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Par la pr6aente. l 'auteur acco,t~e à 1 t,uni~ers1~' MçÇ1l~ .1"~utor1.sa~1qri de mettre,',cette 
thèae,'ll:lê, disposition dés lectéurs d.na une,,~1b-1:10t;.h~que ,~e,1fcÇil1 ~u ,':lne autre' " 

- b1b1!:Ôthèque. soit 80ua' sa forme actuelle. 80it 'sous f~e dt,une,r~ptoduC:t1on.- .L1aüteur 
.d6t,lent,cepend~nt,le8 autres Clro1:ts de publ1cat1ona>.:: 'I:i,'e8t"éDtendu,~"par.ailleursl 'que 
nLla thèse, ni.lee longs éxtraita de cette· tb~àe. ne pounont 'être-, ~priÎll~8;' ou' . J •• 

rèp;:oduiu-, par' d'autres moyenS ',,:aans 'l '$Utor~ .. t1o~' Ecrite ,'de' l' auteu':. '/' .' '.', ',,' "l' 
,r, " ' ... ) t ~ J • t ~ J ~ 1 ~ ~ ~).:, ~,:c. ~ ,.,_~ # ~ 

~ pr6aente autorisation entre' éti :1Î'1gueur,' à, ~ da,te itid1qu6~ ~i-dè~:s~~, rlno:i.n~':q~e .le: 
eorD1t' exfcutif du cÔnse11 n!dt' ,vod dé' dlff~reI'" cette dat~. Dans 'Ce cas -:: la, date 
d1ffEr~e 8~r.a l~' " - , ,;,' (,' ---:.. ",' ' "'C 

\ - J ... .' 

\, ... 

, li ~\~t. ~ 
• ! , " 

, 
J' , 

, J 

, 
" , 

" ' 

-

, ' , ' 
" 

, ) ~ 1 

--' '.J, l 

.t .. ':'~ 
).' • ,- ... 1. 

... ~ il ~ • ~ .: l' 

• ~ t ',/ ..... c:. ' 

.\ , . 

J • 

, \ 

.' . 

" 

" 

"s:i~i)aiu;re d~ ,]:, aut'll 
, ~ - :).., . ' 

Acires' 

, '\, 

" 

III :. 
.~ ... ( 

J ' , 
.,1, ..... _,. 

, . 
, , 

'. ' 
• ,"... 1 

,l" 

, -

" 

t- .... .,f.:. 

, 1'\ .'~ , 

", 

i' .', 

.. ,', 
_ ·f~ , 

,\ ~ l', :-:'" 

" , 

\ 

" 

-,,' 
, ; 

; 

~{ 

" 

I~ 
'. 

" , 



. ' 

• 
, > 

'-, 
. ."..,.' 

" 
, 

" 

'. 

~ , " 

, ';'( 

, . 
.. ;,';1 • 
,.1 

" 

.' 1 ~ 

0, 
, "-

• 
.J1 ) 

.-

.. ~ '. 

" 01. 

. " " 
'1 

" , 1 

• 'JI 

. ( .... " 

• ',: 4 
,i, • 

, .. 

'Abstract 

• 1 

" ' 

" ' " . 

,' ... '1 

.. , 
" f1, ,,' 

, ' 

.' 
~~) , 1 

" ' 
" , , 

Robot tasks'have come to deniand flexible sensory-based :intélligent' behaviou'r' 
.' ,.1 , ~ , \ 

f, f 

.-

j: " 

-

As a r~sult. one must confront a~:grçwing number of processing ~Iements for control and: 
J .~.- 1 ~~~"-~ .' '", ~. ,,(, :. ,~.\ 

sensmg, It ha'-s 'recently become prâtlical to link these ~'ements with a localoarea netwo{k 

: 

'~~ 

---

" , 
which standa~dizes th~, physical mterc0!lnectiOlJ, and the p~~t'Ç>tols for ,sen'ding;ahd receivin'g 

III 1 ~ "'r , 
• t • JI 

. "information. l'" ~" _,"; • i '1: " -
" Y' ~II,';" 

'" ,...... . . -, 1 \' 1 

Sv The L~mp~ie~ -Vision, an(f Robo~.ics Laborat:ory of 'McGill U~iversity is a dis-

.-

.~! • ~ '.~ • _ ...... ~"'q , 

,tributed computing environme'1~; based on an Ethernet IQcal area network of host com-
~ . .... f r' ... ,,~ .~' ~~ 

, pute~;; operating under: ttte l} ~t~' ,4.:2850 operating syst~~~ and encompassing mult~p!e 
r~bots, visidn systèms. af.ld ot~er sensing and positioning pèripher~ls. ' Programming ip 

l' • .. .. ~'" ... "t:. • ) , ' ~ 

such a' çlistribut~d system require~ ,th,al ~~ér pro cesses be pro"ideêr)~ith a r~liable and 
; \ l, ~ ,'1, • ... ~. ; '., " ~...' , 

efficien~ me~ns ôf interprocess ~otnm~nicaùon'thar would also b~ \!asy to u~~ . 
.... 

" 
'1 ' ," l' !~ '\ ~ ).-1 

, \.. ; --, 1 

. , ) This thesis d~$cti!!es ~H~, desig?' philo~ophY't ;'Jrc~itectuie.' iniplementaÜ~n. and 
, , ~ : l. J" ~, " • J ' 0( 

p,erfo mance a'n~lysis- of an interproc~ss cOinmûn;cation-programming é'nvirQnment ihat,â~: 
:I,t<:: J \ , *~'. ~~ti , .. ,~",'IJ. 

:,s~tve as a tool for impfementing;.distributed robot work-céll applj~tions . .The env.i~onmènt 
"l', " " " '::~ ,.' ~.·~'".,.I,~ 

~onsi ts of two useful communication' àrcJlitectures whi~h. var{~Q- c~mplexit, a~~ perto~-, 
\" {. ,1 .. , , 1 ~ '" .. , 4'0.'-

, mari" ". and o'fTer a consistent network interface. ,Thè primary-àimmunication,aichiteciuré -, 
r' l",t " ~ ~ 4. ~ .. , 

l 1 ( r '\ ~ , \ J. 
'prese ted. a Session l:ayer impler,nentation 'b~sed on' .~,he Int~rnational Staf!~a~cts Organi.:·' 

.\ \ 

_ zation Open System Inte;connett Basic Referen'c~ M~de!. offers 'a standard format fof' 
f ~J f.. fit l • ,. ~ ~~~ ~ 

:,.; .. :. 'Înteg'ra ing inter oc~ss communi~àtio~ primitive~\into sopbisÙé'ated application' programs: '. 
,1 " ," .. v , 

,~;;" 's co~p,atibflity so t~t pr6grams .written by ~.ifT~rènt users .can be integràt!d, 
- 1 ~ l , 

io' wor~-ce,1I applicatÎQns. , The secondary,:,comtnunication architecture.' éalled the Network 
(, , ,,' " " , ' , 

. frlterface Library. off~rs 'a lower level interr~ce with very efficient end-to-end prQcess com-
<1'4 .J \ (" 1 ~' 1 Ir ., 

.. ... "1 • -",~ 1 ,1 .. _ ' 
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,'.-. l' .~;,: An analysis of the 'imp'I~~~~t~tions' performàn~e"$howèd that we have achiev~d' 
, f) 1 '\,':' #I.,.t t '4. \, ' ~ ~ • ~ " I~ j :(, '"1.:' ~ ..... 

,:~, en~-tO-end interproce~s ço~munic~tio~ r~tes_, ~hic~. meet '~he ~~s ~t'Q~r rese'ar~ (~m: 
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'.' .. ',.' les applications 'robotiques a~ancées exigent de là p,art des robOts'tm Icomptirte- ' ' 
\ 1 ~ \ • 

'~ :~!, ~erii'd,~' «intelligent»;basé' s~r l'utilisation de çapteurs. En conséq~encè, fes"cortGepte~rs 
:~*~\ ::.... " (. ' 1; • " .. ! ~ ~ 

'; Ct, ',' d~ tè'l\s systè",~s doiven{~aire fac~ à ,'dès systèrne~ tO'T,~ortant un .nombr~' èroissant de P!Q-
'j'" cesseurs p~u/I~ conl~a'nde de;,; robots et le t~~ite~~nt des d~9'née$: Il est m~intén~nt /, 
: ,:;"}.:commode: d~ut;liser dès: r~seati~jocaux PQur, sta,n~ardis~~ nntêrco~~ection physlque:'~~ ces ,:' '\:':' 

,.1 ~ ;, .: '. " ~l. '; :' , ' , " 

tt~ "éléments et les :protocoles 'de èommunic~tio~_ -'" " 
., ., " '" 

, : , ':..-

, '" '; ,: ::',~:,' .. /~ . ',. ' .. ;, ,Y/,,"c': '';'. " 

,le laboratoire de, Vjsionjqu~' et de Robotique ((onlputer Vislpn ana Robotic~ ,,1,-
.. \~, ~ ,~ • ~ ~ , ' 1 l ' , ... ~ ~ :~ " • .. 1 ~ , ' .. ~, __ ~ - , .l{ 

t.:abor~tory), au Département de Géfliè Electrique de MçGill University possède ~n sys-t~me _'~' 
t'f, ~,'I# Y ~ < \ 1 ~ l ' ' p (., \ H " "'1 r.." 1 ~; , ~, ~ '~. 

informatique q~~tr~bué, 'basé sur un réseau locâl (,~thernet reliant de~ ordinateut-s ?~~~ant 
.' f'" ('\ ' ~ t, "... • ~ ~ 

s~us,le<~y.stèn1e d·~éXploi~,àti6~ UNIX 41BSD;;'çompqr,tant plu,sieurs:rob9.t~,. des sys~m.~s, 
, \ '" ," h ~ \ _ ~ \ # ... ,~ / 

'''~ de vis~<»i.ique:~et "autres capteurs,,~~ns~~ls. ~a' prog~a.mmatio"n' d'un '~ys.t~e, distribu~ ~éi "": •. ~,' 
~ , ~ ~ ,"': ~ ,,' }l''' ~ , ~~, ' . '" '-;.' f , ~ .. )-~, v ~)' 

, "que celuI décr,it requiert que I~s processus àient at-cès",à des -;rnoyens 'de comm!Jl;Iicatfon 
: ... ~ , J ~ ~ 1 ~,I 1 ~ ~ ~ j '~': l ~ ~~ .J " ~ ~... 1" :'jJ.'} 01 ~ 

,1,; sûrs, efficacè.s~et d'utiliSation commode~' .- - : ':', ,/ ~ ", 
-,f" ':,,;', , ,,' " , "'" .. l' " " :. .. - " ;~;, l',;,. ': ,,: 

l ~.!. .. \ 
fi' ' ~t, 

Î r , 

'- .... 

.,", 0 
, ' , ~ .. 1 

~: ~:,!~ :èette thèse d~~rit.'l'i'concep~ion,' '1' ~rchit~ctu~e .. la ''''ij1ise' ell;;.(Eu~re ~; I:'~n.âlyse·~ ,-' 
.. , 0 t '\ , t " ~ ~ i ~l ' 'i,: ,~~., ~. ..... ~ j '1-' 

de~ "performances d' un environnement ,de ~~gtil~!nati~o distril?uée p(,>4v~nt Sêrvir de,base ,', 
~~ ... l. ,i..fl ,I, ~ l ,~ , \.' f ( -: ~ 1. 

à la,·;ni~ë;.tiW œuvJ.e d'appficatjons (9b,otiq~.ies- disÛibùéès pan"i p,iusieu'r~ processeurs e('./I.: . 
... ~ ;... '~ 1 \ \ ,.! ... " \ " " ~ (~ , ~ _ 1 ~ 'w \, l' 

"-": incluant plilsieurs, robots et cap.t~~ls:' L' ~nvir~nnement offr~ deux >mêthod~~ :Ide commu-' , .' 
, J _.... 1 • ~ î'" ~ ~' ' ~) • ~ ~ '....... • ,"" ~ 

-"'-' nication qui difTèr~J1t en complexité et en performttnce, mais. qui prése'nte" une' il"!t~rface 
-1 ~ • • ... ' ' : ' ~. : J ~,1 j ~ ï..... .... .,. , ... ~ \ :r: 

au' réseau uniforme-. ''ta ,~'éthQ~e de q)m~u'nicatio,,, primaire. «Sess~Qn L.a'yer~~ (ÇQuche 
[,. 1.. ~.... ! 'd .. '" t- 1 .! • >. l "\ ~'" l~ J 

(te 'Session). est baséè':'sur' le' <tOpen"Sy~tefT'l Interconnect Basic Referenœ Model~"de 
-Jo ~~ 1 l, -/ ~ ..... ~ < 

'- l,f 
',' 

;0 
" 

• .. 1 fI - \ , • -1 i 1 - tIr" 

l'Organisation Internationale de NO.rmalitation. Cette couche présen~e lm formât standârd: ' , 
~ ." \ :;:~ • , \1 1.1 'l, - ~ ..... '... : 

pour intégrer les primiti\'.es de CQ'rri'mu~îcation entre" tâth~$' d' uh programme' d'application 
• , t ,l, .l:I I~ - J , 1 :~, r~, " ., 

complexe: ceci per~{ aussi d,:às~u~èt' li comp~~'ibilité erlt;~' prograrri)nes' éérits . .par dif-
l I;~" , 1 J ,_. 1 I)t" -l' '~ ~ .. ,,\ j 1 

ferérents usagers pour qu~i~$ 'pui~$ent êtrë Întègrés d~ns une ~ppfic~tion ~e cell~le de travàil 
\., , 1 l \ " 

robotisée. L"architecturè ,\CJè, cOri'lmunipttion"s~co.ndail'e off~~ ~ne if1terfa~e ÎncÙpendent~. ~ 
,. ... \ • t ',," " t.v t" , • J. ~ J " ... ~ , " ~ 

d'lJn niveau lr;tférieur mais i~é's'~ffi~ac~!~bur la:è~m~uh1catlôn ~nt~è.iâches. 
1"' '\ , .... , r ,~ -r ~ .... ) 
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1.1 ft:ltroJt't,Îcti~n and Motivation 
f , , 

, . 
"... \ / __ l' 

.' ) 

. \ 1nlroduction 

l' 

- ) 

C~m'meréial robots wère first introduc~d ~'y l'Iannet Corporation ln 19~9. They 1 • 

-;. ~ '~ ~ ',-! - '1 

we.r.e programmable de~ices'> controlled by ,Iimit sWltches and cams. and capabl~ of pero. ,\ 
, - \./ I~ 

> formi~ 'simpi:: ~'pick-and-plaêe" . and painting t~sk~. ~The development of rODotic un'ts' : 
~... J _ ,~ ~ 1 _ 

emplç,yil'lg servo. systems for general pa th .control was led by Unimation Incorporàted, dur- , 
,1 ; /' \ '"'-

ing )he 1 %~}' s:' ëom~ercial, 10bot éontrollers, based on digital comp~ters wer~ reallléd in 
_ 1 \ - / o'" l - ... 

th~ early, 1970' s·~ with the introduction bf J3, by Qncinnati-Milicron Corpora~ti~f! IA~rè5 and, 
li·' \ ,,- -

. -'MiUer 83}:" This pr,ovided a ctinven~nt means of integrating external digital and analogue. :-
',1 1 \ ... • '>4. '- ~ ~ ,')..... _... \ / ~ ~ 

b-àsèd eqifipmen~ ,to the controlle~., allowing ,more compJex tasks t~ be performed within° thé 
L'" .',!, ~ • ' -

',-' "T~bo" ~otk-ceII..J·} < 

~ <.~ \ - ~, 

;."~ ~ , -. . 
...... ,), >1 " 

u', e' . _~ ; Ouririg-:ihe 1980'5: work-cells'nave evolved to include enormously varied and \~ , 
.ç ~ _ .. ,~ .... - <.. - ., 

: ' cOl1}plè~ '.co~f1&u;ations; The single rQbot has been f~lIow'ed by ~ muttiple robots.' coopet~t-.:~, ~ 
• ~ ....... - :; ..' -,'- l • ~, ' • 

, ~ ïPi jrr t~ree· dÎmensio~al.dY,na~ic __ ènv\ironments which' allow them to accomplish complé,,' ' . , -
!,. a'nii tn'tricatélasks. Intelligent 'Computer basèd p~riphe'rals such as vislon systems are be"'l 

" -, -'< ~ - l ,,~ l 

f~ing èmployed for. -i~~pection of objects a~d robot supervisi~n through m~tion coordination: 
~ , ",. 

