
Bolt Beranek and Newman Inc.

/

~~ Report No. 3618

Message Techn olo gy Research and Development
I Quarterly Progress Report No. 6

2 April 1977 to 2 July 1977

I September 1977

I
I

Submitted to:

I Defense Advanced Research Proj ects Agency

I >—
I 0_.

I~~~w
I c~ u-.



SE CuRITY CI. ASSIPI CATIO, O~ THIS PAG E (mI~~ D~~a

RE~~~DT Wti u~~~aTAI i f lb I  DA1’~~ 
READ tP4~ tR~ CTtONS

I’. ~~~~~~~~~~~~~~~~~~~ I ~~~~ ~~~~ “ BEFORE COW P~~~ TIN G FORM
I. REPORT NUMSL~ 2. .ov ’r Acc tSs,o~ No 1. RICIPIENT’S C~~T*LAO wtss SCR

BBN 3618 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3. TSt Lf ( ~~~~~~SH t.~ - - 
3- TYPE OF REPORT S PE~~ OD COVERED

MESSAGE TECHNOLOGY RESEARC H AND
5)  DEVELOPMENT . 4/2/ 77 - 7/2/ 77 ~~-

-

7 I. PERFORMING ORG. ~ EPORT NUMS ER

SuTWO R(.) — 

- 

i
..- S. CONTRACT OR CRANT NUM~~tR(.J

/ J J./Burchfiel/ T ./Myer  MDA 9~~3-~76-c-~~2i2 , \~~
/ ~, . / 

~~
‘ERFORMING ORGANIZATION NAM E AND ADDRESS . ~O PWOORRM .L.MENT. PROJECT YASE
Bolt Beranek and Newman Inc AREA S WO RK LINIT HUMSERS

5~1 ~ioulton StreetCambridqe, Massachusetts 02138
II , CONTROLLING OFFICE NAME AND ADDRESS 12. REPoRT DATE

/ ,
‘ September 1977

TI. NUMR~~RqF PAGES
27 + i i i

4 MOHIT(’RING AGENCY NAME s AOORESS(SI f v ~~ f I,.. Co~~~eIIIfl4 OWes) IS. SECURITY CLASS. .~~ , IAI~ ,*P~ PtJ

Unclas s i f i ed
— . I IS.. OECLASSIF,E~~~t , N-  fl. .WN~~QA.. .ING

ICH EDU LE

IS DISTRISUTION STATEMENT (o~~I?.S. R~~ .t1)

Distribution of this document is unlimited . It may be
released to the Clearinghouse , Department of Commerce
for sale to the general public.

17. OISTRI SUTION STATEMENT (of IA. .b.I,.c I wit., .d S.i DIock 30, If dSff.,snI fr.~ R.p.N)

15. SI~PPL EMENTARY NOTES

This research was supported by the Defense  Advanced
Research Pro jec ts  Agency under ARPA Order No. 3161

I~ , KEY WO R DS (Conlln u• o., ,.,. r.I .Sd. If I5C••~~~~ id Id.nlffy by block n s b , )

Hermes CINCPAC Test
Message Processing
Tenex Security

A U ST R A C T  (Co&ffiu. ~~ . ..~~~.. .I~~~ It nsc •0s y ~~d Id.nHfy by block O~~~b,) 
—______________

~ This report describes BBN e f f o r t s  in  the  c o n t i nu i n g
development of the HERMES messacie-processiflq system ,
with respect to system desictn , sec urity requireme nts
and preparations for the DARPA/’JT\VY/CT’~CPAC interactive
test.

\

DD ~~~~~~~~ 1473 EDITION OF ‘ NOV35 IS OSIOLETE

SECURITY CL A ISIFICAT ION 0’ THIS POC~E (~~~I~~I Do~a (s•...d)

I
/

-



- 

IECU~~~TY CLA1IlFICATI~~~ OP THIS PASI4I~~~~D...~~ J g

ISSM*?Y ci.*i~nc*fl~~o. ,~~~ 
- -



BBN REPORT NO. 3618 September 1977

MESSAGE TECHNO LOGY RESEARCH AND DEVELOPMENT

Quarter ly  Progress Report No. 6

2 Apri l  1977 to 2 July  1977 

- 

_ .. •

The views and conclusions contained in this document are those
of the authors and should not be interpreted as necessarily
representing the official policies , either expressed or implied
of the Defense Advanced Research Projects Agency of the United
Stat es Government.

This research was supported Distribution of this document
by the Defense  Advanced is u n l i m i t e d . It  may be
Research Projects Agency released to the Clearinghouse ,
under AR PA Order No. 3161 Departmen t of Commerce for
Contract No. MDA 9O3-76-C-0212 sale to the qeneral public.

_ _ _ _  —-  -
~~~~~~~~~- ---~~~~~~-



~-—-~~~~ ~~
---

~ p~~ _-

TAB LE OF’ C O N T E N T S

1. I N T R O D U C T I O N  • 1

2.  H E R M E S  4 . 0  • 7

[ 2 .1  H E R M E S  4.0.1

2 . 2  H E R M E S  4 . 0 . 5 , 4 . 0 . 8  and 4 . 0 . 1 2  10

2 . 3  H E R M E S  4 . 0 . 1 7  10

2 . 4  I M PROvEMENTS IN SPEED 13

3. THE USE OF H E R M E S  IN DATA M A N A G E M E N T  14

4 .  THE I M P L E M E N T A T I O N  OF H E R M E S  ON THE T O P S — 2 0  M O N I T O R  . 17

5. MESSAGE—SYSTEM DESIGN EFFORTS 18

5.1 The C u r r e n t  D e v c l op r r c~n t ~ ,i  V e r s i o n  of H E R M E S  . .  .
5 . 2  The A r c h i t e c tur e of ‘~i ss~’m Sy s t ’~m s 18

5.3 Research on Funct iona1 i~~y an~~ t h e  H u m a n  I n t e r f a c e   21

6. THE L D M X — T E N E X  I N T E R F A C E  A ’I C 1 N L ’~C 2 5

A p p e n d i x  A .  Benchmark Th~- t s  of  H F k ~ iES  4 .~~.12 , MSG an d HG 26

- i i i  -

_ _  
- . -



— .—— -~“_~~~~
.-_‘—-w—.-- .-~~~~

_-_.. -—_ 
~~~~~~~~~~~~~~~~~~~~~ ~

_ _ .
~~~~~ ~~~~~~~

_ . _ . 
~~~~~~~~~~~ ~~

-- .

BBN R e p o r t  No .  3618 Bo l t  B e r a n e k  and Newman Inc .

1. INTRODUCTION

This report covers progress in message technology under the

contract “Message Technology Research and Developmen t ” fo r  the

p e r i o d  2 A p r i l  t h r o u g h  2 J u l y  1977.

