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App l y i ng  D i r e c t  M a n i p u l a t i o n  Concepts :  

D i r e c t  M a n i p u l a t i o n  Disk Ope ra t i ng  System (DMDOS) 

Osamu I s e k i  and Ben Shneiderman 
Human-Computer I n t e r a c t i o n  L a b o r a t o r y  

Center  f o r  Au tomat ion  Research 
Department o f  Computer Sc ience 

U n i v e r s i t y  o f  Mary land 
C o l l e g e  Park ,  MD 2074e 

A b s t r a c t :  S o f t w a r e  e n g i n e e r s  a re  o f t e n  
c a l l e d  upon to  des i gn  user  i n t e r f a c e s ,  but  
s t r a t e g i e s  and g u i d e l i n e s  a re  o n l y  b e g i n n i n g  
to  emerge. Shneiderman (1983) i n t r o d u c e d  
the  term " D i r e c t  M a n i p u l a t i o n "  to  d e s c r i b e  
user  i n t e r f a c e s  which have:  

1) e r r o r - p r o n e ,  d i f f i c u l t - t o - r e m e m b e r ,  and 
d i f f i c u l t - t o - t y p e  commands such as:  

d i r / w  c : \ l e v e l e  
copy a : f i l e l . p a s  b : f i l e l . b a k  
e r a s e  c : \ l e v e l e \ f i l e l  

i )  c o n t i n u o u s  r e p r e s e n t a t i o n  o f  the  o b j e c t s  
o f  i n t e r e s t .  

2) p h y s i c a l  a c t i o n s  (movement and s e l e c t i o n  
by mouse, j o y s t i c k ,  touch sc reen ,  e t c . )  o r  
l a b e l e d  b u t t o n  p r e s s e s  i n s t e a d  o f  complex 
s y n t a x .  

3) r a p i d ,  i n c r e m e n t a l ,  r e v e r s i b l e  o p e r a t i o n s  
whose impact on the  o b j e c t  o f  i n t e r e s t  i s  
immed ia te l y  v i s i b l e .  

4) l a y e r e d  or  s p i r a l  approach to l e a r n i n g  
t h a t  p e r m i t s  usage w i t h  minimal knowledge.  

The concepts  o f  d i r e c t  m a n i p u l a t i o n  has been 
a p p l i e d  i n  some d i s t i n c t i v e  systems such as 
XEROX STAR and APPLE Mac in tosh ,  and many 
a p p l i c a t i o n  s o f t w a r e  p r o d u c t s  such as spread 
s h e e t s ,  word p r o c e s s o r s ,  d rawing t o o l s ,  
d e s k - t o p  managers, e t c .  

However, the  b a s i c  s o f t w a r e  o f  p e r s o n a l  
computers ,  the  o p e r a t i n g  system, i s  s t i l l  
o f t e n  based on command language concep ts .  
Th is  paper  d e s c r i b e s  DMDOS ( D i r e c t  
M a n i p u l a t i o n  Di~k O p e r a t i n g  System),  t h a t  we 
des igned by a p p l y i n g  the  concep ts  o f  d i r e c t  
m a n i p u l a t i o n  to MS-DOS on the  IBM PC. 

*Address  co r respondence  to  Ben Shneiderman 

2) need f o r  many commands such as:  VERsion, 
VOLume DATE, TIME, CD, MKDIR, RMDIR, CHDIR, 
TYPE, PRINT, DELETE, and RENAME. 

3) f r u s t r a t i o n  o f  watch ing  the  d i r e c t o r y  
l i s t i n g s  s c r o l l  o f f  o f  t he  sc reen  too 
q u i c k l y .  

4) u n c e r t a i n t y  o f  not  see ing  the  source  and 
d e s t i n a t i o n  d i r e c t o r i e s  w h i l e  c o p y i n g ,  
compar ing,  o r  d e l e t i n g  f i l e s .  A f t e r  i s s u i n g  
a f i l e  command, many use rs  i ssue  a d i r e c t o r y  
d i s p l a y  command to v e r i f y  t h a t  the  command 
was c a r r i e d  ou t  c o r r e c t l y .  

5) need to t ype  f i l e  and d i r e c t o r y  names, 
excep t  when they  a re  c r e a t e d .  Once c r e a t e d ,  
f i l e  and d i r e c t o r y  names can be s e l e c t e d  f rom 
the  d i s p l a y .  When the  number o f  f i l e s  i s  in  
the  hundreds ,  i t  may be more c o n v e n i e n t  to  
t ype  the  f i l e  name, but  w i t h  o n l y  ±ens o f  
f i l e s ,  s e l e c t i o n  by p o i n t i n g  i s  o f t e n  more 
r a p i d  and a c c u r a t e .  

