A challenging, yer very

easy-to-learn educational
brain-game based on the

concepts of set theory.

el (heary is imporiast i a siructured approach o malke-
matics, and has consequently become an iniegral parl of
mapy compuler programming languages (e.g., Pascal, C,
¢ic). The Upsets program is an educational game that offers
Yo #n opparlinity W leamn sboul sd practice the basics of
sel theory, and then apply rcu.n upderstanding 16 either a
solitaire or two- me. Il you are mew o the concepls,
terms, and symbols used in oset theory, first see our sidebar
“Cetling Sed-lled For Upsets”
The game is designed around @ deck of cards with four
differcnd colored dots. The four colors on the cards are the
elements wsed to describe which cards are in the sel. For

xample, & sel may comprise all cards with a blue dod and be
identified the single ekment BLUE, In Figure 1, this
would include cards 1, 3, and 4. Another set could be all cards

which have cither bloe dot or a red dot using the union
function. The set expression would be:

HLUE w RED

This set would include cards 1, 3, 4, 5, and 6 in Figure 1.

Amother  set could be described wsing inteTsection
function Wb inciude only cards having both a blue dot and a red
doL The expression for this st would be:

BLUE ~ RED
This set would inclede cards | and 3 in Figure 1.

When ihe mines sign appears in e set expression, il will
indscaie the exclusion of ooe or more colors from the scl

being  defined. Am  example using the
difference conneclive 18

BLUE - REI

In thiz examsle, only card 4 would be
@ © selected from Figere 1. This means that
you inke the sel of all cards with a blue

@ ﬂ;l_. then remove any cards having a med
up b0 four colors o

O Upsets displa
each aof the ¢ You may use any or all

]
O include all, some, or Done
Yaliow

of these four calors wilh any of ihe thres
connectives lo form 3 sel expression of
set mame. The sl you describe could
of fthe
cardi—depending  on ithe colors,
connectives, and  posilion  of  the
parentheses,
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Get Ready, Get Set . . .

The fint menu i the program sllows you 1o selecl ome of
three different games:

(1) Practica
(2] Bolitmire
(3) Challenge

When you smelect oplion | lor & Practice session, ihe
compuater dots pol mEe scome, or limit the game lengih In
thit mode, you sre sbhle o cresie sel names and watch the
resulle, This provides an excellent way 0 discover the logic
rules thal govern sei names. The compaier places the cands on
the screen randomly from a "deck” of fifieen cards. Mote that a
blapk cerd s never one of the conds in the game, because it
would represent the "nabl” el According o the rules of sel
theary, the null set is incleded in ol sels and, becsuse a blank
card would mbeays be selected, il is mol wsed in the game of

Upsers,

Option 2, Soitaire, lets you play Clpsers by yourself. Here,
you st sels thal include as meny cands as possible on
your side of the screen (ihe Jeft), while selecling as few cards
s possible from the right side of the screen, You make all the
plays in Solitsire, but the compuler keeps score, giving ¥ou
10 poimts for each card included in the 21 on your side of the
screen, &nd giving your mon-playing “opponent’ 10 points for
each canl that your expression selects om the right You can
win the im two ways: (1) by sel all of your cards
and fewer thin all of your oppanenl’s cends in any one tarn, of
{2) by hawing the highest score alker 10 tums.

Ia Option 3, Challenge, two players lnke twms defining the
set name. One player uses lhe camds on the lefi side of the
screen, while the other uses the cards om the right side. After
each player takes a wrm, the compuier cvaluates the new sel,
and cach player recsives “‘-" poinis for each card n the set

After you select a game oplion, a prampd asks you o enber
the players' names {onc or two names, depending on the game
type selected). Nm,*'_'.lnu select the mumber of cards you would
like B0 work with, You cam have from 3 o 6 cards displayed
on each side of the screen. The more cards you sclecl, the
more compli the game, and the the possible scome,

Fimzlly, # prompt asks how many connectives (from 1 o 3)
you would like o wse in the 561 name.

