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Parts List Problem (Chapter 13) 
Original author of these slides in 2001: Hans Bruun, IMM/DTU.

Has been modified fall 2006 by Anne Haxthausen, IMM/DTU.
Learning objectives:

· Modelling with SML tables, lists etc

Problem Formulation
The planning of production of machines and machine-parts uses a parts list to describe the material used in producing a part. 

The parts list contains identifications of the set of used parts together with the required quantity for each part.

A part is either a basic part bought from another factory 

(which has hence an empty parts list) or 
a composite part produced by the factory 

(which has hence a non-empty part list). 
A part list may contain both basic and composite parts.

Parts are associated with parts lists in a product register. 

The program must provide: 

· a function, which gives a parts list containing all the basic parts needed to produce a given part. 

· Furthermore, it should provide functions to insert a new part with corresponding parts list into the register and to get the parts list for a part in the register.

Development steps
1. Problem analysis  =>  a signature
2. Programming       =>   a structure
3. Test                      =>   test documentation: test cases + results
Problem Analysis: parts, quantities and parts lists
type partId

= string

type quantity 
= int     ( n > 0 )

type partsList
= (partId  quantity) list

Example of a parts list: 


[( ”p3” , 2), ( ”p2” , 5) ( ”p5” , 10)]

Problem Analysis: product registers

A product register associates part identifiers with parts lists.
Example of a legal product register:
	“p1”
	[ ]

	“p2”
	[ ]

	“p3”
	[(“p1”,5), (“p2”,4)]

	“p4”
	[(“p3”,4), (“p2”,3)]

	“p5”
	[]

	“p6”
	[(”p3” , 2), (”p2” , 5) (”p5” , 10)]

	“p7”
	[(“p4”, 2), (“p6”, 1)]


A part is either 

· a basic part having an empty list of used parts or 

· a composite part having a non-empty parts list

Problem Analysis: product registers, continued
Product register invariant  - requirements that must be fulfilled:

· A part cannot contain itself as sub-part (use itself as subpart).

· All sub-parts of a part must be described in the register.

· Quantities must be positive.

An illegal product register:
	“p1”
	[ ]

	“p2”
	[ ]

	“p3”
	[(“p1”,5), (“p2”,4), (“X”, 3)]

	“p4”
	[(“p3”,4), (“p4”,3)]

	“p5”
	[(“p1”,3),  (“p6”, 4) ]

	“p6”
	[(”p3” , 2), (”p5” , -10)]


A table would be a natural representation for a product register, but in the interface we hide the type representation and provide only invariant preserving functions to ensure that the user cannot make an illegal register:

type prodReg 

A Product Register:












Problem Analysis
Use a signature to describe the interface to the program 






(and implement the program as a structure).

signature PartsList =
sig

type partId

= string

type quantity 
= int     ( n > 0 )

type partsList
= (partId  quantity) list


type prodReg; 









( The representation is hidden. ) 


exception ProdReg; 


val newReg: prodReg





( An empty product register. ) 


val addPart: partId  partsList  prodReg -> prodReg 





( Adds a new part with corresponding parts list to 





 a product register.  May raise ProdReg. ) 


val partsList: partId  prodReg -> partsList 





( 
Finds the parts list of a part in a product register.









Raises ProdReg if the part is not found. ) 


val toList: prodReg -> (partId  partsList) list 



( Lists a product register as a list of parts with corresponding parts list. 





Included for test purposes. ) 


val partBreakDown: partId  prodReg -> partsList  




( Finds the parts list of basic parts of a part. May raise ProdReg. ) 

end;

Sample Runs
open PartsList;

val reg1 = addPart("p1", [ ], newReg);
val reg2 = addPart("p2", [ ], reg1);

toList reg2;
> val it = [("p1", [ ]), ("p2", [ ])] : (string  (string  int) list) list
val reg3 =  addPart("p3",[("p1",5),("p2",4)],reg2);
val reg4 =  addPart("p4",[("p3",4),("p2",3)],reg3);
val reg5 =  addPart("p5", [ ], reg4);
val reg6 =  addPart("p6",[("p3",2),("p2",5),("p5",10)],reg5);
val reg7 =  addPart("p7", [("p4",2),("p6",1)], reg6);

partsList("p6", reg7);

> val it = [("p3", 2), ("p2", 5), ("p5", 10)] : (string  int) list

partBreakDown("p6",reg7);
> val it = [("p1", 10), ("p2", 13), ("p5", 10)] : (string  int) list

Parts Break Down, example:














Programming: survey + prodReg representation
structure PartsList:> PartsList = 
struct 


type partId    = string 

type quantity  = int   ( n>0 ) 

type partsList = (partId  quantity) list 


type prodReg = (partId, partsList) Table.table 


exception ProdReg 

….

