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‘How to Fit a Large Program
Into a Small Machine

or

How to fit the Great Underground Empire
on your desk-top

“Marc S. Blank
and
S. W. Galley

Imagine yourself sitting down at
your favorite personal computer,
inserting a diskette, turning on the
power, and seeing what foilows. Your
typed replies are in capital letters.

Zork: The Great Underground Empire
part 1, release 1

© Copyright 1980 Infocom, Inc. All
rights reserved. Zork is a trademark
of Infocom, Inc.

West of House

You are standing in an open field
west of a white house, with a boarded
front door.

A rubber mat saying ‘Welcome to
Zork! lies by the door.

There is a small mailbox hers.
>0OPEN THE SMALL MAILBOX

Opening the mailbox reveals a
leaflet.
>READ THE LEAFLET
(Taken)

Marc S, Blank, 2315 Stearns Hill Rd., Waltham,
MA 02154, and 8. W. Galley, 285 Gray St., Arling-
ton, MA 02174.

Welcome to Zork: The Great Under-

ground Empire _

Zork: The Great Underground Em-
pire is a game of adventure, danger,
and low cunning. In’it you will explore
some of the most amazing territory
ever seen by mortals.

No computer should be without
one!

S A TR TR
Z-code strings work out
to about five and a half
bits per visible character,
which is still significantly
more compact than eight

bits.
L ]

The original ZORK was created by
Tim Anderson, Marc Blank, Bruce
Daniels, and Dave Lebling. It was
inspired by the ADVENTURE game of
Crowther and Woods. This version was
created by Marc Blank, Dave Lebling,
Joel Berez, and Scott Cutler.
>WALK AROUND THE HOUSE
North of House

You are facing the north side of a
white house. There is no door here,
and all the windows are boarded up. To
the north a narrow path winds through
the trees.
>AGAIN .
Behind House

You are behind the white house. A
path leads into the forest to the east. In
one corner of the house there is a small
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window which is slightly ajar.

>LOOK IN THE WINDOW

You can see what appears to be s
kitchen. £
>GO IN
The kitchen window.is closed.
>OPEN IT ;
With great effort, you open the:
window far enough to allow entry.
>GO IN
Kitchen
You are in the kitchen of the w
house. A table seems to have Lee
used recently for the preparation
food. A passage leads to the west and
dark staircase can be seen leadin
upward. A dark chimney leads dow
and to the east is asmall window whid
is open.
On the table is an elongated brow
sack, smelling of hot peppers. A bottl
is sitting on the table.
The glass bottle contains:
A quantity of water
>PICK UP
pick up what?
>ALL BUT THE SACK
kitchen table: An interesting idea . . -
glass bottle: Taken.
quantity of water: | can’t reach that.
>GO WEST
Living Room
You are in the living room. There
a door to the east, awooden door with
strange gothic lettering to the west .\
which appears to be nailed shut, and 8 |
large oriental rug in the center of the -,
room. i
There is a trophy case her¢ A |
battery-powered brass lantern is O
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How to, cont'd...

the trophy case. Above the trophy case
hangs an elvish sword of great
antiquity.

This transcript shows the begin-
ning of an adventure into a land of
Zork. Zork was originally a single
“computerized fantasy simulation”
game in which the objectis to explorea
labyrinth, called the Great Under-
ground Empire, comprising a variety of
interesting caves or rooms, and to find
hidden treasures and return safely with
them. We now say that Zork is a
computer-game environment in which
different games, with different scen-
arios and different puzzles to solve,
can be written. A Zork player con-
verses with a Zork program by typing
commands in a kind of restricted

English and reading the program’s $%
English responses. A longer descrip- B
tion of the original game and program 2%

can be foundin“Zork: A Computerized
Fantasy Simulation Game" by Lebling,
Blank, and Anderson (IEEE Computer,
April 1979, pp. 51-59).

Status bits represent

qualities of a Thing, both
permanent (edible, burn-

able, fightable, “room,”
etc.) and temporary (“lit,”
“open,” etc.).

R M N S AR

The original Zork game was
implemented on a DECsystem-10 at
the MIT Laboratory for Computer
Science in & local Lisp-like language
. called MDL. This Zork game was later
translated into a Fortran version for
DEC PDP-11 computers and made
available through the DECUS program
library. In both versions the program is
large: it occupies most of a process’s
virtual storage on a 10, and it requires a
large disk for secondary storage on an
11. In converting Zork to run on
personal computers, the designers
needed some way to shrink it in order
to fit it into the relatively small available
storage.

One shrinking tactic was to re-
move the features of MDL that are not
needed in Zork, such as coroutines,
associative storage, and fancy input/
output. The stripped-down version of
MDL that resulted was named Zork
Implementation LLanguage (ZIL). How-
ever, that was not enough: a straight-
forward compilation of a Z!L version of
the original Zork game into the
machine language of any known
personal computer would still have
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produced an executable program too
large to fit.