2. DESIGN GOALS 

In a p o s i t i v e  way, we sought to p r o v i d e  a 
wor ld  in  which t h e :  
I )  t a s k - r e l a t e d  o b j e c t s  ( f i l e s >  and the 
a c t i o n s  (commands> were a lways v i s i b l e ,  

1. INTRODUCTION 

The d i f f i c u l t y  o f  d e s i g n i n g  a d i r e c t  
m a n i p u l a t i o n  system was e x p l o r e d  in  a v i s u a l  
des ign  f o r  the  commands in  the  M i c r o s o f t  
Disk Ope ra t i ng  System (MS-DOS> f o r  IBM and 
c o m p a t i b l e  computers ( d e t a i l e d  des ign  and 
imp lement ion  by Osamu O s e k i ) .  The 
m o t i v a t i o n s  were to a v o i d  t he :  

e> user  cou ld  s e l e c t  o b j e c t s  and a c t i o n s  by 
p o i n t i n g  i n s t e a d  o f  t y p i n g ,  and 

3) r e s u l t s  o f  a c t i o n s  were ~mmediately 
v i s i b l e .  

We hoped that such a design would be easy to 
learn and retain, rapid in performing tasks, 
low in errors, and high in user satisfaction. 
After many revisions and tests with hundreds 
of knowledgeable observers and novices, the 
screen layout was determined (Figure I). 
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3. SCREEN ORGANIZATION 

The l a r g e s t  p a r t s  o f  the  sc reen  a re  the  r i g h t  
and the  l e f t  d r i v e  i n f o r m a t i o n  a r e a s .  Each 
area has t h e :  

I )  d r i v e  name (A, B o r  C) .  

2 )  volume name of the  d i s k .  

3) [SUB-D IR /F ILE ] ,  the  t o g g l e  s w i t c h  f o r  
changing the  l i s t i n g  f r o m / t o  f i l e  names or  
s u b d i r e c t o r y  names. 

4) [SORT] s w i t c h  which a l l o w s  use rs  to  s e t  
the  s o r t  c o n d i t i o n  o f  the  f i l e  l i s t i n g :  s o r t  
by f i l e  name, e x t e n s i o n ,  s i z e ,  or  d a t e .  

5) [WIDE/FULL], t o g g l e  s w i t c h  f o r  changing 
the f o r m a t  o f  the  f i l e  l i s t i n g  f rom a s i n g l e  
to  a doub le  column l i s t i n g .  

6) C u r r e n t  d i r e c t o r y  name. 

7) The l i s t i n g  o f  f i l e  names or  s u b d i r e c t o r y  
names in  the  c u r r e n t  d i r e c t o r y .  Each l i s t i n g  
has a maximum o f  twen t y  f i l e  names or  ten  
s u b d i r e c t o r y  names. 

8> Icons  f o r  s c r o l l i n g  up and down the  
l i s t i n g .  The s h o r t  a r rows  se r ve  f o r  l - l i n e  
s c r o l l i n g  and the  long a r rows  f o r  5 - l i n e .  

These two l a r g e  a reas  a re  independent  f rom 
each o t h e r .  

Below these  d r i v e  i n f o r m a t i o n  a r e a s ,  t h e r e  
a re  command a r e a s ,  which a re  c a t e g o r i z e d  i n t o  
f o u r  g roups .  

i )  Commands r e q u i r i n g  2 argumeDts:  COPY, 
COMPare, EXECute. 

2) Commands requiring I argument: ERASE, 
VIEW, PRINT, KEY-IN, and FORMAT. 

3) D e f i n a b l e  p e r s o n a l  commands (space i s  
p r o v i d e d  f o r  o n l y  f i v e ) .  

4) S p e c i a l  commands: MACRO, HELP, and EXIT.  

