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The ZCG Approuch to Man-Machine Communization

- G, Robertson, D. McCracken and A. Mewell

Carnegie-Mellon University, Pittsburgh, Pa. 15213, U.S.A

Z0G is a rapid responsa, farge network, menu selection system used for
man-machine communication.  The philosophy behind this stvle of communication

was tirst developnd by the PROMIS (Problem Oricntzd Madiza Informahon Svsizn)

Labaralory of the Uaiversity of Vermort, ZCG has boon used in a number of task
cdomains 1o help explore the limits and potential bonefiis of the communriceation
phiiosophy. This paper discusaes the basic ideas in Z0G, describes the architeciurs
of a system implementad lo carry out that expisration, and discusses our initial

experience.

1. Introduction

We have hardly begun {o understand how to communicate effectively with computers. In
part, the problem is one of evoiution. As the conputer continues to evalvz into more
powerful forms, the resident systems become more extensive and intellipent, requiring and
supporting more sophislicated diaiozs. Neverthelecs, relatively few studies have explored the
man-computer interface. There cerfainly is no well developed theoretical framework ‘or
evaluating and improving interfaces. In part, the probiem is one of invention. We have been
so bound by technology (removing obvious annoyances of existing interfaces and getting tie
bandwidth up,- all within bourds of economy), that we heve not addressed substzntive izsues
of man-machine communicatinn,

What would be an idcal communication medium between people and machines? No cne
knows. We have a tendency to reach in two directions for the answer. One is reaction to
present interfaces. Yesterday it was 1200 baud terminals with a modicum of “intelligence”
(meaning local computing power). Today it is personal computing with integrated graphics

capabilities. The other direction is communication with ouu.' fellow man. We wish to speak and
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listen, using natural language, and also to paint and skeich. These skills of expression seem
ideal because of their léng natural development.

If we can draw any lesson from the development of computers it is that we should seize on
any notion that seems to expand the frbntiers of the possible. Most such efforts will be
stillborn, not liberating or not technologically feasible. Even then, if done with some scientific
curiosity and altention, they can leave a residue that will help later on. Occasicnally,
- however, such probes can set the stage for new developments.

We report here one such probe, a particular inferface for man-computer intaraction that
has some novel propertics. The basic idea is not ours. [t was originaied by the PRONMI
group at the University of Vermont Medical School, whe designed and implemented a complete
sysiem incorporating the basic scheme, and brought it to practical use. See Schuliz and Davis
(1979) for a discussion of PROMIS. We call our version of the scheme Z0OG {which stands for
nothing, but is shorl, easily pronounced and easily rememberad).

~ The scheme itseif is easily stated. Communication is via menu selaction, where the menu is
displayed on a viden ferminal with a touch screen. The user touched the cption of his choice
and is instantly shown a new dispiay, called a frame, with further options relating to the
chosen topic. When the user makes a selection, some system action may be performed in
addition to displaying a new frame. The network of such frames is large enough so that all
communication is by this means; in practice the nets are very large indeed.  Thus,
communication from man to computer is by discrete selection of semantically meaningful
options. Coremunication from computer to man is by visual disptay of natural language text in
a structured format.

In PROMIS, ihe interface is embedded within a larger system, called the Problem Criented
Medical Inicrmation System, which is the main concern of the FRCOMIS group. Though they
have had a system running for almost seven years, its impact on the development of
man-machine interfaces generally has been small Nevertheless, we know of no of cther
system with the same essential features. The recent, extremely interesting, development of
the British Post Office Viewdata system, described by Ford {1979), does share some

characteristics, but is tied lo the mass telovision market and its limitations, We were
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sensitized o the PROMIS Lab. work from an attempl of our own in 1972 to produce a sirmilar
system, described in Newell, Simon, Hayes, and Gregg (1G72). Since menu selection is a
common technique in man-machine communication {see Robertsen (1973), Martin (1973), and
Newman and Sproull (1979)), the potential ot PROMIS is not easily appreciated. We decided to
attempt to extract the scheme from its habidal in the PROMIS application and to study and
expleoit it as a2 general communization interface. Qur geal is to {ind out whether this interface
dees indned nove the patential i appears to have, to c¢emonstrate it, and to study its
paramelers i ordc;' fo understand and optimize (L

This papor is a report o0 gur progress 1oward this objeciivo {sce Fobertson, fowell and
Ramakrizinera (I.:’B??“i for an early description of thic e¢fiertl, ¥Yha main seclions of the naper
introduce the basic ideas in ZOG and doscribe the system architecture.  In subsequent
sections we cover some application areas we have explored, scme inilial issues that have

emerged, the potential of the Z0G philosephy, itz cost, and some ticughts gbout naxt steps.

~

2. Basic Idoas in 206G

We will first describe the Z0G system and ho;.*.f it operates. The user faces a terminal which is
displaying a frame. Figure 1 shows a typical Z0G frame. There is text at the iop, a list of
options beiow the taxt, a column of pads at the right side, an area called a workspace below
the options, and a horizonial line of pads at the very boitom. The user, at his discretion,

selects one ¢f the options ¢r pads, Suppose be sclaects option 3. Immediately, the frame on
| the disvlzy is replaced by a new one with all the same parts: text, eptions, vertical celumn of
pads, horizontal line of pads and workspace. Most of {he content will be new except for tha
horizontal pards, which provide a continuously avaialne set of cearch and help functions. Far
exarnplz, selecting the "back™ pad (b) will cauvue a recizziay of tho frame of Figure 1. Selecting

[}

some pads or options will initiate various actions. If the user had selected the PRINT pad, the
texiual information on this display would have been output on the printer.

That is all there is to ZOG as far as exiernal mechanics are concerned. The user traverses
a sequence 2f frames of his own selection, acquiring the information therein and taking the

actions offered to him, Il stands, at this level, simply as a menu selcction scheme, distinguished
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General kackground on Z0G 2063

206G is part of a research sffort to understand communication betwesn humans
and computers., Various aspects of this research effort are described beiou.

1. Systan spacttlcations of Z0G

2, What is Z0G used for -- functional charactarization
3. Scientific issues behind Z0G

4. Hho is dolng Z205? Uhera? dHhen? dhat spansors?

5. Prior research and antecedeants

E. Examples of Z0G projects (roal and in progress?

7. OBevaleoping your owun Z0G net P-PRINT

adlt halp back nexi raeck return zog dispiay user comment goto iind infe

Figure 1: Typical ZOG Frame

onlv bv its abilitv to take aclions in addition to oresentine knowiedre (a orovertv shared bv
manv cther menu selection schemes), .

A preliminary notion of how ZOG can be used is also necded at this point. Like any general
purpose interactive programming language, it can serve in any communication capacity: for
example, as a command language, data base retrieval system, CAl system, guidance system,
interrogation system, or question-answering system. Also, like ‘any programming language,
what it is good for, as opposed to whal it can conceivably be used for, is not determined by
gross structure, but by more subtle fealures of operation. However, it is impertant to
understand that Z0G is used not onty for initial guidance or wiih novica ucers, but also far
skilled operation; and not only for cxploring wnowledge bases, but also for taking action.

In PROMIS, such a system is used as the sole intertace in accomplishing the total set of
hospital functions on a ward: keeping patient medical records, taking patient histories directly
from patients, prescribing drugs and treatments, monitoring patient progress, checking
freatments for side reactions, and retrieving medical knowledge. It is used by physicians,

patients, nurses, paramedics, and administrative people. It performs a full range of



communicaticn functions with users who range widely in sopiustication

the sysiem.

The 200G Approach

The communication interface is only a part of the total system that accomplishes

all these functions, but it is a centrat one.

We can now enumerale the additional basic features of ZOG and fill in the missing design
specifications. Some features are more central to the design than others, and the amount of

evidence for each feature's role varies.

them in Figure 2 and discuss gach of them below.

10.

i1,

hapid resporca. Upon seilection the now fromy apnears instantly,

Simple selection, The uszer’s act of naring a saleclich is a simple unltary

gustura,

Largn natdork. The mnetuwork of frames is laryge anough to accommodate ail

communicatian and knolledgo-exchangs With ihe user,

Frama simolicity. The frame display is simple ancugh to be easily and quickly

ansimilated, .
Transparency. The entire system is complete!y open and understandable to the
usor.

Communication agont.  Tho system is usable with existing programming systems to

provide guldance in how 10 uss the programs and houw to interpret their rasults.

Retive response. The seiections can evoke actions that accomplish tasks other

than just movement in the neotuork,
Subnet facilities. There exists a hierarchical data crganization for naetuorks.
Fadifiabitity, The user can modify and augment the melwork.

External definition. An exlerral data dormat exisis that complaetetly defrnes a

Z9G ftramn {ibrariy,

Unitorm search. R uniform cchems exists for searching, traversing and orlanting
in the network.

Figure 2: Baszic Features of 206G

and in direcl skill with

But together they define the ZOG system. We list
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2.1. Rapid Response

Upon selection the new frame appears instantly. "Instantly” is defined with respect to the
user: fast enough so the user feels the flow of frames to be limited only by his own volition.
If tr_awarsing a highty familiar network (as in specifying sﬁme operand to be worked on), he
can move through the frames almost as a single skilled gesture. If he wishes to take a quick
glimpse of a next unknown frame, he feels no hesitation because he need only wait for two
respanses {one down, ore back).

