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Design Notation, Abstraction 
and Refinement 

3"4.56'(#78#



!"#$%&'()%*'##########################CS 180‐Introduc0on to So1ware Engineering, Spring 2009                             +,-%./#0'.12,#

Outline 

•! 9')%:/#/;6.2;/#

•! <=)6(.>6#9.6.#?@5')#

•! A6'5B%)'#('C/'1'/6#
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Design notation: TDN & GDN 

•! D'/'(%>#6'E6,.-F:(.54%>.-#*')%:/#/;6.2;/#
•! G'-5)#%/#*;>,1'/2/:#*')%:/#
•! $'5(')'/6.2&'#;H#1./@#5(;5;)'*#/;6.2;/)#
•! ?90#%/4'(%6)#H(;1#1;*'(/#-./:,.:')I#-%J'#

K.&.I#<*. I#L#
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An example 
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Example (cont.) 
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Benefits 

•! 0;6.2;/#4'-5)#*')>(%='#.#*')%:/#5('>%)'-@#
•! 9')%:/#>./#='#.))'))'*#H;(#>;/)%)6'/>@#
–!4.&%/:#*'C/'*#1;*,-'#MI#1;*,-')#$#./*#?#1,)6#

='#*'C/'*#'&'/6,.--@#
•!%H#/;6#! #incompleteness 

–!$I#?#('5-.>'#M##
! #'%64'(#;/'#;(#=;64#1,)6#,)'#NI#O#
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Example: a compiler 
module "PQR+ST$#
exports 5(;>'*,('#Q+0+#3R$PDU#%/#C-'#;H#>4.(V##

# # # #"P9TU#;,6#C-'#;H#>4.(8V#
implementa0on … 
is composed of#<0<SNOT$I#ANQWPSX?<WSTI#<WA?$<"?X?$TTXG<09ST$I#
"P9TXDT0T$<?P$I#Q<+0#
end "PQR+ST$#

module Q<+0#
uses <0<SNOT$I#"P9TXDT0T$<?P$#
exports 5(;>'*,('#Q+0+#3R$PDU#%/#C-'#;H#>4.(V#"P9TU#;,6#C-'#;H#>4.(8V#
end Q<+0#

module <0<SNOT$#
uses ANQWPSX?<WSTI#<WA?$<"?X?$TTXG<09ST$#
exports 5(;>'*,('#<0<SNOT#3AP!$"TU#%/#C-'#;H#>4.(8V#
end <0<SNOT$#

module "P9TXDT0T$<?P$#
uses ANQWPSX?<WSTI#<WA?$<"?X?$TTXG<09ST$#
exports 5(;>'*,('#"P9T#3PWKT"?U#;,6#C-'#;H#>4.(8V#
end "P9TXDT0T$<?P$#
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GDN description 
"PQR+ST$#

<0<SNOT$#

ANQWPSX?<WST#

Q<+0#

"P9TXDT0T$<?P$#

CODE 

MINI 

<WA?$<"?X?$TTXG<09ST$#

ANALYZE 



!"#$%&'()%*'##########################CS 180‐Introduc0on to So1ware Engineering, Spring 2009                             +,-%./#0'.12,#

Categories of modules 

•! Y,/>2;/.-#1;*,-')#
–!6(.*%2;/.-#H;(1#;H#1;*,-.(%Z.2;/#

–!5(;&%*'#.#5(;>'*,(.-#.=)6(.>2;/#
–!'/>.5),-.6'#./#.-:;(%641#

•! '[:[#);(2/:#1;*,-'I#H.)6#Y;,(%'(#6(./)H;(1#1;*,-'I#L#
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Categories of modules (cont.) 

•! S%=(.(%')#
–!.#:(;,5#;H#('-.6'*#5(;>'*,(.-#.=)6(.>2;/)#

•! '[:[I#1.64'1.2>.-#-%=(.(%')#
–!%15-'1'/6'*#=@#(;,2/')#;H#5(;:(.11%/:#-./:,.:')#

•! ";11;/#5;;-)#;H#*.6.#
–!*.6.#)4.('*#=@#*%\'('/6#1;*,-')#

•! '[:[I#>;/C:,(.2;/F%/%2.-%Z.2;/#>;/)6./6)#
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Categories of modules (cont.) 

•! Abstract objects#3.J.#.=)6(.>6#)6.6'#
'/>.5),-.2;/8#
–!P=]'>6)F:-;=.-#&.(%.=-')#1./%5,-.6'*#&%.#%/6'(H.>'#

H,/>2;/)#
–!9.6.#)6(,>6,('#4%**'/#6;#>-%'/6)#
–!TE.15-')U#)@1=;-#6.=-'I#>.->,-.6;(#

•! Abstract data types 
–!TE5;)'#&.-%*#6@5'#;5'(.2;/)#
–!G%*'#%15-'1'/6.2;/#
–!Q./@#%/)6./>')#;H#.=)6(.>6#;=]'>6)#1.@#='#:'/'(.6'*#
–!TE.15-')U#-%)6I#)6.>JI#6(''I#'6>[#
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Abstract objects: an example 