T h i s  w o r k  is a c o n t i n u a t i o n  of w o r k  on m e s s a g e  t e c h n o l o g y

p e r f o r m e d  u n d e r  t h e  AI~PA C o n t r a c t  M D A 9 O 3 — 7 6 — C — 0 2 1 2  “ D i s t r i b u t e d

Computation and TENEX Related Ac t ivi t ies” during 1975.

D u r i n g  the  A p r i l  t h r o u g h  J u n e  q u a r t e r , f o l l o w i n g  the  t e r m i n a t i o n

of our work on the version of HERMES which we demonstrated for

the  D A R P A / N A V Y / C I N C P A C  tes t  ( t h e  M i l i t a r y  Message  E x p e r i m e n t  or

M M E )  , we i m p l e m e n t e d  and r e l e a s e d  “ c i v i l i a n ” v e r s i o n  of H E R M E S

i n c o r p o r a t i n g  m a n y  of t he  f e a t u r e s  d e v e l o p e d  f o r  the  MME bu t not

includ ing MME security features.

HERMES 4.0

We ins talled a ne w “genera t ion ” of HERMES when we implemented and - -

released HERMES 4.0 for general use by DARCOM and other users

thro ugh the A RPANET on the BBN hos t computers.  HE RMES 4.~ was

also ins talled on the SRI—1< A and SR I—KL host computers , under

cont rol of an access list , and on the ISIA computer. (SRI—KL

replaced the OFFICE—i host computer on the ARPANET during this

quarter. )

- 1 -  
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Successive versions of HERMES 4.0 provided a number of new

features and improvemen ts during this quarter , in addition to

correcting bug s as they were uncovered in HERMES operation s.

Fea tures Incorporated from MME—HERMES

Sev eral features first impl emented in MME—HE RMES were install ed

in HERMES 4.0. These include the ability to process extremel y

l arge message—files , the provision (under switch control) of

f ile—handling capabilities entirely with HERMES , the REDISTRIBUTE

and REF ILE commands , the TERMINAL—LOC K feature and the

availabili ty of the WE Scope Editor for HP2640/45 terminals.

Improvemen ts in Speed

This qua rt e r wi tnessed a d r amat ic improvem ent in the spee d of

HEERMES operations. This was accomplished in part through the

incorporat ion in HERMES 4.0 of the improved imDl ementation of the

a u x i l i a r y  (ParSeq ) f i les  use d to aid the handl ing and search i ng

of messag e—files. This implem ent ation was refined and improve d

in successive versio ns of HERMES 4.0. -‘

Another fac tor was a d et ai l ed ~ -v i e w of HERMES code to find and

correct the places where tb speed of the operating code could he

improve d .

Tcsts conducted in May 1977 showed HERMES 4.0.12 to be faster

than HERMES 3.5 but slower than two comparison systems , MSG an d

— 2 —
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HG. Preliminary tests at the end of June indicate that HERMES

4.0.17 now closely approaches MSG in speed.

Fast Local Sending

In response to requests from users , we have modi f ied HER M ES to

give the user the option of appending messages directly to

MESSAGE .TXT or MAJL .TXT files where directory protection allows

the user to write into the addresses ’s direc tory.

We expe c t this prov is ion to be tempor a ry .  Th e MAILER program

ough t to be rewritten to improve its performance for both local

and r emote sending so that the re wil l  no longer be a s i gn i f i cant

d i f f e rence  in the le ngt h of t im e it takes for immediate local

sending throug h MA ILER c o m p a r c d  with local sending by direct

appending .

Oth e r  New F e a t u r e s

We hav e im p r o v e d  t he oe r f o r m ance  o f “Ask ” settin g of the

UPDATE—P ROFILE switch , whi ch cont ro ls  the automa t ic prof i le

fea ture.

The use r now has the option of being included or om itte d i n  t h e

CC f ie ld  when the RE PLY command qe nera te s an au t oma t ic s~~t of

hea der—fields.

Two new f ixed templates , ~ new version of PRINT-FORM which

sup pressed redun thnt healer information and a LONG—PR 1NI ’—FCPM ,
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which prints the message exactly as received , have been adde d.

SHOW , NEWS and HELP can now be output to the lineprinter or to a

file. This means that all commands capable of printing output on

the user ’s terminal can be redirected to another “ d e s t i n a t i o n ”

such as a file or the line printer. Information stored in the

auxiliary (ParSeq ) files is now protected in the event that other

portions of the auxiliary file must be automatically discarded

because of fa i lu re  in the opera t ing system or other e r r o r s .

Other minor changes hav e been made to make HERMES work mor e

smoothly.

HERMES in Data Management

As users have become fam iliar with the user—field and

template—creation facilities of HERMES. Some groups of BBN

personnel ou tside the HERM ES group , and work ing  on unrelated

p r o j e c t s , have chosen to use HERMES to solve their data

management problems. One group has created a f ile of about 100

messages containing decrip tions of program s and computerized

courses relat ing to comput er aided inst ruct ion for the

handicapped . Another group has in the plannin g stage , t h e

c o m p u t e r i z a t i o n  of a l a r g e  f i l e  of li t e ra tu re  re fe rences  rela ted

to underwater technology. A third group has demonstr ated how

HE RMES can be combined with the BBN report prepar ation program

MRU NOFF to facilitate the preparation of business—type form

l e t t e r s  and enve lope s f r o m  m a i l i n g  l i s t s  m a i n t a i n e d  as H E R M E S

message—files.
— 4 —
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In addit ion , Pro jec t  HE RMES i tse l f  main t ains a growing f i le ,

which curren tly con tains approx imate ly  100 descr ip t ions of

li te ra tu re  re fe rences re la ted to message technology.

Sta t i s t ics on HERME S Use

We have continued to collec t and analyze statistics on HERMES

usage. As of the end of June , HERMES was being used in

approximat ~~~y 2000 individual sesions per week.

The LDMX—TENEX Inter face

The translator  be tween LDMX and TE NEX messa ges was completed and

installed for the MME , and was acc epted by the Navy.

Future Plans

We have divided our e f fo r ts and fu t ure message sys t e ms int o thr ee

paral lel  p r o j e c t s :

1. To implement and release HERMES 4.1 as a reliable production

system with a self—consi stcnt set of improved functions but

wi thout major novel featur es.