How fast "instantly™ must be in seconds is not fully known. PROMIS operates with 0.25
seconds response 7C7 of the time, The ideal speed is not likely to be much siower than this.
One version of ZOG operates with 0.10 seconds response in order to permit exploration of

this parameter,

2.2. Simple Selection

The' user's act of making a selection is a simple unitary gesture. The time it takes the.'user
to make a selection acts in series with the response of the system; it must be equally rapid.
Its speed has two aspects: learning what the response should be (since new selections are
always occurring), and executing the response. PROMIS uces a touch screen which solves
both these problems: the user simply touches the display at the area where the option is
stated. ZOG also uses a touch screen, and in addition uses_single character selection from a

keyboard.

2.3. Large Network

The network of frames {called a ZOGNe}) is large enough to accommodate all ccmmunication
and knowledge exchange with the user. "Large enough” is again defined with respect to the
user. It means that at every frame there are options to be taken that deal with whatever
information, help, elaboration and explanation is required. The options lead to other frames

which also provide whalever is necessary. The user finds himself in a world where all of his
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any net is structured, which the user may rely upon and bDacome familiar with, We have
formulated a set of principles and conventions that seem reasonable based on the experience
of PROMIS and our own explorations, But there is little data a5 yet to support our particular
set.

The unifarm search requirement is a constraint on netwqu structure, on the content of
frames and their internal arrangement. No features of the architecture proper reflect it. As a
programming system, ZOG is defined and usable independent of this requirement, just as a
computer is doiined withou! specifying an ope(z!'.ing system ar ar assembier. However, just
as wilh an cperating system, 206G cannot be run witbout something thal provides ioucls for
searching through the netf. Thus, we have included this requirement here, even though it is a
pure I00G-software rc-quiremcn.t.

The soiution adepted in ZOG attempts to satisfy the folfowing principles:

1. No sudden death.  No selection taken by a user produces a change that is
irreversible. This applies both to movements in the network and to actions taken.

‘Where this is nol possible explicit confirmation will be required.

2. Standardirzed pads. There is a set of selections with standard names that are
availabdle in all frames. (This is the horizontal line of pads in Figure | cansisting
of: edit, help, back, next, mark, return, 252, display, user, comment, goto, find, and
info.) ‘

3. Anchor points. It is always possible to return to known frames that play the role
of anchar points. Anchor points should be dynamically determinabie. (This is

realized in part by the pads: back, mark, relurn and zog.)

We bave described the basic ideas that we are exploring. Now, lel us examine the

architecture of the system we constructed to expicre thase ideas.

3. System Architecture

In order to describe the architecture of the Z0G system, we must distinguish what a user sees

from what a frame builder sees. Ii is important to note that any user may become a frame
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builder; in fact, frame modification and augmentation are the primary means of allowing the
user to tailor the system to his needs.

As described in the introduction, the user sees a display of a frame which contains some
text and a menu of seleclions. When the user makes a selection, either by touching the
screen or by typing the appropriate character, some action may occur and a new frame may
be displayed. The user works his way through a network of frames organized into
subsystems, called subnets. A subnet’s goal is to guide the user to learn something, by
reading the text, or to accomplish some action.

The frame buiider sees the same basic system for selection processing, but also scos a
communications language that allows him to construct frames and actions to accomplish
desired tasks in the frames. The communications language that the frame builder uses has
four basic functional capabilities: (1)} network paositioning to control which frames the user
sees, (2) communications control to contrcl interactions between the user and the varicus
componcnts of the system,.(S) network and frame modification to allow existing frames to be
modified and ncw frames to be added, and (4) »ard-copy output of frames in various iormats.

Next, we discuss the design of the mechenisms that support the frame builder’s view of
ZOG. Since the user’s view is a subset of the frame builder’s view, this covers those support

mechanisms also. We will then discuss the cu-rent implementations of ZOG.

3.1. Basic System Design

The ZOG system may be viewed as a communications multipiexar. 1t has 2 number of logical
input devices, each of which may be linked to an arbitrary subset of logical output devices.
The basic function of ZOG is to cycle through the sel of input devices and route messages fo
the appropriate output devices. Any one of these input devices may invoke the
communications language, through escape characters, to control the position in the frame
. network, control the communications mulliplexor, or mahipulate frames.

The logical input and output devices are listed in Figure 3. The input devices are on the
left and the output devices are on the right. Since an input can be routed to any set of

outputs, no constraints can be piaced on the inputs (i.e., although output devices will make
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formatiing assumptions, 200G can make no such assumplions). For e-‘ample,'if the input filz is
routed to sclection processing, then the characters heing read from the file are treated just
as seleclion characters iyped from the keyboard. [f the input file is routed to ZOGNet
building, then the file being read is assumed to be in the external frame format {discussed in
Section 3.1.2). If the input file is routed to the subjob, then it can be anything at all. It
should also be noted that output devices are rot aware of the source of the character
streams with which they deal. ‘We wilt briefly deucribe each of these fogical devices before

describiny the rest of (e sysiem,

from chynrJarci - =7 User Disglay ?
USER { Touch-screen ?Contexl Display L 1o
\ USER
Actions .. \-\ Frame Display
—
naut file e £GG 3y Selcction processing
) o Y
ZCGHIT printing =" /,/\ N Output file
‘// / ,?\_/ \ I
06 mce-ssa};r:s:”// A Log file
from Suhjob oulput ZOGNET building
Subjeb 5 o, ' . to
Echo from Subjeb - Subjob Input_} Subjob

Fizure 3: ZOG as a Communication Agent

Input devices generate character sireams. The Leviscard is read one character at a time.
Each charactor iz sent te ait output devices linked 1o the kevihoard, unless cre of the

commumncalions enquege escape characters 1o detected, Tha touch sensitive screen produces

a pair of coordinates when touched by a finger, These coordinates are transiated into
selection characters and then processed as though they had been entered from the keyboard.
The communications language escape characlers cannot be generated by the touch screen.
The action input is processed during selection processing when a selection is made or when a

frame is entered. The action is stored as part of the frame, and its format will be discussed
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below. The I_Q_Q_L_{t_ file (a file as defined and supported by the underiying operating system),
once opened, is processed until the end of file is encountered. The subjob is a separate job
being controlled by the ZOG job. The subjob may be used to run any arbitrary program, and
_input from the ;:,ubjob is terminal output from the subjob’s point of view. This job is
automatically logged in when the first character is sent to it and logged out when Z0G exits.
Subjob echo is produced when characters are sent to the subjeb, if the subjob itseif is
echaing characters. Echo input cannct include communications ianguage commands, even if it

contains the appropriate escape characters. ZOGMet printing results from invoking cne of the

Z0GNet modification commands in the communications language. The printing is in an external
frame formal discussed below. Finally, Z0G messazes result from prompts or errors reported

by the ZOG system.

The output devices accep! character streams. The selection processing logical output

device is what the ZOG user sees most often. It fakes a character representing a selection
from 2 menu and does what is appropriate with it (discussed below). Three logical display
windows are supported. The frame display is used by selection processing; the user display

has no preassigned use (but would normally be used by a subjob); and the context display is

a small window used to dispiay the number of marked frames. Each window may include
arbitrary areas of the screen. A single outpu! file can be open, and any stream of text
characters may be sent to it. The log file is opened if the user requests that a detailed log of
his terminal interactions be maintained. It is also one of the general output devices so that
the uscr may send other text to it. Output to the subiob appearé as terminal input from the

subjob’s point of view. Finally, ZOGlMet building constructs new trames or modifies existing

frames from an external frame format.

When the user first starts interacting with 20G, there is o file or subjob input, ana the
keyboard is linked 1o the scleclion processor. The initial frame is displayed and the user is
expected to make some selection. The initial frame is ZOGL by defauit, but the user may

declare any ftrame to be the initial frame.



P

The Z0C Appreach

3.1.1. Frames and Subnots

Let us examine the conlent and layout of a frame, and the organization of the sysiem into
collec’(iqns of frames, called subnets. From the user’s point of view, a frame consists of some
text and a menu of selections. The general format he sees is described in Section 2.

The internal description for a frame is shown in Figure 4. Each displayed item has
positioning information so that the frame builder has mavimum flexibility in defining his frame
ayout. The frame title is specified with its position {voriical, v, and Forizontal, h, position on
a 80 character by 24 line display} and the fext to be disntaynd. The frame text is specified in
the same wav. The frame action is a characler stream tnat will be fed to the communications
multiplexor when the frame is entercd. The option list coniains a list of seleciions whose
description will be given below. The local pad list contains a list of selections in the same
form. The global pad frame number is the number of 2 frame whose options are displayed
and accessed as global pads {common to a large part of the network). The accessor list is a
list of frame numbers which reference this frame. The frame idenlification is the text string
which appears in the upper right cornef when the frame is displayed. 1t is constructed by
concatenafing %he- subne! name and relative frame number within the subnet. The
maintenance information includes the subnet number, retative frame number, vercion number,
name of owner, date of creation, name of last modifier, date and time of last mogification, and
an-indication of whether the frame may be modified or viewed by users other than the owner.
Finally, a comment may be stored with the frame. This commenf is not displayed when the
frame is displayed.

The ‘descriptlion of a seleclion, either an opticn or a pad, is shown in Figure 5. It has

The Z0OG Approzch 7

questions and all of the daia he requires have already been faid cut in advance in the network
of frames -- where his needs have been anticipated. (An important exception to this will be
taken up in Section 2.6 on Z0OG as a coramunication agent.)