The solution was to invent a
“virtual machine,” specifically de-
signed to execute Zork programs; the
virtual “Z-machine” has.a machine
language called “Z-code,” in which
Zork programs can be expressed very
compactly. Then all that was needed
was a Zork Interpretive Program (ZIP),
written in the machine language of any
given target personal computer, that
would imitate a Z-machine in carrying
out the Z-code operations. (A compiler
that translates from ZIL to Z-code is
also needed, of course, but the highly-
structured nature of MDL., and hence
ZIL, makes that a relatively simple
task.) A good benchmark for the
storage saved by rewriting Zork in ZIL
is the Zork parser, which analyzes a
player's English input: the parser for
the PDP-10 occupies 10K 36-bit words,

-while the Z-code parser, which is

actually better functionally, occupies
only 3K 8-bit bytes.

This Z-code approach is similar to
that of compiling a Pascal program
into “P-code,” (although there are now
P-code machines, like Western Digi-
tal’s Pascal Microengine™, that are real
and not justvirtual). In effect, Z-code is
like P-code: a string of subprogram
calls, with the bodies bf the subpro-
grams executed by a Z-machine or
ZIP. Any often-used sequence of
operations in Zork programs could, in
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principle, be compressed into a Z-code
instruction, thereby moving the se-
quence of operations into the 2-
machine or ZIP, where it needs to
appear only once. The Z-machine
designer just has to be judicious in
choosing Z-code bit patterns and
subprogram parametrizations to get
the most benefit from this virtual
machine method.

Besides compres%ing the: space
needed by Zork programs, the Z-code
approach also makes conversion 10
another (real) computer easier, be-
cause, assuming that the design of Z-
code is reasonably machine-inde-
pendent, all one needs to do is to
implement ZIP on the new machine.

Z-code objects:

Z-code is an object-oriented
language (as are Lisp and MDL and
ZIL). In this section the various kinds of
objects and the possible operations on
them are described. Excerpts from &
transcript of a game are used to
ilustrate the uses of these objects.

All Z-code objects occupy one of
two bytes in storage, and exactly two
bytes while they are being processed.
Like MDL, ZIL uses “type codes” t0
distinguish among the different types
of objects, but Z-code does not, to-save
space; the ZIL compiler checks qu
proper use of types, but ZIP doesn't
bother. A Z-code operation that yie!ds
a truth-value (integer 0 or 1) is cali2d
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a5 in Lisp) a “predicate”; the Z-code
operation-codes for all predicates
include a bit for inverting the sense of
thne test, another  space-saving

measure.

pam Lobby

This room appears to have been
the waiting room for groups touring
the dam. There are exits here to the

north and east marked ‘Private,’
hugh the doors are open, and an exit
1o “he south,

Some guidebooks entitled ‘Flood
control Dam #3' are on the reception
desk. There is a matchbook whose
cover says 'Visit Beautiful FCD#3' hers.
>COUNT MATCHES
You have 5 matches.
>COUNT NOSES
| don’t know the word ‘noses.’

integer:

~ an integer, such as the number of
- ..1zhes left in a matchbook, is stored
. two bytes, according to the normal
L Dbit-level representation used by the
& nardware. Operations on integers
8 include the four normal arithmetic
& tunctions, remainder or modular
! ssduction, and generation of a random
L integer In the range 1-N. (Modular
8§ reduction — calculating the remainder
. in a division — is useful for stepping
through a set of English responses
i cyclically. Random-integer generation
i s useful for choosing a response at
§ rendom from a set of similar re-
8 :-cnses.) Predicates test for one
k- wger being lessthan, greater than, or
& < .ual to another integer, and for an
& nteger being zero. (Since the sense of
| mtest can be reversed using one of the
. bits in ils operation code, this means
implicitly that there are also prédicates
1o test for greater-than-or-equal, less-
than-or-equal, not-equal, and not-
| 2ero.) Testing for zero may seem
redundant, given an equality test, but it
L s used often enough that the cost of
using another operation code is
§ outweighed by the value of eliminating
I the byte that would be used to hold a
. roroin avery instance. Naturaily, there
15 an operation to “print” an integer in
'he output stream — though, of course
most personal computers display
Characters on a CRT rather than
printing them on paper.
e In some situations an integer is
mta'tad as a string of 16 independent
) 8, for this case there are operations
or Boolean “and” and “or" and “not,”
gg: for testing individual bits. The
5,eracwter'e. intheplayer'sinputarealso
‘z:;me-d as integers, using the ASCII
0%6. for this case there is an output
o ration to printasingle character, as
©wn in the last response above.

JULY 1880

The Troll Room

This is a small room with passages
to the east and south and a forbidding
hole leading west. Bloodstains and
deep scratches (perhaps made by an
axe) mar the walls.