~ ~ Il .. ~ ... , 

>- Sophi~tiçat~d ,sensing devices such as lasers and acoustic. ultrasoni,c. strain and pre.ssure 

f ,r.- ,~'> :.}, "~} -' '" ., .. ~ sens~;s"'~~:~~iÔg i~~oq>~'~ted fo~ proxil'ni~y' d;t~rmination. Controllers for 'Iightin.;.' motor-

'0.-· -~<:"~ ~,:t:, .. ' .- ~: i~{~~~g~s.: ~'f)d ~~.~tr~~~r tOOI5-:,a,: frequ~nt;y components of state ôf the art w?rk-cells 

, " ;. ,. ~, , :.:...' ." -, :~ ,:'." ~ ~~~, j J -(,: '. • ., ' ~',:, ..' , -

.\, '.'. " . ,-
f - .t ~~ :. i~ '",. 

~ ~ 1 ;;: ~ i\:- :\ l "", -1,.> .. 

, 1 r t 

" ,1 • 

'. l' ,... ... ,:.-: 1.... r, ~ ; 
, , -. , .... .:: \ ... h,J ,; , 

'1:" ~J ... ~ ~.. \ -t 

,.."",~ .~!:":I. __ ... ' (.~ ... ~ _J .... -
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1 l 'Introducti,?n 'and Motivati9n 
1 -

IGoldwasser 84) MotiOn planning and adaptive control ~re essentlal to these comp!~~ con-
'- ~.. • ~ .J .... 

f!~urat10ns. çustom expert systems ~à~ béen employed to coor.dmate the various elelJ'lents 

IGonzalez and Safabakhsh 82) ,_ ,_ _ ' 
; , 

... , ... ~ ~< 

Because of the complex nature of the tasks performed. cèntralized
o 
control is no 

.. '. '- .... ,; ,t -.. 

longer 'practical. The role of the. robot controller as. t~e nucleus of the wC?Tk~cell has·beerr 
, , 

superseded. with contror now distributed amongst many elemel'lts. The robot controller has 
- " 

J become simply another peripheral devlce \ Work-cells have become centres of aistributed 
, ~ 

- 1, ' 

<:omputmg. networks of many devlces This IS °exernplified by IBM's modular 7575 Man- '0 

ufacturing 'System whlch is composed of a-robot' manipulator. ,a" control computer. and a 

~ervo power mod,ule. The control computer can be linked through a network to any number ' 

ôf other host systems. ,. . 

, , 
Inherent with the' increa~ed complexity of ~he robotic work-c~lI, are the probtems 
;- J' • , 

assoèiated ~ith "any distribut~d com'puting system. The need for an ~asy to use interproce'ss ' 
{,' ! J ~r\f:~'./ ~ '- ~ ',t_ IF' 

com~unica~i(j'11 (1 PC) 'énvironment which integrates' i'n~ivi~~al elem.ents both within and 

. between work-cells is immediate .This structure mu~t afford "efficiency ,n its applicatio~ 

whi'ie facilitating U;ser acoess t~ àny ~ven element. In addition., de,vice depen~~n.t featur~s 

should be made trtUlsparent to the user. encapsulated in sucb a way as to conform to.a . ' . 

/ 

COllsistent interface. 

ln ge~era1. industry has been ~I~w in pr~pqsing ané{ i"mplement~g- robotic, work-
. , , 

cell communication standards:· This might be attributed to thé E:omplex nature of thé 
) ! ~ .-' ,.. /' • 1 ~ ~ 

subject-and its wide r'à~ge of ap·plicatio"s. 'Tt\er~ are' as many "standards" as there are 
t· ".." ~ -

robot m~n~facturers. ,Communi~~tion temai~s largely vendor depend~t· both hardware 
- J ;. -,' 1 • 

and software interfaces are frequently unique for each individual element. This uniqueness 
'" l -

t. ~ ! " ....:./ ,'" , - 1 • • 

ipcurs\hi~h costs, ~o the ~nd user wnen interfacing elements. hlcompatibilitY,and installation 

plo~Ieiiis cail sometimes be tirc~~vented by purchasj~g\ ~II eqùipmènt [rom a s,ingle ve~dor.-< 
Il } ~ ..... - .. } ,A- ') ~ 1. ",... _ -:: ' " 

Frèqu~ntly thoug~: each s,stem"'Pust retlect a particular se\ ,of device requirements which 1 
~ .. n 1 

1tre-- not met by a;-si~gle ~anufactLirer;' ln ~ddition.· companies tend to av~i~ sirlgle sourcing 
.... \ ,,- l';~'' ~ '1 .t 

~ ,and purch~se ~o,rk-ceîf"elements frDm:drfferent vend~rs.' Even n'à' mariüfacturer were to' '0' ( 

, 

• l r \ ('" '. ~ l . , 
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• , l '1 Stopr a nU ,~~oal~' , 
'\ , - ~ 1 

• .- ,~ , '" 1 \~.". < ~( 1 ~ 1 ~ 

.' meet ail the 'devlce :requi;efTiertts, thé"n 'produè:ts may not lle ~the most 'çost efTectlv~,. (. ' 
...... '-::!.. ~.-'" ~ 1 0 -, -

~.~... ~ '- ~ .... ~ i-- - 1 ~ ~ \0.. ~ _ 

This situation IS gradually changlng with the' adoption' of the i~; ca lied "open 
'" ... f • 1 ~ 

r (' ,- ~ ~ 1" , 

systems -intercon'1ect" phllosophy put fo(tll "by the International ,S.tandatd~ ,Q,ganjzatlofT·,. 
'.. • ~....::: ~" ' • .. J ~ t ... { _ 

,.{ _......~ J. ~ 

, (ISO). An open sys!em 15 one ,for whlch standards have:b~n put>h~h.~d. allowir'l~ sy~tem , 
, }'" ~ 1 .) , , 

components from differe,nt v~~dors to be inte'grated ,The t:50 has pro~bsed a he',ra{çôical' 
- r_ .. - .) '- ~ - • , r-.) < .,.;~ 

communications framework. called the Open 'Sy;stem Interconnéct Basic -R~fe[erïcé ,Mo dei 
, '1 1 

(051). which partition; th~ t~sks' involv~'d in'~o~municatlon o~er a ~~mputer n(!twô~k'l~t{)" 
.-1 \.f • 

seven logical layers," Protocols describmg the function of eaçh la r have also been specified' ' -' . 

" 

" 
, ' 

.$ l ' ~ ~ ~, ..... 4 

THe result 'of thrs dev~l~pment is a strong '~esire to standardfl ,,' n indif~tr-y" !hat IS ra-pidly' , . :;'" 
l , .. ~ 

expanding, Standardlzation makes communicatlo , , ~_rQ.-d dIve by, prQvi~I~~ a s\;tb~t1. " ' .. ,: ; 

hardware and software mod~l; . 
, , 

, ' , . , , 
1 1 _ .. _ 

, ; .. ~ ~ ... 1 

• ~ - ~ .. '.... ~"..' t \ .. "', 1 , ~~, > . J' '~ ..,. ; 

One example of a robot ,commupiçation sta.nda'rd based on ,thé ISO~,s c>peo com- . : 
~ , - ~ ~ ~"ii"" .. "........ ,/'r" -\ .. ~ ,. ~-J ~' l ~ "!.- ... ~ t, 

munication reference model is the' Mà'~ufactunng Automation ProtQtot' fMAP) IMAP' Q5J.·' ,_ .. 
li'" t ... ~ 1 t .. : 1 - .. t .. "_. .. _',. CI 

) proposed by Gen~ral ry1otors. _~~e, M~~ ~P1ific~tions rep'r~sè~t ,t~ç: Jir~t: att~m~i:àt,' a : ,_> 
"\ \ .... , Ir \ J __ 

concerted effort on an' jnternational basis by major mdustrles aCting JO c(;,njuncUorr-~ith ." " 
.J • • " '" l ' .. ~ " 

r.. 1 1 ~ Il.! ~ ~-. I! 

.. professional societies to e~tablish protocQI profiles, fQr automated manufacturing,fte,twor,ks 
... , ,~_ ::,( ~_::,." _ : .. _1'..., ..... - ~! > f' 

and to test and evaluate them in practical ,applications. The proposaI appe~rs 't~ • halte 
\ ~ r " \ .. ' .. _ , 

gained considerable,momentum although ifs adb~tion as a~robotic\communicationl sta!1" , " 
.. ) .:. f rI _ ,l,. 

dard is not expected in ~he near future. Arthough recently available commercial systems 

supp'orting the MAP specifications 'iJr~ weil suited to large in!iustriaLapplicatio~~ ~uch as li' . ..,...... " 
.rfactory floor communications. they may not be attrâ~\IVe for f.ull imple~entatlon ln certam 

... \. ~= [1 

') research oriented enviro~ments. However. sinè~ the specifièations are we'lI ëJesigneçf. il i's ' -
...::. ,~ • " ..,. .:; ,~ll 

• a,dvantagèous to consÎâè~" adopting any applic~ble features i~to a, robot c0f1!m'U~catibns 
l '.., , 

envirohment. 

1.2 Soope 'and Goals \ , 

" le 

'1 L 

1 ;,' 

'"'':.. .... 

This thesis describ~s tnè 'development of a cqmmunication prograW!'Jfli.ng envi-
~, . 

. ronment for the Compùt~r _Vision and Robotics labotatory (CVaRL.)"of McGili U_hivers~ty. -
, '/ " <" 1 • ..,.' 

..... -4 , .. ' • ..... "' - ""'-. "): 1 t 
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,- 1 2 Sê'o~pe and Goals 

~ 

"c', ;, The CVaRL çomm4nications enviro'nment is a hter.irchica.1 structure whidr can 
'" , l' .. li :-'! i. 1.. ' • 

• ~ l .. - ~ ( .. ~ , ... ~ ~ 

be described with the OSI Reference Model. The OSI Reference Model divides the tasks ~ 
\ $ '... ~ ,. ~ .. - - ~. f" 

, .,. ... ...~ ~ 

involved in the cO(ll'munlcation' between two systems into a layered hierarchiéal structure 
.... \ .... 

l ,.. -

corhposed.of the Physical. Data Link. Network. Transport. Session. "Presen.t~tion . .and 
~ ~ r ,~ '>Ii • 

Apphcation Laye(s This model will b~ dlscüsse~ in g~eater d'etail,in Chaptéi 2, 
) ~ ~ '. • t; .... 

, 

The environ ment· was expanded to i~cïuOe t~·.useful communication architec-
> ... -.; ,1 "t 1" ) ~ ~ 

tures which ,vary in complexlty an,d performance. and off~r' ~,~onsistent u~,er interl"ace to th'e . ': "', 
<, ,~- \, 

/~" netwo~~\' The ptimary focus ;f this present~ti~n,is to desèribe th~ d~sign l>hilosopby.",~~cttl-
\ -. 1 ~ 1 1. ,........ ,.' " ' " • 1 _~ f , ~ ~ ,\J . , 

, c 
': < tecture and Implement~tion ~f a Sessiôn ,~ayer ,yihich provides à,sta,ndal:dï~ed and straight 

• ' 1 1 \ ,.,. " ~. 1 .... .. " "'r .(> r, ". 
", forYiard means' of effecting interproéess commÛnicj'ttion. The 'seco~d~y'communicéJ~ion 

1 .... ;'" ". t l " IlOt, ' .,. ,. " il, ,.; ...... 

~ ,,'arc'hrt~cture. which i~' provjded by a soft~are pac~agè.calle(Hhe Netwdrk I~t~rface ,Libràry .. 
,"," .. ' 1 ~_:. .. .,. ~~~ .. ~. _~... ~ ...... ~\ \t "i "~,' 

~.~ off~rs a flexible ànd ~ry effident but' non~ta·ndardi~ed' rneans of'achieving:ena-ip:~nd p;p-
,.J' ,~~ ~,'" ~,., l ," _~ " ~ ' .. - ::: .... : t-" l"~ ~ ',~. \ J 1- ~, 

ç~~~ c~;_~~~~~a '9
n

. ;".' . " / ,=.' .: . " ,,' •• <: ~(., J, 

",1 __ " "t L,li." l ,.... ~~ ... ,.... ,,,/ '~'~~'I" 
;; .. '1 ,_, ... - 1 ~ '1 ;~I, _"f:. ~ .~ '1' ~," l'': ; 

: ~ , , The Sessiqn Lay~r :pro.vid~s' th~ user vJith à. é~sy' to:'us; programmi,n,g. Îhi~~-

" 

\ / 

\ \~ ~ . 
. " 

" . 
'" . , 

, / 

.' ' 

, . 
A," " " \,' \ 

1 

~., \ _ & ,1 "'. ... _, ~\, ,So ~ _ .. ; • ~' 1 ,. L f 

.' face tha't facilitates access to the interprocess message pa~sing se-"rvices sup'ported'by t,he ' 
• ~_1. ~ - j~ _'l" ,/" ,., ... , :,~,{ of' :.'~ 

.' :, Transport Layer:, The Sessio~ Layer'appears ~o th~ user as a black box"~hJth Îinks co~ :0 

; municating proc~gs~~ and aci~ ~s an, intermediary i~ passing mes~ages '~et~ee~'~them ~s 
1'1 '. ,,',~ • • ':1 , ' ::.rt 

shown in Figure 1.1. Communication.services are' presented to the user in;terms of loglcal 
,-: 0 ~ -1. 'r. T Of ( 

'! ,,~aps-'.on ~~e.network ca lied endpoints and logica/channels betYJêen;eridpoints call~d.lÎnlè~. " 
1 ... , ~ _ ~~ 

-' 

'/' 

; .. Netw~rk co~.muni~ation is a
J 

com'plex issue. ~ and to ~ç~ieve it in ail. ~fficient 'v:.~y <?~(~ ,~, 

, -

• ,'') t. 

requires arf.Ïn-depth knowledge. on the part of the user. efthe low level'aspects of network ,':," 
~ • " \. <.II, 

t ,,\ ,/ 

é~mmunication. The Se$sion tayer allevïat.eS: this through a .;Set of -high lével èommunica- ' .' ~ 
" .- J / l "-- "..... ~... • • t ~ 

.) • ~ J " "\..... \\ 

tion primitives which allow the establishment. management. élnd terminafion of ~'t:\dpoints" ~ 
\ '" .1 ,\ ... 

'( 

and links .... - , ' .. .. .... -\; 

f , 
, ' , :: , 

~ , , 
Process A ". - Session Procesi8, ' ,. 

,Y, (on .ny host) . Layer 
1 

. (on any host) ; 
" " \ f , 

\' ':' ~ -
'\' 

, , 

, .,-
-,,. '\ ' l' '. ,of" ... 

~ 1 ~-, • ,\;:~, ,. .' l' , ~ ~I> ~ ...... 

" Figure 1.1 ' lnterprocess' comm'u1'ication mediated, by the' Session Layer ,,,,.,: -
...... j, 1 .. ~ ::,.... ,,~~ ,} - ,. 

