CSE 341, Fall 2011, Assignment 2
Due: Monday October 17, 11:00PM

You will write 11 SML functions (not counting local helper functiong), 4 having to do with “name subetitu-
tions™ and 7 having to do with a made-up solitaire card Farme.

Your solutions must nse pattern-matching. You may not use the functions aull, hd or €1, nor may you nse
anything containing a # character or features not used in class (auch a8 mutation).

The asample solution s rewehly 130 lines, incloding all the eode provided to yon.

Dourddoad urPprovided sml from the eouwrse websife. The provided code defines several types for you, You
will not need to add any additional datatype bindings or type synomymes.

I}y not migs the “lmportant Caveat™ after the “Type Summary.”

1. This problem involves using first-name substitutions to come up with alternate names. For example,
Fredrick William Flindsfone could alio be Fred William Flhintstone or Freddie Williom Flintstone, (Only part
(d) ie specifically abont this, but the other problems are helpful

(a) Write a function all_except_option, which takes a string and a etring list. Heturn RONE if the
atring is not in the list, else return SOME {5t where {2t i8 like the arpument List except the string ia not
in it. You may assume the string is in the list at most once. Use same_string, provided to you, to
compare strings. sample solution is 8 lines.

(b) Write a function get_subetitutionsl, which takes a string liat liat (a list of list of strings, the
substifutions) and a atring # and returns a atring list. The result has all the strings that are in
aoane list in substitufions that also has 2, but & itself should ot be in the result. Example:

get_subatitutionsl ([ [*Fred®, "Fredrick"], [*Elizabeth" , *Betty"], ["Freddie® , "Fred" ,"F"]],
*Fred®)
(#* anewer: ["Fredrick®,"Freddie® "F"] #)

Assurme sach list in substifutions has no repeats. The result will have repeats if & and another string are
both in more than one list in substitutions. Example:

get_subatitutionsl ([[*Fred®, "Fredrick"], [*Jeff" *Jeffrey"], ["Geoff" "leff" "leffrey®]],

*Jeff®)
(* anewer: [®*Jeffrey",®*Geoff", "Jeffrey®] =)

Use part (a) and ML's list-append (@) but no other helper functions. Sample solution is 6 lines.

(¢) Write a function get_substitutions? which is like get_subetitutionsl except it uses a tail-recursive
bocal helper funetion.

{d) Write a function eimilar_names, which takes a etring list list of aubstitutions (as in parts (b) and
(e)) and a full neme of type {firet:string middle:string,last:etring} and returns a list of full
names (of type {firat:string middle:string,last:atring} list). The result i all the full names
you can produce by substituting for the first name (and only the firsf name) using substifutions and
partg (b) or (¢). The answer should alwaye begin with the original name (then have ) or more other
names). Example:

gimilar_names([["Fred®,"Fredrick"], [*Elizabeth"  *Betty"] , ["Freddie", "Fred" "F"]],
ifirat="Fred®, middle="W*, lagt="Flintstone®})}
(# anewer: [{firat="Fred®, last="Flintstone®, middle="W"},
{firat="Fredrick", last="Flintatome", middle="W"},
ifirat="Freddie", last="Flintetone", middle="W"},
{firat="F", last="Flintatone®, middle="W*"}] #*)

Hint: Use a local helper function. Sample solution is 9 lines.



2. "This problem involves a solitaire card game invented just for this gquestion. You will wrnite a program that

tracks the progress of a game; writing a game player s a challenge problem. You can do parts (a) (e) before
understanding the game if vou wish.

A pame ia played with a cord-fisf and a gocl The player has a st of held-cords, initially empty. The player
makes a muwwe by either drawring, which means removing the first card in the card-list from the card-list and
adding it to the held-cards, or disemrding, which means choosing one of the held-cards to remove. T'he game

enids either when the player chooses to make no more moves or when the sum of the values of the held-cards
18 greater than the goal

The ohjective is to end the game with a low score (0 is best). Seoring works as follows: Let sum be the sum
of the values of the held-cards. If sum 8 greater than goal, the preliminary score ia three times sum — goval,

elee the preliminary secore 18 goel — sume. The seore 18 the preliminary seore unbess all the held-cards are the
aame color, in which case the score B the preliminary score divided by 2 (and rounded down as usnal with
integer divigion; nse ML's div operator).

(a) Write a fonction card_color, which takes a card and returns ita color (spades and clubs are black,
diamonds and hearts are red). Note: One case-expression is enough.

(b) Write a function card_waluwe, which takes a card and returng ite valoe (numbered cards have their
number as the valwe, aces are 11, everything elge ia 10). MNote: (One case-expression 8 enongh.

