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Construing the title ...

Playing games ...

Noughts-&-Crosses (N&C)! = OXO-like games
... with observation, dependency and agency

key concepts in “making construals”

... in a new environment for making construals
jseden.dcs.warwick.ac.uk/construit.c3




Making a construal of N&C

Imagine you are watching two people play N&C

---------
us gy
""""

Explain what you think is going on . |
- there’s a grid, some squares ap
- players take turns to place Os and Xs : * |°|

- if O/X makes a line of Os/Xs, they win
- if neither player makes a line, it’s a draw




Making a construal of ... ?

Imagine two people playing what looks l/ke N&C
Explain what you think is going on . EAm
- when an O disappears from the grld "
- when X makes two successive moves:"‘-: xlel

- when X wins in the position pictured above
- when the board rotates after each move




Some possible construals

Perhaps when we see the two ‘N&C players’ ...

---------
us gy
""""

- they are designing a board for N&C -~
- a piece falls of the board in play X
- a player cheats L x|

LE]
--------------

- the winning lines are different
- the playing protocol has been changed




Making a construal ... ?

What does it mean to make a construal?
We link what we think is going on with:
- what/who is responsible for changes X
- what we/they must be observing el

- what connects the changes we/they observe
These are agency / observables / dependencies

---------
s ta
""""




Making a digital construal

From which ENVIRONMENT What interactions
perspective is the ’_$ Contaa and interpretations
maker making the is the maker familiar
construal e.g. s | with? Convinced of?
Agents? Constraints? WAL puzzled about?
N
Script of
definitions of What external
observables | COMPUTER DOMAIN | subject does the
with associated T~ [onstrual ceferent| €| | maker have in mind
network of when interacting
dependencies A connection experienced by the maker with the construal?




Dependencies in N&C

. | Dependency M R
& ...observableList2 b Sttt B X

owon|owonls|status|draw Exact matches only ¢

s4 is boardstate[4]; positionInList xwonls lin3

1lin2 is [s4,s5,s56];
alllines is [1in1,1in2,1in3,lin4,‘
1lin5,1in6,1in7,1in8]; lin8 lin3

owonl
owonI is (alllines[ i][1] == o) &&
. : Wor
(alllines[_i][2] == o) &&

(alllines[ _i][2] == 0);
owonls is owonI with _i is 1..alllines#; xwonl lin1
owon is positionInlList(true, owonls) != 6; lin7
draw is (! xwon) && (! owon) && full,
status :i.s('. (xwon.g"x wins )) // ' xwon full lind

(owon?"0 wins ":"") //

(draw?"Draw ":"") // "";

lin6

|
Script of observable definitions 2

and network of dependencies s5 boardstate

lab4

V




The OXO Laboratory

screen

INCLUDE NEXT LAYER
GEOMETRY STATUS

X has won FALSE
0 has won FALSE

O e /7 Status of an
b o o arbitrary

OXO position

O] XX

INITIALISE 0 TO START Computer On

PLAY GAMESTATE

Winning lines s

el ] olx|o

i < =
=~ X O __ State of OXO

board in play

HELP
This layer incorporates the whole concept of playing a game. It introduces the concept of whose turn it is. & player cannot place a
an X

:
Square evaluation
Fou also cannot ‘cheat’ by removing or overwritting sn 0 or

and chosen move | i i b e cn of slovizg.
Click on the ‘Initialise’ button to clear the board and start a new game. Click on the yellow button to change who starts (The player to
start is displayed on the button). Click on the cyan button to turn the computer on or off (The state described on the button says whether
the computsr is currently on or off)
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The OXO Lab in the MCE

L c jseden.dcs.warwick.ac.uk/scifest16/

New Window ExlIsting Window: Optlons & Meurlg Beynon
Observable List 2 Agent Canvas picture -0 %
- % gen - & X%
(showObservables) wrb/OXOlaboratory
= fal or
Xwon = false ( & input ~ OXOlaboratory - selectmove )
owon = false
nofx = 3 import wmb/OX0laboratory/geometry;
nofo = 3 impert wmb/OX0laboratory/winninglines;
full = false import wmb/OX0laboratory/status;
dFer 2 il import wmb/OX0laboratory/boardcontent;
import wmb/OX0laboratory/selectmove; O X O
import wmb/OX0laboratory/statusrules;
ik
£
geametry - the grid Lines and key locations in the grid X
winninglines - the conceptual triples of winning Llines
status - whers the pieces are on the board
boardcontent - the pieces as visually represented by labels x O
selectmove - enabling pieces to be placed using the mouse
statusrules - interpreting the current position
with reference to the rules of noughts-and-crossed
* )
/
showObservables {"xwon$ |owon$ | draw| full |nofx|nofo");
< H
A Q & & Py L
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Observing the geometry