\;c' l -.,.' \, 
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~l 2 Scope a~d Goals l' 
~ Il ~ i' 

1 1 " ~". _ ~ ;. ( ... ~ \ ( ~; ..?':. L '" ~ , ~ : ; D 

, , The Session U:lyei"s standardizèd format aids in- int~graHQg interprocëss:com-" 
l " '_, , .c. ~..... ~ (' ~ \J ~ .. ~ l • J ~ 

~ m~~ication' J)rimiti'yes into sop~isticated 'àppHc'~tion programs." It ensures compatibHity s~' , ~ 
_ " 1 4.... ~ .. ,.. , 

~ (' .. 1 -F. "\ 

that 'Program~ that were develo'p.ed{independendy cah be sfiared am~mgst usèrs ànd easily '-
... '\ ;, , J ,\ ~' ' f r :) : ~ ,~"" 

iiltegrated ·!nto. thelr' wQrk-cell ':app!Îçations~: $ÙlOd~rdiz~tion is a mC?,~t .âesirâble feai,ure J~ 

~ '. have in ~ re'search envi'r~me~t' às:it ~;~m~;es I>r.Qd'uèil~Îty. ,Users d~: not have to iffaint~io' 
• .. 1 "-1. - ,.J.. " ' .. ~.: .. ,. t ~ .. ._ 1 .,_ \' • ~ 

tnêtr ÔWJl set of'communif~iion JoûttA'es and ne·w'·users c'a'n ~enefit from an·existing iîbr'~ry . " 
... i • ,JO .... .:;- ;-~. ..,: ,,, .,'., \ ~.~ - ~ ~ .. ",' <' r 

:-- of.work-éell utiIÎties.:· -, t" .' , 1 

... -- f L ~ ,. 1 .. ' • ... .. , . , "t"'" , . -. ~ , , -
_...., .... ' • - ... ~ • .. f· _- , f,. .. '\ -1 -. • 

,.,' ',,' r "mplèmentàtion df thtS~ston l:~y~ùeqwre(nhe, developrnent Qf<â ser:pf n~t-' 
~ 1 ~"'~ ... J'~ - ~'-t ... ,.~ i .... \. !.- .... ~: .. ~ ,~ _,t;' J, ~ ~ r • 1 ~ , 

." work,prim,i~ives '10. cOl1,!mu,nicate w;th the tr~~mission :controv..Pr()~o~ol, fae;lities, in t,Ile 
l.. <.. I~:. k ..... ! .. .-r~\, "" .~.I ~_I~ J .. 

- ' l , ...... 
, , 

, .. " . , 

:. ':':, T r.an~port l'ayer, These' prÎmit.ïves are available to the u~er in t'he for!'J of :an-int~rp(o(es.S' . 
~;. ""~ 1,." l ,_ ..'.J' ~ l' \ ' 1 - ~. -. • , ~. - , ' ,. • ' 

," ,,: ,<: ,: , ' ':'" ·.cbmlJ1unicati~lllibrary called the Network Interface (!ibràry,{NJ~): N.ll support~,~ir'ëèt''Üséi-._. 
,~' ,'~,' ,;,~ /.::; ~ , ' 'fI,' .' ' :,,";':~',,:' _,_ ,..: ' <~' • "',;'" ',', ~ , 

"'~:. ' ,,',' " . ><" ' '-procè's's to p'ser-proces$ communication: that Îs, Interproce'ss communicafion that ,is n'ot " 
~. 1 ) ~ '.:" 1 "1 .... ~ 1, I~ ,....!'- 0.). , r .~ \ ~... -... ~ 

,'. ,', mêd.îaled 'by,',an intermedi'aty s,uçh as the 'Session lay~~.. ,_ '.' ',~.'_ 
.:'.~ ,::>! .. ,:J:~.~'~ '<'~':~~':':>'>',',: ,,).'0," ~,:"::'l',:, "",\:.,>~~~. ': 1 :_:.;.L ".' .... ' ""~, " ,,,'~ 

.~ ()-~;. '. ;'.' " ~ ., -': " " ','" J', {'~~,L s'ijn'pti!i~s~,.the ~tm~lerrle~~ta~~~J ?f"j~terpr'oces.s~:f,o~ù~icaHo~ ap~~~~a't.~on~,~: ': -, 

:_.; ,'1:)' , ::('b;:provid';;'g~n ~nterfa~e.to th~ syst~ netwo;k ~hich i~ eàsi~r't~ us~ than ihat'p~ovjdett' ' '. 
"J 1" (~ I~\ .... " ..... .... ,,;~' 1 _.~ l, ~- \_~:r '_ .., y .:!~ -,. ... .:: ~. r ....... :, 

~.\''- ';,,' ~ ",,< . ~,- \:~':byj~e tr~:~sport,l'a.y~r., as weJt:as by'fùrn{shing the building blo~k~ neçessary .t'a impt~~e~t.: .... 
l:'t ...... ''\, ,:a: ,~ '1,; _,,:':~:" •. ·1 .. ~.\ ', ..... 'i~ .... ,r~:~ "" ... '''' "~. h~.,1 '. -" 0: ~i .'. ,1 t ,J..,,~' 

:',;':' ", , r' {'.' ,-: ~, .:sonie:of-'the 'n'lost cPlllmonly u·secf'commun.ica,tion arcnitectures. 'N Il provides"'a 'to'werléveJ _,,' 
,':":/' ,~.:' ':;',( '::',' .. :~ .. : ,:r" .~:",-'".-' .:." ; : ,.,',,', . ~ ~_,-'" "~, ,1_" ";,' 

',; , ,;<::. ", " net,work, Ifllet:faèe ~th~n the.! Session layer~ It .5 not as powerful.' and' IS some\'lhat more.~·. 
-4 ~ • 1",- :.' - ':':'? 1 1 ~,.;~ J ~ ... \ ~ ... "r..-- !: \ ~: -_ - .. .., .. 'v • 

c' i'~::<~ ~ ,:~', ", diifi~ult'~to'~s.e.fOn ,the other ~hand,';the pri'mary ~4vantage of ~he library' 'over~t~:e .Ses~riJ:!>_'-· 
~ .. - ~h· t", ' .. '-:, -;. f.;\': . _- _ . j :~ ... " • /" :. • ''l t , '" _ ' ... : l''' .:: _ .. ...., • i"' ~' 

.:\:. ;.~'~ (', 'l~y~~~i~:i~s:l~tr~~se~J~~~~:" 1his package- ~ay b~ used in_depen~enl Qf.~~or, i~~~h~ncti~n, . ~ , 
1.' ,::',:(~~"~,:',::, ;~rth, the-i~dÜ~f~~jlf,.ov,ded by'.the Session'layer,'accorming,to the us'~r's·dernà~ds, ... : L _ .. 

r.: /_ l,:';, ~~':;.' \.~-~'~:.4 ~I't' .' ... " ~,~ j:,~ ~~,,<"'~--.:: 1 ~~- " .. ~' M ~" *.. 1 ....... "-_ • JI:'- ~ 
1'If' ,... - :t ..... ~! .... ~~ ~~,;,. ',\ .... "".' 

o 
'1-

, . 
t .... "'J • 

,1 7~"'I'·:::'~S~"""."" , -'r- ,i~ , .. )' .. ".,........ 
~,., ~) , . ;4~~ <r: ",,~~I_, ~\.~,",,~:.. ...... " \ ~~' :; ~ 1 Itr'.:·" ,: ~Il. ,,""- ~:... >_ ~ 

'" i: "-" ,: ~.:. ,";;, The' sciaIs.: of ihis pr~sentation are lb su'rv~~ rp~thods of:jJ1terp,r<?F~ss, c9~mu·" > 

'r 4 • '... _~ , ... :: ':: - " ~ • , .. rr-~, 1.:;.... .. ~ A • 

,~~ \:~ .' .. ; ~:~i~~dofl~.·~fth a~ ~~~'asis on those ~om-mon in both génetal comp~ting and_..(listr,~~uted·," 
_ (1 1 ~ .. '~"" J ~ , ;, ~\_.... -' ~_ ~ '" ' , ,1 -- f ,.. ' • ..). 

.. ~:(,~ robottè a,wllcatîons; to discuss CVaRl's com!llun!~ation environmentf tQ describe t~~ de--, '. 
....... ... \ .... , • ~ Il' .'... ;r \ .~ 1 • 

,~,. y~:. sign, a~d im'pl~mentati~n of a Se>s~ion layer and a Netwôik Interfaçe Ubriiy '~ui~d t~ o~r < 

1 .... '" _ "'j'f ' l< ~ _ _ '; ~, .,... ,_ '"!.: .. _ '" 
- ~', ': enO':f'9~nt: to pr.es~nt\an evaluàtion thesè Qf implem~!ltati,ons; and- to make ,50gcestions .. 

1 _ r ,r ",' ' ,." \. _ .. \ ~ ~ 
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,,' î for future research. ,_ A,~ < ,> , ';':'," ~, 
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, • ..1 ,~ .. ~ V -:; t ;... -," , ~' - .... : ~ " 1 1'" >; /... c •• , 

. ~" : .. :, Chaptèr 2 discus~es of ~~terp~,*és~ cqmmJ!nicati~ in, ~he context of dist'ribute.d 

, ' . ~,," ,,~}.:, ~.~~t~~~~ .. ~ha·pte(3 prese~ts,·~-,~~rv,ey'.<?f ~nterproê~s~ co~!!\uJ1ic::ati0~/~ri the·c~ntex~ ~( , 
~. ~", J ..' il r •• ( • _ ...! ,,.,' "~,~ • 

-, " '":."' . .:. ~.''' ''', ' distfjbt.iled':r~b9ticSf'" Chapter ,4 ièfèntiijes' thê:;nterJ?roé;~ss' com",:,u']icati'on services mo~~ ," .. ~, "f-: t... \..,.<., ... • - r " l' r .. _ >- • '1 _ ~ ... ; ,"" ., 

'. .; " ',' ".:"~. . ':'~s~fu1 to our 'r~~earch' comrfitinity: a~d t~èn destribes' the design '~hilosophies ànd architeé- ", .,(" .~ 
'~"'I;:I_/tc~ "".:.~: .. :4~--,~\\ ':_"~ ... :/ ....... ,\', ~_ .. ~ ......... t\,· '-" ... _"<" 1 , .... , ... , ft' ~;.. 

:;,_ '.' ,_ ~ " '" tu.res-,oloor Sessjpn.layer and, Network Interface Libr.ary. 'ln Ct\apt~r 5 )we"use qoalitativ~. " 

r. ,/' '" ~,,~~:,~ :-'~~~-"~~~~'u~~i'ta~'iy~' crÎl~ij~ tO'éval~u~~e the com~~nkàiiQn s:rvic~. 'ChaPte;~ summarlZe~" 
• .,. l' :1,.. .... R," ...... :. J ... ,(f~ .... ' • ~ ~"'"' ~_~ ('! ... ~,'~~ 1 ~'!~'., .. ,~ , ..... '. " ' ~11 '- :',\. ' ,. " .. "',:R"' .:.~ 

,,.~ \- --:-:: ,the -pr~ent~tioo~an~' m.akes,'s'u'ggestfons for; futllre .. rèSea!Cn. " f ,: 11'" 
,l, \-::' ':~.: ... ~-- , • -.:- .:r 1: 1 ,... t \ '. ~ 1 .' : ~ ~ . .. ' -: \, _, \ t ~ J... .. ~ :. 

':', , ,,:~: ',_'. -, >""', ."'. ,,'_ ',", - , __ , • ;'" .:::; ,', ':: ',:" ,1_" .0, ,~\ '.' 
, ,- ,... .. ,_ "-'-:" .,'~ , .,; .:: " • . , ','1 ,~ :: _, l' ", : 

_, ",-" ~,' ','. '-:: "1.,4; ':~~searëb Goals ,of,the tlob,o~içs\L.abp;~toif . ,:~ .. :,; ,:, ' 

'<. i ;:' ',.>:: ,:<:.:" . ". '," ~~'. '.' ,,~'~, ::~ ;~/.:,'.' ".<:::'-:-.,:.:;:::( :/f : \ ,:' <". ;:, .~'l ' 

• ". _ < ':.' ";.;;, :.' :.>:. "- . At 'the pres'ènt lime,,, the. prinèip~ fQ.çus ~~f'the:tob9tÎ,à gr:q.up ·at CVaRL is ~the:-~' ",' 
~,. ~t-; L',' ... ',' ,.~I.l.--"";"'\ t, - ' '''1- l , '/ ~ '~ ,,1. 1 ,'_ ." .... ~,.-~:~ l" .,.,~ ~" ..... '-.,.. "' 1' ... ',_,~" 
..J: t'~ ~< ,-~ 1 ; l "';,' inspeçt~on and "ep.air, of hybrid ,1ntegràted, circuits:, -The ifllent is ~Q.jnve.~tjgate the ,bârqwarè ,.' 
""'~"'~ ~ ..... : .;'( l' - l, .... "' '.~. , '" J\. "J,~~"~',~". ~"" ..... ... 1 "',~~ ._,t,..~ . r:~ 

~':.'; ,.':_'::, ;,' .... - ',and"~sof~ware r~uirem,~Qts ·ml,ro~,~~,.i~, wor~'~~ell ~~?Sé p~fd~e':~s tO,,~is~ally ~ns~ct a 

• < )#: , :'., ",c targèt die "and :repair' 'certain" kinds' of hybrid' 'tircuit . dëfect~:--.. Related worl(--:is \aimed at 
/ J .. ~ • l " • ~ ~ > j ~ l' _ l 1 \J ... . ' , ',,,<:3 " ' " " ". ~,'" ~' \ r ~ ~-.:" .. ' 1 1 ~~ 1 • _ '1 " (- ~ 

',. the irispeçtion an~ repair of"'printed, clrèuit boar.:ds. 'ÎI')d'udirrg'·the'-Însertion ,and.rëmoval of, 
<~.'" J f, l ' \ ... ~ ~. .,'1" I~"" ~ 1 ... ," J" ~ 1 

, cQRwonënt,s, an~ ,the, Înspectron ;~f ~Ql~et join~s. .. ,', ,.~. > '.. :', ,~ l' 
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10 th's 'en'( '!If! 'a.r~ exptoring'certain"~sp,ects of di'stri~uted ço~pùtini" ~~eëi~lIy 
" ) , " 

, '. ' .. . '. " , . _. 1 .. _ ' ... ~ '.. ~ f \_ J " \...r:~-
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, (acte!ize the cqmputer n~t\Vork as i11inf '~nd micro computer ~ased. running, a concU,rrent 

" , opê~~ting syste~ with, modest inp~t and ou~ut r~uirements.' The pt~mary reasQ'} for the' 
, .' ~ .. -- • ',' { .1 

\/, ,,' '1. dist~it)ute~ e,nviron~en~ i~ to 'enhance perf~rm~ce th;-oug\h parallel processing. 1ôe. lab~ , 
, ' ,1 ratory "c~~rentl.y has twelve computers linl<è,d by a 10~tiz ;Eth~rnet Io<:al aréa network TM . 

. :, '-~~ork' c~nfig~ration is cOf)1pd~ed of a VAX ~f.,'780:, ,three' VAX. :11-750·s.' ~o mic~oVAX: 
tit..., J " t • • • " ", ~..., ~ ..... " 

, ',' ,tl's.' and six Sun System If's. Ali 5yste~ operate under the University of 8erkel~y at· S~n 

'n • 

0,' .~ , ,,," ~'/,.! ~ " Di!!g,~'~ U~IX"ver~ion 4~2 operatin~ sy's~~m (UN~X 4.2850). (èxc~~t for~the 'YAX 780 which 
~ } ~.' • '.... 1 1'" 1 r "',' >. • j .', ' ~ ~ ~ ~;' 

" ( 

,1 ..... 

'. ~ cOr'!c~rrentt1 runs VMS 3.1' and I;l:JNICE ~.1. a"UNIX ~mulator. 1 
.." l ,1 ..... 

\ , 

, , 

J 

Jo. J. / .... "r_. .., 

l'" .. 

., 

o 
: 

, { 

i' 1 

. " ~ , . . . 

. , 

~.,),; : l" r ~ ,\' 
." 1 1- .. ', t - ... 

{'. '~" A typical'work-c~" çonfigür,atio~'~f co~pUter. rob~t~{,ànd.viiiQ.,,! a~d,oth~r,:s~ns-
r, j, ... .f' ,l', _ ... - ~ , _ l~ ~ ... • 

::: 'Jng systems is shown in ,Figure 1.2: One VAX 750 is dedicated to robot' contrQI appHcations " 
... ~. ,..'1 \ 1 r • • ~ ~ '"'\.,. 

( , -while"the ~ther systems are direc.te'd towards vision and' the control of p~ripb.ér~Pd~vices. ;.; ~"., " 
·",1 ........ .. ,,~ "", ~Il ~ 1...... l' 1 • T': • f '1..... 't ")J<~. 