….

end;
Programming: Constructing Product Registers


When inserting entries in the table we must maintain the table invariant:

· A part cannot contain itself as sub-part (use itself as subpart).

· All sub-parts of a part must be described in the register.

· Quantities must be positive.

Suppose that we want to add an entry


( pid, [ (pid1, c1), (pid2, c2), … , (pidn, cn)] )

to a table t . This addition is legal if

1. pid is not already a key in the table t .

2. Each part identifier pidi is a key of the table t .
3. Each quantity ci  is positive . 
Programming: Constructing Product Registers

type prodReg = (partId, partsList) Table.table 

exception ProdReg 

val newReg = Table.empty 

( local function  legalPartsList: partsList  prodReg -> bool  ) 

fun legalPartsList(pl,preg) = 


List.all (fn (pid, c) => c>0 andalso Table.isKey(pid,preg)) pl 

( addPart: partId  partsList  prodReg -> prodReg )
fun addPart(pid, pl, preg) = 


if 
legalPartsList(pl, preg) 




andalso 




not (Table.isKey(pid,preg))


then Table.update(pid, pl, preg)


else raise ProdReg 

Programming: Extracting Info from Product Registers
(* partsList: partId  prodReg -> partsList *)

fun partsList(pid,preg) = 


case Table.lookup(pid, preg) of 






SOME pl => pl 





|
NONE => raise ProdReg 

fun toList preg = Table.toList preg 

Programming: Extracting Info from Product Registers

In order to implement partBreakDown we need several auxiliary functions

(addPartToPartsList:  (partId  quantity)  partsList -> partsList )

 fun
addPartToPartsList((pid,n),[ ])= [(pid,n)]


|
addPartToPartsList((pid,n),(pid',n')::pl) =  




if pid = pid' 





then (pid, n+n')::pl 




else (pid',n')::addPartToPartsList((pid,n),pl) 

Example:

addPartToPartsList( ("p2",3), [("p1",20),("p2",16)] );
> val it = [ ("p1", 20), ("p2", 19) ] : (string * int) list

(mergePartsLists: partsList  partsList -> partsList ) 

 fun mergePartsLists(pl,pl') = foldl addPartToPartsList pl pl' 
Example:

mergePartsLists([("p1",10),("p2",8)],[("p5",10),("p2",5)]);
> val it = [("p1", 10), ("p2", 13), ("p5", 10)] : (string * int) list

(multPartsList: int  partsList -> partsList ) 

 fun multPartsList(k,pl) = map (fn (pid,n) => (pid,kn)) pl 

Example:

multPartsList(2, [("p1", 20), ("p2", 19)]);
> val it = [("p1", 40), ("p2", 38)] : (string * int) list
Programming: Extracting Info from Product Registers

(  partBreakDown: partId  prodReg -> partsList  )



( Finds the parts list of basic parts of a part. May raise ProdReg.) 

fun partBreakDown(pid, preg) = 



case Table.lookup(pid,preg) of 






SOME [ ]
=> [(pid,1)]





|
SOME pl
=> partsListBreakDown(pl,preg) 





|
NONE


=> raise ProdReg

 and partsListBreakDown([],_) = [ ]

|

partsListBreakDown((pid,n)::pl,preg) =  
 



let
val pl' = partBreakDown(pid,preg)






val pl1 = multPartsList(n,pl')






val pl2 = partsListBreakDown(pl,preg)




in 






mergePartsLists(pl1,pl2)




end 

Test

fun legalPartsList(pl,preg) = 


List.all (fn (pid, c) => c>0 andalso Table.isKey(pid,preg)) pl 

	case
	Branch
	Remark

	1
	not  c>0 
	Illegal quantity

	2
	not Table.isKey(pid,preg)
	part not in table

	3
	-
	OK


fun addPart(pid, pl, preg) = 


if legalPartsList(pl, preg) andalso not (Table.isKey(pid,preg))