2. To study and begin implementation of a system operating in an

environment of d i s t r ibu ted comp ut er a rch i tech ture , involv ing

minicomputers , micro p roc essors , and “intelli ge nt” t ermina ls ,

as well as large—scale compu ters , including r equireme n ts for

military secur ity. (Time scale 1 to 2 years)

— 5 —
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3. To d e s i g n  and deve lop  a “ s t r u c t u r e d ”  l a b o r a t o r y  to s t u d y  t h e

f u n c t i o n a l  and human in te r face  aspects of message systems and

to f u r t h e r  s t u d y  the  p o t e n t i a l  of d i s t r i b u t e d  a r c h i t e c t u r e ,

w i t h  e m p h a s i s  on a d v a n c e d  t e r m i n a l s  and g r a p h i c  d i s p l a y .

— 6 —
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2. H E R M E S  4 . 0

W e ins t alled a new “gen e r a t i on ” of HER MES when we impleme n ted and

released HERMES 4.0 for general use by DARCOM and other users

th r o u g h  t he  ARPA NE T on the BBN hos t  c o m p u t e r s .  HE RM ES 4 . 0 w as

also ins talled on the SRI—Kl\ and SRI—KL host computers , und e r

c o n t r o l  of an acc ess l i s t , an d on the ISIA host compu t er.

2.1 HE RMES 4.0.1

HE RM E S 4 . 0 . 1 , r elea sed on 2 Ma y 1977 differed from the pr evio us

HER MES 3.5 in a number of ma jor features and achieved a

cons iderable improveme nt in speed of opera t ion.

2.1.1 Ability to Process Vary Large Message—Files

The new imp lem c-nt at ion of the auxiliary “ perseq ” f i les used
to aid the handling and searching of message—files means
that , in prac t ice , the size of the message—file is now
limit ed by the disk spa ce available. The theo r et ical upper
limi t of mess ?qe—f ile size is one million messages. This
contrasts with the former limit of about two thousand
messages.

2.1.2 HERMES File Names

Under control of the FILENAME—INPUT switch , HE RM ES f i les can
be handled like other objects. They can be addressed with
single—word names tha t take advantage of the ? , <E SC> an d
spelling correc ti on ; they can also be shown or dele ted
within HERMES. The a u x i l l i a r y  PAPSEQ (up—arrow) fi1e~ are
dealt with automatically by HERMES.

FILENAME—INPUT TENEX 1X~ H E R M E S

1 . TENEX: File—names follow TENEX or TOPS—20 conventions ,
and must hr delete ) outside HERMF~~, throu gh the use of
t he opera t ing sys t em.

- 7 -
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2.  H E R M E S :  f i l e — h a n d l i n g  can  be a c c o m p l i s h e d  e n t i r e l y  w i t h i n
HERMES. File—names act like HERMES objects , h a v e  the
f o r m  < D I R E C T O R Y > N A M E .  In the  c o n n e c t e d  d i r e c t o r y ,
< D I R ECTORY ~’ may  be o m i t t e d . F i l e s  a r e  d e l e t e d  w i t h  t he
MESSAGE—FILE—EDITOR and the DRAFT—FILE—EDITOR. The names
T E R M I N A L  and L I N E — P R I N T E R  can be used as s y n o n y m s f o r
TTY : and LPT:.

2.1.3 The REDISTRIBUTE Command

Syntax: >REDISTRIBUTE <message—no> <CR>
Defaul ts: CME SSAGE

HE RMES allows you to redis tribute a message without wrapping
i t up i n a j a c k e t  (l i k e  FOR WA R D ), or changing the Sender :,
D at e :, and i4essage—ID fields (like EXPLODE) .

REDISTRIBUTE prompts you for addresses that the message is
to be redistributed to , an d the n a s k s  w h e t h e r  to r e f i l e  the
message. Three new fields are added :

Redistributed—To : <addressee—list>
Red istribute d—By : <connected directory> <log in d i r e c t o r y >
Redistributed—Da te: <date>

2.1.4 The REFILE Command

Syntax : >>REFILE <message—no ./end><CR>
D e f a u l t s :  < m e s s a g e  p r e v i o u s l y  e x p l o d e d>

REFILE places the conten ts of the CDRAFT (in the message
editor) in the <message—no.> slot in the curren t
m e s s a g e — f i l e .  You a r e  shown a s u r v e y  of t he  message
previously in the <messag e—no.> slot , and asked  f o r  yo u r OK
before it is deleted .

2.1.5 NEWS , HELP and SHOW Take Destinations

NEWS and HELP now each t a k e  a d e s t i n a t i o n  w h i c h  may be , TTY :
(or  T E R M I N A L )  , or LPT: (or L I N E — P R I N T E R )  , or a file—name..
You can p r i n t  them on y o u r  t e r m i n a l , on the  l i n e — p r i n t e r  or
i n t o  a f i l e .

S y n t a x :  >NEWS < d e s t i n a t i o n ) < C R >
Default : Terminal or TTY:

— A —
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Syntax : >HELP <destination> <CR>
Default : Terminal or TTY :

The SHOW Command is similar , at top command  l eve l :

Syntax : >SHOW <object/object type> <destin ation> <CR>
D e f a u l t s :  A l l  T E R M I N A L  or TTY:
or
Syntax : >SHOW <names/All> <object—type > <destination><CP>
Defaults : All Objects TERMINAL or TTY:

2.1.6 The TERMINAL—LOC K Feature

< C T R L — Y >  c a l l s  a p r o g r a m  t h a t  a l l o w s  you to lock  y o u r
terminal without loqg ing out.

Syntax : ><CTRL—Y>
K E Y  TO UNLOC K CONSOLE IS: < k e y > < C R >
PASSWOR D: <user ’s password><C R>

Your terminal is now locked . To unlock the terminal , type
the key.

You can abor t the program after <CTRL—Y> and before <CR>:

On TENE X , type <RU BOUT> or <CTRL—Q>
On TOPS-20, type <CTRL-U> or <CTRL—Q> .

If the key does not work the first time you try it , there
ar e probably ex t ra cha r acters in the buffer , typed whi ]e the
terminal was locked . Type <RUBOUT> (on TENEX) or <CTRL—U>
(on TOPS—20) and try again.

If you forget the key, you must go to another terminal , log
in under another job number , and then log out the job
attached to the locked terminal.

2.1.7 The Automatic Profile Feature.

The “Ask” setting on the UPDATE—PROF ILE switch now asks
only when you have actually made changes in your filters ,
templates , switch settings or user—fields.

— 9 —
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2 . 2  H E R M E S  4 . 0 . 5 , 4.0.8 and 4.0.12

HERMES 4.0.5 , released on 3 May 1977 introduced two new fea tures.

2.2.1 The REPLY—INCLUDEME Switch

The new REPLY—INCLUDEME switch controls whether your name is
included in the CC :—field of the Reply message if it appears
in the To :— or CC:—field of the message being replied to.
The s w i t c h  is i n i t i a l l y  set to “Ask” . If you wish to
con ti nue to have your name included , whenever it appears in
t h e  o r i g inal message , as in earlier versions of HERMES , set
th e s w i t c h  to “Yes ” . If you want your name excluded , set to

HE RMES asks whe ther to include your name only if the name
act ually appears in the message being replied to , and shows
you the exact form of the name used .