DOS 2.10 

DIR : \ 

'• 1 > DMDOSSU8 8AT 52 05-21-85 
2> DMDOS BAT 99 05-21-85 ~L 
3 > D M  DOS BAN 975 05-21-85 
4> DMIDO5 PRM 1620 05-21-85 
5 • O M  DOS TBL 5504 05-21-85 
6 > D M  DOS MSG 15542 05-21-85 
7 > D M  DOS COM 65024 05-21-85 
8> DM DOS 000 42240 05-21-85 
9> DMINTR TXT 7552 05-21-85 

10> DMHELP TXT 13696 05-21-85- 

' r [ ] -more 
11 File(s) 162816 bytes free 

Drive Informat ion Areas [Date] [Time] " \  \. \. 
06-05-1985 12:15,30 

1 • JUDD BAT 2 > TEXTFILT EXE 
3> PRINT COM 4> RECOVER COM 
5> ASSIGN COM 6> TREE COM 
7> GRAPHICS COM 8> FIND EXE 
9> EXE2BIN EXE 10> LiNK EXE 

11•  DEBUG COM 12•  BACK BAT 
13> PROGFII.T EXE 14> BASICA COM 
15> 8UF128 EXE 16> IC COM 
17> D8ASE 8AT 18> 123TUTO BAT 
19> 123 BAT 20> FDISK COM 

[ ] -more 
36 Fife(s) 80896 bytes free 

I COPY ICOMP I EXEC IIERASEI v'Ew PRINTI IKEY- IN ' IFORMATl l  II I I I I 

Prompt and Error I Aessage Area 

Commands Commands Personal Special 
requiring requiring Commands Commands 
2 arguments  1 a rgument  

F ig .1  D M D O S  S c r e e n  
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The sc reen  f o r m a t  c o n t a i n s  most i tems users  
need and i t  remains  v i s i b l e  un less  a program 
f i l e  i s  execu ted  o r  the  c o n t e n t s  o f  a f i l e  i s  
seen by us~Lng the  [VIEW] command. T h e r e f o r e ,  
use rs  may have l e s s  a n x i e t y  about  the  c o r r e c t  
e x e c u t i o n  o f  a command than w o r k i n g ' i n  a 
l i n e - b y - l i n e  mode. 

Ten sc reens  o f  o n l i n e  he lp  a re  a v a i l a b l e  to  
b r i e f l y  d e s c r i b e  the  sc reen  l a y o u t  and the  
commands. 

4. FUNCTIONS 

DMDOS f u n c t i o n s  a re  c a t e g o r i z e d  i n t o  seven 
g roups :  

I) Functions automatically executed. For 
example, the directory listing is always 
displayed on the screen. This eliminates the 
need for the DIR command. 

2) Functions executed by single object or 
switch selection. Selecting an object causes 
some functions. 

3) Functions executed by overtyping the 
selected object. These are mainly for 
renaming files and changing the date or time. 

DMDOS 
command category Functions PC-DOS 

commands 

Automatical ly Executed *directory listing wi th sort DIR and SORT 
*display DOS version VERsion 
*display volume name VOLume 

Executed by Single *display current date and time DATE and TIME 
Selection (display) 

Executed by Overtyping 
the Object 

Executed by Command 
with 1-argument 

Executed by Command 
with 2-argument 

Executed by Special 
Command 

*rename a file 
*make a subdirectory 
*change current directory 
*set date and t ime 

*[ERASE]:erase file or subdirectory 
*[VlEW]:display contents of file 
*[PRINT]:print out contents of file 
*[FORMAT] :format a disk 
*[KEY-IN] :make a text file 

*[COPY] :copy file 
*[COMP]:compare files 
*[EXEC]:execute file 

*[HELP] :display brief manual 
*[MACRO] :define personal 
command 
*[EXIT] :exit to PC-DOS 

not implemented in 
DMDOS 

RENAME 
MKDIR 
CHDIR 
DATE and TIME 
(set) 

ERASE and RMDIR 
TYPE 
PRINT 
FORMAT 
COPY-CON 

COPY 
COMP 
(type filename) 

(Batch command), 
BREAK, PATH, 
VERIFY, ASSIGN, 
BACKUP, CHKDISK, 
GRAPHICS, MODE 
RECOVER, 
RESTORE, SYS 

I aDle 1. I-UnCl:ions O1" ~IVIL.)U~ 
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4) F u n c t i o n s  execu ted  by commands w i t h  one 
argume6t .  These commands need o n l y  a source  
o b j e c t .  

5) F u n c t i o n s  execu ted  by commands w i t h  two 
arguments .  These commands need source  and 
d e s t i n a t i o n  o b j e c t s .  

6) F u n c t i o n s  execu ted  by p e r s o n a l  commands. 