How many frames constitules "large enough” is not known. The total system of frames is 2
finite state system. Considering the combinalorial nature of life, the conclusion could be that
finite nelworks are incapable of satistying this requirement for any interesting task. (Recall

Chomsky’s (1957) early stated view that no finile stale grammar can adequately portray a
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=Frame titie: v (iine number}, h (character position}, text
-Frame taxt: v, h, text

~Frama action: text (not displiayed}

-Option ]lstt ligt of sefections

~Local pad ligt: tist of selections

-Glokal pad frare number

~Aceessor list: list of frame numbers (not dizptlayed)
~Framo fd: text

~Maintenance information (not displayed)

~Comment: text (not displayed)

Figure 4: Internal Frame Description

touch rectanale is included for touch screen orocessing. The rectanzie is soecified bv the

coordinates of the upoer left corner and the coordinates of the lower rieht corner. Finallv. a

selector character is soecified. The selecltion processor uses the selector character {or the

touch rectangle. if input is comine from the touch screen) when it tries to evaluate a user

selection.

~Salection text: v, b, text

~Next frame: sbzoluta irams numoer (not displayed}
-Setoction actiont lext (not displayed}
-Solactor: charactor (not displayed)

-Touch ractangie: X1, Y1, X2, Y2

Figure 5: Internal Selection Description
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Actions are represénted as simple text streams. A selection may have an zclion, and 2
frame may have an action on entry. The text for the action is sent to each logical output
device linked {o the action input device, Actions may invoke the communications language
through appropriate escape characters. Thus, actions may use any ZOG supported facilily
through the communications tanguage, and may execute arbitrary programs by interacting with
the subjob. For example, a set of frames teaching ALGCL couid have actions which actually
run exampies for the user., Because of the opon-endednsss of actions, they are a powerful
medans of programming franes. |

A sel of irames may be organized inlo a logical nelworic caileo a subnet, Each suhnet has a
print name and an inlernal index (an integer). The number of subnets sllowed is an
implementation dapendent paramreter, but it is exvected to ba large (hundreds). The number
of frames allowed in a subnet is also expected to be large, but small subnets zre not
penalized.  Under normal circumstances, 2 user will enter a subnet through its roc! node
(relziive frame one). The roct node will usually have a frame action which will set the
necessary context for the subnet (e.g., start up an appropriate program on the subjob). Also,
the reot node frame action will normally mark the frame (described later) so that it can be

returned lo easily.

3.1.2. External Frame Format

An initial daesign objective was to maintain an external frama {ormat that satisfied a number
of desired preoperties. The format shouid be readable, allowing somecne without a Z0G
system to sec what is in lie frame iibrary, The format should be easily supported by ali 20G
systems (different versions and different machirec), so that the frame library would be
transportablz. Finally, the format should be cempatibie with some existing facility o make its
external maintenance and manipulation easy.

Figure 6 is a sample of the BH format defining the frame shown in Figure 1. It is
mederately readable, is easily supported, and is compatible with the BH bibliography system.
Although we have recached our objectives with this external frame format, it does fall short of

providing total frame library transportability. Frames are transportable if their actions make
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no use of the subjob. However, if an action evokes some progl;am on the subjob, then that
program must be transporied as well as the frame. Since those programs are completeiy

arbitrary, we have no control over their transportability.

+A+ 20G3 3

+6+ GPadsl

+T+ T "Gonaral backyround on Z0G”

+P+ T 1 1D

+T+ F "20G is part ot a rassarch effort o undarstand communication betueen humans
and comvuters. Various aspecis of this research atffort are described below."
+P+ F 3}

+T+ D1 "1, System specifications of 206"

+P+ 0L & 3

+F+ 01 Z0GG4

+T+ 02 "lthat is 206G used for -- functional charactorization”
+P+ 02 A3

+F+ 02 2065

+T+ 03 “3., Scientific issuss behind ZCG"

+P+ 03 12 3

+F+ 03 ZGGH

+T+ 04 "4, Hho i5 doing Z0G? Hhera? Uhen? Hhat sponsors?”
+P+ 08 12 3

+F+ 04 Z0G7

+T+ 05 "S5, Prior ressarch and antecedents”

+P+ 05 146 3

+F+ Z0GE

+T+ 06 "G. Examples cf 20G projacts (roat and in progress)”
+P+ 06 16 3

+F+ 06 £0G9

+T+ 07 "7. Daveloping your oun 206G net"

+P+ 07 18 3

+F+ 07 ZzZoGle

+T+ LP "P-PRINT"

+X+ LP "°CF."

Figure 6: Example of BH Format

3.1.3. Selection Processing

Now lhat we have examined the inlernal and external structure of frames and subnets, let
us take a closer Iéok at the primary mechanism that the user deais with, the selection
proces<or (see Figure 7). iet us start with a displayed frame. The user makes his sclection
by touching the screen or typing the sclector character. In the case of the scrzen touch,
some immediate feedback is given so fhat the user knows his touch was successful (a
cross-hatch is placed on the screen where the touch was detected, and a star is placed over
the first character of the selection if the touch fell within the bounds of one of the selection

touch rectangles). Then the coordinates are translated into a setector character which is
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treated as though it were typed. The selection processor then scens onticns, local pads, and
finally global pads trying to match the seiector character. If no match is found, it rings a bell.

If a match is found, the selection is evaluated.

1. Gat selector character.

2. Find selection. If none, ring bel! and back to L.
3. Interprei seloction action, if any.

4. Sat pext frams, |f any,

S. Display frame, if changed.

6. Inturprat frame action, (f any and |f frama changed.
7. Bacx to 1.

Figure 7: Scieclion Pracessor Cycle

To evzaluate a selection, the seleclion processor first checks if the selection has an action.
If it does, then tno character sircam from the acticn is sent to each logical ouiput device
linked to the action input device. The selection processor handles escape characters fo tha
communicalions lanzuage as well.  After the action has been inferprete_d, the selection
processor chacks if the selection has specified a next frame. If so, it saves the current frame
on the frame backup list and sets the specified next frame as current. Finally, the selection
brocessor checks if the current frame is different from the last frame. If it is different, it is
displayed and checked fur any frame action. If the frame hac an entry aclion, it is

interpreted.

3.1.4. Ccmmunicalions Language

The communications language allows the user and the frame buitder to maintain control aver
the interactions between the user and the various parts of the ZOG system. It can be invoked
with escape characters from the keyboard, input file, subjob, or actions. It provides four

basic facilities: (1) network positioning {escape character ~A {control-A}) (2} communications
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control {escape character “B) (3) frame modification (escape character "D} and (4) hard-copy
output (escape character "E). This language is very simple: it has no variables, no
conditionals, and no repcats. It is invoked by one of the four escape characters mentioned.
The character following the escape character is a command. Some commands take operands
by examining the character stream following the command.

The network positioning commands {(“A} provide support for maving through the network in
ways other than simple celection. Whenever a new frame is selected, the previous frame is
saved on a backup list. The pasitioning commands allaw ihe veer to back up te the previous
fraine, mark a frame in the backup list, return to the last marked frame, and clear the backup
list, A composite command backs up to the previous frame and takes the next option. An
orienting command lets the user cxamine his backup stack, the list of frames he has marked,
and the list of frames that point to the frame he is currently viewing. A find command allows
the user tc specify a search for an arbitrary string, with control over which perts of the
frame io search and which frames to search, by restricling the search to frames created or
modified by a particuiar person, or modified since a particular date and time. There are
commands to control several defaults in the system: default initial frame, default giobal 'pads
framz, defaull sclection character for undefined selections, default time and selection
character for dieplay timeoui (for controlling how long the user is allowed to view a frame).
Finaily, there are commands to re-display the current frame, go to an-arbitrary frame, and
control the statistics gathering package. A

The communicalions control commands ("B) provide support for maintaining snd modifying
the routing control information for the logical input devices. These commands also support
opening and ciesing the input and output files, maniputatirg the subjob, exiting from a ZOG
system, and manipulating the display in a terminal independent way. |

The frame modification commands ("D) provide a basis for an editing system. There are
cammands for sending individual frames, subnets, or the whole network. These may be used
to save frames externally {e.g., if the ZOGNe!l printing input is rogted ta the output file) ar to
send the frames {o a more elaborale editor running. on the subjob. Frames may be

construcied by routing the appropriate input device (usually the input file or subjob) to the
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ZOGNet builder cutput device. There are commands lor setting protection of frames {to allow
a user to make a frame modifiable only by its creator, or viewable only by its creator). There
are commands to deicte a frame or a subnet. One command moves a frame from one part of
the network to anciher. One command renames a subnetl. Finally, 2ne command enters ZED,
the interactive edit mode for a frame.

The hard-copy oulput coemmands (TE) provide a means of getting hard-copy of frames in
various formais. There are commands for pelting a picture form of a fraine (hard-copy zame

as dispiayed version), an index of frames in a subnet, and an indaw of all subnats.

3.1.5. Statistics Gathering

Since a princinal concern with Z0OG is understanding how users interact with such systems,
ZOG is inslrumented for gathering various kinds of data about its use. There are three kinds
of statislics that 720G deals with: static, dynaimic, and ifog. The stalic statistizs mechanism

analyses ZOGNets, Fipure 8 shows such an analysis for a typical subnet.