> R E P L Y  2 3 < C R >
Include SMITH in the CC field?

2.2.2 Sequences Safegua rded U n d e r  E r r o r  C o n d i t i o n s

We have improved the way HER M ES handles error cond i t ions in
the  “ p a r a e q ” ( U p — a r r o w )  f i l e s  w h i c h  act  as c o m p a n i o n s  to t h e
m essage files , and which hold inform ation about the
structure of the files (the PARSe) , as well as storing named
SEQuences. If the parse information is wrong , HERMES
d i s c a r d s  it , and generates a new parse , pr eserving the
s e q u e n c e s  i n t a c t .

HERMES 4.0.8 and HERMES 4.0.12 also released in May, included a

number of bug fixes.

2.3 HERMES 4.0.17

The nex t release , 4.0.17 , on June 25 , added two major new

f e a t u r e s , in a d d i t i o n  to h u g  f i x e s :

— 10 —
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2.3.1 Fas t Local Sending

The TRANSMIT—NOW switch now has four positions: “Ask” ,
“ Y e s ( A l l )” , “ LocalOnly ” an d “No (Queue )” .

“ L o c a l O n l y ” t r a n s m i t s  l o c a l  m e s s a g e s  by appending directly
to t h e  M E S S A G E . T X T  or  M A I L . T X T  f i l e , w h e r e  d i r e c t o r y
protection allows the user to wri te in to the addressee ’s
d i r e c t o r y .  O t h e r  m e s s a g e s  a r e  queued  fo r  M A I L E R .

N o t e : The “ A s k ”  posi t ion st i l l  q u e r i e s  f o r  i nv o k i ng MA I L E R
immediately. Howev er , you can type suhcom m ands tha t give
the resul ts of any switch setters.

We expec t  t h a t  t h i s p r o v i s i o n  w i l l  be te m p o r a r y ; M A I L E R
o u g h t  to be r e w r i t t e n  to improve its performance for bo th
local and remo te sending so that local sending through
HERMES will not be necessary.

2.3.2 New Prin ting Templates

Two new t e m p l a t e s , PRI N T — F O R M  and L O N G — P R I N T — F O R M , have  been
added to the c o l l e c t i on of f i x e d  te m p l a t e s , r e p l a c i n g  t he
old P R I N T — F O R M .

P R I N T- FORM
(1) Message—No.:+ Char—Count: Rcvd—Date: “ “ Status:+
(2) From :+
(3) To:+
(4) CC:+
(5) Bcc:+
(6) Subject:+
(7) In—Repl y—To :+
(8)
(9) Text:+

LONG—PRI NT—FORM
(1) Message—No.:+ “ ; “ Char—Count:+ Status :+
(2) Verbatim :

The “Verba t im :” item in LONG—PRINT—FORM prints the message
e x a c t l y as received , at a 5—to— 6 percent saving in printing
t ime over the “Standard :” , item used in the old PRINT—FORM
template . “ S t a n d a r d: ” , which is st ill available , is a
template item that prints all the fields in the order of the
STANDARD templat e. (The “ O t h e r :” item has been moved to the
top of “Standard :” so that the “Mail from - . .“ l ine will
appear at the top of th e message.)

— 11 —
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Minor improvemen ts in HERMES 4.0.17 have been implemented to l1ake

the prog ram work more smoothly for the user .

2.3.3 Control—C in a Lower Fork

<CTRL—C> can now he used to escape from cer tain progr ams
r u n n i n g  in a lower  f o r k  u n d e r  H E R M E S .  If you e n t e r  Teco , P
Xed , Neted , Spell or We from HERMES , or if you use the
H E R M E S  Run < f i l e >  command  to run a program in a lowe r fork ,
you can now type <CTRL—C > and return to HERMES , wi thou t
losing your HERMES status. You will , of course , lose
anythng you crea ted in the lower fork.

If you type two <CTRL—C > ’s, you will escape f r o m  H E R M E S
only, and land in the Exec. You can return to HERMES by
typin g CONTINU E to the Exec prompt , @ .

2.3.4 Control—E Preserves Edits

<CTRL—E> at any promp t level now returns you to the same
prompt level and does not abort the edit you are performing .
(This has been true of the MESSAGE—EDITOR ; it now works
consistentl y throughout HERMES.)

2.3.5 Improved Primary Access to Message—Files

If more than one user accesses a message—file , and the user
with primary access leaves , the loc k on the message—fil e is
clea red . The next user to access the file becomes the
pr ima ry user.

— 12 —
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2 . 4  IM P R O V E M ENTS TN SP E E D

We pe r formed the thre e-w :y, side—by—side benchmark tests of

HERM ES (Version 4.0.12), MSG , and HG in May 1977. The resul ts

are repo r ted in Appendix A.

HERMES 4.0.12 , which in the version that was used in this test

has now been superseded by HERMES 4.0.17 , which has been

considerably speeded up in c r u c i a l  a r e a s , such as s t a r t — u p  time

and message prin ti ng . ~ ar working ~o im~~:ove HEkM~- .S response

tim e. Preliminary results indic at e th :.t it Th oul d t po ssib lc - to

increase the speed of FU RMES u n t i l  i~ is equal t o t h a t of MSG.

We will report test r e n u l t n  In the next r o i r i s s  r i por f
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3 . THE USE OF H E R M E S  IN DATA M A N A G E M E N T

The introduction of user—created message fields makes possi ble a

w i d e  v a r i e t y  of a p p l i c a t i o n s  of H E R MES to d a t a  m a n a g e m en t

• pro blems. The first such application was “The Blue File ” , a

database of information on U.S. Navy ships described in the

previous progress report. Sinc e this pioneering demon str ation , a

number of other applications of HERMES have been implemented .

HERME S Litera tu re

Project HERMES has accumulated a group of about 100
li terature references related to message ~~~ h nology and has
organized them in as a file of HERMES messages.

The templa te used to COMPOSE the message containing a
refe rence contains an AUTHOR—KEY: field which allows
r e f e r e n c e s  to he sorted alphabetically by author , w h i l e  the
PUBL— (DATE) : field allows sorting by date.

Here is a sample ~~~~~~~~~~ ~ :~~r r ’ -  ~~~n e a  ‘~ ,r ~~
~~r - -r -~.~ ~~~~~~~~ ~~~~~~~ ~-~ :i~~ o ~.- i  F~:F.