- "... .. ~ {/ .... •• \ " .... ~ ,,~\ \ • 4'<. ~ _ ~~ ..... } •• .-~J r 

• • ~10 (, i~.l. ~ 

Three robots 1 art! currently avallable, in the l~b~r~t(j)ry: a lJrîimatio~' ~UMA 260. ~ , 
,~ " " ~ 

.. . , ~ 

, a ,Microbo ECUR'EUll. and an IBM 7565 Mànufacturing' 5ysteryl..' T"e;IBM system inc6rpp-" 

ia!.~s a gantry-type' robot for lii~~ aS~embIY:~rl~" i~ ~rogra~~~~ i~~ci~~J~~~ve-'angu~g~~~ ~M~:: '",- ,. ::,: 
1; ~ r >, l .... ~ -t ' /' .' .r JI ~ i "', 

The PUMA and ECUREUil robols are both have six degrees of fteé~om; the èQofigur:Jtiàn 
'" ( " 

of the PUMA is anthropo~orphic wh~reas the ECURe'uICis cylindrical. Both the P.UMA 
.. \,. \ .. Il .A 1 .. if 

• - .. \ \ '... ~ • 1 1 

, ~ and the ~CU~EUll ~hare the same progr.ilmming elJvirom:nent. -RCCL. which·rèplacesTtheir 
\ "~ 1 , \ ... ... 

respective native robot progr.amming là~guages. VAL an'd_IRL. ·RCCl. ~ library pt' rb~ot, 
.. • • <' ~ ) ~ 

\ ~ .1 ~ , , .. 

èontrol primitives .~ritten ,in _Co 'w~s,"originally developed af ,pur.due University (Hayw~r(. 
.. ! - 1" J' .. ~ • 

and Pa.J 83) and has s(hcé been 'enhanced and adapted for' our r~search env~9nmenf by·." , 

., 
" 

OQyd (LI~yd 85). 1)'" " ',' ': ':-: :.., • 

. , ~ \ . {, . ~ 
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J ~, 
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c'a'lIed Transmission' Cootiol Pfotocol/intern~t, Pro!Q.col ,(TCP IIP) \vhÎch pr~yid,s a law 
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lev~1 netwoik IPC interfâCe [UCS ,831. [SRI 821. (Tuthlll 85). Ali computers 'oh the CVaRl -, " -':" - - .... -

. ", 

'}... , 

1 ~"\ ........ 1 

, ..... l' 

f ,~" 

.' ' 
1" 

" 

7 

-

" 
~ 

~ 



'\ 

'" ", 

, , 
l' 

l,,.., 

, , 

~ " \ , 

" , ' " , \ , , 

, . , 
" , 
... , \' ,J-, ",' 

r Il ,,:' I, 

: ,', >t !,. .... • ~ 
, l III 

_ .... ? ,,1- , 
,lI,' • 
'. , 
, " 

'<'; ! 

" -

'Î " , ,-

l'';, 

-, -, . 

" 
'-

, 
" , 

'f \' , 

'1 

• J , 

"1, ,"~ 

, , , 
" 

(, 
> 

,,' 

, -' 

1 

" 
"< ~~ ~ .t." 

.:J ~ .. t" .... .f ( 

." " , , 

, ' 

VAX 7,80 
(vis~on) 

"'rilme Grabber 
" and 

' .. 

__ Display System , 

VAX,7S0 
:~', -:/" .... ,.Y'''',.,'''. - •. , ... ,-"""' .. ------_'"!.""~'"~':", ----:-, .J," ,', '(robot), 

, 
". ' 

, i J 

J 

t 1 '\ 

,> "15 
. 

~ • ~ ~ 'l, : ' _ 

l'mple,'!1enté\tion Environment 
-,' 

, . ' 

. , , 

;~. i _ '" ",;,' 

6,,' ,,'-
, ' 

'. 

, . 
'-

,1/' 

" . 
-. 
.' , 

.: . 
" 

-, 

.,. 
'. 

',:: i 

l ~ .... 

,,},~ ;,-.1, ~\,~ .... ~_(/ 

, ~ .< '" , 
l" .. 

'f 

,'­
" 

'If 

• t 

_., 

,'_'~ ) 

,'rf'" ) ~ , , 

-,' .. ~ • 1 

.1 \-

1 l"" , 

\ 

';:. t 

, " f - ,>f .. 
, ~ 

1 1 ~ 
~ ..f~ 

.' 

" 

1 
" , 
, ' , ' , ' 

Puma'", 
" 260 

, Robot 
{: ,';' , 
l ' :( , ~, 

•• 'f 

" 

, . , 

. , 
" 

-, , . 'J',) 
, , 
j, 'l- ' .. 

1 

-, 

r--....... -''-----. .' 

Miçtobo 
Ecureuil 
''R~bQt , " 

1 
, ' 

... : '~~"·XY 
Stage-' 

.'~ 
~ 

1 
,,~~,}o. , 

;Stepper ' 
.; ".Motor . ", 

. Control/et 
'. ;-, \ 

',' 1 

~ ~ • ~ ,/ -: 1 

'.Ltneâ[ 
'Stage' , -,' , 

" 

1 

:'18M 
, 7565 
, Robot 

'1 1 .. 

"Rp'tàry 
Sl-àge 

.. .' f 

-'VÀ)(7SO," • " 
{f}ision) 

", -, , 
" • ..--__ &......:.1. __ --, 

1 ... 1 

x' ,"( 
, :,1' Frame Grabber 

and .' 

1 • ~ J 

, . . , 

1 

MÙltichalmeJ 
" Peripheral 
(ontroller 

Proportional 
Gripper-· c 

,1 , 
-, --

, , 
l ,'.1' 

1 

force 
Sensing 

Wrist 

" 

... " f~ t, 
Display System '. , . 

M ulticiiannel 
Periph~fa' 
Controller \ 

, .. l' 

", 

'. 

• r " , 

, ,\ 
, 1 t. 

f..-,,'*" 'I;' 

.. ,l',' 

, , 
" ' 

f 
l') 1 

<;., 
'- . ,> 

1 
Il, 

Figure 1.2 

,1 

• 1 

"., Microscope 
Zoom and Focu5.., 

.1 
r---.... I'----.." .. ' . 

Positioning 
Stages, 

A typical CVaRl robot wp.rk-cell configurati'ol'l 
.' 

,-' 

;.' \ 

) IlluMination 

':'".J" ... 

",1.' (\. ,." 
, .... ,'. 

P (t l .. 1 .. ,........ l ,. ,_'"' - i .i~ _ 'l; Il,. 

, :Ethernef sUPPQrt ,the Tep Transport Layer protocol: ln this section. we wil~ provide: a. 

t,' 

, " l r ~,l>, "t" '\ ~ t ~ ~ ."" • • _.~ , 

_ , .. ~ , ; 1 .. ." ~.. • , " -r 

':: l,' ',:' ' .~ " ~,,\ . cursory leview of some dfth~ more important Tep facilities ànd demonstrate thal aJthough 
_ ~.. '{ l, ·.r l'l~~- , ~ , ) .. .. • 

~1)o • ,_/ ,~, i",~,,-:., .~\,the, ~re complete. they do "pt support interproces~\communicatiori.at·~ sûfficiently high 
ç.,.~ ,z,', .' .• ' " 

r~ .. ~" -, ":' ,; ," 1 Jnterface level. '. : _ .,', 
~ Il 1 • t ~l.t r .::: • : 

v". , ,\ ;"" 

~~~,~.:,.' .... ~. 3::,- .:~ _:::;: ,:,,;_ • , 

• \ \ ~ , '., l'" 

0) .. t 

(f,. ~ - 1..... ~ 

~1_'fr!.t::". .. .... -\ _L • ) ..., .. _ <~A • ••• 

'. "',~ 

" 

" 

,), .\ 

"1!9,:' 

.' . 

" J •. ~ t. 

". 
... -' , 

.l 

8 

" 

.... -. 

.) 

.' 

1.· 
1 



" 

o 

." 
\ 

"; 1 
l'· ., 

l ,-

.~ 

, 
l' 

, 

" 

0 

\ ' 

, , 
" 

,,, 
; 

-'" 

'1 

" 

-. " 

l ~ ' ... 
l , 

l Il .( .. t, 
" .. 

J 

" 

" 0,\\.-

- :, 

, 

, 
1\ 

'J' 

" 

~ l\l~ "" -l'- '- ". 
,', 

,', 

.... '. 
'- \ 

'\< ", . 1 5 Implementation Envifbnment 
'. 

k~' UNIX 4,2850 süppo~ts severa!" communication domains which repres~nl dif-
't. , 

• ., \ "'. ~..,~ .. ,__. t • "i 

ferent -,PC environments. Within each ':è!pm~1r{ commuÎl!giion li4ks may be ~stafjlished 
5 _ 1.. 1 • ; • t ..... 

betwèen endpoiitts k~ôwn as s~ckets., S(ickets ;Ire dassified according to their abstr~ciïon 
) , 1 ~ , , ,/ , 

type. which specifies the semantics' of communica~ion. In most applications the~e are two' 

~ useful ~ypes of sOËket servÏ€es offered withÎ~ tJ~,e ;ntern~' domain. datagram and stream. ,<. 
"'i -'- '!I:' , .., 1 ~r '\ ""' l l 

Datagram,services are connèctionless: the messageldelÎvery is hot guaranteed to bè se-
, ,1. " 

) quenced in the correct order. reliàble, or unduplicated. Stream sockets provide relia~le. ' 
, 1 Y t 

f1ow-controlled. fun duplex data transmisslon over vir{ual ctrcuits. A virtual'cirçuit refers to 
• "... '" T , 1 ~ • 

,,-' a communication li,nk that ma~ or: may not 'be a -physièal chan~el betw~en tw~ processes. 
l " ~;. ,~ • 

'. :Pistribùted ro~ot~~~ ~emands reli~ble messa'ge ~ransfer: 50 we will, henceforth restricLou~ ", 
~ '~.. .. l, , ". 

considerations to s!ream type sock~ts. , 
\ ' 

~..... ':.. 
'" , .... '" 

, , 
-' , 
, ,/ 
, ' 

. , 

, . 
, , '. , '\, t •• 

. ,Sockets are dassified aS;.e.ith~t 7active or passive. and may bè eitber connected 
t, ' ~ \ _ l' \;),. ~ , " 

- ,\ or disc6nn~cted. : ~ÎI. Sôckets a'r~, c':e:ted,,~ètive ~n,d unconnected. by th~ UNIX function .. 
1 1 1 1 ~._.! " , ...... l.,' ,"" ... _'" ",.~ J \ l , \ Il "~ ... (:' 

,< socket. A so~ket is made .P~s~!y~;.~~~ b',n~ing ~t to a port ide,~,tifièr)hrough the functio~ :'._;, 
.. --I~' J' h of' ~ \ > ~ .. 1 

\,-"bind. A pair of unconnect~~ â~ii'Ve':and.' p,~sive s<?~k~ts m,ay be ~cin~~,~t~d. establishing 
.... ,. \ ~ ~ I.~' .. \ 1 \:.~ ~ \. _ (): • • .. '# ... ., ,. .. l~ 

,\,~ 'reliable. "flow-controlled. lulf'dLÎplex~éQP1municatlon link referred tO"3S .~ \,virt~al'~jrcùit~ . _\ 
- - 1; ... l 1- } •• \~ 1,. l,:" ,'. 1 (" !: ~ r ,\ '# - ..' J' 1 

Connections are initiated from active to:p~ssive sockets b{the function cQrinect.';',:PassÏ-\le 
:. ~ .. '\ ... ~~; ",.,:./' ..... If \~r'I.~\· 'L'.~ 1 ... ~ 

'~sock,~t's listen for ~and accept' conlJection requèsts from ':active sQckets, Data 'transmission 
\ '=.. j 1 ~ .... .,,,, \, t' 

:'between pairs Qf,'connected sockets is conducted by i~d, writ~:'/ecv and send. "':::> 
• > _ \' 'f 

~; 

\j '.. l' ", .;.", 

' .. ' ~ .. ~ ~~. '1 

A socket, ~ppears as a file JO the operatirlg system. W~en a 's'pckjt is ~teated: 
\. , .. 1 e' >' .. \ ...... ". , 

',~ 

r:\. a socl$et destrïptor. which is simtf~r to a file descriptor. is returned. In establishîng à con- ,1 • < 
\ ' , 

~ttion from ~~;active t~ ~ passive socket. the active socket is ref~renced by t~is.\~èscript~~" ":':~'" 
~, .. ~ .... l ' ~ ,,' - ,. 

, while~ the passive sp-$:ket' is refèrenced by its port identifier. This irfiplies that the proces~ 
, , .,~: \. 't. '" _ .. l. 

requ~,ti~g ,the conn,~'~on must ~ow the fulf port.~identifier. tha\is.:~he concatenat,i~,~ ,:' 

,of thè-'hQSt identifier 'with the T,tP. port; which has t>een assigned to t,he passive socke~. ',~" 
, .. > ) - ~J. f' , 1. ~, 

When a passive socket accePtf~ cormection. it açtually cjutes and accè~ts the connection 
." ..) H r: ,.,. , 

a~ 'a duplica~e- socket: a' -desërïptor ~~f, this d~plic~t~ is returnèc;t. The original pa.~~ive sock~t 
•. ! ~. u ( ~ 1 \ • 1 1 .\. • .- ~ , 

rerriains open a,nd may'iisten for and accept a~diti(mal c~nn~tion requ~ts fr~~ other '~~~ . 
" 

" ,'. 9 

.\ 

," 
"';' ~ ' .. " 

" 
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J"'~~ 
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l, ~ - ( t ~~ , ( 

1 ~ : l ,. ,\, ,../ 1...,' \. ,1 

tive endpoints. Thus. more than one app.arent connéction may be.estap,lishedl·tQ éi socket. _.~ . 
~ G...... ~ 1 ... ... : J • 

~ • ' '4 \, • ", â '"'-, 

Data ;s transmitted or reçeive~, ~t a· conn~tted socket by referencing ifs s6cket descriptor. ': -,' 
• 1;'" \ "'/ " '," ;~.1.{~~' ';'~ 

1~5;i.2. 'Pseudo Terminal Co~municatio'n /, \~" , . -' '- . ," 
... t

l
:· '\ '\, 

.. 1 
tl - ", 

1 ~~ l "1 

, -:' ln addition to the socke~ orienteçJ approach to in~erp,rocess communication. 
, ~ r' 1 ~,J' ~ 1 

"tJU'NIX:'4.2'S,SD provides sup~hrt fOf'a d~vice~pair termed \~ pse~do,',te,~~inal. A' ps~ùda~::: 
,;' ~erininal is: a"m,aster / slave pair of charaiièr dev.ice~.' 1~~: oper,~ting .~'ys,~'rt.l views the slave , 

\. ." \ ~ \ \ , 

device as it would ilny ·.other terminal: ail sy.sterl"l,so(~wàre for controlling:::terrriinai device "" 
.. " 1 ... ~ y _ ',' .' i ",\ 1" _ J, • • -.~ ,1. 1 1 \1 ~ ,~ .. l' r,,: f 

drivers :can also be' applieçl to the slave device .. Data ~en( trom a slave' device serve'S',as 
\ .. ~ , I~, ,- \l J~ 'i \ 

input for the master d~vice an'Cf vice versa. ' " ,,'" . ' 
, ,,' ' ',. . , ,: "" ~ "" ~ 

, .. l, • \ ". \.. ~ ~, ,,' 

... , II"" :' , .'''- {J 1/ .' <! --- ' , ~ 

'.:' , '_, , ' \ ~', - \,Psel/do'fe'rmÙlals a-re, intènded for'çon've;5ation~r~0ri..puting bètwe~n programs ", > 
r ", .. , ',:'~' 1 f __ ) .. ~ i .' ~ _ \~ t ..... ~ " ~ ~~ .. ... ,~ __ \ \ 

" .,:., t~~t e~qui're' t~rminats for' s,t,andartl j~puf"an~ oûtput. Prbc~~~es ~<fm~urncate be'tween ,." 

\,,'" ,::'\::, pseudo terÎni~àls ovei the network. thrQu~ ~'oçkets. Pseudo termi~als ~re nQr.,,~ly u6ed,'17 
. ,,' ~! J r' t.} • , ',, _.,) V 1 ~ ... ~ ,.. ~, ~ ""'-,.~ __ ~ ...... , ~ .,'T 1 .. ," • 

. ', ,';, ',', .for' Applicâtiori layer programs.:such as 'remote logins ttJogin).r;fil~].tr~nsf~rs iftÎ».--anl~,! 

';': If,~~:." ~,' \ ' ':,:,; ~ser-to:user ~h~rie:J~c~li~ie~ (t~lk,,)" :',' -:; _,' .•• ' ; >. """,:0,, . /', ' .. ' ~\.;,~I 
, ~ ~ l' .. ~ '\ • _ ,. 1'0 

l, ..... , .. ,.~,~..... .. "t, ~:~~'" ~~ "'1~ ...-'";~-" .... ~ ~ ... '''', \\, 

, ·"t· _ '" :1,:5.~.3 Justification 'for a' H'igh~r U~vel N~iwd~k'lnt;d~ce ~,;,~,: 
~.' .. >,,,,, .. l' 1 ...... ~~ ~~ ~ ) \.. ... .~ 
~ J..~; ~ ; ~ ~. ... ,'- t \ ~ '-" ~ 

"r~:t,~~,. 1, ~ .. ~ {":; ~ \<\(" 1 r,;.t~ 
~; L~ i' • • ," ~ ~ y' • ' \" '; - ... ''. 1 

"', .. "" .,' ç ':' It is apparerif,that th~ UNDb'4.2B~D IP(>.{acitities provid~ ~'h, ~deq'ùàte:.:meà'ns - >, 

v.,. .. t,-',,\~~',i' :. ~ " (, Ir> ""f'\ ' : .. 

"1' , "., :,~',: Qf. '~chi~v,ng,jnterp~OCeS5" IJetWQl'k communic~tton., \'Ho~Vèi'. att~iningl'efficient ~etwork 
rlJ:. ... / ~",..( '\' ' '\.t. .... t • ~ ~. • ~\ ~ • 1 ~ 

.,;' ,.,,~ ... ,<' ,~ ,:' '. .~ communi~atio~·, in a distri~~ted' proJ:essing{ e~~r~n~ent i~ 'not a trivial, ta~,I(~th \ ~bese , . , 

'., ~ ~'} ,}: .. "<' ~ ,-: :(uri~!_i~ns alon~: Many proi~;mmers 'find t~~,~TCP IPC: prr~itive~ diffic~.t J~ tind~rstant' '< \' : 

... ~ " .... _ ., ~ 1 .::: ..... '\ f, ' 1 t ' ~ .. ," 1 ... ! 

1 ~ \ f 

, ' 

~.,., " r :>~.;, ~,' '/ :. and tO)iork with. Prog~ams usingi the Tep network primitive~..can sc)met,!mes be I.ong:'~ It is 
l '" -. 1 .:-- ~ \ ... ~.. .,:'" '" ft... "" ., 4W.. .. " 

"~,y '::", J,\.ot uncommon for-a p,rogram wnich implements the.commu,nication-~rchitecture of a single 
, .... , ~ , ! ~, ~ l ,,\\. ( 't ~. i'''.F, '. 1'" 

wprk-cell ~ppJiGation,:,'incorporating two robots. a vision system} and positroning 'stages. to ~' 

,.,~. ",~~,'\:,:;" ·~',r~~'~.,iÎ'e over o~~:th~usand lin~.,of pfogram ~de.~~~~t~erm()r~.~:~~~~' apPli~ati~'1~ c!:menp ",.r .. , 
.. " ,., ~.: ,/ . l'a knowledge of system level ~ro~ra~ming !to be ;ffici'ently jmpièm~nt~{4,.. '.> ':.~ ~ l ::','~ 

\i\ j!.'-.#.,. .,\;: 1 • \<; ... .c ........ :,.~, :~". ,.~, , ' v':-" ?'- " \ 

~ ~\ rt\~~, ~"\ ':-~.. "'o:l , .. ~' --";"\ "',_'~\, 

.,' ,:~:, ... :,' .,~ .. " . 'These 'problems are compound~d by,: the complex natur~ or'the\ lPC comfll~-
t" ~ : /f~" :" ..... 1 .. ~" ... ' 0 , ( ... , ,'r, J\ .. ,: ~. ~ /'" \'/1 :: 1.' ~ 

::~7-' "j"P(> " ..." 1- \ ~ (\.J " ~ ~ l:Y~, 

~ '; }n~allon structures that are often associated w..it.~ sophi~ticated r~bot work..:celJs~è -ÇoüP1~ 
.. t ,'t--,.\ , \, ()' y- ~ Of 

\ t Jl~ \~ ~.t _, ~ ~ ,.. ... _ ~ '\' 

, - ' ~ "'\. .,i_:.~ '" "'-10' 
, f''- ,~ .. _ " f (- ~ ... '.\. e. _,~ 
't • 1', 1 \!t .... l ( • ') '.~ • • " 

1 : r \ " '1;.t \' ,\ .. 1 --:.. .. - \ -1.- • ~, 
'---1 ~ ~1., -r~'::" .. _ ... 

" 
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, ,. 
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;'l~<:: this"~ith 'the p'r~bl~ms intle,~~t'with"qebuggiog e'Xtensive ~6d~'~hay,~pa"s 
~~~""t '" ~\.f \(, ... ~, " ~ ..... -;:":' ", ~,'\., LI" lU ,\ ',' t 1,1.1..' \\ cI.:' 

