #

# B H#
#
#

.

:

# RalflaV##
H*H%HVH
H*#-:5VH#

H

O H O H R
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Example
a program analyzer

Step 1
#'>::/%Z'# #5(;: (. 1#)6;(*#%/# . #.%& [#C-"HHVH##

Step 2
#: ((>6#Uh#6(,"V#

#.-@Z'HHHE.>>,(*%/#6;#64'#-./.,.. " #*'C/%2;,/V#
BoH#>; (((>6H#64'/##

print message p5(;:(.1#>;(('>6pV#
A 44

print message#p5(;:(.1#%/>;(('>6pV#
#H*HYoHVHH
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Step 3
#:((>6#Uh#6(,'V#

HB'(H;(1#-'E%>.-#./.-@)%)U##
store program as token sequence in file ft
and symbol table in file fs, and set error_in_lexical _phase
accordingly;
BOoH#' ((;(X%/X-'E%>.-X54.)'#64'[##
# #:((>6#Uh#tH.-)'V#
) 'H#
perform syntactic analysis and set Boolean variable
error_in_syntactic_phase accordingly:
# #oH#E((;(X%/X)@/6.>2>X54.)'#64'[##
# # #;((>6#Uh#H.-)'V#
# #H%HV#
#H*H#HUHVH
BoH#>; (('>6#64'[##
print message#p5(;:(.1#>;((>6pV#
) 'H#
print message#p5(;:(.1#%/>;(('>6pV#
#H*#UHVH#H
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Relation with IS COMPOSED OF

| S'6#QIAQfIH#Qal#Qb#="#1;* -4 ('5()' 12/ #
RI#Rfl#Ral#Rb#

| g'#>.//,64#B(%6'#
—IQ#+AX"PQRPATIXPY#rQflQal®bs

ol g'H/"HE# . HH, (64 (#LF,- ' #.S20#)H - H
6;#%15;)'#.#)'1,'12.-#1;B#H(; 1#Qf#6;#Qa#6;#
Qb#
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An assessment of stepwise
refinement (1)

| A6'5B%)'#('C/'1'16#%)#.#5(;:(.11%/:#
6'>4/%I,'|#/,6%#.#1;*,-.(%Z.2,/#6'>4/%I," #

ol g4'/#,)*#6,#*'>,15;)'#)@)6'1#%/6;#
1;*,-)#%6#6'[*)#6;#./.-@Z'H#5(;=-"1)#%/#
%);-.2;/1#,6%#('>;:/%Z%/#>;11,/.-%2")#

ol +64#*")#/,6%#)6("))#%/H;(1.2;/#4%* %/
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An assessment of stepwise
refinement (2)

| 0;#.M'/2;/#%)#5.%*#6,#*.6.#3%6#*'>;15,)")#
H,/>2;/.-%2"8#
| <)), 1Y)#64.6#.#6;5#H,/>2;/#'E%)6)#
—104.6#.=,,6&./#,5'(.2[-#)@)6'1d#;(#.4B;(*#
5(;>"));(d#
! T/H;(>Y#5('1.6,('#>;11%61'/6#6,#>,/6(;-#
;B#)6(,>6,(')#.1;/:#1;*,-") #
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Commitments

IR(:(1#./.-@Z'(#

—1?7B;#5.))YU#-'E%>.-#./.-@)%)#>;1")#C()6#,/#64'#
"12(H#5(.((11#5(;*,>%/ #6B#C-W3)@1=;-)# #
6,J'/)8#

—104.6#%H#B'#B./6#6,#)B%6>4#6;#.#5(;>")#* (% &' [#=(
)@/6.E#./.-@)%)#3%6#('1,')6)#64'#-'E%>.-#./.- @ Z'(#6
5(;&%*'#.#6,J' [#B4'[#/"**8#d#

—leverything changes!!!

| +/*E%/#)@)6'1R3/.) 8#
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A better design based on information
hiding

ol Q:;*-'# "G<EXGPSOTH#
—14%*Y#54@)%>.-#('5(")'16.2;/#;H#%/5,6#C-"##
—I'E5;(6)#:;5'(.2;/#6;#.>>"))4);,C'#C-'#,/#.#>4.(.>6'(g=@g

>4.(.>6'(#=.)%)#

ol Q:*-'# A"<OO0TSH#
—1 49%*"#*'6.%-)#;H#-'E%>.-#)6(,>6,('#;H#64'#-./,. . H#
—I'E5;(6)#,5'(.2;/#6;#5(,&%*'#/'E6#6;J'[#

ol Q:*-'# R<PATH#

—1 4%*)#*.6.4#)6(,>6,('#,)*#6:#5'(H;(1#) @/6.>2>#./ - @) %)#
3.2)6(.>6#;=]">6#R<$AF $8
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$' %%/ H#H;(#/'ECH>-.))#

Chapter 6 (up to, and including, 6.3.4.1)
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