> p r i n t  51 s—bib lio~ CR
The R o l e  of I n f n r m a l  C o m n u n i c a t i o n s  in  C o m p u t e r  N ’ t w o r k s
Message  T e c h n o l o g y

51 570 Uh l iq, R.P ., M~ r t in , S.M . , an d von Gehren , E.S.

> p r  m t  51 r e f - b i b l  io C R
Uhl ig , R.. P., M a r t i n , S.M ., an d von Gehren , E.S.
The  R o l e  of I n f o r m a l  C o m m u n i c a t i o n s  i n  C o m p u t e r  Ne t w o r k s
P~ c i f i c  A r e a  C o m p u t e r  Ne w o r k  Sym p o s i u m
Sendai , Jap an 21 Au g 1q 7 5

The g~~ l i c a t : rs . ) r s c r j h c . ~l n e x t  h a v e  been p r o d u c e d  by BBN

pe r sonn ~- l  o u t s i d e t h e  H E P M l - ~~~~~i r o u p .  They  a r e  in c luded as

ex ampl es o~ t he ys in which HERMES users are exploiting the

HF R M I  S data m;j na u - m e n t  capah i i i  ties.

— 14 —
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Computer Aids to the Handicapped

A project on computer aids to the handicapped has created
HERMES message—files containing descriptions of system
program s and computerized courses. Most of the
approximately 100 mesages con t ain user fields approp ria te to
the prog r am type , such as users :, cur ricular—content: ,
sou rce :, and language—level. Ano ther file , used to keep
t rack of inform ation about compu ter terminals , co nt a i n s  on l y
five messages , but these are freauently edited and refiled .
In all these files , there may also be i n formal me ssages that
are awaiting edi t ing or r eforma tt i ng for the pu rpose of
crea t in q r~~~;aa ~~’s ~.n the rr~ mary f o r m a t .

The Underwater Technology division of BBN has ma de a pilo t
study of the use of HERMES to organize a large file of
references to technical literature in that field . They
anticipate tha t the references will be searched pr im arily on
the basis of th e informa t ion con ten t of the su bjec t ma tt er.

Form Letters from a Com bination of HERMES and MRUNOFE’

A BBN group tha t works with the BBN implementation of the
MRUNOFF language has developed a method of producing
h i gh—quality typewr i tten letters and other documents. They
have implemented a set of printing templates that make use
of use r—specified fields (of the TEXT and LINE types) within
lines containing text—forma tting commands in the MRUNOFF ’
language (BBN implementation) . When messages are thus
printed o~i to files and then fed as input to the MRUNOFF
t ransla tor , the resul t is a formatted file ready for ou tpu t
on a high—quality prri n tin g terminal. Various letter
formats are available , an d it is possible to generate form
letters automa tically from mailing lists that are stored as
HE RMES message—files.

The fe ature that distin gui shes these projects from ordinar y

messaqe management is that i-he messages are usually not sent

between different individu als. Instead , units of informa t ion are

package d as messages and fi le-I through the use of an FCC field or

— i s  —
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t h e  R e f i l e  Command . Of c e n t r a l  i m p o r t a n c e  is the  a b i l i t y  of t h e

HE RMES user to create tailor—made message—fields and then to

utilize the HERMES template editor to create both composing and

printing templates that make use of these individualized

m essage—fields.

Fur the r development might be the expansion of the types of

user—fields in HERMES to include numeric fields and the

introd uction of a facility for prod ucing totals , averages and

other arithmetic functions for bookkeeping and budgetary

databases.

— 16 —
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4.  THE I M P L E M E N T A T I O N  OF H E R M E S  ON THE T O P S— 2 0  M O N I T O R

B e g i n n i n g  w i t h  HERMES 3 .5 , as repor ted in the previous Progress

r e p o r t , a l l  v e r s i o n s  of H E R M E S  hve been f u l l y  c o n v e r t i b l e  be tween

TENEX and TOPS—20 operating systems. The only differences

be tween  TENEX and TOPS — 2 0 f r o m  the  p o i n t  of v i e w  of the  user  a r e

the following :

TENEX TOPS—20
User ’s INBOX M E S S A G E . T X T ; l  M A I L . T X T . l
O t h e r  f i l e  names NAME.EXT;VERSION NAME.EXT .VERSION
Single—character delete <CTRL—A > RUBOUT/DELETE key
Command a b o r t  R U B O U T / D E L E T E  key  < C T R L - U >

These c h a n g e s  h a v e  been i n s t i t u t e d  to c o n f o r m  to t h e  conven t ions

adopted  by Dig ital Equ i pmen t Corpora t ion , which main t ains the

TOPS—20 operating system. They have the advantage of conforming

to the conventions of DEC operating systems for the PDP—ll and

other computers.

As each new version of the HER M ES is produced , TENEX and TOPS—2 0

executive programs are implemen ted from the same source files.
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5. ME SSAGE—SYSTEM DESIGN EFFORTS

The design and implementa tion of future message systems has been

split up into three gene ra l a r eas :

1) The c o m p l e t i o n  and r e f i n e m e n t  of the  c u r r e n t  H E R M E S
system as a rel iable production system on TEt’JEX and
TOPS—20 operating systems , for use on the ARPANET.

2)  The s t u d y  of r e q u i r e m e n t s  for message—systems one or two
y e a r s  f r o m  now , w i t h  e m p h a s i s  on d i s t r i b u t e d  a r c h i t e c t u r e
and s e c u r i t y  r e q u i r e m e n t s .

3) Research into the functionality and human factors aspects
of message systems. This includes the development of a
breadboard laboratory facility to make it easy to test
alterna t ive desi gns and configurations rapidly.

5.1 The Curren t Developmental Version of HERMES

We are working on the problem of speeding up the basic operations

of the current HERNES. Concurrently, we p l a n  to f i l l  in the  gaps

in the current command structure , i n c l u d i n g  the  p r o v i s i o n  of

t e m p l a t e s  fo r  the  R E P L Y  and FORWARD c o m m a n d s , the  e n h a n c e m e n t  of

the curren t template formatting facility, improved interfacing

w ith other message systems , and improved automatic fix—up of the

error conditions and damaged message—files.

5.2 The Architec ture of Message Systems

The first compu ter message systems were of limited functionality.

,‘\ in coming message could be read and deleted; an outgoing message

was composed and sent. Such simplicity did not require a larqe

— 18 — 
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amount of  c o m p u t a t ion , nor d i d i t lend i t s e l f  to m u c h  t a i l o r i n g

to the needs of individual users . Thus , the response even on a

well—loaded system was fast and the size of the actual software

wa s minimal .