;~m~èhiné:_b"oÙridà~x ànd ~nè':hclS t~, question' the',,~de_q!J~~Y of: the n~t1ve .comrounic~tion ~ 
'\. t' '" i f'.! ~ t:~ "" .. 1 ~.. \ ~ ~ ,- ... l '1 ,.. 1 ~ ~ ,r.., 1: 1.\' -:-_:;-' -~' J' ' \, ~ .. ~\ 
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,Chapter 2 Interproc..ess~ Commu~ication and Di~.~ributed' Computing 

\ '>,'.- \' ' , -
" ·c 

'. 
_lI /,.1 , r 

, , 

'0 2::1;~',~ I~trôduction- . 
, , ' 

,1 ~ <., "-, \. .-

~ l, 
7 

, 1~~ ,~ "'.." .. "':.. ~~ \; 

\ \ " ;,"" 
~. ,,,. l,~,-~,~" ,.JI ... 

" ,l' , " 

-.. J \ L " \~ .... ";_ , .. - ~ 

',; ~. In this chapter: ~e review sorne of thé ap~roaches to interprôcês~' communica-

, , 

-;. y' ~ ~ _ -'1 "! ' I.J • (.- ... 

" --fion f~~m the generai perspective of distrjbuted to~p6ting' envirQnme~ts, Wédescrib~ fh;':' . '': < 

"compre~ naturé"o{ distributed systems -and ho~ communication iS"aéhievedl Two gen~~al 
• - ~ • ~ If' ", --- i; :', \ ~ ,1 : .... 'f \ ...... , J 

categories of commjÎnieation meehanisms. synchronous and asynehronoûs. àre' revrewed 
r ,~.... ~ ~ \ . /1 ) ~ ~ /,,:> .... 1 ~ \. J, ,~... , ./; 

'-. and examples of eaeh mechanism are presented. Layered'comrnùniëation structures and 
&! , .. ' 1 \' '\ f' JO \ " ~ ~_ ~, 

,·the l'SO~s Ope~ S,~stem Interéonnect Basi,e Rèfenee ~odel.!, an e~erging standard f9r hier-
\' , 

"; l 

,,'---- ,... 

~, f \ 

... ---::; ~ 

, , 1;' 

1 Ir,. 
,'i' 

" . 
" 

l, :. -.' 

. a~chieal architectùres'. are also discussed. -

.->,... ~ ,l; 

:2.2 i .Distribut-=d Systems 
\ l " :: ~ J \ .-r: 
V 

", 

Ar" J 

, 
~~ T 

\ ,; 

i. '<, 

\ f· 

~ A ~ i 

~ -, ---- ',' >" " ~, ' ;~. " 1 ~ A .distribute~, C9mputer syst~ i~;'a collection of. proces~ing elements which are 
~~ ~1 ,'l, ......." " "., .... " r' ; ( J "..: \ \ • ~ .... .. { .., • f r .. 

;; ( ,. ." - " phy~ically irlterton'nected. g>ntroljesf by ~s2$tem-wide resouree manaBers. and capable of 

~.' '" ':, '," '~ "'\ ',<;~~~U~i~g a;ptica1'ion protes,es in' a Coô'rdina~ed' manner. ~oordilÎ~ti~;: acco~plished_ 
~~ ,. ~ '.: : 'hioui~ 'co~~~nic~~ion a.;d :tnchr~nization '-of .)~h~ ·proeesses àssoc.ated with each pro- " 
~'tC ... §.. V ~ 1. ~\..., 1 ~ \1 1 _, ... ~ , ' ... ~\ 

r ~' " " '. : ~5in'i' èle~e~t. Fa~~ôrs which .h~ve influencêd tll~ developlllent..of- diSt,,~buted systems 
E -~... ~ 7> "":~ ... , ...... : .. l.~ -1 ~"' ~..... ~'\. ~\ - -c--·'~1 fi;;:' . CI)' \" iflClude 'pé!,or~_an:~~. proq!SSing throughput. flexibility;, re~ia~i1ity, resourc~:ISba~ing, <leeen--

tO::' j"~ . ~~'r~l~o?;.~i.d ~~~pof.nli.r'P""~Ph 74t 1.' ,.' <. 

f" 4.....,..,; ... 
• y\.. - ~.. tG 1 j ...... '!..- • \. g . r.z~ }\........ ~ 't ~ r "',,- i ~ 

~'" I>~ ; ',' \ . " - ~ \ ".'. \ ~ , '-' 
~I!'~' ... ..-\- ~:~ ; ". \-,.:;' .. ~ ,:!''...-:Jt( '''I.<J*' '.~ ;".i

o 
,'f, ~ y _. ~ , ~o' • .:-:. .:: l_l~ ~i".~" ';. ~~~ \.. .... ~ " .. 

L __ 1.'1.w._!&.+~:\,,1~~t>it.~~ .. ~r.L~"(Ji,~ ... "t ... ~ L>\.H ..... J~.\::t#};,\: ·,.·~~-,-u~.f~i.Ni~~J.J_f~ .... :.dk..'-"'" _.q J""-J&Ir.J.fL~_.,,._:;t,: .. ~-, .. . ~;" ____ ~:'\."",..r"\:."..!,,, ~'" , 
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j J. .. 1 . " 2 2 Distri.~uted Systems 
>' 

\. ~ ,,'. ~ '~"'f~' '., f ~ 

l'lterproc~s çorrimunlcatlon is à comptex ~ssue which 'is compound~d by the 
", ~ ">-, j 

'fact t~~~. t~ere Îs no unique approac~, f"o tommun,k~ti9n Of ~y nchrOriil~ti:on< This' pr~blem 
_ .i~ a res~l~ of' the wlde vatiet~ o! h~ .. (J>wa'l'~ and',s~ft~are coMigu~t~'lS ~hich ar~ P'ossible. 

the type of com'mun'u:;ation imp)em'ented'î,s usuaHfJ dèpe"~~~t ,ot( the amou~l 
of COt,lphl1g presént. that is, ,thè degree to whlçh tne ~ysténl's"processhts share resource~. 

r t l , 1 \' 

" .;.:;' . t~e ttw~ ext,re,ne's o{ p;0~~ss9r c~u~1ing' are tight an~ IoQ~e'- r 1 \ 1 

~;.:. 1 ~ , 11 J ~ .. ~ 

. ; - 1 ; " , \. 
\1 < _ \ ~ • 1 ~). : • 

" 

; 1 :, A tightly co'lpled dlstributed co,""puter' systèJh 'i~ ctiaràè:tenzed! by Its\rellance on 
1 l ~ l' .. ~ ~ .. ~~ , '\~~, • t 

shared memory âs àn intermedla'ry. \vith no f~cili~y fo~ d'r~t'",mess,ate-.tra9sfer be!ween pro-
.j-"; -. '1 1 ..' l, t ~ • 

'ces5'es, a sIng1e ,common opèratlllg syst~m whlch coordlnàte~ ân~ sy~~hrQnjtès interactions 
~ , ',<' ~ , , ,~ ~ '1" '" 1 Jo \ 'l. 

, '.~ .' , betwe~n -proc:es~ors: ~m'e degree of reSource $h~nlng: a~ti prt1ce~sing p'ow~r' divided equally 
,~ '~, ' .. ' 

~, .. -" 1 1 __ " ~.' ~ J ; ~ ~'i " '\, ~ .. ." .. ~ • r 

"amongst the systems autonomous processors' lFathi ,et ~L '8~L '5UGh ~yittl'T!~ have been 
... ' • \ ; \ : J \ ;)', ~ 1 1 >~ ~ - \' ". \ ~ _ .. -

built around concurrent p'rograrr\minlt 1aBguàges suth ~s çon'çurrent Pascal fBrinch- t-1ansén,~ 
• • ~ , ... ) 't l 'r 1 >., ~1: . ~ ~. \ ~ j. \ ." ~ "'~ , ' " , ' 

.15). ând Modula (V"irth 17]. :whiCh- aS~W1le t~~t pt6gnims;êxêci!te 'on' a single processor and 
.1 _.. 1 _ _ ~'; _', • _' (;L • 

. '. 

, . 

camm'unicate tttro·ugh.shàred~~riabl~s':" . 1 ' • .' ",': : ,:.'\ .' ", ', •• :, -"', ": 

., \ '.. ~ \.! ' 7'). \,~ '·'1- ....... ( il1 ;\. 4& ... 1~ ~~ .. ,:> f~ ~ , 

\... _ \ 1 )) ~ , l • !~ '., " ~, O,'~,: '.'-
,,,;, .. \ ~ 

, ' 

é , ", _ ;, J • , l, ' ;." ". \ 

, ; T,his' is in çontraM 'ti>' "oosely c~'~pl~d .~y~tems'.wt\os~ processors commuOl- , 
,_ 1"· t' ~ " ~ l' j 1 ~ ~ .. 1' , .... 

,.' . ,.', ': c'~te ~ithout the benefi,t" af shared· ÎT!erno~y. i()\J~eIY\~(:ohP.t~ ;systé~s are composed of '\ 

- 1 • "~', '. :' 'autd~oI)lOus"cOinputers .~~(:~ emp~oy·"I~ë~sâg~~·~~k,e~'~~ètl~n.i~~~. ;hich are efTected in' 

,~\ ... 

~:" ~~. ~ ~ ,'" r l" .. ~ ~ " ,~~ ~t (' l, 1. ~ ~ :.0- ,. \ \' l , .... ~... • • /r, \, \ 

:.~',~~.;,'~':;, •.. ,'~r.~;'~{'" "',~' .j~~or~a~c~ Wi~lÙle~wo~k,~9rn:,~~tC~~i~~·;pro,~~~~~,S.t~'-~,~1 rn~s.~ ,~her:More c:onlend wit~ suc~, 
'.' .'. ' .' 'ls~uès as'~rietwork aCGes$.'.co,mmunicatiQ'\prp,toç~{s;1 and remot~ procedu,,~s. These systems 

.' <" '- ,,' '.. ... ,~ : ,\ '., ~' "':... ~. & ~ .. .. r '" -.: .. l' J 

.' ':are, often tontroUe'd by' il/sitibuted operating ènvironhle'nts ~hich, ~ncorporate communica: 
.. t .. ,' ... ,. !,J~' ~ ,~,~ ... " .. \~f~ ~~' .t l 

tio~ ,i~~êrfa,c~; sùèh ~$ ,t~a~:'f~e:;vi~etf by, 13~S~4,.~_ ~:!:,I~)T ~~~ili èS] :,'ihe ea~ty context of this,. 
- - "-t- ' .. ~ /~ --, ... ~ \ - ] .., l,... \~. ...~ • • ." " 

~.', " _ .> ~Y1()lk waS .'da{a tranS'ler 'oYef:l~~g-haut' ~f1etw()tk$:' If"has sl.nçe evolv~ towards dlstn611ted> 
r'r, \,r. ,t \, ....... ~~ ~:1-~,~ ~.~ 1'< }1 1 ' ._·~tl .. ,~ " • .'\,14;\ f,."~ 4 

_. ), .' .~~' :." , <~ï.~t~tns ~n~ loca.' :a~ea:~et~or.~~ f.LA~·sr,.~?~,I~o.ncurfent! an:~ disbibut~~ ell~iro~ments 
~l ';' ,~'/ ' . seek 'ta h1d~: èomrrllmication details·.f(om the -us~i:;',~aking remate- opètations re~mbje local 
~tj~' !~... .} .; .. - ~ 1 t - J ~ 1 ~ :", t ~\ ,~ ~ ~!. ' ~ 'r '4 ~ ~. ~ 

.. , I~ :~":. ... '" ,.",.",~L ',.t, ,~ .l.,"1 ;.';'.;.~. ",{ (, 1 .... , .~ 
~,~-,. " ~\' ...... ones. ~ r • , 

, ',; \ , , , ":ri 1 ~, ~ ;' { 

" --,"'C }', > ,.'::',',.' ~':, '." \ .", " ~ ".- • ,~, .; ...... ':: ,,< 

.' ' :' 1:tu~. t~utf~n:..è~tS pt â~ ~oboti~ ~ woik-<:~I cm' be vie~ed ft~m t~e ,pers'ptctives 
~. ~ , ,.,., '1<\- ,~\ .. '" '1 .. _~ 'J~!}'~~.' ... f ~-;-",~1 \ ..t:'",. ~::'l'" (: t \' 

af COhcl!~':ent': and _d'dtriÎiulèd 'softwarè-:as W:ell . .as"tightly 'and Iqosely èouplèd :tÎardware. f!.-
l 'l' ~,...\-~,~.l~'.'l~.~.\ .. :~~,:1.._ .. ~"'; ~"' .. , ~ft: '-h' ,:l'.· .. 'i'I~ 

1 / ,~ , ; '" t. t .... 1 \ ",. h ...... ','l'. 
_ ... ~ t' ".' ~ • ~,~ .. ! ... 

