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Is magic real? Do swords glow if the enemy is nearby?
In the demonic world of Zork, a simulated universe entices
the player into a new form of problem solving.

Beyond'this nondescript kitchen, above and below
the surface of the earth, lie scores of rooms, some con-
taining traps, some containing puzzles. Hundreds of
objects are scattered throughout this maze, some val-

house in the forest clearing is the entrance to Zork, a

of a new type of game: the Computerized Fantasy
Simulation game. ‘

In this type of game, the player interacts conversa-
tionally with an omniscient ‘“Master of the Dungeon,”
who rules on each proposed action and relates the con-
sequences. If the player says “Go north,” he may
move north, or thedungeon master may say ‘“Thereis
no way to go in that direction.” If the player says -
“Open the window,” the dungeon master may re-
spond ““The window is locked.” Theresults depend on
the ‘design of the game, its architecture and fur- -
nishings, so to speak: in one game picking a sword
might be fatal, in another it might confer magical

powers. The design and implementation of -such
games is as much an exercise in creative writing asin
programming.

The interest in playing Zork (or any other CFS
game) is two-fold. First, the object of the game is
usually to collect treasure, and this may be done only
by solving problems; in the above example, the player
would garner 10 points by being clever enough to
open the window and enter the house. (Zork itself has
more than two dozen distinct problems to solve, some
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uable treasures, some magical tools. The little white

game developed by the authors. Zork is one example
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presented in several stages.) Second, a great deal of
the enjoyment of such games is derived by probing
their responses in a sort of informal Turing test: “I
wonder what it will say if I do this?”’ The players (and
designers) delight in clever (or unexpected) responses
to otherwise useless actions.

Overview: simulating the universe

The heart of any CFS game is its ability to mimic
omniscience. By this we mean that the game should
simulate the real world sufficiently well so that the
player is able to spend most of his time solving the
problems rather than solving the program. If, for ex-
ample, the vocabulary is too small, the player must
always wonder if his problem is only that he hasn’t
yet found the right word to use. Similarly, it is annoy-
ing for a possible solution to a problem to be ignored
by the game. In other words, the program must
simulate the real world.

Obviously, no small computer program can encom-
pass the entire universe. What it can do, however, is
simulate enough of the universe to appear to be more
intelligent than it really is. This is a successful
strategy only because CF'S games are goal-directed.
As a consequence, most players try to do only a small
subset of the things they might choose to do with an
object if they really had one in their possession.

Zork ‘“‘simulates the universe’ in an environment
containing 191 different ‘‘rooms” (places to be) and
211 “objects.” The vocabulary includes 908 words,
of which 71 are distinct “‘actions’ it handles. By con-
trast, a person’s conversational vocabulary isa factor
of two (or more) larger. How then does a limited pro-
gram make a creditable showing in the conversational
interaction that characterizes Zork?"

The technique Zork uses for simulating the uni-
verse is that of universal methods modified for par-
ticular situations. For example, when a player tries to
take some object, he expects to end up carrying it.
There are, as in the real world, exceptions: some ob-
jects are “‘nailed down,”” and one’s carrying capacity
is limited. These restrictions are included in the
general TAKE function. However, the designer might
want a special action in addition to, or instead of, the
general TAKE: a knife might give off a blinding light
when taken; an attempt to take anything in a temple
iight be fatal. These exceptions would not appear in
the general TAKE function, but in functions asso-
ciated with the knife and the temple. ’

The details of this method of exceptions will be
taken up later. The effect of it is that ‘‘the expected
thing” usually happens when the player tries to (for
example) take something. If the object he is trying to
take is not special, and the situation is not special,
then “‘it works,”’ and he gets the object. In Zork, there
are quite a few of these basic verbs. They in-
clude “take,” “drop,” “‘throw,” ‘‘attack,’” “burn,”
“break,”’ and others. These basic verbs are set up to
do reasonable things to every object the player will
encounter in the game. In many cases, objects have
properties indicating that a certain verb is meaningful

“function which is the specializing element of that in-

- ground processing. (Figure 1 is a flowchart of the

when applied to them (weapons havea “weapon ™y,

erty, for example, that is checked by the very, Nt
tack”). Applying a verb to an object lacking s
necessary property often results in a sarcastic re

{““Attacking a troll with a newspaper is foolha,-dy I .
but the point is that it does something meamngf'ul‘ .
something the player might have expected. :

Another way in which the game tries to be rea] jg
the judicious use of assumptions in the dungeon my,,
ter’s command parser. Suppose the player says 5, &
tack.” Assuming that he hasa weaponand thereigg, |
enemy to attack, this should work, and it does, Ay
sumptions are implemented by the existence uf very, |
frames (stereotypes) and memory in the parser. Inthy |
examiple, the parser picks up the verb frames for the }
verb “‘attack.” They indicate that ‘‘Attack ‘villajp*
with ‘weapon’ " is the expected form of the phrase. |
Now, “villain” means another denizen of the dun. |
geon, so the parser looks for one that is presently a¢. |
cessible, a “villain” in the same room as the player, |
Similarly, the player must have a ‘““‘weapon’’ in his |
possession. Assuming only one ‘‘villain” is in the
room and the player has only one ‘““weapon,”’ they are
placed in the empty slots of the frame and the fight is
on. '

Suppose that there is only one villain available, the
troll, but the player has two weapons: a knifc and
sword. In that case, the dungeon master can’t decide
for him which to use, so it gives up, saying ‘‘ Attack
troll with what?”” However, it remembers the last in-
put, as augmented by the defaults (“‘Attack troll”).
Thus, if the user replies “With sword,” or even
“Sword,” it is merged with the leftover input and
again the fight is on. This memory can last for several
turns: for example, “Attack”; ‘“Attack troll with
what?”’; “With knife’’; “Which knife?”’; “‘Rusty
knife'’; and so on.