As message  sys tems  h a v e  g r o w n  in f u n c t i o n a l i t y  t h e y  h a v e  a l s o  -
•

grown in need for resources. More computation is done in o r d e r

to p e r f o r m  m o r e  s o p h is t i c a t e d  a c t i o n s , and th e  s i ze  of t h e

underlying code has also increased . The performance of today ’s

message systems has suffered beca&ise of this . Frequentl y nei ther

the share of t h e  c o m p u t e r  nor the am :unt of memory ava~. I a L 1e en

t ime—shared cnmn rutEr s i~’ suff.~ cleat . On e o? the ~rob~ em s whi eh

confront the desiqner s of the next generation of message

managemen t systems is the dilemm a of response : how can a system

be built which has extensive functionality and fast response time

wi thout demanding the dedicated use of a large machine?

The answer may lie wi th the use of the minicomputer and

distributed computation technology. Minicomputers are becoming

increasingly inexpensive and more powerful. Distribution of the

computational tasks should reduce the demands on the cen tral •1
t i m e — s h a r e d  c o m p u t e r ( s )  and a l l o w  g r e a t e r  f l e x i b i l i t y  in t he

front end . We view any system as capable of being split into

several types of modules. One or more of these may be combined ;

one or more may not be needed in a particular system .

— 19 — 
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5 . 2 . 1  The F r o n t  End

The Front End of the system , determines the form in which
t he  command s and o t h e r  sys tem f u n c t i o n a l i t i e s  a r e  p r e s e n t e d
to the user. Two modules with exclusively front—end
f u n c t i o n sar e  the terminal and the display handler .

The te rm i n a l : Acc ep t s  user  i n p u t , t r a n s f e r s  it to the
d i s p l a y  han d le r , a c c e p t s  and d i s p l a y s  ou tpu t  f r o m  the
display handler. Different terminal type s will output
d i f f e r e n t  types  of i n f o r m a t i o n  and r eq u i r e  d i f f eren t
informat ion to control the display. For example , a
bi t—mapped graphics terminal could make use of windows and
sophistica ted on—screen editing of text while a standard
ha rd—copy device must deal with information a line at a
t i m e .

The d i s p l a y  h a n d l e r : A l l  t e r m i n a l  s p e c if i c  code r e s i d e s  in
the display handler. The display handler manipulates
s p e c i a l  d i s p l a y  f u n c t ions , translates terminal—specific
i n p u t in to  t e r m i n a l  i n d e p e n d e n t  code and p e r f o r m s  command
editing functions.

5.2.2 The Intermediate Modules

The modules whi ch process input generated by the Front End
a r e  the t r a f f i c  cop ,  the  command scanne r , the g r a m m a r  and
the command expeditor.

The t r a f f i c  cop : The t r a f f i c  cop h a n d l e s  I/O to/f r o m  the
d i s p l a y  h a n d l e r , command s c a n n e r , and command expeditor and
perfo rms genera] bookkeep ing func tions.

The command scanner : The command scanner parses termin al—
i n d e p e n d e n t  u se r  i n p u t  ac c o r d i n g  to the r u l e s  of  the g r a m m a r
and re tu r n s  h e l p  in the f o r m  of  d e f a u l t s , n o i s e  w o r d s ,
command comple tion and spelling correction .

The grammar : The grammar is a set of tables which completely
d e f i n e  the  s y n t a x  of the command language way in which the
command gets transla ted into requests to the hackend
f u n c t i o n s .

The command expeditor : The command expeditor accepts parsed
c o m m a n d s  f r o m  the traffic cop and sees to it t h a t  t h e y  a r e
p r o p e r l y  e x e c u t e d  by the backend processes. It handles
er ror codes and handshaking . It forwards output from the
hackencl processes to the traffic cop.

— 20 —
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5.2.3 The Backend Processes

The Backend  Proc esses c o m p r i s e  the f i n a l  m o d u l e (or q ro up o f
modules) which does the actual work of the system .

5.3 Research on Functionali ty and the Human Int -rfacc

D u r i n g  t h i s  q u a r t e r , c o n s i d e r a b l e  t hough t has  bee r ~~i . ’en  to

w h e t h e r  the  H E R M E S  message  system is an a d e q u a t e  base  f o r

carrying out research in message system func tionality and human

in te rf a c e s .

We have , over  the  pas t  y e a r , been n o t i c i n g  t h a t  t he  ease w i t h

which new ideas  can he t r i e d  out is dropping steadily. The

pr i m a r y  r e a s o n  f o r  t h i s  is that HERMES is a prod uction system .

W h i l e  t h i s  does  e n s u r e  t h a t  new ideas  w h i c h  ge t  i n s e r t e d  i n t o

H E R M E S  w i l l  r ece i ved th o r o u g h  tes t ing  in ac t ual

m e s s a g e — p r o c e s s i n g  s i t ua t i o n s , i t  has  the  d i s a d v a n t a g e  t h a t  i deas

which  w i l l  s t r o n g l y  i m p a c t  the community of HERMES users be

thoroughly thought ou t in advance , t h a t t h e y  be c a r e f u l l y

i n t e g r a t e d  into concep tua l  pa t t e r n s  of  e x i s t ing H E R M E S , that  t h e y

be skillfully presen ted to the user community to prevent

m isunderstarii~ ’~g .  Fu the rmore , to preven t divergent development ,

the HERMES system s which are produced and made available to the

user community are constrained to be upward—compatible with

earlier members of tha t sequence. Therefore it is not really

possible to compare conflicting approaches to mee ting user needs.

This resul ted in making decisions based not on actual experience

— 21 — 
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wit - h u s i n g  d i f f e r e n t  systems , hu t on ou r best  q u e s s e s  as  to how

the d i f f e r e n t  s y s t e m s  would  “f e e l ” ; t h a t  is , we were  be ing  f o r c e d

to c o n s i d e r a b l e  a m o u n t s  of “ g e d a n k e n ” r e s e a r c h .

The c o n c l u s i o n  is  tha t the p r o d u c t i o n e n v i r o n m e n t w h i c h  s u r r o u n d s

the creation , d i s t r i b u t ion , and us age of  H E R M E S s y s t e m s i s  no t a

good e n v i r o n m e n t  f o r  s u p p o r t i n g  quick turn—around research into

message  s y s t e m s .

We therefore concluded that a different envi ronment was necessary

if we were to be able to continue with active research in message

systems. We decided to construct a “ l a b o r a t o r y ” e n v i r o n m e n t  to

suppor t our research intentions. This environment would have to

r ic h l y  s u p p o r t f a s t p r o g r a m m i n g  ef f o r t s , and would not need to

prod uce production—quality code (could be space and time

i n ef f i c i e n t )

5.3.1 The Experiment al l aboratory Using INTERLISP

We have begun constr uction of a research environment based
on the INTERLISP programming environment. This richly
supportive system is available on TOPS—20, and has a wi de
c o m m u n i t y  of  u s e r s  and a w o n d e r f u l  sen se of  h i s to r y  and
tradition. A~ a consequence , we have  been ab l e  to ge t “w a y
o f f  t he  g r o u n - ~ ” v e r y  f a s t .