As a s p e c i a l  case o f  s e l e c t i o n ,  
m u l t i - s e l e c t i o n  o f  a f i l e  name i s  p e r m i t t e d .  
The o p e r a t i o n  o f  m u l t i - s e l e c t i o n  i s  to  ho ld  
down the  CTRL key w h i l e  p r e s s i n g  the  RETURN 
key when s e l e c t i n g  f i l e  names. The 
maximum number o f  m u l t i - s e l e c t i o n  f i l e s  i s  
t e n .  Th is  f u n c t i o n  may be used f o r  copy ing  
s e v e r a l  f i l e s  to  a n o t h e r  d r i v e  o r  e r a s i n g  
s e v e r a l  f i l e s  a t  one t i m e .  In  MS-DOS, i t  i s  

These commands can be d e f i n e d  by the  user  and necessary  to  use w i l d - c a r d  c h a r a c t e r s  such 
i n c l u d e  a sequence o f  o p e r a t i o n s ,  as " * "  and "7"  to  i n d i c a t e  the  m u l t i p l e  

7> F u n c t i o n s  execu ted  by s p e c i a l  commands. 

Table 1 shows f u n c t i o n s  in  each c a t e g o r i e s .  
These a re  d e s c r i b e d  w i t h  the  e q u i v a l e n t  
MS-DOS commands f o r  compar i son .  S ince we 
t r i e d  to  reduce the  number o f  commands to  the  
minimum, some MS-DOS f u n c t i o n s  used 
i n f r e q u e n t l y  have not  been implemented.  The 
most i m p o r t a n t  commands not  implemented a re  
batch p r o c e s s i n g  commands which a l l o w  users  
to  make t h e i r  own command sequences in  an 
e x e c u t a b l e  ba tch  f i l e .  However, DMDOS has a 
s p e c i a l  command [MACRO] to  make user  
d e f i n a b l e  commands. Th is  f e a t u r e  w i l l  be 
d iscussed  l a t e r .  

f i l e s .  Though t h i s  mechanism i s  a l s o  
a l l owed  i n  DMDOS, m u l t i - s e l e c t i o n  i s  
sometimes an e a s i e r  way to  i n d i c a t e  a s e t  o f  
f i l e s .  

The g e n e r a l  p r i n c i p l e  o f  o p e r a t i o n  i s  to  
s e l e c t  an o b j e c t  f i r s t ,  c a l l e d  the  source  
o b j e c t .  A f t e r  t h a t ,  o v e r t y p i n g  or  s e l e c t i n g  
a command i s  e f f e c t i v e .  Three t y p i c a l  
o p e r a t i o n a l  sequences a r e :  

i )  O v e r t y p i n g  
(1) S e l e c t  an o b j e c t  o f  i n t e r e s t .  
(2)  Over t ype  the  new name. 
(3) S e l e c t  the  o b j e c t  aga in  to  i n s t a l l  

the  new name. 

5. OPERATIONAL PRINCIPLES 

O p e r a t i o n  in  DMDOS i s  ma in l y  based on 
movement o f  the  c u r s o r  and s e l e c t i o n  o f  an 
o b j e c t  o r  a command o f  i n t e r e s t .  Cursor  
movement and s e l e c t i o n  can be done by us ing 
e i t h e r  keyboard or  mouse. 

Y~i~g ~ ~ 2 ~ E ~ :  Users can use f o u r  a r row 
keys to  move the c u r s o r .  The c u r s o r  i s  moved 
f rom i tem to  i tem i n s t e a d  o f  f rom c h a r a c t e r  
to c h a r a c t e r  excep t  i f  i t  i s  in  a s e l e c t e d  
o b j e c t .  S e l e c t i o n  i s  done by p l a c i n g  the 
c u r s o r  in  the o b j e c t  o f  i n t e r e s t  and p r e s s i n g  
the RETURN key.  

Us~Qg a mouse: The c u r s o r  moves c h a r a c t e r  by 
c h a r a c t e r  a c c o r d i n g  to  the  mouse movement. 
S e l e c t i o n  i s  made by p r e s s i n g  one mouse 
b u t t o n .  The keyboard can a l s o  be used a t  
the  same t i m e .  

The mouse i s  a more ' d ~ r e c t '  t o o l  than the  
keyboard to  l o c a t e  the  c u r s o r  on the i tem o f  
i n t e r e s t  q u i c k l y .  However, two s e t s  o f  
s p e c i a l  keys may he lp  use rs  to  move the 
c u r s o r  e f f e c t i v e l y  by the  key board .  F i r s t ,  
f o u r  c o r n e r  keys a d j a c e n t  to  f o u r  a r row keys 
a l l o w  users  to  t a k e  a s h o r t c u t  by jumping 
the c u r s o r  to  the  f o u r  c o r n e r s  o f  the  
sc reen .  Second, the  ten  f u n c t i o n  keys 
( F I - F I O )  a re  d e d i c a t e d  to  moving the c u r s o r  
onto  the  d r i v e  f i e l d  or  s c r o l l i n g  i cons  o f  
each d r i v e  and making a s e l e c t i o n .  