•! <#>.->,-.6;(#;H#'E5('))%;/)#'E5('))'*#%/#R;-%)4#
5;)^%E#H;(1#

###._3=`>8###! ##.=>#[##`_#

•! !)'#.#)6.>JI#.)),1'#=%/.(@#;5'(.6;()#;/-@#
•! TE.15-'#

a#b#c##[##`#_#

•! +/6'(H.>'#d#


exports 
#5(;>'*,('#R!AG#3e<SU#%/#%/6':'( 8V#
#5(;>'*,('#RPRXa#3e<SfI#e<SaU#;,6#%/6':'( 8V"



!"#$%&'()%*'##########################CS 180‐Introduc0on to So1ware Engineering, Spring 2009                             +,-%./#0'.12,#

Design assessment 

•! G;B#*;')#64'#*')%:/#./2>%5.6'#>4./:'#%/#6@5'#
;H#'E5('))%;/)#6;#='#'&.-,.6'*d#
–!!/.(@#;5'(.6;()#d#
–!Q.-H;(1'*#'E5('))%;/)#d#

•! G;B#6;#CE#%6#d#
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Abstract data types (ADTs) 

•! <#)6.>J#<9?# %/*%>.6')#64.6#*'6.%-)#;H#64'#
*.6.#)6(,>6,('#.('#4%**'/##
6;#>-%'/6)#
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ADTs 

•! ";((')5;/*#6;#K.&.#./*#"``#>-.))')#
•! Q.@#.**#/;6.2;/.-#*'6.%-)#6;#)5'>%H@#%H#>'(6.%/#=,%-6g

%/#;5'(.2;/)#.('#.&.%-.=-'#=@#*'H.,-6#;/#%/)6./>'#
;=]'>6)#;H#64'#<9?#
–! '[:[I#6@5'#<X?NRTU#d#3UhI#h8#%/*%>.6')#64.6#.))%:/1'/6#./*#

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

module Y+YPX"<$A#
uses "<$A#
exports 

#6@5'#j!T!T#U#dV##
#5(;>'*,('#T0j!T!T#3 j U#%/#;,6#j!T!T#V#" U#%/#"<$A8V#
#5(;>'*,('#9Tj!T!T#3 j U#%/#;,6#j!T!T#V#" U#;,6#"<$A8V#
#H,/>2;/ #+AXTQR?N#3j U#%/#j!T!T8#U#WPPST<0V#
#H,/>2;/ #ST0D?G#3j U#%/#j!T!T8#U#0<?!$<SV#
#5(;>'*,('#QT$DT#3jfI#ja#U#%/#j!T!T#V#j #U#;,6#j!T!T8V#

        // queues are not assignable or checkable for equality,  
 (since “:=” and “=” are not exported) 
 …#

end Y+YPX"<$A#
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More examples 
•! A6(%/:#

•! S%)6#

•! G.)4#6.=-'#

•! Y%-'#
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Generic modules (templates) 

•! R.(.1'6(%>#B(6#.#6@5'#


generic module DT0XA?<"k#
# #[#[#[#
#exports 
# #5(;>'*,('#R!AG#3e<S#U#%/#?8V##
# #5(;>'*,('#RPRXa#3e<SfI#e<Sa#U#;,6#?8V#
# #L#
#end DT0XA?<"k#

•! +/)6./2.2;/#
?90U###############module INT_STACK is GEN_STACK (INTEGER) 

"``U################STACK<int>  



!"#$%&'()%*'##########################CS 180‐Introduc0on to So1ware Engineering, Spring 2009                             +,-%./#0'.12,#

Functors 
l ! W')%*')#.#6@5'I#./#;5'(.2;/#1,)6#.-);#='#5(;&%*'*#

.)#.#5.(.1'6'(#
#:'/'(%> #1;*,-' #Q#3?8#B%64#PR3?8#
#,)') #[[[#
# # #[[[#
#'/*# Q#

l ! +/)6./2.2;/#
#?90U###############module M_A_TYPE is M(A_TYPE)  PROC(M_A_TYPE) 

######" U####################void qsort(void *base, size_t nmemb, size_t size, 
                   int(*compar)(const void *, const void *))  

######P>.1- U###########module StringSet = Set(OrderedString) 
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Specific techniques for design for change 

•! ";/C:,(.2;/#>;/)6./6)#
#####define MaxSpeed 5600 

l !";/*%2;/.-#>;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 

l !W'm'(#)2--U#)'-'>6#&.-,')F%15-'1[#.6#(,/21'##
l !A;nB.('#:'/'(.2;/ #

o!>;15%-'(#>;15%-'()#3@.>>I#%/6'(H.>'#5(;6;6@5%/:#6;;-)8#
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Stepwise refinement 

•! <#)@)6'1.2>I#%6'(.2&'#5(;:(.1#*')%:/#
6'>4/%i,'#64.6#,/H;(6,/.6'-@#1.@#-'.*#6;#
);nB.('#64.6#%)#4.(*#6;#'&;-&'##

•! <6#'.>4#)6'5I#5(;=-'1#R#*'>;15;)'*#%/6;#
–!)'i,'/>'#;H#),=5(;=-'1)U#RfV#RaV#LR/#