We have added Lo the environment provided by INTERLISP a set
of f u n c t i o n s  which mimic the basic mail processing functions
of HERMES. They permi t us to analyze message files into
internal format. They also include functions to aid in
manipulating this internal format. In addition to these
functions we have constructed some of the HERMES operations.
I n  pa r t i c u l a r , it is possibl e to associate objects such as
messages , templates , compose templates , sequences (we call
them domains ) and filters (we call them selectors) with
files. We can transcribe messages throug h templates , and do

— 2 2  —
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simple composition through compose templates. Selectors
include arbi trary log ical operations.

We have p l a n s  f o r  e x t e n d i n g  th i s  i n i t i a l  message  s y s t e m  in
the months to come. In particular we plan to extend the
o p e r a t i o n s  wh ich  can  be invoked f r o m  both p r i n t i n g  and
composing templa tes to includ e control primitives such as
c o n d i t i o n a l s , i t e r a t i o n , and i n d i r e c t i o n . It  is our  hope
t h a t , as a re s u l t , it will be possible to create a template
which m i m i c s  H E R M E S ’s r e p l y  and f o r w a r d  commands .

The preceding paragraph exemplifies the methodolo gy we are
us ing in t h i s  ef f o r t : we t r y  to implemen t , us i ng the
facilities ex tant at some time , to achieve  some ac t i v i ty
w h i c h  u s e r s  of  m e s s a g e  s y s tems migh t  want  and w h i c h  t h e y
might possibly be able to program for themselves. If we
have trouble , we study what facilities would allow us to
achieve our goal . These are added and new applications are
tried . This results in the growth of a language for talking
about activi tes users want to have happen while processing
messages. This language embodies the user ’s l eve l  v i ew  of
the f u n c t i o n a l i ty of  m e s s a g e  p r o c e s s i n g  ( a s  e x e m p l if i e d  by
the then c u r r e n t  v e r s i o n  of  the s y s tem)

5.3.2 The Design of Human Interfaces

We turn now to the design of human interfaces. A system
with functionali ty which suppor ts well the needs of its
users stands or falls on how well that functionali ty is
presented to those users. In spite of this fact , d esi g n e r s
often treat the front end as an afterthought , t a c k i n g on a
command structure that roughly mirrors the functions in the
back end bu t adds a few user—oriented touches like argument
c o m p l e t i o n , spelling correction , p r o m p t i n g  and some f o r m  of
on—i m e  doc umentation .

If the designer turns to the human factors li terature for
g u i d a n c e , he f i n d s  s t u d i e s  on such i s s u e s  as f u n c t ion k e y s
vs typewriter keyboar ds , or fixed argument ordering vs
keyword mark ing of arguments. Even special studies to aid
in the design of a specific system focus on issues like the
p r o p e r  names  f o r  commands  or t he keyboa rd  and d i s p l a y
layout .

We have come to the conclusion that these type s of front—end
d i f f e r e n c e s  p l a y  a v e r y  s m a l l  r o l e  i n d e t e r m in i n g  the
u s a b i l i t y  and type s of i n t e r a c t i o n s  a f r o n t  end w i l l
support. This opinion has arisen in part over the efforts
of the past few years in providing HERMES wi th a habitable
front end .
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We t h e r e f o r e  s p e n t  some t i m e  r e f l e c t i n g  on the  n a t u r e  of
f r o n t  e n d s , and in p a r t i c u l a r  on d e t e r m i n i n g  w h a t  f a c t o r s  of
f r o n t  end d e s i g n  (in contrast to the keystroke and
button—push s o r t )  p l a y  i m p o r t a n t  r o le s  in the  h a b i t a b i l i t y
of tnose front end s.

The r e s u l t of t h i s  i n f o r m a l  s t u d y of  f r o n t end capa b i l i t ies
is an identifica tion of a number of “dimensions ” a l o n g  w h i c h
fron t ends can vary. These include : character —at—a—time vs.
line—at—a—time ; what forms of aid in constructing commands
shou ld  be a v a i l a b l e ; how a re  these  a i d s  i nvoked ; wha t  i s  the

• nature of a command ; how does the user make the request that
-he be shown that information; how is that na ture presented
to the u s e r ;  how i s  a m b i g u i t y  han d led ; how i s the use r
i n f o r m e d  of i t .

To consider interactions between different values of these
d i m e n s i o n s , we f e l t  it was necessary to construct a “ f r o n t
end lab ” which  would  p e r m i t us to q u i c k l y  cons t ruc t f r o nt
ends  e x e m p l i f y i n g  v a r i o u s  p o i n t s  in t he  “ space ” d e f i n e d  by
t h e s e  d i m e n s i o n s , t h u s  p e r m i t t i n g  us to e x p l o r e  t h e
“ f e e l i n g ” of front ends having new combinations of features.

We decided that this l a b  w o u l d  c o n s i s t  of a c o l l e c t i o n  of
too l s  w h i c h  cou ld  be us ed to cons t ruc t new f r ont end s .  The
to o l s  would  i n c l u d e :

a ) A g e n e r a l  par ser , like an ATN buil d ing system that can be
e a s i l y  m o d i f i e d  to d e a l  w i t h  a b r o a d  r a n g e  of l a n g u a g e
structures. The parser—building system would include
hooks  f o r  s e l f — d e s c r i p t i o n , a s s i s t  and adaptabilit y.

b ) A h i s t o r y  l i s t , w i t h  hooks  to e n a b l e  im p l e m e n t a t io n of
assist fea tures.

c) ~ scope in terface package. This would handle the
d i s p l a y ,  windows and communications between windows .

d )  A c o m m u n i c a t i o n s  p a c k a g e .  T h i s  w o u l d  h a n d l e  t h e
communica tions between a set of back—end processes and
the  f r o n t — e n d  l a b .  I t  w o u l d  a l l o w  bo th synch r o n o u s  an d
a s y n c h r o n o u s  communica t ion and d ea l  wi th p a s s i ng w h o l e
p r o g r a m s , written by the fron t—end , as w e l l  as se quences
of commands.
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6. THE L D M X — T E N E X  I N T E R F A C E  AT C I N P A C

The translator between the incoming LDMX messages and the

m e s s a g e s  u sed by the T E N E X  Sy s t em , which  c o nf o r m  to the A R P A N E T

standards , was comple ted , given a final debugg ing and i n s ta l l e d

a t t he C I N C P A C  s i te on Oahu , Hawaii.