• ' " l ",~' , ,:. "',' ,', f" :: ',:':, .,',: '1 "':, ;1 
' ... ..:"'; • ! '- " _\... '\L .... ' f ~l,>~ '1":' 
,,~ ,= " .. :,~'.':,~ ':~'~, :\,(.~"') . ',,: <' "', :>.,. ., 

, ':'\~ >,:, ',- .' "'-':i '>~ ~ ';. ~':~. <',~~~: {':'::;'.: 
,.:, -l,' ' "'~I J f • ~ • :~ ... 

• " .. ~ • ~ 0\. ~""&, • 
~i \ 

" 

'.' 

.' 
'. , 

',t, , ..... r~J 



" 

'. 

, '. 
J 

" -' 

.,\ 

( , 

, • t' r , 
" 
.~ ; , , 

". 

" . 

,~ 

': 
" 

\ .... ',:'; $ '" 

" . 
" ' " , 

.. • f. ~ • \ J ~ 1"" 

..;;. '. ' , > ,', " -;,. .. ,,' 2 3 "Syochronolls and Asynçhronous C:ornmunka,tron 
• .. _ '1' ''.:.. ~ ~. ,..r " "). - " ~ (: , .. ", 

I~osely' éç~'~iëd .Syst~J;l\'-blTef~;,gr~ter fl~ibiHty, Howev~r:'.s~i!le el$Eints in the w~rk~~~it·" " 
.. ' , l '" ~... 0 ; , ~ .... ~ 

,mu~t wor'k,togeihElr in 3 / tighiiy èoupled w~Y. pe~haps fe~uiri;'g spec;ifiè' kinds' ~f inte;pro-. - , ~ - ) 
1 p- ~ , , ~ • 

. cess comrhunicat,lOrl. in otd~r t!O" ~eet~ s~eclaL :>constraints' on speed anq refiabHity \ Since 
~ ., • ;- f, " 1 " J _ 1 ~ ! ' 

il is desirable tO:'pre~ènir a -~lm.ple' a!,d r(hifo,f!"1 prograriÎm!ng mterface' whi,ch, ~~tq' hide 
• ~ JP ~.. .. .. • J. if , 

t'he utMerl~ing aspeCts,ôit',c~m'muni~atiori: seJ~étiryg the ~~pr6p~iat~~)t;>C appr~ach ï~ :often 
rJ ~, ~ .. ~... 1 ~ !>- ; "," ~ r .... > ~ \ , f ~ 

difTicuti. r ~. ~),"Jf '1 .\ -"~ ;~(>' j '..Ir~., 
-,... ~.. ~. 4 ,r'" 1"'" ... , .. • ." > l~' ~I _ ... ,. 

" :2.3 
- ~ -, ~ ,-"'-

J ~ ,1 : ~ { , -. ['; t t, -'" " 

'.synch~onoùs a~~ ~syhc~r~no"'s CoJj1l1l~nic8tlo~"".", ~. , " 
'- '" :. ' :-' ~ 1 .. -,,'!. ' • ' ~ ~ , ~" \ t 

. 0 
- ' ~ ~ , _ 1 t 

Interp'rocess çommunic~ti~n ~~n :be',cla~ifleêJ ,as el~her 5ym::lir~no~~'~t ;a5yn~ 
1 ~ _'. 1 J l' ~' , 

chron~U5. ",~y'~chr'ohÔUS ~rotoco(r~"ô~e ~hose ~omrhu~ioà~jon prJma~ives'employ, :blo~l(Jn& 
_ " _ J ~ '- l ,\ .! r " 

techniquës to l'egulat~ thè flow·~f traffl,c: 'A primative is said to be·!?iockIOg if onc~ a p,essase . 
- ~. • .,.. 1 \. 

\ " - -Jo (1 ,'" " i" " ... "" 

... ' 
, --, 
".,. .' 

has bëen transrt;'itted" the :soùrce process ~s ~~spended ,until ~n, .acknow.edgeO'le~t ha!> been 

r~ceiv~d hom the desti~atlort. This· is an~jQgous to the' fundi~n "C~II lQ'lplemeilt~(f in, .noSt' <":~ 
• " '- ' 4 , ' • ., ,,! , ' 1 ' 

progr'am~ing ,angu~ges: Bloçking tech,liiq~es aie (l)(i~t offen ,usep for- ~om~andlresponSf;!. 
• , l ~ { H 1 # _ t' ., " • , ~ 1. 

or'query/status.signalling f~iIJve~~an 841.. ':." .~,'", ' ' l ,:. "~"'" " 

, \ .. ~ 1 • .. ... r, 

" " , ,',' ~" . ,,' " l ".' , " .; , , .' ~ \ ,-'" '" , 

'J ... ' : ',,~~I~cl(ing proto.col~"hay~)~e~! ~~tJ~fl~aM~'~~~ ~ën as:'tJleir '~is~dvantag~s~ ~in<;è, " );' 

. ~nly' one' ~essa~~ can' be in"t;an~ii,~~t \~ 'g.iv,en' iim~>in'! ~ syn~'h'~on~us' s;ste!"!. ~jten~i~ " ,: -, -
... \ I~ , ,,0' 1 .. , ~\_~" ,t':".'"l';''' :~~ .,; ~f • 1 - ~ t J '1./ 1 ~~. 1 • 

~:-~. 'message qlje'uing at both,the S'aUfc:e'ôr"qê~~inat.ion i!f~ot neçessar,y, afTording simplicity in' Ît$, ',',> l 
• , .. ' _ .: .. -, " , - - ,. , t ~ ~. j .. • l, 1 1 _.... l' \ • • ~ 1 ",,..q'/ .. ..', '" ~ ~ ,t " ,'" ..... 

, , irnpleme·ntài,~n.' H9~èVe;., '~I()t~ing k~otocol:~ :~a~ ~~'~lnéfT;éi~t j~ thât ~they, f~s~riç~ parauè1 \,',' :,,}~ 
• ... tI ' " .,' \, ~ • , -!' ., 1 1 f ... .. 

, .:'processing. ' When 'a -pr~cé~' s~nds 'à:'~è~s'ag~>i{ mU$t wait:' ~ilti1 the ~entifinies's~g~ has ' " ':~ , 
~. ,...., l " .... ~~ ~ ~:i ,..,~ I>I'''_\'\'''~; ~,'~",'~:"'..~ \- 1 Q ~\ 1 •• '~A", ' \ J , /,'§~ ... 

, ,. ,.' .been trans'miited a'''Id ,the, reinot~' pr<fcess,:h~s ',açknÔWJèageèf it,s Tece;pt. Sjnà~' 'distributeQ': )., , .. :~ 
_ ~ \ ~ • ,'.. ,. ,,, - ~~ " • l "l,"'.. f~ ~ , ,1~ l ,1' • 1 - ,'~ 1 \ l '\,: ,1. ... 

(: ' ,'" .'" cornpo~'e~ts 'a;è,n6t'~lways{'iti. èÎQs'~,p'rdlti\ntiyAh'~:;tr~~,t~ tnir\s(er ~he, me's~~ge"ë~~ld be :~.,," ' .. : 
,; f,' r- -. ,".. 1 ~ ~ ~ r ~ '" 1 '" ~ ~ j "r f '_ ' •• f, • ,"'... \ '! Il .. '\' ) ~ ~ r ,~~ ~ 'J #! l. 1 \ , 

\ ' • ": f" ;" " sigrHrican~; .ti~epuÜeàt-t.(~s:.:nÙsi~~Jè inéhid~~,-i,~ th,e, ~;è~.apd:'(~el~~'pt,imitjy.es·io:p.!~~~nt. ;: , '.;' 
-,' ... ,'1.,.'; ..... - 1 .'" '; l' .. "',':' 110 ". • , ... ,- ~I:!';,. ". ~'!~\ !~:~'tl -~ j~, l,"", ~ 

" ' , ,~", ; ',ind~fi!,itè bIQc~ing·:shou.ld :th~l destina:tion pr~g~,à,m ;'be' ~il,alile :'to :r,e'sPon~<~PfC?gramrnin~ ,'",' 1-

~~ JI'~;. l, ' ... S. 1 4 ,l',",t ,',," >,:'-' ," t ,~~ \ ... ~, ~. 1 -.:~ 'r_'r~l,' -' • '. \ f 1 ~'''' 

./' ',,' 1:;' "~";' ,~~~U~g~,s ~~c,lf ~s .. ~D~.-tB~~è,ty ~~ ~'~ :,,4~l~~~,~:,Ç,~"lM~~ ,~~~':~ri$~'~~~~,r~!:~Ol~:~~pp.~rt:~ < :'.' \: J. 

" " ,:, . ,,' ,-. ' ," :discOn~~i· 'mechanl~nl'th;t{allows' th~',p.t~gra<",m~r"t~'c~nt,.pt'the' a'~knowJe~gem~~t dêlay. '\): 
; ',:',," _, '::', ~,\:', e ,:~", '.' ,: ','. ,,:. ;, ,'. " "::, • ", :':.: ':,;:' < ,:1 ,/.:~ ~,~':' ,~: ,"'.', ." ',' :",',~ "',,' ", ,,', \, ,". Î .. ;, 
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2 3 Synchronous and Asy,n~hro'lo~s Communication 

. ,,:. -~ , .. 
, invoke . ren}Ote' procedures ,In a m'anner ,which I~ similar to that for local Jrocedure :'Call 

/! ,5 f ~ \, ~ •• - :.....! .,' • 
\ _-Ir , _.t ti' T • _ 0\ l' \ "\ 1 

cl' '"" . _,,-models.- Wh~)nvokihg,thè""l~cal prq~edùr€ calI. t~e caller places a'l'~ments'tn a ~rocèdure 
f"", • • \ -.' 1 < - r 

~:. '-: ,:. ~all buff~r"tbntfbl IS pas~ed to the" procedure. and the~ eventualiy return~d to the.'ta-lling , ~ 
10. • 't'" • ).... 6'" ~.. '4 .,,~ , " 1 t' 1 

~ j i 'r ~... \. ' , ' 

i "';, ' "",' .:, .:"" pr.oèedûre~'·At tlwt pOlOt. re~urn pàrameters are extracted,from the procedure caJ(bufTer 
~ " J" 'l;.,~ ~ ' .... 1,\ ~ .'\ ... \ - t t.:- t" _ • ... .... \ • , .. L 

" _. Wlth tt"fe rem~t~ model: RPC,servlces;manage message passing to and ,trom user processès 
( . 
• > 

() ;"/ 

~:~t ~ .. -1 "~l : 

", ~I 

c , 

, 
, ' J "\1 ~ /_ ': ,10-"'" -,,', - _ " <. i1 t l, " l' - ~ , \ ~ " 

,~,:l, by incorpor,ating 'dedicated 'slave' ser,v~rs' that perform specialize~ IPC se~vices for :master' 
-.., \\ .I/~. ~ , .r... _ 

/< :'~~> . user prog~am~~' The u~; therefor~ 'avoids direct use' of the I~w level system. primitives' 
\ - • '. '.,," l ' • 

. , ',." for communi,çatjon. ' An 'RPC 'fS like ,nOS! system function calls. i';vocation' block~ the 
.G ' 
" , , 

, , 

• ~. , ,. \. , 1 

,:,' l'.' '~;û~~r p'fÔ~Fàm'~'ntil ~h~,.p~oced~re retu~ns. as 'show n' in_fig~re 2:1. This decrea'~e;sCthe 
, ' , 1. .. ,J , J ... '-:.. '1 .. ~ ~ .. ~ .. 1 t, ~ -~ 1 

'~~.J 

, " 
" 

. " 

. ' . . ' 

" , 

." ,:,~. :: ' power, of.. ~J:!e cornplJdng er'tvironinent $om~what by removlng the ,possibility of ,concurrent 
~ {~ r 1 1 l ,t ..,. ...., ~ • ,,""_ 

." , s~nèJerlrec~iver .'açhV'ities. Despité tllls:·shortcoming. RPC alto~s ~the user to approach l' 

~"' -·f·'~ ': _ - ... ' ~ "" 1" ,'" \. c.' ., i ~ II 

, . 'dîstriblJ.ted pro~ramming ln a very, Simple way. ' , ' . ' . 
", . 

~, ,., "", 
" t, A", \\ _ \ r \ 

. " 
~,::'~ <" ~,' .' ,:" •• , 'LÀ,S di~cüS~:d,i~.[Andre~s and Schneid~r 8~j. ~ne c~n ~Iso p~l?vide a 'communica-
~ 'f J

1 
' --: ' 1 l ' ,.' '"' .. .. 

','. ' , , >, 'ti<?ns faciJlty by émbe(jding sp~çjaJ'~~C prlmitives Îfi a programm.ing l.àngu}lge. A n,umber~bf 

,~: O· ,:' ~ ~,: ~':, ';.' ~t~~i>t';'h~r~·bèe~:~~de:~o;o:de.;g"gen,er~1 p~rp~se ~is~rjbuted p,og,amtning langu,Og"; 

';", ",:':.' '-.. , , '" , 'w~h o'Jpç' pr~rnitiy~s 't~at ùse t~ Remote Proè~pure Cali ~ode( ,+hr~e ~"a"';ples. ADA .. 
(} ~ ~ _ .. ~ l ," ! k_ (r' , t' \~ ~ : 1 1,.' = . .. ~\.. _ 1 ~', 1 ", - ~, ~,' _. ~ j ~ I, 11 {~ ~ -:..... , <) • ~ '). 

,> , <';~:'.' " .: <~, ''- . PLLT~:.:and'C?P, are c0rôp.ared ~ lSh~t~ 84]. J:'; ,; : " ,,-/' 
t ~ s ;.. - '_ .. " "., /" Il _,r., "\.~ ~ / 

, J 1 J' ~ '., _ J ~.! J, JI' 1 ( 

I" ',. "-;"- -' '-' .... .... '1 1- , '1 ' :J.6 

'\ 

~ , ':' ;''- '; r.! :.:-', :. .'- .<Synç'h,.oj"~u5"prolt>tol~"àr,e suitalllé for:·tight~Y-coup'led di~tribût~d pr~ré;mming 
'~_)' 1 ~ ~, ~ ... 1.'''' ~ '--, # - 1).. ~ .. ' ~ ~ : ~ 'I:~ ...., l' ~,J ~ 1 \ ~.. _ p .... ,) \ 1 / ~ _ _ ,'__ ~ '" \ \ 

... '" ~,"'" ,;enVI(Onment~. bot are pfteh ~"cessively 'h~strictrve in IQ9sely-coupled' concurrënt, environ-
.' "1.. :1, l' 1 t,i- J".,','.J, -~... J -':..," J ...... J 'J, ~- 1 J" ~ , .. / 1 ."! 