(e) Write a function remove_card, which takes a list of cards 1at, a card ¢, and an exception e. It returns
a list that has all the elements of lat except €. If ¢ 8 in the list more than onee, remove only the frst

o, 1f ¢ 8 not in the list, raise the exception e. You can compare cards with =,

{d) Write a fanction all_same_color, which takes a list of cards and returns true if all the cards in the list
are the game color. Hint: An elegant solution is very similar to one of the functions we looked at in the
berture on deep pattern-matching.

(e) Write a function sum_carde, which takes a list of cards and returns the sum of their values. se a locally
defined hedper function that is fadl recursioe.

(f) Write a function acore, which takes a card list (the held-carde) and an int (the goal) and computes
the score as described above.

(£) Write a function officiate, which “mns a game.” It takes a card list (the cand-list) a move list
(what the player “does™ at each point), and an int (the goal) and returms the seore at the end of the
pame after processing (gome or all of) the moves in the move list in order. Use a locally defined recorsive

helper function that takes several arpuments that togpether represent the current state of the game. As
deseribed abowve:

& The pame starta with the held-cards being the empty list.

e The game endg if there are no more moves. (The player chose to stop gince the move list is empty.)

o If the player disrards some card ¢, play continues (e, make a recursive call) with the held-cards
not having ¢ and the card-list unchanged. If ¢ 8 not in the bheld-cards, raise the 1llegalMowve
exeeption.

e If the player draws and the card-list 158 empty, the game ia over. Else if drawing cansea the sum of
the held-cards to exceed the moal, the game i3 over. Else play continnes with a larger held-carnds
and a amaller card-list.

sample solution B under 200 lines.



3. Challenge Problems:

(a) Write acore_challenge and officiate_challenge to be like their non-challenge counterparts exeept
each ace can have a value of 1 or 11 and score_challenge shonld always return the least (i, best)
possible seore. Hint: “This s eagier than you might think.

(b) Write careful player, which takes a card-list and a goal and returng a move-list auch that calling
officiate with the card-list, the goal, and the mowe-list has this behavior:

& The value of the held cards never excesds the goal.

# A card is drawn whenever the goal is more than 10 greater than the value of the held cards.

& If a seore of (V18 reached, there muast be no more mowves.

&« If it is posgible to discard one card, then draw one card to produce a score of 0, then this must be

done. (Note careful _player will have to look ahead to the next card, which in many card games
ia eonsidered “cheating.™)

Type Summary

Evaluating a correct homework solution should generate these bindingg, in addition to the bindings from the

codde provided to you  baf see the important coveaf that follows.

val all_ except_option = fn : string * atring list -> string list option

val get_subatitutionsl = fmn : atring list list # atring -> string list

val get_substitutions? = fn : atring list list # string -> string list

val aimilar names = fn : atring liat list * {firet:string, last:string, middle:string}
-» {firat:string, last:string, middle:atring} list

val card_color = fn : card -> color

val card value = fn : card -> int

val remove_card = fn : card list # card * exm -> card lisat

val all_same_color = fm : card list -* bool

wal sum_cards = fn : card list -> int
wal score = fn : card list * int -> int

val officiate = fn : card list # move list # int -> int

Important Caveat: The read-eval-print loop may give your functions eguivalent types or more general
types.  This ia fine. In the sample solution, the bindings for problems 1d, 2a, 2b, 2o, and 2d were
all more gemeral. For example, card_value had type sult # 'a -> color amd remove_card had type
**a liat = ''g * axm -> *'a liat. They are more general, which means there 5 a way to replace the
type variobles ('a or **a) with types to get the hindings listed abowe. As for equivalent types, becanse
type card = suitsrank, types like card -> int and sultsrank->int are equivalent. They are the same
type, and the read-eval-print loop simply chooses one way of printing the type. Also, the order of fields in
records never mattors.

If you write dowmn explicit arpument types for funetions, you will probably not see equivalent or more-gemneral
types, but the sample solution takes the common ML approach of omitting all explicit types.

(M course, generating these bindingg does not pnarantee that your solutions are correct. Teat your functions:
Pul your testing code tn a second file. We uill not grade #f, buf you must turn it a0,

Asscasment
Your sodutions should be correct, in good style, and use only featurea we have used in class.
Tarn-in Instructions

& Put all vour saolutions in one file, lastname he? . aml, where lastname s replaced with your last name.
Put tests yon wrote (with or without the provided tests) in lestname hw? test.sml.

& Turn in your file using the Catalyst dropbox link on the course webaite.