Balact Lavel Of Exprassiom:
1) One Connactive

2) Twe Connactivas

3) Thres Coenneactivea



ol theary is the branch of mathemabics concornid with the  diamonde, or expressed symbolically: A
dalinitian and retaﬁm?ﬁpa batwaen tha grouping of abjects, risd careds - hairts U diamonds EE:W . T——
nigmbers , |, and well, anpthing. We say sl a particular sot 1 : IapFamn PR
“canains wloments,” vary Mmuch i 3 B contains IS, FOI e woutie! sat et o o fctos—simir 1
saample, a stancard deck of 52 playing cards |s a se of all the Tha inberssction hnctian is cxpressed by @6 symbal =
cards after you discard the “set” cansisting of }nlum_anu any oo s gimilar b the BASIC AND hinction (see Figura B
athar non-tace or number carde, Wo can dofing & grouping or 5ot crgie; 3 sat by seleciing elements hat are contained in bath B
that contains all the hearts. Wo say this sat containg all cands Lo The fewer elements thal ars sharad the more sxlusive the Figure ]
wilh red hearts on them. We may do the same for cars havied oot bocomus: m.g,, Mg et of cands tomed by e intersection of hﬂ;ﬂ:ﬂﬁ:&m
i redciamand; e Sack saade, and tha ek, all ces and all red cards is a sef of only two cards—the aco o pinr AND
Wia can dafine olher tels by usng "connncives” 9 1M e and the o of damonds,
refatianships batweon diflerent sets. The basic connectves P
(hate used in our Uipseds program) &% union, inlerseclion, ved acns=[ rad s} {aces) ; 1
and differemce. Figures A, B, and G show thrse disgrams The diflerence function represanted by a minus sign alioes X ¥
icabied Vonn diagrams) Bial graphicaly demonsbase how thesa  10f e exclision of cortain elements from & set (see Figura C) Figure C
tunclions work: The bwo cirdes, X ard ¥, represant twa differam Using the dock of 52 cards, wa can fanm & saleclion al all cands B e 5
sete The black areas show the sel created by the funclian, not having numbers—the set of all faoe cards and aces, _.I'M;;'um r:r'Mir
The union luncton (2o Figure A) i wed B form a lwgar spf Symbolically we write o 321 X thar m“‘m“"w
wig ;,.m;m”?w al 1;!7 :I}‘@hm%f:- Tﬂ"r‘mﬁj"'hm‘m“ 5 (tacecands . aces) = (all cands)— (cards with rumbers) T gw ¥
AT B ™ symbaol and is & io tha nction These bined epressions, |
usad i BASIC. Taking our dock of cards again, wa can deline & m“mm,wuﬂ?ﬁiﬂ?mmﬂ pln,e:a;.,p_.,u am.“;f::;"k;
del eontaning 8l red cards as baing the wnion of haarts and designate the arder of ovaluatian,
This will determine the length and complexity of e st 4l of the cards on eilher one vr both sdes of the seroem, o FIgUrE 2,
name. With only one comnective, you are limiled to simple . after 20 wms. The player with the highest iotal score afeer 4 This. rimulated screen depicls @
sel capresmons  lke those B e cxamples sbove (eg, moonds wins the game. In rounds | and 3, the player on the ’Mﬂ hrt:-lm:u.ﬂ
BLUE ~ RED). And with aply one coaneclive vou may use left side of the screen goes fisst; o roonds 2 and 4, the player :m = Jrom

any lwa (hut oy o) of the four cokrs moany ERprEssion,

‘wi conpeclives gllow 8 more complex name  such  as
(BLUVE v RED) m GREEN. Sckcting lhree conmeclives
expands the sel name 1o the mos complex bevel available in
Upsets, I also sllows the swichieg of parentheses i chenge
the order in which the expression is evaluaied-—expanding 1he
number af siralegic wooks available,

The Playing Screcn

Aller selecting afl of the optons described, the plaving
sCreEn aﬂup:cxs | e F"iu_ur! 25 pendieg  upion which Rame
you've chosen, 3 0 12 cards ame displaved across the lop of
the screem. Mo two cards are ever alike. When the  computer
cvaluaies 8 sel expression, i indicales which cards are in the
desipnaled sel by ]1|a.l:ir.|g a mask above cach of the cands Lhal
antizfics the =L :l:pm.'nil:ln.

Below the camds am 2 small hoxes: lsbeled Rowond amd
Turns. The box labeled Round & aclivalied only when you
play the Challemge opdion. In this npli.nn.Jnu May 4 rownds,
A mound 15 over when one player has created & sel thal includes

on ihe right side goes lirs

The Turms box indicates. the ciament tom,
and i5 active only during ihe Solilnge or
Challenge oplions. In Solitzire, the lenpth of
a pame i 10 urns. In Challenge, the lenpth
of each found §8 20 lwms. A vafn @ over aller
bork players hove made o change W the
curmen| sef expression.