.' ;'. ' ,:' ,;', / - meots.' AdditiOrlàJ fle"ibiU\y cart bé pfovided by asynchronot16 or mess;lge pa$sing\protocols, 
:"" ... , '~ ... .,1 _ f, • 1 ~ r ,,", _.. ~ .. ~ ,,- \. -' 1 - = -'... • 4...... -' ; 1 ~ \ .... , ... ~ t ~ ... l ~' , r -1 J 1 r - r-

",~ " ,',' '1;:.,/~·/ ", 1St'tnke~1~ ,62): ~,tJ~q~~ a~yochron~us J?fot,ocols. the sendint.process' does IlOt hav,e to w'" ~ 
,~ 04 i. ~ ~ ~ ( J ~ -; _ \-..,. \ ~ t " • ~ , or , 

"<" '. ,'\,,'., ", f~r,the r~çei,V,ing' process to. acknQwJedge t,tle message. suspensi9n,oLprograms pending, 
11 ~ .....:, 1.. -; ~ ~ ". ..,~, ',' ~, , "'" - -', ' ," ... ,"',," " .... r x \ - /. ~ k 

'{...l ... ,1 j... ...\ " ':r "'; 1 ',.: '" . - ~ -

',. '. .' • " " C" at;knoWI.èçtgem~nt,'ot~ransml(ted ~essage~ i;S therefore not réquirèd'., HOwëver. this might 
-}: ' - - , ,~ - 1 1 , r 

'::~: '''', ~ "., ":.';:, nècès~i~ale: the. .q~oing? 'Of' (l'Ies'sage transmissions. The extra tomplexit; 'c~'; be buried 

":r;'; .: " . ."., ... 'd~ep ~~thi~ 'the ~p~i~iing, '~y,stem ot hidden' from the ï1'ser thr~ugh the use 91 .~edicated 
, !_~;~;':".J.' ~ • ....r' , ~... ...., ~ ~ ~ ".. .. "... 

.. /1,,' ,;1 ~ ,::. {', 1 <' "'t'" ~\ :sér~.~rs.;.··~on~t~~(~SS:' âSY~~hronous IPC te~~~ to démand a hig~~r level of pr~ramming .>. 

'<:... '~: ~' .. ;,,' >:, "'," < .sophisti~àti9~'froln the' user than synchronous IPC. Fer example.'thf{USer must anticipate 
.t' ! -..,,/ ~ F ~ , ~" " .. ,(' , ~... / ~ r 

',~:O;J '~:: '~' ,~/: ,,' .~ t~~, .. p~~s~.l,~ ~k,~kin~~:ô(t~ansmissions at,,<the source or destin~tion· .. ' "" ' 
".!. ~ t r (,. 1" ,", .... ~r,J_ ~" , ; \ .!.,' ' • ~ ...z .. ."'" 1 - -

)"i.. 1 1 ~ .\ , '_, ". _. ~ r') 'k \ ' '!J 1 .... .. t! 
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Il _ ~ r ~ • f·.. " '1 ~ .... ~c."'" ,'" , \ ": ' • .. 1 '-.:!.. ~ ,Ir _....... ... \.. - 1;' .. ~ 1. 

J"hê sirpp!est ~Oèfél o( ~synèhr"onous use~/server interact.i~q1~ dialogue, whèr~by 

the',usér 'r'êquests' s~rvice~: w~ich '~re 'gr~nted' :by.,the sèrv,er. This 'modefdiffers from the 
, - 1 ~..... ..... '[ • ,;''''1 ~ ," ./-", 

YRem~te Pfocedu~: CaIlJn-,that,a ma~ter /sÎa've re'~tion$hip is not established ~nd thus. the 
'r ..... ,... \. .~~, • :;..j ~ / ,. ' '\ ij 

server 1Jlay ,".ot al~~,s be ;;Ivailable. Of course. ·th~ di~'ogue,modJel presupposes a facility,for 

\ , 

'. , 
, ' 
\~ 

,'r ""''' 

re~ .. bry send'.", and. receiving messages. I~ gênerai. we find t-wo\ kinds of mes s'age passing '. , 
~ .... ~ r I:y~~t_ ~ ~.. .... .... " • ....... ... ""' ~ .. (1 ....... t' \ 0 

services: the tlatàgram. an~\ the virtua; cirtuit'r.' Datagra,m s~rvicés ~re connectionless; fi 
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2 3 Synchro~u's a~d Asy~chrcftrous Com~unkatio"j 
\' ....... J ~, ~ 

~ l. ~!. • l "~l : 1 ) ' • 

, ~ t!\.)" - ) ,( 

çonnection is ~stabtis,béd~t-emporarily, only for th;e drlrat~on of the me~sage,transmi~sion 
1: • J .... , .l ~ \ ., \ c, ... # • 

FolloW'ing transmissio~. the cOn\J~unication litlk<~ brb~en1 Datagran1-'1lessage'deliveiy is, 
'". ~ '<1 *T • 

not guaranteed to be sequenced 'inrthe>c'(*~cf" '~rde~, reli.àble,:' or und",plicàted~' This is 
, , J J' -. ~ " '" r l "J 

sometimes ca lied 'transactjorl-orient~d' l:omm~~nlCation, bec~u~,~ -ea~~ i~~~gram representl 

a complete and iridep~ndent" ~;ansa~tion ~. , ~.= ":' ,1 ;.' 

, !' '< " ,c:o,,' ":": '; ~, : ~ .' ~, , \ - >: 

, . in contr'ast, are vi·~tJal ·cir.cuit '~er~ièes~~hiGh 'maintain the' ~~~'~lmication link 'b. " , , " , '.' ' . " . ' 
until the u~er d~tides td'terminale it. Str~à~, soékets provid'é reliable, flOWrc;ontrolled.:full 

1 ~ J[,_, ... :' ....,. ~ 

" ' .. , 1 ~ t, ~." 1 ... 

duplex d~ta transmlss'~on ove~, virtual circu}ts, Eactl1ransmîssion is acknOwledged by its 
\ .. r ., -, ' \ ~ ! l 'la ~ ~ /0 ," t,. ';.. , 

recipie'nt ,In th:e èven't that-sn acknowledgement is not returned -to "the ~ource, within a 
, l, -

<. 1 1 ~ ~ 

fi'xed tirileo~t· perÎod. the transmissioh ois automatically repeated: thu~. message delivery is 
l " \ _ ~ .. 

guaranteed. :This.requires that~transmi~sion~ must b~-buffered at the source a'nd thalcom, 
L ~ • ... f - '. ' ", ~. "" 1 

1 j: > d ' ~ ; ," 1 

~Iicated err~r détection at:'d rec'Qv~ry protocols ml,l* be,in place. The associated overhead;. 
" -, -.. 1 • ~ l '- ..' .. t ~ .. ( .J/ 1) 

'results in a ~,ower s~èrvicè 'th'an that~ provided,by datagrams. \f.:j,tual c;ircuit communi~f'tion . 
\ 1 \'- 1 l r 

,. " ... " 
,,:' services, are sometimes referred 10' as 'end-to-end' or :connectiQn-onented'. 

~ ,r \ \.-", 1 ~ J i "-

O 
," , ,'- i ,. 

~~-~\~, ,,', ,. ,,~,: ~ ;":, "/ ,,''-' ,"~noth-~i, use~ /s~rver-l~od~~' of, asynchrono~'~ éo;"munièation i~ the milil ser~i~e. 
1 ~; • l' ; - ~ ~; ~ \\' ," /' ~' 1 \ \ __ r :' , fi... ,~ ~ .. : 1, ,1 • ~ ' .. ~\ '.. ~ ~ CI ~ 

(. , '," .... Tbis sElrvië~ repr~sents à generafçlas,s 'of IPC models tha~ a!e frequer.l~Jy_ encountered in 

;;" ' ~~.)~> \;' ... , '~,.:~~:~_~IY ~~~~Ie~ SY~~~~~,~hiCh':h~.v,e, ~~~~i~~~ ~i,~,t~sso?~~;t';!iZin~-Shar~:~~~ory Ifaro et 

'," , ',' ',::<: ~':', 'ai. ',85). Progtanis,-~xèhan~e infç,ttnatig,,"ln';thè f~rm 'df 'mail messages wh~ch are sent to 
.. 1., f L : f ..... i •• ~ ~ J..~ .1 __ .'... ~" ,':-1 _.', 'f,l. .,' ~ -, " l, .' .......~. 1 

•. ,,' , , ' , ' ,.r , ' .and'r.etrieved: from '\assignèit mailbQMs, in çomÎnono' memory,,',as iIIustrat'ed, in "Figure 2.2. 
"' •• ,~.,. ~~ ',' II • ._~, 1 _ ~ r ~t~ _ l',' I, 1_ <l'., \ _~ •• -.! ~ ~ ',~ \ 1 • '.... ~ rIt J' N... \ ;;!., ~ t W J> 

"', ,~::-,~',: ,,_ -, :;:' .,'-,. :' ,'" ,~sso~i~te~ ~~h each pro~ê~~~,r. js~'ét~~end:"~o~·a r~'~Jv~ '-m,~il~o~.V!hich re$jdes' if'!' a ban~'" 1 

.!. ' • #.. 1 -i' \ ~ l' !, " ~ \ ~ 1 1 \ " 1 ~ t ï" \ {.. .,1. :.!- ./ 

,-:. ' ,'1 ': ,,' • " . ~ L~f.~ ~o~~~n Jn~~?ry; th~~ i's·":Ql~rÎ'lory ~~ic~:'~s sh~~~ ~~Y ~fi ~~oc~~sprt ~n the' ,s~~~em. A~';" .-
,l", ," .... _ ~ '- "'L'" 1 l''r' .. '\ " ,"" f (",:., 1 t " ~ - • f \ ~ 1 1 .t. 

, > 'r"." 1,1 ';;.j~~-.,i,:- ,- ;:prQcess sel1«;fs ~,mes~~~g'~ '~O'~ Jocal ser:ver: ~~i~tf j)~S~é~J~ErS. th!:'~~a,ta,'and t~ansfêrs.1t to '. 
~.:"::'_\~ ... lI, ' •• _ l,' .-~\ ..... , ~ r E 

f # .. JJ - ~~! j~TI"~' .,.,' ... ;{,~.;; ~'~,.I-.,~ ~_ t 

, "" ' ,,' ~ .,' , ~' ,~he .a~proprj~t~j;:~~~i.Yoe ::~~~lb9x:' :he ~~~~fir.?:~!~,n' ~!pcés~o~:'t5, ~i~~~I,(~~. w~le~ ,\he n:-e~a~e ": 

.. ':-o,~ ._~ r ,h~s been dep~~i~~~. I.t respdrids' by issuing ~-recelv~ (:~mhla~d' to, ~ -,~o~~I.'s'!:~~.er ~hictÎ }hen 

,I! " '~ ~:fetch~~ the lJ1~s'age.: \_,' .:..~:->,<~ , " <""/' '-...\~ '; :::',>.';-:>:-·,:'~_~':e"- , <\, v.-.'~ H", ,\ 

.- '_, ~ ,''::''. "t ., _",-~.~r,'-,>'.' '" )"._, ."', '_.:\'~~~' I:~ : 

" , 

" '-

" , , 

Mailing cair ,appear' to bé' 'v~ry respon$ive bùt it actually tnvoJ'v,es'si'gnificaiit 
• ... <t ~ l, 1 _ • ' '" l , 

,\ ': ~) "I~", Il t ~,-' 1 ~ ,( " r 1 ~ ~ 

\ ~. operating system overheàd, Incoming and outgoink' mail queues-must bè' managed: readmg . 
• " .. ; , ~\' .-. l' _ ..... -- ~) 1 \.. ~ , i J~ J .. ~ 

/~ 

.> 

v. 

: ·a message invol~~s-re..v-i~~Îllg the headers ôf nû'rrlèroùs lrrelèvaij\ mèssages' untÎt'the requirèd 
l.. __ M:.I' ~,\ J 'M t :' 

"'< 
"i 
'} 

1 

" 

.... .. r 

,~ 

, L 

: ~-
\ ,­, 

'. . 
C>-

\ .... I..(;,J r 
l ' 

l 
t ", 

~ 

Yl
t -T,-" '. , 1 

) Ir, 
i'I."' 

'-- , 'r- '\ 

,,/ l 
, ':I~.V-...., -v 

1 " • \' " -
\ 

1 

17 

\ 

.. -r 
1 

• 1 



... ~ 
l , 

\..,: ' 

< 
...... '.'ft 

I~.t'. ~ Il ... _ 

~, ., 

" 

" fi 

l' "\ 

')".. ... 1 "' ... 

' .. 
..-, 

, , 

;' 

, , 

, .~ 

1 
, 

... ~ \ ) 

'1 l, 

. , 

" '<- ',\ 

. ,\ 

'. ' 

't ~ f .... 

, , ? 

, " 

t . f 
", 

, . 

Pp dol ~~ 

1 •• ( • . 
" " 
l' r ,. 

" 
• .. ;l ~ 

" "" 

t " 
f -

", 

-

, 

" 

, 

1 

" 

/,,' 

. 
" , 

, 

, 

'.! 

, , , 

~ 
r 

" 

! 

" 

" 

J" r, 

~, J ) 
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,\ l,one'can be Iqcated;~~Qine s~stems packeti~ the data: and the proble';' ~f Gommo.n.me~ory~~ 
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0" 

') , .... 1 ~... ,. ~ .. l, r' 1 1 ~.,....~ _ _ "..;" t , ',' 1 "l 

contention must 'be addressed.', fypic~.Ily. ont y qne proce~sor: èê)n âcéess tl,le' ço~mQn : .. ,,;Ï~ 
~ j) • t. r J , '_ .... " " , ...... 

, .' 

.memQry at ~ny, one: (ime., creati"g a pottleneck, Even when multiport memory is used . 
.,7 '" ...... • Il ',1 ft ..... ., ~'\ • "-,, 

C9nl,è~tion, is ~titl ~ ,~erJ~u~: probl~rl:tf '~his p~ob,er:rl rs further aggra'Vate~ .br' th~ 'fà~ ',~,àt 
, l,' l' " ' l t 1, .'"" " • ,_ ,,'" " , 1,' 

when tr,ar:lsferring'dat'a between. prbd!ssors. th,e oomm9n mèrriory r,nust:be 'acc::e~sed both 
.~ ... (.,~::1~ ~ , tt~ I~'\ ~\7f {'!ll,~ ~ .. ,l \1- ~ 1 ",' ... l"'" .. 1J ...... ;:.~-

" < <,..,.'" ' '" ,~ w~~n dèp.~~ti[lg and retriêving the imessa'g~, Ttlis t~n:çI~,io:r~strict th~ nurnb,~r of proçess~rs' 
_ .... ~ -:. I.,..' " .. '-- ... ~ ~ • ~ 1'" ~ 1 l'I t l ,h,' • )..-. ....... , • 1,0 _ • 1 .. .. j: 

", " ',,~,>,/' "... 'w:,h~c,~,can,be,'e~e,~tiYeIYi~pporteê:f,b,y a sing.!~,Opera\lng '$~stem, ' 
~" -:. - ~ \" l ,,' ~ '. Il''', )~~, 1 ~ , ~ t' 1<~ .. 1 \\ .. , 'J-c l h >,--
(t" f, V f - ",r' .. J -t' : ~ '(~ .... ~~' .... _ 1~' 

't' r~ ~" • ~r "'-=. Ii <...' ~ :; t'" r,' l' J '1 l' ~ ":. ~>- ~......". .... , ~"r' ~t.. • _, ... ' f'..... _ " 

",. ' ~ "' "' , ('I
t
,' -: -',;' "~r,:~;~:Sh~~:d'~~m~ry 's~$t~mi\'that are i~ple~e~ted i~ loosely cou~ied (letw~r~~s-

_e .... , 

, 
" 

'. 

" ~ 'teJri~ J~j~~~~,,:'~Îgn'~fi"çan,~,str~i~ on the net~ôr~ a~7~ell'as' higtlèr, ()perati~g sys~em, 'an:. 
~ ~ ,,~, >1........- . '" ./ 

~:'. t ''':C9~P!ltihg '~'vè~Îieâd ;~,tla~ 'fllat"of' pus orientéd ~ys~er:ns:- "An ~xa,rrtP,e' of a shared m~m~ry 
., ';,; rietwork ~j~t~~l;a~'on XENIX is discussed b;' Dev~r~~naa 'Ibe~arakonda et al, 851.~" . -,' 

" 

\ '~r,l'-' ;, ... f _" "..~,,~ ... 00:... .. _ ç li:: . _t .. ,.. 

. Thè imptementatio .... niechanism',.Palfallels~that -of th~,'bus systems' but~there is the addi-
\'io ~ .. ' - ... ~ .. 'i:I{ "\. : J : ",,~' , .. , 1 .J _; .. 1 ....... /,'\.. 4. 