The i tem v i s i t e d  by the  c u r s o r  w i l l  be 
reverse-displayed partly or fully. Once the 
item is selected, it remains highlighted 
until it is unselected or a function is 
executed. 

i i )  Command w i t h  one argument 
( I )  S e l e c t  an o b j e c t  o f  i n t e r e s t .  
(2) S e l e c t  a command. 
(3) Users might  be prompted by some 

messages. Answer these  p rompts ,  
i f  any.  Then the  command w i l l  be 
e x e c u t e d .  

i i i )  Command w i t h  two arguments 
(1) S e l e c t  a source  o b j e c t .  
(2> S e l e c t  a command. 
(3) S e l e c t  a d e s t i n a t i o n  o b j e c t .  
(4) Users might  be prompted by some 

messages. Answer these  p rompts ,  
i f  any.  Then the command w i l l  be 
e x e c u t e d .  

Th is  o b j e c t - f i r s t  s t r a t e g y  i s  d i f f e r e n t  f rom 
the o r d e r  o f  PC-DOS' command s y n t a x .  A f t e r  
e x e c u t i n g  a command f u n c t i o n ,  the  most 
r e c e n t l y  s e l e c t e d  o b j e c t  i s  s t i l l  s e l e c t e d .  
T h e r e f o r e ,  i f  use rs  need to  e x e c u t e  any o t h e r  
command on t h i s  o b j e c t ,  they  can s imp l y  
s e l e c t  a new command j u s t  a f t e r  the  e x e c u t i o n  
o f  the  p r e v i o u s  command. 

6. PROGRAMMING THE MACRO COMMAND 

One of the major objectives of DMDOS 
development was to try to implement the 
programming capability based on direct 
manipulation, which we call the macro 
definition function. This function 
corresponds to the batch command in MS-DOS. 
A command defined by this function is called 
a personal command and can be regarded as a 
small program. To keep consistency, a 
personal command can be programmed by showing 
an example of a sequence of ordinary 
operations. Users can enter the 



A C M  SIGSOFT S O F T W A R E  E N G I N E E R I N G  N O T E S  vol II  no 2 Apt  1988 Page  28 

m a c r o - d e f i n i n g  s tage  by s e l e c t i n g  the MACRO 
s p e c i a l  cor~mand. A sequence o f  s e l e c t i o n s  
w i l l  be reco rded  as a r e p l a y a b l e  o p e r a t i o n a l  
sequence d u r i n g  t h i s  s t age .  

Each p e r s o n a l  command can have one or  two 
arguments l i k e  o t h e r  commands f o r  source  and 
d e s t i n a t i o n  o b j e c t s .  By m o d i f y i n g  the 
example o f  the  o p e r a t i o n a l  sequence, these 
arguments can be implemented in  the  p e r s o n a l  
command. 

For example,  making a p e r s o n a l  command 
c a l l e d  "MOVE" whose f u n c t i o n  i s  to  move a 
f i l e  ( sou rce  argument)  f rom one d r i v e  to 
ano the r  ( d e s t i n a t i o n  a rgument ) ,  r e q u i r e s  
these s t e p s :  

i )  S e l e c t  [MACRO] s p e c i a l  command. 

2) S e l e c t  [ D e f i n e . . ]  macro sub-command. 

3) Type the  name o f  "MOVE" and <Return>.  
The m a c r o - d e f i n i n g  s tage  b e g i n s .  

4) Show an operational example. 
4.1) Select a file named "FILEt". 
4.2> Select [COPY] command. 
4 .3 )  S e l e c t  a d r i v e  name " B : " .  
4 .4 )  S e l e c t  "FILE1" a g a i n .  
4 .5 )  S e l e c t  [ERASE] command. 
4 .6 )  ~ e l e c t  [Yes ]  f o r  c o n f i r m a t i o n .  

5) S e l e c t  [Macro ]  command aga in  to i n d i c a t e  
the end o f  the  m a c r o - d e f i n i n g  s t a g e .  Then 
the  reco rded  o p e r a t i o n a l  sequence and 
e d i t - p a r a m e t e r  w i l l  be d i s p l a y e d .  