Status: 11! frames

363 ontionn, 3.3 p2~ frams

per frame: 22 16 18 10 12 10 & &4 4 7 »9: 4
121 pads, 1.1 per frame

por frame: 7 93 64 1 00200 »>3: B

fictions: 8 frama, 13 option, 2 pad
Haxt{ framns: 95 option, 116 pad
Characters: 45736 TOTAL, 412 0 FER FRANE
2814 title, 34.5 per frame
16693 text, I538.4 por irame
22316 option, 208.5 por {rame, B2.3 per optlion
2125 pad, 19,1 ner dframz, 17.6 par pad
182 action, 1.6 per framo, [Z.1 per 2ction

Gioatral pad framns: GPards]
Figure 8: Stalic Statistics for a Typical Subnet
Dynhamic statistics are gathered while a user is interacling with the system. They record

and summarize all user actions. Figure 9 shows an example of =2 dynamic statistics for a

typical user session. These statistics are gathered and stored in a central statistics file when
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the user exils frem ZOG. The user may also requesi such a summary for his own pzrusai
while in ZOG. There are external statislics packages that take the central statistics file and

provide summary and search capabililies for it.

206 (7.6.2): HWF2L using NHG.NETIX3212600] on 5/8/79 from 1882 to 1841,
1200 baud. 39 jobs.

84 {ramns accessed, 1473 socs, 16,9 sec/frame, SO = 20.83
5 gac intervals: 4 27 26855183208

1l min intervals; 82 1 1 8 3 > 5 min: @
14 trames edited, 3560 zecs, 55.% sec/frame, SB = £6,54
1 min intervals: 85080310880 > 10 mir: O

98 frames total, 2333 secs, 24.3 sec/frome
BH fites: 0 new frames, 2 renlaced frames, § errors, § frates autput

ZED: 1043 text chars, 02 comoand chars, | orrors
Totar: 1 {ranes ereoatod, @ frarves deloted

Saloctions: 49 options, 20 iocal pads, 33 qloval pads, 2 errors

Actionz: B frama, 34 welection
Commands: 0 nexts, 15 backs, 2 returns, 3 gotos
8 finds, 9 others, 1 errors
Chars: 1433 from beyhoard, 8 {from subjob, 0 tc subjob

.

Fubinels accessed: 2GG: 1 Mng: 7 Help: 3 Brostat: 24
Status: 21 Iszue: 12 People: 9 MHeeting: L FAednin: 2 Update: 4

Figure 9: Dynamic Statistics for a Typical User Session

Log statistics are gathered only if a user specifically asks for them. They are much more
detailed than the dynamic statistics shown above. The leg file is a history ot specific user
input (keystrokes) and system recponse, wilh a time stemp {in milliseconds) for each action.

Such a mechanism is essential for the study of user interaction with a ZOG-like system.

3.1.6. Frame Editing -- ZED

The frame editor, called ZED (for ZOG Editor), has two major parts: {1} a set of frames that
allow the user to delete frames, move frames {rom one subnet to another, and create new
subnets: and (2) an edit mode for altering a single frame.

The set of frames simply provides a convenient interface between the user and the
communications language frame modification commands. Although the frames are not strictly

part of the basic ZOG system, it is useful to think of ZED (frames and edit mode) as a single

systern,
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There are lwo ways to enler the cdit mode. The first is by selucling a selection thet has
no next frame. The user is allowecd to create (define} a frame at that point. If the user
decides to create that frame, he is prompted for a frame to copy {with & default for each
subnet). The new frame is then displayed, and the edit mode is entered to allow the user to
fill in whatever parts of the frame he desires. Cnce a frame is constructed, the user may
select one of that frame’s options which may point {0 a new undefined frame. By
sysliematicaliy stepping through the optlions and crealing new frames at each step, the ZCGNnt
can bo ¢rested in a top-down fashion,

The cther way of enlering the edd mode is through the edit giobar pad which appears on
each framc. The design for edit mode was derived from extending the atter mode of S0S {a
ling ariented text editor found on many PDP1O systems, develoned by Weiher and Savitzhky
(1970)) from one dimensional line editing to two dimensional frame editing. The frame bLaing
edited is always displayed. Edit mode commands arz typed (but not echoed), and the results
of an’editing operation appear as changes to the displayed frame. Thus, visual fidelity is
continuous!y maintained 1o the frame as modified. A description of these editing tools may be

found in McCracken and Robertson (1979),

2.1.7. Conventions

We have adopted a number of conventions thal make the system easier to use for both the
user and the frame buiider. They deal with the frame display organization, selection format,
and commonly used pads. The system does nol enforce these canventions in any way.

The arganization of Hm.displayed frame has only two system-enforced decisions, First, the
tramc idoniitication is alwavs displayed in the upper right carper. Second, the context display
is always just to the left of the frame identification. The context dizplay shows the number of
marked frames (if any). The layout of the title, text, options, and pads is completely up to the
frame builder. |

Our current display format is shown in Figure 10. It assumes a display with 24 lines of 80
characters. The tille is restricted to 56 characters on the first fine. A blank line separates

the title and text; the text is one to nineteen lines long with 80 characters per line. The
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number of options is limiled to ninec s0 thal digils may be used for selectors. Options share
space with the text; that is, the less text, the mare options. Each option is preceded by a
blank line for better readability and ease of touch selection. The options may be up to 56
"characters long. Space on the right is reserved for local pads, which may be 13 characters
long. The most common pads (global pads) are on the botiam line. Cptions are selected by
digits, local pads by upper case alphabetics, and giobal pads by lower case alphabetics. Any
selection which is inert (has no action or next frame) is prefived with a minus sign to indicale
that it is not worth celecting, Finally, if a frame needs more than nine options, it ts broken

into several frames with the ninth option of each pointing to 2 frame with the continualion of

the list.
ETITLE. iivinenmnnaronns Ceediresrarreas LT 1 (Marx]0.11] [FramelD.111
[ITEXT vt rnnrvesans e rrearerverarhestat it ar s eerinenn e Chstaiaraans vaal
| Taxt-lines + 2#Number-of-options + Horkspace-~iines = (9 |
f et iiveecnsrntsosnetscnsnnnsttbsnsnsannse it aeisarendrara e, tresrerarraannan ]
1, [OPTION-TITLE. ..c.vuvvuns e aransaes PP -1 SR | A-[PAC-TITLE. 131
2. [OPTION-TITLE...... Prsessteresriaberabraans PR 1 PP B-(PA0-TITLE.13]
3, -[0PTION-TITLE......... Cresaianns v rareianens T TR | C-(PRAO-TITLE.13]
8. (OPTION=TITLE......... e eerereeiSB.a...] H-[PAD-TITLE.13]
9. [OPTION-TITLE. . veererrannnss PP -1 TP [-{PRO-TITLE. 13]
[USER BISPLAY. to it arsntianontssrsanvans Nisisaraessanansan cecsanen PR |

edit help back next mark return zog display user comment " golo flind info
Figure 10: Conventions for Display Layout

Another uneniorced set of conventions has to do with the global pads. In Figure 10, a set
of global pads is listed on the boftom line. The edit pad enters the edit mede of the frame
editor, ZED. The help pad enters a subnet which describes how to use ZOG. The back pad
returns to the previous frame. The next pad backs up to the previous frame and
automatically selects the next option which has a next frame. The mark pad marks the current

frame. The number of marked frames will appear in the context display (if there are any).
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The return pad enters a subsyslem that allows the user {o examine his backup stack, list of
.marked frames, and list of frames which point to the current frame. From the return
subsysters, the user may go direclly to any frame on any of those lists. The zog pad goes to
the root node of the whole system withoui disturbing context (i.e,, the user may get back).
The display pad re-displays the current frame. This is useful if the display has been
disturbed by some external cause (e.g., a terminal failure or a message from another user).
The user pad displays the user display (a tull screen display wnose boltom iine is normaily
displayed in line 23 of (e frame display). The comment pad provides a mears for the uyser to
send a comment to the system designers. The nota pad alicws the user toc go to any frame in
the networi, The find npad enters the find subsysiem, which allows the cser e search the
natwork for an arbitrary sotring, for frames modified by a particular person, or for frames
modified since a particular date and time. The info pad prints the maintenance information for
the current frame, including the version nuirber, the name of the creatorf/owner, date of
creaticn, name of last modifier, and date and time of last modification. Exit fram the system is
done by “C, which will log out the subjob if it was logged in, close the user’s log file if it was
opened, ciose any opened files, and record statistics about this user session in a central

stalisfics file before exiling the system.

3.2. Current Implementation

There are three current implementations of Z0G; ecne for the DEC PDPLO, one for the DEC
VAX-11/780, and one for C.mmp, an experimental multiprocessor computer system, The thres
“systems are Dasically compatible, a'though cach has some specialized features and limitations
not found in the others, In this section, we will bricfly characterize the current state of each

of thece systems,

3.2.1. Z0G on the PDP10

The current implementation of ZOG on the POPI0 is written in L#(1), which is an interactive
system-building system described in Newell, McCracken, and Robertson (1977). Lx has made

implementation and experimentation with ZOG easy and. straightforward. The current .
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implementation follows the design described above except that it does nol support rapid
response. There are versions for TOPS-10, TOPS-20, and TENEX operating systems. This has
been the basic system and has been operational in one form or another for over two years,
The current implementation supports 12 types of display terminals. It also supports a
mode which may be used on‘any olher kind of terminal (including a teletype), but with the
di_splay format only approximated. Support for other display terminals may be easily added,
assuming the terminal in question has cursor addressing, screen clear, and backspace
functions, and has at least 24 lines of 80 characters. Response rates depend cn the data raie
to the terminal and the svstem load. Most work cone on Z0G lo date has been with 12C0
baud terminals on a moderately loaded PDPIQ (KL10O with 40 to 50 users). Resgonse rales
under those conditions are typically around 5 seconds per frame, which is barely tolerable for
Z0G work. The current implementation stores the frame network in a single disk file, and has
a capacity of 225,000 frames (450 frames per subnet, with 500 subnets). We have recently
interfaced one led/photocell touch screen {Carroll Manufacturing (1979)) fo a standard vided

terminal with promising results.