Dircclly below the Round and  Turns
baxes are the 2 Score boues cach labeled
wilh the plarnr‘:. name, In Solitkre, ke scorme
bax on (ke left side always holds the player's
score; the score box on the right comtains the
score of your mon-playing  opponent. In oa
I'_'h:l_"ll:ngc game, the npame of cach playoer
appeats in lhe box wilh that player's  score,
The sxore - displayed here e y for the
cumrent Tound. Al the siam of esch round, esch
Score 5 added w b msspciated Total box,
and the Seore box s nesel b 2o,
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Express Yoursell
In the botiom center portion of the screen b ihe cumend et
mamie, Al the Hg,:'fll'iiﬂg af a gume ar motnd, ke name iz
empty excepd far pareniheses:
Wovadode

Here, we e esng perinds: 1o indicale what appears on the
screen BS emply cheracier positions. Below (his emply  set
nasme i & cursor. The cumenl plaver moves the cursar 1o “E

ition in ibe sei peme and, by pressing he [SPAC

RL selecis ome legul conmective “symbol or color dod for
that position in the name. To toggle theowgh all of the legal
xgmhuls for thal  position, iiné[l]:r continee:  pressing e
|SPFACE BAR] Omnce have disployed the desirsd symbod,
haith Edur sclection and your tern are completed by pressing
|[ENTER] or |[RETURN]. If vou move away from a posilion
without  pressang  [ENTER] or  [RETURN], the originel
symbol appeanng al that location will relum.

Before & set name con be evaluabed by the computer, all
parts of [t must be filled in. It peeds o contain the number of
copnéclives you chose at the beginning of the game and
envaph colired  dots 1o evaluale the conpectives. Il may take
sewveral tume before the sel mome & compleled for evaluation,
A valid name with 1 connective may look like this:

L e T Y R

mghmdm?ul. wl..ll -s?::ui}“: duu:c:l-ivciﬁl’u? R
A set nome with 2 conneclives may book like this:
R g C
A st name with all 3 conpectives would lock like this:
E{l (& J_l }ul

A st pame can be filled our tm any omrder, with cach player
Timited Mo setling eilber 8 singhe dob color of 2 copncctive
during & piven temn. But entil the el name iz completely [lled
oul snd evalunled 8 lenst omee, plvess can't chanpe any of the
comnectives of dots. IF all 3 comncotves ame  being  esed,
players also have ihe opbon of changing the order of
pmnﬂmﬂs.

Order OF Evaluation

The parentheses used im @ sel name, as described  earlier,
indicate ibe order the conmeclives are 1o ke evaluaied, The
compuier always evahusies that part of the expression within
lhe inmermost paentheses firm, working i way potward 1o
ihe oulermost conneclive ool contaiped  within  parenibeses;
ar, it begine al the left and evalusles lwands the nght. The
defoult posilion for parentheses will always appear as o (he
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first cxample shown shove, which causes coemeclives o be
evalumed from left w omght The following examples will
illugtrate the effcct parcnthescs have on & 3-conmective sel

T UBNR)-GIuY

(Here, the leners B, R, G, and ¥ rnepresent the colors Blue,
Red, Green, and Yellow.) This set would inciude any cards
coatzining either (1) a vellow dot, er (2) both a blue dot =nd a
red dol, bui nol a green dot.

(B R)={GuY)

This %t name is the same as the ooe abow ¢ or e

Hion of the parentheses. It now includes cands thet comlain

th blue and red, but not green or yellow. Because there ane
oaly fowar eolors, amd oo bwo cands can be idestical, the sol
named ahove con include anly one cand.

To alier pareniheses, 'Tl.u: prese P, and e paremtheses
chanpe. This albows yoa o swikch the parcniheses io af
three posible seitings; the scl pame al the bouom the
wreen will be rewrillen showing the new arangement. Once
o _have the pentheses scl 1o e desired amangement, press
ENTER] or [RETURN] o fix the sciting. This compleles a
player's tum and: begins reevaluation of the scl name and an

img of the scone accordingly. If you decide that you don'l
wanl I change the position of the parentheses before you
poEss [RETURNM] or [ENTER], you can relum ihe pame io
we oviginal form by simply moving the cursor. This allows
you o conbipue your lim Lo make a different change & the sel
name. You may meke only ewe permancnl change o the sel
name dunng your fum. "

To guit, press |ESC] (or +— on the C-64 and [FCTN] 9 on
the TE99A). Whether you wish o simply mimdoce yoursed]
o sel theory, or use your lalents of logic 1o develop cifective
jpame  streiegies, Gpsets 5 definilely a real sotwp  for
challenging fun.

SPACE BAF
ENTER or RETURN
P

ESC’

*FCTH S THISMA, — an C.64