–!.#)'-'>2;/U#%H#3>;/*8#64'/#Rf#'-)'#Ra

–!./#%6'(.2;/U#B4%-'#3>;/*8#*;X);1'64%/:#
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Example Step 1 
# #RV # #P problem to solve#
Step 2 
# #RfV#RaV#RbV#P decomposed into sequence    
Step 3 
# #RfV##
# #B4%-'#"#-;;5##
# # #RaIfV #P2  decomposed into a loop# ##
# #'/*#-;;5V # ##
# #RbV#
Step 4 
# #RfV##
# #B4%-'#"#-;;5##
# # #%H#"f#64'/#P2,1 decomposed into selec0on#
# # # #RaIfIfV # ##
# # #'-)'##
# # # #RaIfIaV##
# # #'/*#%HV#
# #'/*#-;;5V#
# #RbV#
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Example 
a program analyzer 

Step 1 
#$'>;:/%Z'#.#5(;:(.1#)6;('*#%/#.#:%&'/#C-'#HV##

Step 2 
#>;(('>6#Uh#6(,'V#
#./.-@Z'#H#.>>;(*%/:#6;#64'#-./:,.:'#*'C/%2;/V#
#%H#>;(('>6#64'/##
   print message p5(;:(.1#>;(('>6pV#
#'-)'##
   print message#p5(;:(.1#%/>;(('>6pV#
#'/*#%HV##
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Step 3 
#>;(('>6#Uh#6(,'V#
#5'(H;(1#-'E%>.-#./.-@)%)U##
   store program as token sequence  in file 1  
   and symbol table in file fs, and set error_in_lexical_phase  
   accordingly; 
#%H#'((;(X%/X-'E%>.-X54.)'#64'/##
# #>;(('>6#Uh#H.-)'V#
#'-)'##
   perform syntac0c analysis and set Boolean variable  
   error_in_syntac0c_phase accordingly: 
# #%H#'((;(X%/X)@/6.>2>X54.)'#64'/##
# # #>;(('>6#Uh#H.-)'V#
# #'/*#%HV#
#'/*#%HV#
#%H#>;(('>6#64'/##
   print message#p5(;:(.1#>;(('>6pV#
#'-)'##
   print message#p5(;:(.1#%/>;(('>6pV#
#'/*#%HV#
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Relation with IS_COMPOSED_OF 

•! S'6#QI#QfI#QaI#Qb#='#1;*,-')#('5(')'/2/:#
RI#RfI#RaI#Rb#

•! q'#>.//;6#B(%6'#
–!Q#+AX"PQRPAT9XPY#rQfIQaIQbs#

•! q'#/''*#6;#.**#H,(64'(#1;*,-'#.>2/:#.)#:-,'#
6;#%15;)'#.#)'i,'/2.-#t;B#H(;1#Qf#6;#Qa#6;#
Qb#
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An assessment of stepwise 
refinement (1) 

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

•! q4'/#,)'*#6;#*'>;15;)'#)@)6'1#%/6;#
1;*,-')I#%6#6'/*)#6;#./.-@Z'#5(;=-'1)#%/#
%);-.2;/I#/;6#('>;:/%Z%/:#>;11;/.-%2')#

•! +6#*;')#/;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#

•! <)),1')#64.6#.#6;5#H,/>2;/#'E%)6)#
–!q4.6#.=;,6#./#;5'(.2/:#)@)6'1d#;(#.#B;(*#

5(;>'));(d#

•! T/H;(>')#5('1.6,('#>;11%61'/6#6;#>;/6(;-#
t;B#)6(,>6,(')#.1;/:#1;*,-') #
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Commitments 

•! R(;:(.1#./.-@Z'(#
–!?B;#5.))')U#-'E%>.-#./.-@)%)#>;1')#C()6#;/#64'#

'/2('#5(;:(.1I#5(;*,>%/:#6B;#C-')#3)@1=;-)#`#
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A better design based on information 
hiding 

•! Q;*,-'# "G<$XGPS9T$#
–!4%*')#54@)%>.-#('5(')'/6.2;/#;H#%/5,6#C-'##
–! 'E5;(6)#;5'(.2;/#6;#.>>'))#);,(>'#C-'#;/#.#>4.(.>6'(g=@g

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

•! Q;*,-'# A"<00T$#
–!4%*')#*'6.%-)#;H#-'E%>.-#)6(,>6,('#;H#64'#-./:,.:'##
–! 'E5;(6)#;5'(.2;/#6;#5(;&%*'#/'E6#6;J'/#

•! Q;*,-'# R<$AT$#
–!4%*')#*.6.#)6(,>6,('#,)'*#6;#5'(H;(1#)@/6.>2>#./.-@)%)#

3.=)6(.>6#;=]'>6#R<$AT$8#



!"#$%&'()%*'##########################CS 180‐Introduc0on to So1ware Engineering, Spring 2009                             +,-%./#0'.12,#

$'.*%/:#H;(#/'E6#>-.))#

 Chapter 6 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including, 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