6> S e l e c t  [Source Argument] parameter  f o r  the  
f i r s t  o b j e c t  " F I L E t " .  Then the  "FILE1" 
s e l e c t e d  a t  4 .4  w i l l  a l s o  be changed to the  
source  argument a u t o m a t i c a l l y .  

7> S e l e c t  [ D e s t i n a t i o n  Argument] parameter  
f o r  the second o b j e c t  " B : " .  

8) S e l e c t  [ R e t u r n  to DMDOS] to  i n d i c a t e  the  
end o f  the  m o d i f i c a t i o n .  

Th is  "MOVE" command w i l l  copy a source  f i l e  
to  the d e s t i n a t i o n  d r i v e ,  and e r a s e  the  
source  f i l e .  

On the user  i n t e r f a c e  s i d e ,  t h e r e  i s  some 
annoyance in  hav ing  to do so much a r row key 
p r e s s i n g  and t h e r e f o r e  some f u r t h e r  
s h o r t c u t s  shou ld  be e x p l o r e d .  The mouse 
v e r s i o n  reduces t h i s  p rob lem.  S i n g l e  l e t t e r  
a l t e r n a t e s  f o r  some o f  the  commands might 
f u r t h e r  speed the  work o f  some f r e q u e n t  
u s e r s .  The KEY-IN f e a t u r e ,  t h a t  uses the 
MS-DOS c o n s o l e  i n p u t  mechanism might be 
r e p l a c e d  by a smal l  t e x t  e d i t o r .  

Knowledgeable  use rs  o f t e n  remark t h a t  they  
would p r e f e r  to  t ype  commands and b e l i e v e  
t h a t  they  can work more r a p i d l y  by j u s t  
t y p i n g  the  commands. A f i e l d  t r i a l  ove r  
s e v e r a l  weeks would be h e l p f u l  i n  
a s c e r t a i n i n g  a c t u a l  pe r f o rmance .  

We f e e l  t h a t  we succeeded in  our  goa l  to  
c r e a t e  a d i r e c t  m a n i p u l a t i o n  i n t e r f a c e  f o r  
MS-DOS commands. Whether these  ideas  a re  
e f f e c t i v e  and can become s u c c e s s f u l l y  
i n t e g r a t e d  i n t o  commercial  s o f t w a r e  remains 
to be seen. The 6,000 l i n e s  o f  Turbo Pascal  
were w r i t t e n  in  a seven month p e r i o d  by one 
person  (Osamu I s e k i ) .  R e - i m p l e m e n t a t i o n  
shou ld  be e a s i e r  and would pe rm i t  i n c l u s i o n  
o f  a d d i t i o n a l  f e a t u r e s .  A f i f t y - p a g e  u s e r ' s  
manual w i t h  comple te  i l l u s t r a t i o n s  i s  
a v a i l a b l e .  As a c o u r t e s y  to pe rm i t  r e v i e w  
by r e s e a r c h e r s  and d e v e l o p e r s ,  Cogne t i cs  
C o r p o r a t i o n ,  55 P r i n c e t o n - H i g h t s t o w n  Road, 
P r i n c e t o n  J u n c t i o n ,  NJ 08550 w i l l  d i s t r i b u t e  
the  s o f t w a r e  p l u s  use rs  manual f o r  $20 ( t h i s  
i s  meant to  cover  c o s t s  o f  d i s k e t t e ,  manual 
r e p r o d u c t i o n ,  b i n d i n g ,  and m a i l i n g ) .  No 
gua ran tee  or  suppo r t  i s  p r o v i d e d .  
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7. CONCLUSION 

Novice and knowledgeab le  use rs  have expressed  
a s t r o n g  i n t e r e s t  in  DMDOS, but  f i e l d  t r i a l s  
w i t h  r e a l  use rs  a re  j u s t  b e g i n n i n g .  There 
a re  some per fo rmance  prob lems t h a t  may l i m i t  
use o f  the  c u r r e n t  v e r s i o n .  DMDOS takes  
a lmost  20 seconds to load on a s tanda rd  PC, 
r e q u i r e s  use o f  one o f  the f l o p p y  d i s k  
d r i v e s ,  and consumes over  52,000 b y t e s .  
These prob lems a re  reduced when a hard d i s k  
d r i v e  i s  a v a i l a b l e .  S ince DMDOS invokes  
MS-DOS f u n c t i o n s ,  hardware f a i l u r e s  produce 
e r r o r  messages which sometimes d e s t r o y  the  
DMDOS sc reen .  