3.2.2. ZOG on VAX-11/780

The current implementation of ZOG on VAX is written in L+VAX, a dialect of Lx. It has just
become operational, and is currently directly compatible with the POP1LO version. VAX ZCG

runs under the UNIX operating system.

3.2.3. Z0G on C.mmp

The current implementation of ZOG on Cmmp is written in LtC._(D), a dialect of L. This
version does support rapid response on a lauch screen graphics terminal, but doas not
support 7ED (the frame cditor) or subjob interactions. The C.mmp version has been primarily
used as a vehicle for experimenting with effects of rapid response on user behavior.

C.mmp is a muiti-mini-processor that was developed at CMU and is described in Wulf and
Bell (1972). It has up to sixteen PDP11’s connecled through a crosspoint switch to a large

shared memory. The operaling system for C.mmp is calied Hydra and is described in Wulf,
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Piersom Pollack, Levin, Corwin, Jones, and Cohen (1974}, Camp/Hydra was chosen as the
environment for the ra.pid response version of Z0G because the experimental nature of Hydra
made it possible for us to modify the lowest levels of Hydra to help achieve our response
goals.

The key to rapid response is the nature of the terminal beﬁng used. Conventional terminals
are limited tc relatively low bandwidths between processor and terminal. To get the kind of
response we desired, it was necessary o use termingls that permit tracsfer rales of B0
kilobaud cr higher, Our choice for tihis tzimingl was a grashics systein dovelopod at Chall
called the GDP (Graphics Display Processor) and described i Rosen (1971% The GOGP is a
vector drawing graphics system which can c¢hange the entire screen in less than 16
milliseconds. To allow full utilizalion of this speed, the GCP was interfaced directly to ene of
the PDPL1’s on C.runp, with software suppert for it built into Hydra.

. A Z0OG ierminal is a combination of a C.mmp GCP, a touch screen, and a high speed disk
used é; a frame cache. The fouch screen is a clear plate of glass placed over the face of the
GDP. When touched by a finger, it produces a pair of coordinates with a 0.1 inci*n accuracy
- (using a surface acoustic wave). The disk being used as a frame cache is an IMS disk (341
frame Icapar.‘zty), with a special foalure that allows zero latency azcess to pages (4,096 16-bit
words). The frame nelwork itseif is stored on an RPCE disk, with a capacity of 50,000 frames.

Rapid response is achieved by augmenting the interrupl service for the touch screen (part
cf Hydra, written in BLISS11) tc handle most of selecticn processing. When a touch is made,
an immediate response is given by overprinting the first characler of the selection. This
gives the user immediate feedback to confirm that his toeuch worked. The interrupt driven
selection processor then finds {he selection and evaiuales it. If a selection aclicn or frame
action is encountered during evaivation, then the basic ZOG sysiem is used at non-interrupt
level (Qith actions being interpreted just as in the POPLO version). However, for a selection
with no action, the next frame is found (in primary memory, in the cache, or in secondary
memory) and displayed at -interrupt level. This design avoids mos;t of the overheads normaily
imposed by an operating cystem. The current implementation supports a response rate of 0.1

second for selections without aclions (generally about 707 of ali selections).
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The design and implementation of ZOG, plus the basic philosopby and gcals, have now been

described. Let us now look al some of our experience to date.

4. Initial Experience with Z0G

70G has been operational for aboul three years in the CMU computer science environment.
During most of this time it has undergone development and enhancement, as befits any novel
computing system. The locai environiment and systom goals are sufficiently di{ferén% from the
single-task, highly structured medical environment of PROMIS to reguire such evolution. The
initial stases of develcpment were more a hili-climbing efforl on obvious deficiencies and
opportunities than a place for detailed, controlled psychological study. However, we piovide

some preliminary assessments and observations from this early phase below.

4. 1. Computing Communities

Interactive computing systems recquire computing communities within which to grow and
brosper. Such a view is widely held, for example, in connection with the growth of the
software environment in the PDPI10-ARPANET community. Z0G appears to be no exception.
Until recently, {here were two ZOG systems: the C.mmp version with rapid response, touch
screen, but a single terminal the PGP0 version with a siow (1200 baud) response, na touch
screen, but available at all hours on sll termina}ls in the environment. The community (PDOP1G}
system became the main pacing system -- where the enhance.ments oceurred and where
almost &l experience accumulated. That the Cmmp version was a substantially tess
comfortable software environment no doubt contributed to its infrequent use, but we believe
it was availabiiity that forced most use to be on the FORLO sysiem.

Though slow (see below), the community version attracted people interested in the new
applications, permitted exploring applications that involved several users, and permitted the

accumulation of experience by casual users.
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4.2. Speed of Interaclion

The initial view that rapidity of response is an essential feature of ZOG is clearly confirmed
by the experience to date. The 5 second per frame response of the POPLO version producss
a qualitatively different interface than does the rapid (0.1 second) response, and intermediate
speeds (4800 baud wilh about 2 second response) are also markedly different. In some
applicatiens (cce below) the speed of response appears to have been critical in keeping the
applicaiion from transfarming into a routine usefui facility.

In genoral use, the residence time al a frame is of the srder of 10 to 20 scconds and
appears {0 be remarkably cunstant over nefs and users. Wilh such times, highiy rapid
response (Q.1 second) appears to offer no advantages over, say, 0.5 second system responsse,
Longer detays may still be significant psychologicaily, since the user is waiting during the
delay, whereas he is not wailing during the residence period. The purpose of the very fast
response (0.1 second) is to make ZOG acceptable to expert users when traversing highly
familiar paths. In various simple familiar tasks (such as searching a net repeatedly), the user
response times on the rapid system never gets much be!éw l second. Under these conditionsg
the very fast response {compared to 0.5 second) does not seem critical. However, various
system issues, such as the parallax of the touch screen, become limiting factors,

The effect of respanse speéd is seen clearly in angther feaiure ‘of the PDP10 system. ZCGG
is an active nctwork, intended fo work fn conjunction with other prﬁgrams that provide
substantial amounts of intelligent support. A key design decision in ZOG is implementing this
not via an internal programming system but rather through ther subjab communication link,
This keeps ZOG simple é\nd widens the range of programs which can be coupled with ZOG.
However, the subjob facility in the TOPSIO cperating system of the POPIC is substantially
stower than the regular interaction rate (1200 baud), In consenuence, few applications have
developed which depend on subjob support,

The result is that the PDPI0 Z0OG system is still located in the wrong place in the space of
performance parameters to determine ifs usefulness and potential. The recent move to a VAX

version of ZOG is an attempt to move to a better place in this parameter space.
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4.3. Lairge Nets

We have verified what we knew: that it is extremely difficult to grow large ZOG networks.
About 50 nets have besn built by the total community arnd the total number of frames
produced is about 10,000. The rate of frame production by hand, using ZED and top-down
frame creation, is about 5 frames per hour. Li?.e the typical residence time, this also seems to
be remarkably constant over nefs and over net builders. (Qur data in both cases comes from
the automatic gathering of statistics on all ZOG sessions throughout the community.) Typicaily,
manual nets range from 100 to 300 frames; it takes dedication and project orgamization to zet
above 500. The really big nets, which account for the bulk of the 10,0G0, all bave scme
structured or automatic growth features.

Thus, we have not yet produced the really large nets that seem an essential ingredient of
ZOG. In part, this stems from the lack of machines aids for growing nets, and in part from the
" interaction of the current response speed with the computing community, which keeps Z0G as
an interesting system for exploration but not -cffective enough to become self-sustaining in

major applications which would drive up the size of the nets.

4.4, Applications

PROMIS offers good evidence that a large netwdrrk, rapid respanse menu selection system
is effective in the medical domain. However, PROMIS represents a highly engineered,
dedicated application. Qur purpose is to explore an open range of applications. Immersion of
Z0G in a computing community has been our strategy for obtaining diverse applications.

We list here a number of the applications arcas that have been explored, either by the ZCG
group ilseil or others in lhe community. We ihen discuss several that yield interesting
ohservations.

-Guidance systems: (1) Information about people, projects, systems, education,

and other facets of life in the department for incoming students in the
Carnegie-Melicn University Computer Science Department. (2} A transparent
guide to the use of other programming systems (or-even other computer systems

if the right kind of local communications network exists). (3) An Academic
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Advising System, used by lhe undergraduate stucdent advicer to helz arswer
studenis’ questions about courses and majors, with information about course
offerings and depree programs. (4) A troni-end to Popia’s (1977) Intzrnist

medical diagnosis system,

-Databases: Databases are the most natural apptication for ZOG-like systems. We
have a number of database applications, including the experimental resulls in
Cognitive Psychoiogy, artificial inteliipence systems, and a personal
refational-database,  In addition, we hava a major project impiementing a library

Lrawsing system (described in Fox and Palay (15793,

-Projoct Manaserent: Informciion about project poals, personnel, subtashs,

reporiing requiremants, issues, and status. It is a highly dynamic network shared

and updaicd by all project personnel,

-lssus Analydier A poalicy analysis toc! for handling targe complex issues. The
points  and counicrnoints of an issue ara presented in a higrarchical and
contrasting format called an tssuc nel. The net is dynamic, and users carry on a
debate using this shared mediure. Twa issue nets are described in Mantei and
M:Cracken (1979).