A nasty-looking troll, brandishing
a bloody axs, blocks all passages out
of the room.

Your sword has begun to glow
very brightly.
>KILL TROLL WITH KNIFE

The blow lands, making a shallow
gash in the troll's arm! The troll swings .
his axe, and it nicks your arm as you
dodge.
>AGAIN

The quickness of your thrust
knocks the troll back, stunned. The
troll slowly regains his feet.
>AGAIN -

A quick stroke, but the troll is on
guard. The troll swings his axe, but it
misses.
>AGAIN

A good slash, but it misses the troll
by a mile. The axe crashes against the
rock, throwing sparks!
>AGAIN

The troll is disarmed by a subtle
feint past his guard. The troll, now
worried about this encounter, recovers
his bloody axe.

[RRRRSSRERREEE ]
The name of a Thing
identifiles it uniquely to
the player throughout the
whole game, e.g., “kitch-
en,” “bottle,” “thief.”

M

String:

As ‘you can see, Zork programs
tend to be wordy, so strings of
characters need to be stored as
compactly as possible. Three charac-
ters can fit in two bytes, if each
character uses only five bits. But five
bits can encode only 32 characters
directly, and that is obviously not
enough. The solution s to use different
“contexts” and to reserve one or more
“characters"” for switching among
contexts. (This technique Is similar to
the five-bit Baudot code, which was
used by early Teletypes before ASCil
was Invented.) Z-code strings use
three contexts — lower case, upper
case, and digits/punctuation — and
several characters for switching
among the contexts, either “perma-
nently” or only for the next character,
the latter in order to capitalize a word
or use a single punctuation mark.
Because of the extra characters used
to switch contexts, Z-code strings
work out to about five and a half bits
per visible character, which is still
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significantly more compact than eight
bits.

The only operation on strings is to
print them, ie., show them to the
player. There is no need to manipuiate
them, except to print strings sequen-
tially so that they form sentences for
the player. (Actually, simply because it
occurs so often, there is also an
operation for printing a string andthen
returning from a function call.} Most
strings are stored without “new-line”
characters, and ZIP takes care of
“folding” the output into lines of asize
convenient for the particular display
being used; a few rigidly-formatted
strings do use new-lines in order to
draw a crude picture with the charac-
ters.

>SWIM

| don’t really see how.

>SWIM

| think that swimming is best per-
formed in water.

>SWIM . -
Perhaps it is your head that is
swimming.

>TAKE HOUSE

What a concept!
>AGAIN

A valiant attempt.
>AGAIN

You can't be serlous.
>AGAIN

Not bloody likely:
>AGAIN

An interesting idea . . .

Table: ,
A table Is used to keep a set of
related objects (like the responses
above) together, as alist isused inLisp
or a record is used in Pascal. A table Is
stored as a number of two-byte (or
sometimes one-byte) objects one after
another. The length of atable issome-
times stored in its first element — to be
used by parts of aprogram that needto
step through all the elements — and

sometimes not — If the program itself

knows how long the table Is. Opera-
tions on a table can get a word (two
bytes) out of it and put a word into it;
get a single byte out and put one in;
and move the pointer along to another
element (like CDR in Lisp) or back-
wards to-a previous one (like BACK in
MDL). (Actually, since a pointer to a
table is just a plain address, ordinary
addition and subtraction are used to
move a pointer forward and backward
in a table.)

Thing:

“Things” are probably the most
interesting objects, since they repre-
sent the player, rooms, enemies,
weapons, treasures and so on — the
stuff of which a game is made. To avoid
confusion, “Thing” will always be
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written with a capital “T” when it refers '

to this kind of Z-code object. Since
there are relatively few Things used in
a Zork game, but they are used very
frequently, each Thing is designated
by a one-byte number rather than, say,
its two-byte address in storage. This

Things”, whose names the parser will
recognize as significant but which
have no interesting properties.)

A Thing's number can be easily
translated into its address in storage,
where its parts are found: status bits,
contents, and properties. These parts

are stored sequentially, as in atable, in

a very strict format: four bytes for

status, three bytes for contents, and.

two bytes“nolding .the he
property table —30 ZIP needs to know

~ofly the address of the first Thing in
order to translate a Thing number into
its address.

Operations that do not

deal directly with ob-
jects Include the null
operation; go-to (jump,
branch), call a function,
return a value to the
calling function, return
“true” or “false” or what-
ever Is on top of the stack

to the calling function.

ualities of a
Thing, both permanent (edible, burn-
able, fightable, “room,” etc.) and
temporary (“lit,” “open,” etc.).

>TAKE SACK

Taken. .

>LOOK IN SACK

The browri sack s closed.

>0OPEN SACK

Opening the brown sack reveals a

lunch, and a clove of garlic.