- )

eometry

* lines of the grid (NESE)
* endpoints of lines (NW)
* locations for tokens (sq4)
* size of the grid (size)

Winning lines

Qght winning triples (Iiny

ENVIRONMENT

Context

Understanding

/

COMPUTER

habossnnnnnns Construal

MAKER

N

N\

DOMAIN

Referent

NW
O o
WN
sq4 e
X lin6




Modelling the OXO grid

~ Agent -2 % Agent
EaubiOlaboratyy paemitreany wimb/OX0laboratory/winninglines
T
( - statusrules &

geometry >
(‘sl&— - statusrules ©  geometry Sl winninglines

NW

WH is Point(18e+size*a.5, 1eo+size*d.5);

MW is Point(1@@+size*2.5, 1@8+size*s.5); allsquar“es is [SZI.,52,53,54,55,56,5?,58,59‘];

nofsquares is allsquares#;

5ql is Point(1@6+size*1.5, 1@6+size*5.5); WN
sq2 is Point(l1@@+size*3.5, 188+size*5.5); linl [51,52,53];
s lin2 [54,55,56];
5

1lin3 [57,58,59];

NWSH is Line(NW["x"],NH["y" ], SH["x"],SH["y"]): 11:.n4 [51,54,57];
MESE is Line(ME["x"],ME["y"],SE["x"],SE["y"]); X O ||n6 1in5 [52,55,58];

liné [53,56,58];
gridlines is [WMNEN, WSES, MNWSW, NESE]; 1in7 [51 55.5971:
El El E ]

sq3 is Point{lea+size*s.

s 1@B+size*5.5); Sq4 [ ] X

sq4 is Point(l@g+size*l. 166+size*3.5);

@)
>

) R {11 ; .
picture is gridlines NESE lins [53,55,57];

size = 49;

alllines is [1lin1,1in2,1lin3,1in4,1in5,1in6,1lin7,1in8];

Q
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Observing the board state

ENVIRONMENT

Context / \

’ boardstate :
Understanding [0,X,0,u,X,U,X,0,U]

MAKER x/o/u:l/-1/0

lab5: “X”
\ @ piece5: “X” at sq5

(o

tatus
* current position (boardstate)
* tokens on squares (x / 0 / u) O | X O
COMPUTER DOMAIN
Board content 1| — Cofetraa| e A b X

* visual token (lab5)
* located visual token (piece5)

o _/ \.
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The state of the OXO grid

Agent
l.-\'mb.rOXDIabolatorw'sta tus

dabl is (57 == a)} ¥ "0" : ({57 == x) & "6" :
plecel is Text{labl,sql["*x"] A1 il [ T |
lab2 is (58 == a0} ? "0" : ((58 == x) 2 "X" :

VA Al Al A Sl Ay B | 4
plece2 is Text{labZ, sq2["x"] , EQ2["y"]
/ lab3 is (59 == o) ¥ "0" ; ((59 == x) # "X"
feced is Text(labd, sqi["x" ; Sq3["y"

boardstate = [u,u,u,u,u,u,u,u,u]; ?sh1zsfsﬂ--iﬂ f.;.k iiﬂ --:;[:'i'-
pieced do Toxtilabd sgdf-u-] sgdly-]
: labs 4 (55 == 0} ¥ "0 ¢ ((55 == x) ? "X"
pieces is Text{labS,sq5["x"] , =q=["y"] , "black");
labé (56 == g} ¥ "0° | ((56 == 5} 7 e §
? pigced is Text{labt,sgé["x"] 2 =qB["y"] , "black®);
E 1ab¥ is | == g} 00 ¢ (51 == x) F OCNY

1;

1;

1;

1; :

1; piece? s Text{lab?,sq7["*"]-15, sq7["y"] "black");
. .