Dur i ng th i s  o p e r a t ion , we f o u n d  e r r o r s  in the CI NCPAC L D M X

s of tware , and assisted in correc ting them .

We p a r t i c i p a t e d  in the t r a i n i n g  of  the C I N C P A C  o p e r a tor , a n i

furnished a minimal set of operating instructions.

On June  25 and 26, we par t i c i p a t e d  in a f i n a l  t est , w h i c h

resulted in the acceptance of the translator by the Navy.

The r e m a i n i n g  t a s k s  f o r  this project are the completion of a

user—interface prog r am and the production of doc umenta tion of the

complete system .
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A PP E N D I X  A
Benchm a rk Ir St s  of HERMES 4.0.12 , MSG and HG

HERME S 4.0.12 MSG I HG I
I L o ad CPU ReallLoad CPU Rea llLoa d CPU Rea ll

Avg . sec • sec . I Avg . sec • sec . Avg . sec . sec . 
I I I 

O v y r a I l  10 m e ~~s I — —  I — —  I I
I 1 : 2 9 . 5  1 : 20 . 3  I 55.1
I 46:21I 25:11 ) 43:161

50(1 msq s —--  I — — )——
I 2 : 5 4 . 7  4 : 5 7 . 7  I 5 7 . 2  I
I 4 6 : 3 7 1  1 :1 1:0 8 1  2 6 : 5 4 1 
I I I

sta rt—u p 1c~ msg s 5.7 16.3 .2 I
8.7 4.4 1.4 I

I 2: 121 1:19) 0 :23I
500 msgs 6.60 114 .21 1 14 .7

I 8.2 I 2 : 3 8 . 7  I 19 .7  I
1:50 1 30:18 1 5 :33 1 

I I I 
Qui t plus 10 msqs I 121.14 4.P7
Expunge 7.3 I 2.3 I 1.3

0:42 1 0:40I 0:25)
500 m s q s  I 2 e . 4 8  1 4 . 0 3  17. 63

I 1 :42.2 I 2 9 . 0  I 1 9 . 2
19 : 1 1  9 : 5 6 I  7 : l 5 j  

I I I I
(l )Su r vey  l~~~msgs 19 .76 12 1 . 84 121 . 65

From Jones 1.5 0.6 I 0 . 4  I
0 : 5 4 1  (~l : 2 2 I  ~ :24j

500 m s q s  14 : 6 2  14 : 1 1  1 8 . 9  I
I 34.6 I 1 : 4 7 . 7  1 .4

12 :06 1 25 :551 2 :12 1 
I I 

Su r v e y  10 ms q s  7 :24 1 1 9 . 0 7  1 1 9 . 4 2  I
S u b j  Roses I 1 . 4  I 0 . 6  0 . 4  I

0 : 2 6 )  0 : 1 1 )  0 : 1 2 1  
I I I

( 2 ) S u r v e y  500 m s g s  18 . 4 8  14 . 6 8  I l l . ~~3
From Jones  I 3 . 2  I 6 . 9  1 . 3  I

1 : 0 7 1  1 : 3 7 1  1 : 5 9 1  
I I 

Survey 10 m sg s  4.89 123.00 10.48
From Jones  1. 9  I 1 .0  c’ •R I
Sub j  Foo I 0 : 4 8 )  0 : 2 8 1  0 : 2 6 1

500 ms]s 17.48 4.31 Il8 .45
3 . 3  I 16 .1  I 1 . 4  I

1 : 5 4 I  2 : 0 6 )  2 : 3 2 )  
I I I

kThe overall tim e for the 10—m sq test is o r e ? t ’ - r  t h a n  t h ~ su m of
i-he individu a l times. This was a l ong  t’~et and some commands were
omi tted in the analysis.
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I I I I
De l e t e  10 msg s I — —  2 3 . 4 8  1 8 . 0 3  I
1,3 ,5 ,7,9 I 1.9 I 0 . 4  I 0 . 4  I

I 0 : 4 8 )  0 : 1 8 1  0 : 17 1 
I I I I

Dele te 500 msgs 111 .5 12.74 118 .03 I
10:20 I 1. 3  I 0 . 4  I 0 . 5  I

I 0 : 5 1 1 0 : 1 3 )  0 : 2 9 1 
I I I I

D e l e t e  500 msg s 1 1 0 . 5  12 . 5 7  1 1 7 .0 0
100:200 I 4 .1  I 0.6 I 2 . 2  I

I 1 : 0 5 1  0 : 1 5 1  0 : 2 9 1  
I I I I

Delete 500 msqs 1 8.4 12.43 117.30
450 :500 I 2 . 5  I 0.5 I 1.3 I

I 0 :5 9 1 0 : 1 1 1  0 : 3 4 1  
I I I I

Print 1 10 msg s 120.77 122.49 123.09 I
I 1.9 I 0 . 9  I 1.0 I
I 1 :26 1 O : 4 0 j  0 : 4 6 )  
I I I I

P r i n t  1 500 msgs  9 . 5  12 . 0 5  1 1 9 . 7 0  I
I 4 . 8  I 1.9 I 1.8 I
I 2 : 2 4 )  1 : 4 5 1  1 : 3 5 )  
I I I I

Print 6 10 msq s 119 .76 121 . 62 12 1 .14
I 3 .1  I 1.9 I 1.1
I 1 : 3 7 1  1 :3 5 1  0 : 5 2 1  
I I I I

P r i n t  449 500 msqs  1 2 . 1  1 1 . 9 0  1 8 .2 2  I
I 9.8 I 4 : 3  I 3 .9  I
I 4 : 5 3 1 3 : 17 1  3 : 2 2 1  
I I I 

Compose 1st 10 msg s 114.39 18.53 21.07 I
4 . 1  I 4 . 7  I 2 . 0  I

I 3 : 2 0 1 1:39 1 2 : 2 0 )  
I I I I

Compose 2nd 10 m s g s  1 1 9 . 3 9  12 7 . 7 0  1 2 4 . 6 7  I
I 3 . 3  I 5 . 4  I 2 .1  I
I 1 : 3 7 1  2 : 2 4 )  1 :5 1 1  
I I I I

R e p l y  5 10 msg s 2 8 . 3 1  1 1 8 . 9 4  11 9 . 7 1  I
I 3.9 I 6.7 I 2 . 9  I
I 2 : 2 2 1  2 : 2 4 1  1 : 4 7 )  
I I I I

Move 3 10 msg s 1 3 0 . 2 €  12 0 . 8 3  I l 8 . 7 7  I
I 2 . 0  I 0 . 6  I 0 . 6  I
I 0 : 2 6 1 0 : 2 9 1  0 : 3 7 1  
I I I I
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