-Interactive Bocumentation: Severai complex systems have been documented with
-ZOG Trame librarizs, including two operating syslems. Tools have been developed
that aid the frame bulder by translating machine-readable documents (in one of
three document generation formats) into an initial set of frames. The initial set is

infericr {o hand-built frames, but provides a good starting point,

-Instruction: A fracitional computer-aidad instruction system that preovides
instruction in opeming bridge inde. [t provides alternatz pathways through the
instruction network based on sludent performance, by using a suizico to mainiain

stale information.

The library browsing system, implemented by Fox and Palay (1979) and called BROWSE, is
of special interest because of its size and the techniquas used for growirg it. The BROWSE
net is currently 4000 frames and continues to grow. The net is grown by maintaining an

external database of library entries (books, journals, articles) and a categorization of them.
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An entry system is used by the librarians to augment and modify that external database, and
a translation system converts it into a ZOGNet. The user of BROWSE then uses Z0G to browse
through the library collection.

The project management ZOGNets are of special interest because of their dy;wamic nature.
Such networks exist for ceveral projects in the department, including the Z0G project itself,
The ZOG project management net is about 55d frames, and is jointly mainiained by everyons
in the project (about 10 people). However, the relatively slow response rate (5 seconds) on
the PDPLO has inhibited peneral use of Z0G management nets in our department, Except {or
the responce problem, management nels have proven l¢ be a valuable aid for modest sized
projects.

The Internist tront-end is of special interest because of its effective use of the subjob
mechanisms. Earlier versions of Internist, described by Pople (1977), required the physician
ta enter symploms using cxact terminoiogy, which was an undesirable memory load for the
physician. The ZOG front-end allows the physician to select symploms from a hiea;archical set
of menus. Infcrnist is writien in INTERLISP, and runs on a POP10 under the TOPS-20
operating system. The ZOG front-end interacts wiin Internist through the Z0G subjob

mechanism, and is the best cxample of the use of ZOG as an active communications agent.

4.5, Major Psychological Issues

In some broad sense, all problems with a {(debugged) interface must be psychological.
Certain aspects of performance with ZOG seem to raise issues that are strongly psycholcgical
and call for intensive psychological investizalion.

Users readily pat lost in using Z0G. The user dees not know where he is, how tc get

where he wante to go, or what to do; he fecls lost and may take excessively long {6 respond.
This happens in all sorts of nets, especially complex nets or nets without regular structure. It
does not happen in aH,‘ especially if the user does not have expectations about the net. The
phenomena of getting lost is not unique to ZOG. There are many informal repcrts of similar
problems in other interactive systeas. It is probably the most important phenomenon to

understand in psychological terms. Cur first substantial psychofogical investigation on this
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problem is being undertaken by Marilyn Mantei,

Users fail {o read information on frames. Even though frames have only modest amounts of

text and the users are iooking for the information that is there in exactly the right form, they
often fail to pick it up. Passibly the problem is in maintaining a state of acute attention to
frame after frame. This phenomenon dces nol appear to be unique to ZOG (see Robertson

(1977)).

The limited short ferm memory of the user is everywhere cvident in 70G. This is because

the current display surface of 24x80 characiers holds so little datae that moving tc a new
frame becomes an act of folal replacerment. Some part of the phenomena of getting icst suraly
arises from this feature of Z0G. Like the question of speed, there may be a requirement that
displays be targe enough o hold not only the current frame, but a fair amount of knowledge

accumuiated from many frames plus various maps and overviews of where one is.

5. The Polential of 20G

The "most important question is wheiher ZOG has the potential to be a new communication
ihte;'face, especiaily since menu selection techniques are common practice. The answer lies in
rapid response intc a large network {supportcd by the other principles), which produces a
man-computer interface with qualitatively dificrent properties, best summed up by the siogan
of "transparency with speed™. |

The basic advantage of menu selection is thal the user does not have to bring to the
situation knowledge of either ihe functional possibilities for interaction or how to
communicate. Tilher of these can be a sirong barricr to communication. Manu salection
instructs whilc operating. It is superior to a hard-ceoy rmanual in two wavs.  First, it
eliminstes the jump from barely acquired krowiedge to how to pul it into action. Witk a
mar;'uat the user must still decide exactly wha! to do after reading the textual material; in
menu selection he simply does it. Second, it eliminates the search for the relevant information
by locating the relevant knowledge at the site of action. Manuals are not the only
alternatives (e.g., there are instruction sheets, scripts and on-line help facilities); our purpose

is only to make clear the essentiai dimensions of menu selecticn.
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Menu selection has two disadvantages as normally implemanted. First, it ic slow, Expressed
.as channel capacity, in menu sclection the user can select about 1 out of 10 alternatives
every 5 seconds (i.e, aboul 1 bit per second). In typing, by contrast, the rate is about 1
word per second for a reasonable typist (ie, about 10 bits per second). These figures are
exceedingly rough; however, they illustrate that one can get messages into a computer about
aﬁ order of magnitude faster by typing than by menu selection. The second disadvantage is
the forced interposition of explanatory text and optiens. Menu seleclion becomas especially
trying for skilled operators who no fonger need the insiructinn that it offers. A manual can
be put away after it is lcarned. This disadvantage compounds the tpeed disadvantage, since,
even though the text can be ignored, there are usually extra options to wade through.
However, the negative reactions probably are generated by more than just siowness, but also
by a sense of needless hother and frustration about being forced to operate inefficiently.

These disadvantages do not prevent menu seiection frem being a usefut technique. They
do conspire to limit its use to applications where the user is a novice so that he needs
explanation and could nct communicate rapidly in-any event. The relevant domain is broacior
" than might be thought, ranging from rare situations where everyone is a novice, to systems
used repetitively by experts who do not wish to ccquire technicai jargon. |

Rapid response and the use of large networks are designed to remove both of these
disadvantages. A response time of 0.5 seconds, as opposed to B seconds, gives back the
missing factor of 10 in speed. Whether communication speed can be then competitive with
typing is not determined simply by such raw figﬁires, of course, But now, at least, the issue is
a matter of details and not a foregone conciusion. Permitting avoidance of unnesded
explanatory steps is basically a question of designing alternative sequences, so there are
"short circuits” for experts and "long circuits” for novices. .

Grant for the moment the major technical premise, that these two disadvantages can be
effectively nullified. Then rapid selection, large network menu selection systems become a
distinct type of man-machine interface. They maintain their properties of ease of use and
transpatrency, butl also permit both expert and novice operation, and in whatever the user’s

mixture of expericnce and familiarity with different aspects of the system. They become a
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genera! purpose interface.

The evidence for the claim of a distinct type of interface comes both from the Z0G
experience discussed above and the experience with PROMIS, This'cfaim for ZCG is a minimal
cne. We will also lay out a much stronger claim, which might be taken as a maximal claim. In
doing so, our intent is {o describe the potentialittes of Z0G. Though convinced of the
potential ¢f Z0G and dosirous of exploiting it, wa are strongly motivated by the dasire to
understand the interface_scienlifically, to discover s limils as well as ils sirengihs, The
maximnal claim is that the 220G iype of interface is a preferred mode of man-maching
interacticr, even over the use of noluiral languege dialog with the computer in the rale of
intelligent agont, To urderstand this claim, we must slep back a little,

There are two polar views about how to siructure man-macihine interaction. One is the
computer as lool. Under this view one wishes to make the computer a hetter tool ~- more
responsive, easier to wield, more reliable in applicaticn, capable of doing a higger job at a
s.trcke. Coniroi remwains with the user. The other view is the computer as intellivent assistanl.
In this view one wishes to make the computer mare inteliigent, and commurization witiy it
maoare natural.  QCne doos nat wicld an intelligent assistant, one tells it what ocne wants.
Intelligent agents figure out what is necessary and do it thamselves, without bothering you
about it. They tell you the results and explain io you what you need to know.

There is a lension between fthese two views, for in an important sense intelligence is
obscura. More precisely, intelligence in oneself is illuminating and transparent, but in others
it is obbscure and impenetrable. This follows fram the tautalogical .principle that to understand
another’s act of inleliigence requires an act of intelligenca. And precisely what an intelligent
assistant is cupposed to provide is freedom {of the user) from the effort of undercstanding,
Put orie olher way, delegation requires an aci of faith.

This trade-off-like opposition between computer as tool and compuier as intelligent agent
is a fairty deep affair, certainly capable of sustaining more analysis than we can devote to it
here. We wish to use it only to make clear a claim about a ZQG-like interface. We make no
assertions whether the tension is unresclvable or whether the computer might not permit

combining these two views in many as yet unforeseen ways.



38 G. Robertson, D. McCrackan and A, Nawell

ZOG is an evolution in the tool direction. It seeks to produce a transparent device which, in
itself, has no intelligence at all, bul is immensely responsive to the userr. It seeks to do this in
the arena where we normally expect to use natqral tanguyage, namely, dealing with large
bodies of knowledpe. Indeed ZOG uses natural language for its output. However, its own
internal struciure, which governs what it says and when it choses to say it, is completely
open to examination Dy the user. In fact, examination takes place as a simple side effect of
requesting the knowledge from {he system,

The maximat claim then is thal this mode of communication will be substantially supericr 0
that of communication with an intelligent agent operating vwithin the usual nalural janguege
dialog., The control exercised by the user and the abitity to acquire the relevant pieces at a
rate matching the users capabilities (no matter how fasi) will more than offset the
gommunication capabilities provided by intelligence applied to real time dialcg.