1;

IH

IH

51 is hoardstate

52 is hoardstate

k)

[1
[2
53 is boardstate[2
54 is boardstate[4
55 is boardstate[
[
[
[
[

1ab® is (52 == 0} * "% @ ((52 == x) 2 "N" :

pieced is Text{labZ,sqa["x"] . s5a8["v"] lack™);

s6 is boardstate

2

57 is boardstate H

] labg is (53 == @} ? "0" ¢ ((53 == x) 2 X"
s8 boardstate[&]; piecsd is Text({1abs,sqa[*x"]-15, sqa[y"] "black™);

5
<]
7
g
9

59 is boardstate

)

pPlecas 16 [JLEE%I, plecez, pieced, pleced, pieces, pleces, plece?, pieces, Dlé{E?]j

allsquares is boardstate;

Q

picture is gridlines // pleces;

15



Modelling players’ agency

@ect move \

* whose turn is it?
(chooseplayer /
chooseplayer value /
player
)

* where on board to play?
(mouseXnear?2 /
mouseYnearl)

* which square?
(mouseXselect /

\ mouseYselect) /

h |
ﬁ oosep%er mouseXnear?2

chooseplayer _value

mouseYnearl ya* O
(mouseX, mouseY) X

(mouseXselect, mouseYselect)

X | O

K player is the current player : O

~

/

16



Placing Os and Xs on grid

chooseplayer

-0 %

m O U S eX n e a rz wmb,’O){OIabl:E:t;;fsaIe ckmove

T - OXOlaboratory & selectmove & simpleMandC - statusrules >

mouseXnearl i ¥-16B8)*(mouseX-168)<near);
Choosep|ayer value mouseXnear2 i X-248) ¥{mouseX-248)<near) ;
- mouseXnear3 i H-328)*(mouseX-328)<near);
mouseyYnearl i Y-168)*(mouseY-168)<near);
a mouseYnear2 i Y-248)*(mouseY-248)<near);
mouseYnearl O a* O mouseYnear3 i Y-328)*(mouseY-328)<near);
mouseXselect is {mouseXnearl ? 1 : (mouseXnear2 ? 2 : (mouseXnear3 ? 3 : @)));
mouseYselect is {mouse¥nearl ? 1 : (mouseYnear2 ? 2 : (mouse¥near3 ? 3 : @)));
(mouseX, mouseY)
x proc makemove: mousePressed {
(mOUSEXSG|eCt, mOUSGYse|eCt) if ((mousePressed) && (mouseXselect®*mouseYselect != @)
boardstate[ (mouseYselect-1)*3 + mouseXselect] = plaver;
}
x O chooseplayer is DropDownList{["O","X"],["0","X"], 18, 18, true};

player is (chooseplayer_value == "0"} ? o : ((chooseplayer_wvalue == "X") 2 x : "");
picture is gridlines // pieces // [chooseplayer];

Q

player is the current player : O
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Maker-defined functions

Agent - X
wrnb/ OXOlaboratory /statusrules

4 - OXOlaboratory -~ selectmove & simpleNandC . statusrules >

## illustrating the use of functions

func nofpleces {
para |:|]___r pzs PYTEEII I
auto count, total;

plis a list of squares
p2isa ‘o’ or ‘X

total = &;
for (count=1; count <= pl#f; count++) Total number of Xs on the grid (nofx)
if (pl[count] == p2) nofx is nofpieces(allsquares, x);
total++;

notfo is nofpleces{allsquares, 0);
return total; i
} full is (nofx + nofo == nofsquares);

18



Using the with-construct

Agent - X%
wrnby OXdlaboratory/statusrules

( - OXOlaboratory © selecimove & simpleNandC o statusrules >

## illustrating the with construct

xwonl is {alllines[ i][1] == x) && {alllines[ i][2] == x) && {(alllines[ i][2] == x);
xwonls is xwonI with 1 is 1..3lllines#;

owonl is {alllines[_1i][1] == o) && (alllines[_i][2] == o) && (3lllines[_i][2] == oO)};

owonls is owonl with 1 is 1..alllines#;
o|x|.0
xwon is positionInList{true, xwonls) != o; €— “X hasa winning line” o
owon is positionInlList{true, owonls) != 2; I yx
‘The line indexed by _i is a winning line for X” X 0

“The line for which _iis 8”
“Has X or O won the game? == “Is there a winning line for X or 0?”

19



Interpreting the rules

Agent - X Agent - %
wimby/ OXOlaboratory/statusrules winby) OXOlaboratory/statusrules
( - OXOlaboratory ©  selectmove & simpleNandC . statusrules > ( - OXOlaboratory © selecimove & simpleNandC . statusrules >
## illustrating the with construct ## illustrating the use of functions
xwonI is (alllines[_i][1] == x) && (alllines[_1i][2] == x) && (alllines[_i][3] == x); func nofpieces { 1 is a |ist Of sguares
®wonls is xwonIl with i is 1..alllinesi#; para pl, pa; .""----....--.-.. p q
auto count, total; p2 |S a ’O’ or ’X’
owonl is {alllines[_i][1] == o) && (alllines[ i][2] == o) && (alllines[_i][2] == o©); total = 8;
owonls is owonI with _i is 1..alllines#; for [count=1; count <= plft; count++)

if (pi[count] == p2)
xwon is positionInList(true, xwonls) != @; @”X has a W|nn|ng ||ne” total++;
owon is positionInList(true, owonls) != &; return total;