then Table.update(pid, pl, preg)


else raise ProdReg 

	case
	Branch
	Remark

	4
	not legalPartsList(pl, preg)
	Illegal parts list

	5
	Table.isKey(pid,preg)
	pid already in table

	6
	-
	OK


fun partsList(pid,preg) = 


case Table.lookup(pid, preg) of 






SOME pl => pl 





|
NONE => raise ProdReg 

	case
	Branch
	Remark

	7
	SOME pl
	OK

	8
	NONE
	part not in table


 fun toList preg = Table.toList preg 

	case
	Branch
	Remark

	9
	-
	OK


 fun
addPartToPartsList((pid,n), [ ])= [(pid,n)]


|
addPartToPartsList((pid,n), (pid',n')::pl) =  




if pid = pid' then (pid, n+n')::pl 




else (pid',n')::addPartToPartsList((pid,n),pl) 

	case
	Branch
	Remark

	10
	[ ]
	empty parts list

	11
	pid=pid’
	non-empty list, part in list

	12
	not pid=pid’
	


Test

fun mergePartsLists(pl,pl') = foldl addPartToPartsList pl pl' 

	case
	Branch
	Remark

	13
	-
	OK


fun multPartsList(k,pl) = map (fn (pid,n) => (pid,kn)) pl 

	case
	Branch
	Remark

	14
	-
	OK


fun partBreakDown(pid, preg) = 



case Table.lookup(pid,preg) of 






SOME [ ]
=> [(pid,1)]





|
SOME pl
=> partsListBreakDown(pl,preg) 





|
NONE


=> raise ProdReg

	case
	Branch
	Remark

	15
	SOME [ ]
	basic parts

	16
	SOME pl
	composite part

	17
	NONE
	part not in preg


and partsListBreakDown([ ],_) = [ ]


|
partsListBreakDown((pid,n)::pl,preg) =  
 



let
val pl' = partBreakDown(pid,preg)






val pl1 = multPartsList(n,pl')






val pl2 = partsListBreakDown(pl,preg)




in mergePartsLists(pl1,pl2)




end 

	case
	Branch
	Remark

	18
	[ ] 
	empty parts list

	19
	(pid,n)::pl
	non-empty parts list


Test

Make the tests that exercise all the cases/branches found in the previous table:

	Test
	Cases
	Test
	Expected result

	1
	3, 6
	val reg1= addPart("p1",[], newReg);
	OK

	2
	1, 4
	addPart("p2", [("p1",0)], reg1);
	exception: ProdReg

	3
	2, 4
	addPart("p2", [("X",1)], reg1);
	exception: ProdReg

	4
	3, 5
	addPart("p1", [], reg1);
	exception: ProdReg

	5
	7
	val reg2= addPart("p2", [], reg1)

val reg3= 





addPart("p3", [("p1",5),("p2",4)], reg2)

val reg4= 





addPart("p4", [("p2",3),("p3",4)], reg3)

partsList("p3", reg4);
	[("p1", 5), ("p2", 4)]

	6
	8
	partsList(”X”, reg4)
	exception: ProdReg

	7
	9
	toList reg1
	[("p1", [])]

	8
	10-16,
18-19
	partBreakDown("p4",reg4)
	[("p2", 19), 

("p1", 20)]

	9
	17
	partBreakDown("X",reg4)
	exception: ProdReg

















[(”p1”,50), (”p2”, 51), (”p5”, 10) ]





[(”p1”,20), (”p2”,19) ]





[(”p1”,10), (”p2”,13), �  (”p5”,10)  ]





”p6” : ( ( , 2), ( ( , 5) ( ( , 10)





”p5” : 





[(”p1”,5),(”p2”,4)]





Composite part





Basic part
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Composite part





Basic part





Parts list












































































































































































































































List of basic parts.
































Implements the product register as a table. 


Opaque signature matching hides the table representation and local functions. 


Protects the product register invariant















































”p7” : ( ( , 2), ( ( , 1)





”p6” : ( ( , 2), ( ( , 5) ( ( , 10)





”p5” : 





”p4” : ( ( , 4), ( ( , 3)





”p1” : 





”p2” : 





”p3” : ( ( , 5), ( ( , 4)