Data structure and contrdl structure

The underlying structure of Zork consists of the
data base (known as “‘the dungeon”’) and the control
structure. The data base is a richly interconnec
pointer structure joining instances of four major dat{
types: “‘rooms,” locations in the dungeon; “‘obj ects.’
things that may be referenced; ‘‘actions,” verbs and
their frame structures; and ‘“‘actors,” agents of ac
tion. Each instance of these data types may containa

stance. The control structure of Zork is, at one level. 8
specification of which of these functions is allowed L0
process an input sentence and in what order. )
In the simplest sense, Zork runs in a loop in w hich
three different operations are performed: command
input and parsing, command execution, and back-

Zork program.)

The command input phase of the loop is relative!."
straightforward. It is intended to let the user type€ m
his command, edit it if he needs to, and terminate it
with a carriage return.
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The purpose of the Zork parser is to reduce the
gser's input specification (command) toa small struc-
wre containing an ““action” and up to two “‘objects”
where necessary.

The parser begins by verifying that all the words in
(he input sentence are in its vocabulary. Then, it
must determine which action and objects, ifany, were
speci fied. For an object to be referenced in a sentence,
it must be “‘available”—that is, it must be in the
playe:"s possession, in the room the player is in, or
within an object that is itself available. Objects not
meeting these criteria may still be referenced if they
are “global objects,” which are of two types: those
that are always available (such as parts of the
player's body), and those that are available in a
restricted set of rooms (such as a forest or a house).
Adjectives supplied with the sentence are used to
disambiguate objects of the same generic type (such
as knives and buttons) but are otherwise ignored. If
an object remains ambiguous, the parser asks which
of the ambiguous objects was meant (for example,
"Wkich button should I push?”’).

N-:xt is syntax checking, whereby the correct ‘“‘ac-
tion " is used for any verb. Syntax checking makes
use of any supplied prepositions, differentiating be-
tween, for example, ‘‘look at” and ‘“look under,”
which imply different actions. Finally, having deter-
mined the appropriate syntax for a given sentence,
the parser ensures that all required objects for a
given action were specified. The parser may, for ex-
ample, decide that the correct syntax for the sentence
“Give X" is “Give X to Y.” An attempt is then made
to supply an appropriate “Y’’ to complete the sen-
tence. This is made possible by the definitions of the
actions themselves, which include the attributes of
the objects to be actéd upon. In the present example,
the - ction for “Give’’ defines the indirect object (“Y”)
to be another denizen of the dungeon; the parser at-
tempts to comply by seeing if one is available. If so,
the indirect object is found, and the parse is suc-
cessful. If not, the player is asked to supply the in-
direct object himself. (““Give X to whom?"’) Once this
phase is completed, the parse is finished and the
parser’s output is returned. .

The adjectives and prepositions that were in the
user’s input are used only to determine the “action”
and the “‘objects,”” and are not part of the parser’s
output. In addition, all articles are ignored, though
users may add them to increase the clarity (to them-
fe]V*?S) of what they input. For example, an input of

Kruinck down the thief with the rusty knife’’ reduces
o something like

[<action STRIKE> <object THIEF>
<object RUSTY-KNIFE>]

If. however, the input were “‘Knock on the thief,” the
Parser would reduce that to

[<action RAP> <object THIEF>]

fecognizing that the ‘“action” to be peformed
fiepends, for the word ‘‘knock,” on the syntax of the
"‘P.Ut sentence: ‘‘knock down’’ turns into ‘‘strike,”
whil: ““knock on” turns into “‘rap.”
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Once parsing has been completed, processing of the
command is started. The functional element (if any)
of each of the objects in the parsed input may be in-
voked. Additionally, some objects not specifically
referenced, but which define the situation, are part of
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the processing sequence. The order in which these movement commands (such as “Ryp norty,

functions are invoked is determined by a strategy of might be meaningless or even fatal. '

allowing the exceptions an opportunity to handle the The verb, or “‘action.”

input before performing the action associated with (a) The indirect object of the sentence, if any

the most general case. The processing order is as (b) The direct object of the sentence, if any, )

follows: (4) The vehicle again, if any. The vehicle is called
second time to enable it to act based on change,
in the state resulting from the action.

(6) The room the player is in.

(1) The actor performing the command, if any.
This allows, for example, a robot with a limited
range of actions.

(2) The vehicle the actor is in, if any. This allows  Each of these functions is invoked in turn a;.-; Tives
the vehicle to restrict movement. For example,  the option of handling the command. If it decides
inside a freely drifting ba}loon the normal handle the command, processing terminates at that