This ciaim does rot assert the unimportance of inteliigence. A good network results only
f;'om intelligent anaiysis of the topic -- it is frozen inteltigence. The claim refers to the
process of communication, to the efficiency of kriowledge_ acquisition or compiex prdcess
control by a human user. Mor does this claim make an assertion about the scope of its
application, Dynamic situations surely exist in which time to construct a network must be
thrown in the balance against time to communicate by some rmore direct way from the
naturally occurring situation, .

What grounds are there for thinking the interface might contain the seeds of such an
evenfuality, rather than simply the minimal claim of being andther (different and useful)
inferfacn? The unigue prﬁper!y of Z0G-like interfaces is the rate of chanze of visual textual
(and pictorial) information under user contr.o!. We can think of no other situation where this
particular high degree of informationai selectivity is evident, Ve can expect it 1o yield some
quite new communicative phenomena. Other dynamically controlled visuai situatiorns {as in
Sutherland’s (1963) Sketchpad) operate at a lower interactive rate informationally (and are
unique in other ways). The compuler, as ils speed and memory increases, opens a continual
sequence of genuinely new interactive experiences. -The rapid response large network

interface is simply one of these.
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6. Cost

We have discussed the functional polential of ZOG. 1t is alsc necessary te discuss the costs.
Z0G (and PROMIS) are expensive systems in two ways: the cast of the hardware, and the cost
of preparing the networks. The appropriate form to discuss costs is in terms of system
demands for processing and memory, and manpower domands for networks. Reduction of
these to doliara confounds the issue with particular technology and minor design decisions,

The technics! demaad of rapid responsg ranges from 00 te 300 kilobaud peak lransmission,
depending on implemerndiation {achniques. The unprediciability implied by the farge network
essentiaily mrans this rate must be available from large storage devices, though of course it
can be shared for all termirals. Such a dala rale is by no means cut of the questicn, but it is
like current disk-core transmission rafes and is very high for terminals. The technical demand
for thé tarza nebworks is about 25 megabyles of siorage (700 characters per frame .times
35,060 frames). Again, this is not out of the question, but is substantial, However it is mostly
shared among all terminals. Touch screen capability is itself not common on terminals and is
still moderclely expensive. But here dema.nd could no doubt bring the cost under control. In
summary, compared to currently popular interfaces the ZOG interface looks unattractive; only
substantial conviction of its useful properties and/or a strong change in technological costs
would lead to its exploitation.

The cost of developing the large network may be by far the largest barrier to the adopticn
of this ghilosophy. Under current art each frame must be hana crafted by a professional
skilled in the knowlednoe embedded in the frames. The extra skills to be a good frame and net
desigher are not yet undorsiood. PROMIS esiimates & total of 100 man-vears invested in
producing ils library of 35,000 frames. Ac mentioned earlier, our experience with ZGCG
indicates a produclion rate of about five frames per hour. This tremendous cost factar implies
that work done on machine aided {(or semi-aﬁlomatic) frame generation will become critical to
the adoption of this philosophy.

We are exploring threce possible ways of reducing the cost o.f frame development with

machine aided frame generaiioﬁ. The first, mentioned in connection with the interactive
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documentation applications, is to convert existing machine-readable documenis into an
unpolished initial set of frames. The second is the use an externally maintained database with
tocls for automatic conversion to Z0OG frames. This approach is being used by the library
browsing application (see Fox and Palay (1979)). The third approach is to use collections of
frames, called schemas, with parameterized dispiay elements. The investigation olf the schema
approach is being done by Kamesh Ramakrishna. All three approachs show promise, although

hore appeacs to be universally useful,

From the general description we have given, it should be clear that there remain a number of
unancwered questions about the parameters of 20G-iike inferfaces. The main lines of further
study and development are as foilows.

The ultimate appeal of 70G-like schemes is in the guality of inferaction tiiey offer, so that
e.siab'.‘ishing the performance aspects and developing an appreciation f&r them will be tha
priority issues. Qur recent implementation of ZCG on the VAX is a move in this direclion. The
VAX version appears to have significantly !muerfoverhcads on subjob interactions and faster
response rates, which should encourage exp!oration of action oriented applications.

Development of techniques for construcling Iérge networks is essential. As menticned in
the previous scction, we are exploring three different approachs to machine aided frame
generatien. In addition, we are st'udying alternative mechanisms for global editing cf frame
libraries, which is further described in McCracken and Robertson (1979).

Studying how users interact with Z0G is essential, both in the classic human factors
investigations of parameters (such as response time and display layout) and in more cognitive
issues (such as search strategies, learning time and style of using ZOGNets). Our approach,
originally described in Newell (1977) (see also Card, Moran and Newell (1980)), is to construct
information processing models of user behavior. Seme progress is already underway on this
(see Mantei (1979) and her work on disorientation). We are particularly interested in
developing new methodologies for using user study experiments to guide the development of

systems (work being carried out with Kamila Robertson),
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It is clear to us that ZOG and PROMIS represent a novel and potentially imporiant kind of
man-machine interface. QOur experience with various applications supports that position. The
areas of effort described above represent the current focus in cur study of man-machine

communications.
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Appendix I: Z0G Communications Language

Under normal circumstances, ZOG reutes character streams from a number of sources of input
to a number of logical output devices.  Most of these input sources may invoke the
communications lanpuage wilh one of six ‘escape characters: “A (control-A}, "B, °C, "D, "E, or
“L. Two of these escape tharacters are direct commands: “C forces an exit from the system,
and "L forces a clear of the user display. The remaining escape characters take the felfowing
character as a command, which may interpret characters fellowing it as parameters. These
escape charactrrs provide supporl for the four basic facilities thal ZOG provides: ZOGNET
positioning, communications control, ZOGNET modilication, and hard-copy output,  After the
cammand has beon execuled, the ¢haracter stream conlinues to flow as determined by ine
new state. The foilowing is a complete summary of feafures of the communications tanguage

(with the aporopriate escape character shown before each command).

I.1. ZOGNET Positioning Commands

“ATA - Send “A as though ro escape occurred.

~AD - Display current framz. This command is useful if the display area becomes cluttered
and the user wishes to redisplay the frame.

~Al - Show full user display. Normaily, only the last tire of the user disptay is shown (in line

k 23 of the frame display). This command allows tihe user to view the entire user display.

~“AM - Mark current frame for later return,

“AR - Return to ihe last marked frame.

~“A” - Return anywhere. This command enters a subsystem that allows examinalion of the
backup stack, the mark stack, and the list of frames pointing to the current frame. The
user may go to any item on any of these lists.

~AB - Back up one frame.

~AN - Next option. This command gocs to the previous frame and sclects the oplion folilowing
the one last selected. It is usefut while exploring an unfamiliar network.

~AG=<frameid>; - Go to frame.

~AF - Find string. This commznd enters a subsysiem that allows the user to specify and
control a search of all or part of the ZOGMet. Tihe search specification tncludes a string,
the name aof the last person who modified the frame, the date of last modification,
whethor {o search text only or the whole frame, and what subnets to search. A list of
frames matching the search specification is constructed, and the user is allowed to
examine that list and go to any frame on il. -

~AC - Clear backup list. Each time 1he user makes a selection, the frame he was at is saved in

a backup list. This list is used by Backup, Mark, Next, and Return to preserve state. The
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Clear command emptics this hst, with the side effect of remavirg any "marks”,

“APl - Pop backup stack once.

."AF’<frameid>; - Unwind backup stack to first occurrence of irame.

~Al<frameid>; - Set initial frame (used on entry to the system).

~Ax<frameid>; - Set default global pad frame. lf no global pad frame is referenced in a frame,
the default is used.

~AHH ~ Hold statistics and log.

~“AHR - Resume statistics and fog. The hold and resume commands are used if detaited user
dala is being recorded and some interruption forces the ucer te leave the terminal for
awhile.

“A. - Reent staticlics counters.

“A? - Dt dynamic statistios,

“AS<chor> = Set selection character for undefined sclections. Normally, the system simply
rings a bet if the user types an undefircd selection. Wilh this command, any undefined
selecticns will be translated into the specified character.

~“AT<tirser; - Set maximum display time in 100 millisecond units.

“AX<char> - Set display timeout ceiection character. The timeout time and timeout selection
character commands enablc an experimenter to control how long a user sees a display

and what happens when the user does not respond within a given time period.

!
I.2. Communications Contrel Comrnands

“B73 - Sind "B as though no escape occurred.

“BXE ar "8XS - Set oulput tevel, £ for expert, S for standard.

“B; - Commert (o next carriage-return,

“BP<input> - Push input route. The current list of outputs to which the specified input are
rcuied is saved. <input> is a single characlter: F for file, K for keyboard, T for
touch-screen, A for action, Z for ZOGNET printing, M for ZOG messages, J for subjob, and
E for echo from subjol,

“BU<irput> - Pop input route. Restores the list of outputs for the specified input, assuming
that a "GP<input> was proviously done for that input, Ollerwise, it does nothing.

“BR<inputr<oulputl>..<outpuin>; - Reute inpul lo outpuis. This command esiablishes a list of
outputs for a specified inpul. <outpulm> is a singie character: S for selecticn processing,
Z for ZOGNET building, J for subjob, F for fide, L for log file, U for user display, D for
frame display, and C for context display {(for number of "marked" frames).