[ | }
“The _i-th line is a winning line for X”

nofsquares is allsquares#;

K nofx is nofpieces(allsquares, xJ; Total number of Xs on the grid
O X .y@ nofo is nofpieces{allsquares, o)};
full is (nofx + nofo == nofsquares);
X draw is (! xwon) && (! owon) &8 full;
status is (xwon?"X wins ":"") J/ {owon?"0 wins ":"") f/ (draw?"Draw ":""} S50

“The line for which _i is 8” Q I

20



O seeks a winning move

* Is the game over?
end_of game is owon || xwon || draw;
* Does line lin have just 2 Os on it?
lin_w is lin[1]+lin[2]+lin[3] == -2;
* Does the line with index ix have just 2 Os on it?
winlineix is lin_w with lin is alllines[ix];
* Does any line have just 2 Os on it?
winlines is winlineix with ix is 1..8;
* Where is there an empty square on line lin?
gapinlinis 1 if lin[1]==0 else (2 if lin[2]==0 else (3 if lin[3]==0 else 0));
* Where the line with index ix has a space ... where each line has a space
playonlinix is gapinlin with lin is alllines][ix];
playonlines is playonlinix with ix is 1..8;

21



O makes a winning move

Register the winning lines as sets of indices of cells on the grid, not via their contents
alllinesindices is alllines
withslis1,s2is2,s3is3,s4is4,s5is5,s6is6,s7is7,s8is8,s9is9;
* The index of the line with index _index if it is a winning line for O
winindex is _index if winlines[_index] else 0;
* The set of indices of line that are winning lines for O — possibly empty
iswinindex is winindex with _index is 1..8;
* An index of a winning line for O, if there is one
wline is max(iswinindex);

O is to play there is a winning line the game isn’t over
when ((player==0) && wline>0 && lend of game ) {
boardstate| alllinesindices [wline] [playonlines[wline]] ]=o0;

} index of winning line  index of gap on winning line

22



Reflections on the MCE

* Tension between ...
bricolage vs. eliminate redundancy, conform to
standards, clarify through abstraction
cf. functions and procedures 'objective'
with's and when's 'agent-oriented'
* Challenges
? Project Manager interface
? intuitive way to represent with's

23
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com putations) tinki ¥ Oraf schachle SEDENVIZ2161 % | 1 [eeden deswarwicka By Samaung UEATKUE I aeges sgos cosk - BB
€ C @ jsedende 3 %

ow  Existy Help & Meurig Beynon

canvas picture - Agent N Agent ~ & x | Obsarvable List (showobservables)

on Agent -ex xwars|awans |drawiFull|naf|nefo

< status & < selectmove
< winninglines & >
0= -1
allsquares s [s1, 158,59]; use; nousexnearl 15 (( " yeneard;
is allsquaress; mouseXnear2 is (( e yenear);
o) X o) boardstate ,u] mo 145 (( 9( yenear);
lint is [s1,s2,53);
n2 1s [54,55,56]; 51 is board evneard is (( )" yenear);
n3 is [s7,58,59); 52 is board ar2 is (( " )enear);
X [s1,58,57]; <3 is board ™ 3 ds (( 2*( )enear);
(52,55,58]; 4 15 board
[53,56,59]; s5 1s boardstate mouseXselect is (mouseXnearl ? 1 i (mouseXnear2 2 EREIY
(51,585,593 6 is baard usevselect is (mousevne (mousevnear2 ? ? N
X o] [53,55,57); <7 is boardsta
<8 is boardstat mousePressed
alllines is [1in1,1in2,1in3,1ind,1in5,1in6,1in7,1in8]; 59 13 b ) 88 (mousex: trmouseyselect 1= 2))

)*3 + mouseXselect] = p

allsqu

Q

(["o","x"],["e","x"], 18, 18, E
) ? o : ((chooseplayer_value

is (chooseplayer_value

e is gridlines // pleces // [c

prees =
— x . ager
gty & >

N K3 boardcontent

S

: Agent — Agent _—

BN ds . labl 1s (s < statusrules & 2] ¢ & board & simplaNandc & NoughtsCrosses & humanmove & >
piecel is black");

Es 12 lab2 is (s

SE is 2§ y
piece? is black"); . .