>TAKE LUNCH OQUT

Taken.

>TAKE CLOVE THEN PUT

BOTTLE IN SACK

Taken.

Done.

>LOOK IN SACK

The brown sack contains:

A glass bottle

The. glass bottle contains:
A quantity of water

Each Thing has 32 status-bits,
which can be turn ed
ndividually by Z- operations

(i 8 represent q
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A Thing's contents part relates it
spatially to other Things in three ways:
as a parent (“container”) as a child
(“containee”), and as a sibling (“in-
mate"). For example, if the knife and
the bottle are in the kitchen, then the
kitchen’s “child” slot would hold the
number of the knife, the knife's
“sibling" slot would hold the number of
the bottle, and the knife's (and bottle's)
“parent” slot would hold the number of
the kitchen. (Of course, depending on
how they got there, the knife and the
bottle might be interchanged in this
data structure.) Such a data structure
is commonly called a list: Things can
be added to or removed from a list
simply by moving the appropriate
numbers into the slots. Manipulating
list structures of this kind — the reason
Lisp was invented — is essential in
Zork games, as Things get moved here
and there by the player. For conven-
ience, “contents” has a more general
meaning in ZIL: for example, the
player's baggage is “contained in” the

contents are

® “move X into Y,"” :

® “remove X from everything” (e.g., if
it is eaten or otherwise destroyed),

® “is Xin Y?" and “what is X in (if any-
thing)?” (using X’s parent slot),

® “what is the first Thing (if any) in X?"

(using X's child slot), and

® “what is the next Thing (if any) in the

same Thing that X is in?" (using X's

sibling slot).

M
Program pages are kept
on disk until needed and
then read in to a suitable
page frame for interpre-
tation. ,

N S S S T A

This is the attic. The only exit is a
stairway leading down. On a table is a
nasty-looking knife. A large coil of
rope is lying in the corner,

>TAKE NASTY KNIFE

Taken.

Maze :

This is part of amaze of twisty little

‘passages, all alike.

A skeleton, probably the remains

of a luckless adventurer, lies here.

Beside the skeleton is a rusty knife.
The deceased adventurer's use-

less lantern is here. There is a skeleton

key here. An old leather bag, bulging

with coins, is here.

>TAKE RUSTY KNIFE

As you pick up the rusty knife,

your sword gives a single pulse of.

blinding blue light.

player Thing. The operations on .

Finally, each Thing has a table (in
the format describﬁ_pg@mmf its
properties, such as name, size, capa-_
City, score value, verbose description,

ne nonyms,.andaction
routines; the last can be seen in the
franscript above involving the two
knives. (The name of a Thing identifies
ituniquely to the player throughout the
whole game, e.g., “kitchen,” “bottle,”
“thief.” There is a special Z-code
operation for printing a Thing’s name.)
Since there are .a limited number of
properties a Thing can have, and not ali
of them require the same amount. of
storage, a special format is used to
store them in this table: the first byte of
each property has a five-bit property
number (allowing 32 different proper-
ties) and a three-bit count of the
number of immediately following bytes
used to store the property. The
operations on properties are ‘get
property Y of Thing X,” “store Z as
property Y of Thing X,” “get the storage
address of property Y of Thing X,” and
“get the next property of Thing X fol-
lowing this property.”
>SCORE
Your score would be 10 (total of

375 points), in 9 moves. This score
gives you the rank of Beginner.

Variable:

Variables are used to keep track of
the situation all through the game.
(Parts of Things are used also.) For
example, the player's current scoreisa
variable, called a “gtobal” variable
because it is the same no matter what
functions have been called. Like
Things, variables are identified by a
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one-byte number. A special numbery
used to identify the top of the “stack,’
and fifteen more numbers identil
“local” variables used by the function
currently executing. (The stack &
described later.) The remaining 248
numbers identify global variables
Operations on variables store and
retrieve the current value, increment o
decrement an integer value by one and
optionally test it for crossing a given
threshold, push a value orito the stack;
pop a value off the stack, and print the
value. :

Other operations:

The remaining Z-code operations:
do not deal directly with objects. Thess.
operations include the null operation.
go-to (jump, branch), call a function,
return a value to the calling function..
and return “true” or “false” or whatever:
is on top of the stack to the calling,
function. Also there are special opers
tions to input a line from the player and:
find the significant words in it using 8
vocabulary table, save the game
situation on a disk or tape, restore &
situation saved previously, quit playing
or start afresh. ;

Z-code format:

Each Z-code .instruction begins |
with a byte containing the operation |
code, ‘which includes bits describing |
how the operands (or arguments) aré |
addressed. Some operations alway$
use a certain number of operands, an
some operations use an unpredictable |
number of operands, from zero to four.
Each operandthat is used can be eithe!
a “small” (8-bit) integer, a “la-3é

CREATIVE COMPUTING