TB? - Print routing information. This command will print a map of where each input is
currently routed. It also prints information about opened fitas and the state of the
subjob.
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“Bl<filenam.ex1>; - Open input fite. Once opened, an input fife witl be read lo ils end, with
each character being sent to each output devices specified in the file input route. "2l
will cause a prompt to he printed and the file name to be cbtaired from tha keyboard.

“BO<tilenam.ext> - Open cutput file.  Any oulput directed to the output file befere it is
opencd will be ignored. “BO; will cause a prompt to ke printed and the file name to be
obtained from the keyboard. 1If ine file already exists, the user will be given a chance to
abert the open. ‘

“BC - Close cutput file.

“BL<fiterwmoxi>y - Open log file. In addition to cpeninz the log file, this command starts the
logzing eperation. Every keystroke and every frame dispicy o loganad with a time staron.

“BM - Placc subjob in momior mode. This is egiivalent 1o sending a3 series of "C’s o the

- suwjolb.

“BE - Exit {rom Z0G. I a subiob has feen logged i, this will lepout the subjch. If an output
file las been opened, this will close it. "Cis trapped by Z0G and will cause a "BE unless
the koyboard is roulzd to the subjob, in which case it will be passed on te the subjob.

“BDh,v; ~ Posilion display cursor. This command takes a vertical line number, v, frem 1 to 25,
and a horizontal character position, h, from [ o 80, and nwoves thes cursor to tinat
location. When ZOG is started, it asks the user whai kind of terminal he is using. This
allows actions and subjobs to be terminal independent.

~“BT<char> - Sel terninal type.

~B. - Clear dispiay,

“BN - No clear on next framo display. This command is used tc cveriay frame displays to get
special effocts,

“BS<solection-char><char> - Print <char> immediately befcre selection specified by
<gelection-char>,

~BK<input><char> - Wait for character <char> from input source <input>. This command will
suspend input from the current source until the conditien is satisfied.

~BW<state> - Wait for state, where <state> is F for end ¢f input file, J for subjcb in maoniter
mode, and K for carriane-relurn from keybeard. This command will suspend irput from

the curranl source until the condiion is salisfied.

1.3. ZOGNET Modification Commands

“D™D - Send "0 as though no escape occurred. ‘

~DF<frameid>: - Send frame in BH form. This command sends the external form of the
specified frame to outputs linked to the ZOGNET printing input.

~DC<frameid>; - Send frame comment in BH form.

~DS<subnetid>; - Send subnet. This command sends the BH form of all frames in the specified
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subnet.

“DW - Send whole ZOGNET. This command sends all frames in 3 form,

“Dx - Send all frames modified during the current user session.

“DN<subnetid>; - Send next free frameid for subnet,

“D?<frameid>; - Send mainlenance information for frame. The mainlznance information
includes the crealion date, name of creator, date and time of last modification, and name

' of last modifier,

“D. - Send current frame identification.

DU - Send current user idenlification.

DV - Sond current 720G vorsion number.

DT - Send current log tirme (n millisoconds .

"DY<frameiu»; ~ Display framc. This cormemand displavs the spocified frame in the same way
the =selection proces«or dispifays frames,

“DO<{rameid> ~ Ovurlay display of frame.

“DD<frameid>; - Delete frame.

“DM<fraragid> <subnetid>; ~ Move frame to another subnet.

“DR - Reramz a subnet. This command prompis for subnet to rename and new name to give

it

“Dl<frameid>; - Initialize frame. This command will prompt for the name of a frame to copy,
then enter ZE0,

"DE}Sframoidh - Edit frame {(enter ZED.

“0 - Resume edit. This command reenlers ZED ediling the frame it was last editing. ZED has
several ways of suspending state and giving the user freedom to move about ths
ZOGNet, and this command restores that state,

“D- - Sel indicator marks. This command scans the entire nel and checks all seiections to
determine if they are inert or nel. Inert selections are given a minus sign after the
option nureber to mndicate to the user that they ;o nowhere.

- “DP<framctd>; - Set proteclion for frame. This command prompts for the type of protzction

requircd. Two types arc currenily supperted: (1) enly owner can write frame, and (2)

only cwrer can view frame.

“DA - Sel default protection tor all new framoes.

1.4. Hard Copy Qutput Commands

“E"E - Send "E as though no escape occurred.
“EF<frameid>; - Send picture form of frame. Picture form is a hard copy image of what the
user sees on his videa display.

“ES<subnetid>; - Send picture form of all frames in ;ubnet.
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“Ex - Send piclure form of all frames modified during this user session.

"‘EI<subnc%icl>; - Send index for subnat. This command will list all frames thal are defined in
the specified subnet.

~EX - Send index of all subnets. This commands will list the names of all subnets.

“EA<subnetid>; - Send static analysis of subnet.

“E? - Send static analysis of all subnets.
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Appendix [I: ZED - The Frume Edilor

The frame editor, called ZED, wos based on an extension of the one dimensional SOS alter
mode {Weiher and Savitzky, 1970} to a two dimensional frame alter mode. The frame is
always displayed while it is edited. The user types single character commands {listed belcw),
which arc not echoed. The effect of the commands is to alter the frame as displayed. Al
alterations are made to a copy of the frame, so that the user may abort the edit with no
changes made.

When alier mode-is entered, a chieck is made to ensure that the frame is aiready defired. If

it is not, alter mode aborts with an error mescsage, it s, a copy is made of it, and the coopy

is dicpiaved., The cursor is set to tha first character of the text, which becomeas the current

itew bBoing edifed.

Most af the following commands may be preceded by & number {represented by italicized
n), which indicates a repetition of the cperation. In general, upper case commands are fcr
manipulating items (title, text, ophions, local pads, global pads), and lower case ¢commands are
far manipoalating text (within the current item).

General commands:

hor Hor ? - Print «'tor mode help.
g or @ -~ Guit alter modey no charee to frame.
e or E - Exit aiter mode with alerad frame,

Item commands:

n<cpace> - Skip n characters in current iten.

n<del> - Back up n characlers in current item.

| - Back to start of current itor.

ns<char> - Search for n’th occcurrence of <char> in current item.
i<char>$% - Incert characters in current Hem lo altmode,

nd - Delefe n charactaers in current item.

“U - Restore current item.

rk<char> - Kill (dalete) to n'th occurrence of <char> in current itam.
nin<char»>schars>S - Munch (kiil and insert).

t - Transpose next two characters in item.

nr<chars>8 - Replace nocharacters {same as ndi<ehars>S),
re<n-chars> - Change next n characters in item,

e = Invert cace of rext n o cneracters noiem,

p - Alter nosition of currant itom,

n - Alier next frarme of current item,

a - Alter action of current ttem.

b - Alter box ({touch rectangle) for current item.

x<chars>8 - Extend ifem {insert at end).

Zz - Alter selection character of ifem.
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Frame commands:

n<line-fernd> - Skip n frame items.
n<altmode> - Backup up n frame items.
L - Back up o title (first frame ifem).
S<char> - Secarch for selection with <char> as selector.
[ - Insert item; prompts for arguments.
D - Delete item.
- Replace whoie frame; prompts for frame (o copy.
Exit to net with edit resume cnabled.
Alter frame action,
Display hoxes (touch reciangles).
Alter frame comment.
- Formsai option positinns.
- Replare glnbal frame pad.
J - Justify text,
M - Add marii coramand o frame achion.
R - Replace ilom,
X - Extend aptions.

1

»
A
B
C
F

G



Appendix 1 Extornal Frame Format - BH Files

The extcrnat frame format was chosen o provide a means of fransporting énd cxporting
Z0G frames and nets o other Z0G systems. It was chosen to bz compaslible with a
bibliography mainienance program, talled BH (Newcomer, 1976}, to allow use of the corling
features of BH if desired. A BH file contains a series of entries with each 2ntry conlaining a
number of elemenis. The first element must be a +A+ eternent. The other elements ara all
lanelled with +<char>+. The feliowing BH-comratible format is us2d for 202 frames.

A+ fraracid v - Entry header. Define frame with version nurrber v I v is lezs than or cqueal
to an exinting version number, then bypass this olag version, v is zzrg, thea a2uzment
tiee axicling frame rather than replacing ik
+3+ frammeid - Glotal pad frame.
+C+ "cormmiant” - Comment. If a frame is heing definad, the comraent is ircluded as part of the
- frame, alihough il is not normally displayed. Otharwise, the comment is igncred.
+F+ <desc> frameid - Next frame. This specifies the next frame for eifher an option or a pad.
<desc> is described below.
+P+ <dese> v h - Posifion. This spacifes the cursor starting position (vertica! and horizonial)
' for an oplion or pad.
+T+ «<desc> "toxt” - Text. This «pecivies the {ext which is displayed as part of an option or
pad. I should include the sclector characler and some indication of whether rrizking the
selection would result in any atlivn or next frame (e, if nol, the selector characler
should be preceded by a "-").
+X+ <desc> "action” - Action. This specifies the characler string which wiill be used as action
input when the optlion or pad is selected.
+F+, +P+, +T+, and +X+ are used to characterize a selection {option or pad). Any of {hem
may be omitted. <dosc> specifies which oplion or pad is being characterized as follows: T is
for frame titie and if valid only for +P+ and +7+; F is for frame text for +P+ or +T+, frame
action for +X+, and illegal for anything else; O<char> is for an option with a specified selection
character; and L<char> is for a local pad.
Tex! apperaring between double quotes m;'ey he muitiple lires long. Several characters must
be quoted within text strings (plus, ampersand, double-quole, and conircl-G). The quotle

character is control-Q.

-

ta g, W $

-
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