SW ds Jak3 43 (9 ’ _ i ) . of_gane 45 owon || xwon || dram;

s s swonI is (alllines[_i] ines[_i][2] == x) 8& (alllines[_i][3] == x};

pieces is
4 43 (54 == 0) ? "0

black™);

swonls is xwonI with _i is Lin[1]s1in[2]41in[3]

winlineix s lin_w with lin is

Llines[ix]

Lack™); owonl is (alllines[_i] Lines[_i][2] == o} 8& (alllines[_i](3] == o); ;
owonls is owonl with
black™): n_b is Lin{1]elin{2]+lin(3] == 2;
xwon i (true, ; blocklineix 4s 1in_b with lin is alllines
% owon s (true, : .
sa s bLack™); winlines is winlinelx with ix ds 1..5;
s i3 blocklines i blocklineix with ix is 1..8;
Lack™); fune nofpteces {
L, 1 S~ para pl, p2; gapinlin is 1 4f lin[1)==0 else (2 if Lin[ else (3 if lin[
(KXW 7y L ESL " ] ; to count, total;
(N[ x™), N[ "y, Total = o5

pieces is [p pieces, piece?, pieces, pieces];

for (count

pL#; countss) playonlinix is gapinlin with lin is alllines[ix];

(NE["x"], NE["y" ], 51

picture is gridlines // piece

yonlines is playonlinix with ix is

gridlines is [WNEN, WSES, MWSK, NES

picture is g es;

nesindices is alllines

with 5145 1, 52 45 2, 53 45 3, 54 s 4, 55 45 5, 6 45 6, 57 is 7, S8 is %, 59 45 O

nofsquares 1s allsq
nofx is nofpieces(alls:
nofo is nofpieces(allsqu
full is (nofx + nofo nofsquares); Q ;
draw is (1 xwon) & (! owon) 88 full

status is (xwon?X wins ":"") // (owon2"0 wins ":"") // (draw?"Draw

ex if winlines[_index] else &;

Q
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oo S

@ iseden deswarwick ac.uk

Ex

T—

Help

Canvas picture.

or

WNEN i3
WSES i5
NasW 15
NESE 15

geometry

WH["y" ], EN["x"
WS[ 1, ES[ " S
N[y "], SW[ %" ], SW[ "
X 1ME[y "] 5" 5L

is [WMEN, WSES, MWSW, NESE];

= is gridlines;

= Jonden des wanuich L

Agent

piece is

1ab7 is (s1
is
1abs 15 (s2
pieces s
1abo 1s (s

plecen is T

pleces s [piece

pictur

lab2 is (s8 == o) ?

Fsquares 1s all

lind ds [s1,52,53];
lin2 is [s4,5,56];
1s [s7,58,59];
11na 15 [s1,54,57];
s5,58];
156,591

1407 ds [s1,55,58];

(Lab2,5q2("x")

1s gridlines // pieces;

13 [51,52

winninglines

Jing];

, pieces, pie

Agent -

status

; mouseXnear is (( )4
mouseXnear? s (( “(

boardstate = [u,0,U,0,0,,u,u,u]; mouseXnear3 1s (( 2"
51 is boardstate[1]; mouseYnear s (( )"
is boards 1 mouseYnear? ds (( )"

i mouseYnear3 is (( )"

1i

i mouseXselect

mouse¥select

Agent

< statusrules

I s (all

es[_i][1] == x) 8& (alllines[
T with i is 1..all

is

owonl is (alllines|

1] =

omonls is owonl with i is
swen s " (true,
owen ds nIntist(true,

for (count=1; count <= plA; countes)
pi[count] == p2)
Lot
]
is (nofx + nofo Fsquares) s
i5 (1 saon) 88 (1 owon) 88 Full;
s i3 (xwon?"X wins ":"") // (oWon?"0 w

1 proc makemave:

is (mouseXneard
is (mouseYnearl

essed {

£1[2] == %) && (allline

88 (alllines[ i](2] == o) 8& {alllines[ i](3]

=) /1 {draw?"Dron

Q

) 8% (mousesele:

Agent

Yenea

)enear);

)enear

)enear);

4101

vpuny gp o

- x);

= o)

Obsarvable List (showObservables)

semong|owons|draw|ull | neto.

v AlKings

Agent

& humanomave

import 1ib/1

arizontalline is Line(@, y, width, y

izentallines is herizentalline with .
calline is (%, 0, x, height);
allines is verticalline with x is 1..width-1;

Options is Object(

align”, “centre”,

valign®, "middle
glyph is

@ if mark[x][y] = @

else Text(mark(x][y], x Ly » 8ly
owofGlyphs is glyph with x is 1..width;

allclyphs 1s rowofGlyphs with y is 1..height;

ptions);

& board
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