\.: , ,,~. ~..II;" ~f,_ -,~' .. }\/ • 

. ., ---:..,~ <,,:~""'" r .:~: " f 

l_"\. ;! -. ... " '-,'" 

T, ~ f' , 

" 

' .. 
" , , 

l ,,1 " ' 
t, 

r ' 1" 

1 ... • 
" 

, ,UJ, 

. -.;' 
J ." .... , ~ . .. 

\. 1'" "J; f")-J 

,,~ ,,'~: ~ ~ ( 
" 

" 

" 

" 



.-

• 1 

1,0: 

" , , 

,,' 

" . ' , 

" 

.. 
J " 

'~ . 
'-

'. 

1'~ , ' 

, ; 
1 • 

>, 
" . 

-~---~--~ -------~~---------------------=--------------

......... , .. 
_1 , 

J: ' 
( • {t'-

--
Il • 1 ~ _ " 

, " ~ 1 • < , _, • :r ~ . ' 2 4 I~_layered '.Communication Standards • 
-t'" ~' h. ~ /\ -r ~ , .. ~ , -

:.. ~. ',t j l ' ::! .. "'" _ .... l' .. ,' _ 1;"., ~ ".. ~ 

.," tional burden' of mèssage paéketization. error ~etection:-and 'éorrection tnat is inherent to ' 
, ,. 1 J:;. ., \ .. ~ '.Ii \ ' • 

t ... ~,.." 'I·.l.. " J' -\., .? 

'. r the netWork transport 'protocQls,;., ' , ~ , 1 '<,;' 
f /' -' ~ , " ~' .... - • j l' ~ 

'- . 
" . 

, 1 , , , 

, , 
.' , . 

l ' '2~·.4 ~"Layèr~d Communication Standard; j , 
~ . 
", , { -

1 f 

',' , , 

. ~,(.'~':' "': L~yer~n~'serves to decompose the ?,~cb~n!~~ ~f coni~~ic~tl~n, in,t9~ small~r :', 
~ ... • 'r~ ~ / t; ~ • 1 ...... L • -_ 

': ,':" ~li.b-tasks. t;,lch laYer~p.rovides. services to. the ,layer abàv.e ànd below it., in .a .way which as., 
" ; .. /...: ,J " ',. ) ,~ • " f '" ~. .. ~ 
/ ,:' fn,aepJmdent of how the services are performed. Tilis p;eiomits the in,deperi'dtnt impletnenta-,,' J'" l , • (t .,!., ' ~!- _ 

.fI _' l ?" t, 
::' \:'/', tirn:l of each"~et. th us making it pQssible to integrate products from difTetei1t vendors. B{, '" 

_ ~ ;, • 1 { ~ t 1"- 't J( '" r j • 

, d~~sif.ying, c0'!lmunicat,io(l servlçes inti) standardized layers:- mO,dific,2itions"can also bem'ade ' 
1 "\ ~ • r' 

'. ~o ~me layer: 'rGr: examp!e. to irrfl>roy~ efficiénçy or spee~. wi~hout"afTectjng' the operation of " 
, ~ j l,,,; ~ 

. :"other layei~:"' _; : / - :. ,--' :, ': - ~ " 
_ .' r ~~. 

l " J ~ .' (~v ~.. " .... \ ~ .( .' ~ • - , 

, \ .. .... ."'" - 'f'" t '" 
, ~ .How~er. ,not everyone ~grees ,w.th;the tay~ed apprqach.· Detractors warn,9f , 

, , . 
\ ~ ( \ '.: 0 " '.' f 

, . , 

excessive'communication overhead. and.point to functions; sud:'! as' flow,control a,Od error , 
tl 1 1" ,. 1 r' r 0, ."., ,-1 ~'ih ".'" 

, i'" • detect10'n/~h.icr are duplicatedJn èach Ia.ye] fCtark 82]. High:l~yëJ protocot~ must soméO, ' .. 
t 1 ... ' 1 f" ~ 1 \0 i, 1. -,' ..... .. •• t ..' ;:" .... ,,_,.. 

times und<> 'th'e' error. recovery, ot' lower le,vels', ~,as for, dàmple wheFl, a message' must' be . , ' 
• \ .. ' -1 "f l' .. ~ t ' 

: completelYI rètian~mitft!d despite reirans~issiOn of m~ssage.ffëignî~nts. ,",,' 
, ... ~ '\. ~ . , , . , ' 

"/ ,,~ . ';, ';~~': Q~p~ne~ts tà, lay~~ring, believe ib~~ p~~.,.t~r ~erto~a~ié can ~~ ~chiev~d ~y bui-'~-.. J .-

! '.' :. ing~IP~'it1t9.a'dis.,~ributed oper~ii~g system which is"sopport~d by' sp~cial softwa~e resident 
J....... " ",J' ~ f " ~.,.~ t~ , • \ " _ 1 ~,Î ...., 

, ': ~ ,.' on eâcp. host; the sQftware, is :sométimes' bundled as ~parate ~,~'èrVers', pr simplY incOr- , 
"~)""J ... .1: '". \"!~I'~\I 1 1 ~""..' .... _~J _, .... , ':. • t:'. ~ 

, ::::. .0:'; f pP,f.at~d into the kernel ~setf~ "T~,e a~tual exct1ank~ of me~sages. '';Isually,'01 Jix2ed;'~efl~h. ,-r.' 
.;.. .." , 'r'! _ ... r. ,'F 

,;'.. ,,' J; " {: < i,~' tarried ~JJt' ùsi'n~ a~ ~~~~Ple:~d~ta 'Unk lay~~ .~", !le~,\!ork .(tat~~r~m -prp,toc;~1. ,dt~ers ~avt}', ' 

1 : < : 1: l , 'a,~ged mw-e sophistjcation 'to this basic servic~ '~y provfd,ing expticii management of virtuat), ' 

'" . ( .; d'riuits: Usër ~jocesses obta'i~ ,1 PC ser,vices- 1:,'y sendjn'g"~yste'P\ requests to the ker~el over a " ' 
<' ,." J ~ " , - \ 1 • If, ... ... j '\ ~~. , • • il _ ,. 

• , "'.. 'Iink whièh' ~~s dedib'ated to that pro~~~s when it w;;; fi~$t cre~led~ The'tJnder,ying netwo~k /.' 

, . ", 

r 

.. ,.. , ~ .. - '~ " .. .. 
se~vi~e suarantees delivery.of all-'llessag~. _; " , , ~ ... \, .. ~,' -;'} 

1. - '1 1.:'''' 
, , 

"' 
" . ~ ,~ .. ~ " (' 

'v ~ .' ~ \...)' ~, '..' () 

As a rule. ail the designs d~cribed thus far ignore th~ aetûal contents bf ~ , , 
l' '1 ~ 

.' ". ~ .. - f " \ , 
sa,'gè$. However. there a~e sorne designs 'whichc providé different types of çomm'unication 
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1 .1; ""\.. 1"':- ~~~ .. ~ '_;~. r' J, t
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l; ~l 

" 
" 

" ,<, ;:~: \~ete'd comm~~)c~!o~ ${a~~~:~d~/ 
. ~...... ~ ~ \ ,.' ..... ,..."r",\ ~/~~'_' ~_~: "1 ;. '- ~~ ... ~ • 

• • r , " services for difTerent kinds of messages. For ~xa~ple, ',à:disftibu'te(sy.s~~I~ht Sffer-: 
~ ,.,,) , ~ , _' ' , \ • , ' .. '_1' :. ,- t· , • " 

'. dat~gr~m~,~virtual é!!cu~ts. ~~.d a special ·~xpedited'.,~rvice for ~~~y ~es~rg~- tn~',' 
'. " .-dditicSn, t,Ile mes~age type could~dictate ~~ether synchro~ous or, asynè,~rono;~s-.~~ 

aie employed. Sorne -design$ ,a~t~matic~"y prâvide differèn,t 1 PC "serv.i.ces.";on ~ *e "ba~ 
~ , _ _ .. ... 1 • 11 1 t 

. messa~e typè.JAndre~s .82].' Rather, tharT leaving ~~e sei~ction of th~'lP-C,~niechanism tb. '. 
/ '" L ,) .., l ~~.. I, -... .. 

" " the user, a 'set of messag,e typ~sïs proVid~d ~r}d each one is p'assed in a different way. ,'" , 
:"':a. _ _'" \ 1 • l' :> ~ ,/' ~" .1 ," -., oa .' , .,.~ r. ~-

.... " ~ _" • • \ ... ~1 ;; -, , ' , , '.J ,/ 
~ r/~ , '.. ' 

,,' 

/U~ 2.4.1 The' Opél! ~ystetn Interconned ~~5Îc Refe~ence Model l: . ~ j {.' :: ~ 
- ... ~" 1 • /' ~ (' 

~ b,..... ~)( ,\ ~ .. ,"' 1 1 .. l';~ '" 

• ') ~) ~ v "~J ,,'., '. • :- -., y, .., 
- ') .. ," J .. \, - " t- r 

- T.h~ Open Systt}ms Interconnection (051) BaSle Reference Model of-the<' Inter-
t" ~ ~' , .., \ .... 

, . 

" : ~atiorraH:itandard~ Orga~iz~~i~p is a st~àng'coDtender (~-bèco~e thè sta~dàfd'hierarèhi~al 
, ...... , .. 

~.,. _" Il' _ ~..r' i , ~... .~ -

çommunicàtion ,f!ame~ork,(Zimm~r!'lan~ 80}; (l,50 74981 .. Th~ 051 motfel origin~ted .in 
~. ~_. .' , .. l.'=' _ .. i - ~~ 

Eutope where_ it .quickly gàined 'wide~pread acceptance. In "North America howevei.- IBM's 
.- \' ".... - _ t ..... \., " '~ ;:. :., _ .-;::""'.. ;. JO 

"S)'s~~m Network Ar~h!tecture (Hbberecht ,80] js the accepteit standard be~ause Il p~ovided 
... _ ~ -." - ,~"' ... ,::.. - .: .. 

"t '1.-

.~~~-.. ' -. " 
9 , 

, a means for integrating- iBM '50 mainframe computer products. " 
N ~\.! • ~ _ ........ 

\ , 
l.. ... "" -l 

"~t' t<' ' :' '",' Thè '051 model breaks th~ ~ajor fu'~ctions involved i'n c9m.:nunica~i~g liet~eén ; 

1 

,\ . ' 

, . 

" ," two sY$te'~s into an o;~erly ~equ~nce' ~; ~ev~ti .laYe!s [Tanenbaum 81{ S~a~darJs -SP~~ifY , 
" J .. 

,1 ., _ .-1 't. ... \ .. -- • 

, ; " the _~rvices, and protocols of each ,layer, The B~sic Ref~rence Model. defil'le(by,I,SO 7498 
,- t _ .. ' 

- ..... ":".e.~"i, . .andad~pted·in1984, isshown~nFigure2.3. ,-' ".-- ',".' j" ' ~ .' 

~,( ...... .. "1 '.......... .... ....... ,.~ ~~ ... 

f 
'.. .... - • ' , ,~ il 

'! • .', >,' _ The Physkàl layer HSO 8862:4] is the-loYiest level of the Reference Modt;!f..·li, 
... 1 • / ," ~ , -t _: ,J. .. - ~ ( ',.. - _ .. 1 ...... 1 t.. ," -"'l j '.....!. ~ ' .. 

r speilijl!s the ~Iectrical a'nd' rriechanical aspects of t~~ ~ommunica,tic?"n hardware as -weil 'as 
. ~: ..'~ ... "..,' ,''i..: _.. t.... -

; , . ~tïé fu'nctional conUal of the data ci~cuits. This,layer activates;-maintains, and deacti'vates ' 
1 .. ,... ,-" "" /1'" J' 

the physical connection. ,-, ".'-, • ..' ,,~' " 

'. , 

• ,u 

l' 

/ (" 

, 1 

'/ ' 

" .: T~he Dat~' Link Layer ils~ 8,8~2".2J es~~pliShes.:" mai~tai~~, <~~4 "releases data 

links:, It al50 perfolms point-to-point error and -fiow control of frames . 
,./ " - f 

(-. 
" 

, \ r .... 

\ 
~\ ... • r' "\ 1 !... " ,..... ~... .. -

Th~Net~~;k L~yer [!<:;( 8473] is 'fesponsible"'foT"'~~~~ork r~ing, '~~itching, \ , 

, '-.. ~, ~ 

~mentin,-.. bloeking. error r~overy. and flow cotitrorQf' p~ckeu: It is i~- thi5 l~)er tha't 
_ f T"'t t" r ,.,) ,-' \. 
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l' ~ . 2.5 Summary , 
"-r ~ ... r·_, 

" ' "" 1 ~~ ,- ,. \ \ ~ r 

1 -.' .. ~ ,r' : 1 n .i!:; manipulation ot' struttuied 'data. Lh ensures that aata is converte,d .... to a form \hat thé 

~.~',:;,: ' :: •... i' :~\ :~~S;~rh can und.~ta\-~: This c;oul~. ihc;U:;~ dii(a,~CrYRiion or ';"nv~;iOri~ data t~ ~iC~ , 

":~{', 'i ':~/"< , , ,.dependent codes., /" ',t 

.j'~ ,/:_ ,?', ~ ~ '\ '" ' J ", ,<1,. - Â. • 

~ , 1 .~.... 1 .,ç .... '~ ~ \( ~ 

'. 

1 _ • 1.' ; , <' A'. 1 - l '\ , _ 

" ',' . '. '~~"~', (' .' ~;.'::'\;U;",,:_ :'y The 'hig~~t::lèverof'\~e:';~ef~~~·(~'M()(fe~lISO. 857t] i~',,~,hè:Appfi~th)n;l~yer. 
~) .'t> r- -t, -~'.' ~. • ' .. t"'" _, -,' ~, ... .. \ ~_ j l'.. • ... 

':'. ~ • :" ',".' ' 1 It 'is1kteitQed for us~r 'a~plica(ion and m'~nagément' funètio'ns such as file transfers. virtual 
ot t; .. 4 ;.,.. 1 ~~ "-

.;' ,", ., file systems.~and·virtual terminal emulàlors .• .It should be noted that user progt~ms are not, -' ': 
r~~, ... ' . ~, ," ~ -\ ' . i \" \' ~ _. ,'... ) 

'~r(' f' , jconsidered part of this' làyet: they reside immediat~IYfabQye it. :' < • 
"' .. t • .. ~ 1 ,.'. 1 fJ~ '"'.j. 1 \ • «' "; \ 

l 't~' 'fol (, lil. th-. ,~ 

" 
'o' , . 

'. 

, . 

-, 

""t.. ~ .rl .. - ... ~ \' tt )1, L 1'] \1 ~ 

.,' ,~ , • <1°, ;>~ \ Numerous layered comm~~î~at.ion architectures ,l;1ave been proposed in an at-
... - t' ~,,.. ~,~ .. \ ,'t, ~"\ j. ~ .. -

f rr ,.1 ~ l' \ \V lI, < ~ 0" ~ _ '\.- 'i .. . :'>:. ~ ,! ': \, :-temp( to addres-s th.e problerri"'~f\sta.ndafèJi~ation of interpr9c;:ess, communication. Several 
-.. ~,,- .. _. "' .. Il,! J ~ • ~ ,.. ~ -f 4 l , (, ~ \ ~ \.. t .. 

, .' ". '<',.\', stàndards. including' the 150's OS, mpdel.'··~BM·s 5ys~em~ ,Netwprk Architecture (SNA). 

:- • :~~ ," r ~ ,l, . thé
J US'-De~~utmerit of Defens'e's '"ARBAJ:let.:C:~I'JcTs ~acket 'swit~tting Pfotocols such as 

., " ,. 1 ~ .,. \- 'j _. ," 1 \ " :.. - 1,. ,. ~ , 

.... , )(J.S. ànd the'IEEE'!; 802 local area~~èh~ork,standàfds. are compared,by Voelcker IVoelcker(_ 
~"") ... \' .. l "\ '" i '.. 1 .l - '--'f ;'! r'Ç'. 1 ,,\ • "\ • ~ \ ~ 

8fiJ.\r~e,OSI. 'SNA an(f;A.RPAn~t standards' sp:ecify._ more or I~ss the sarhe functions,l~ut 
li.... :r ,~ fI ~ 1 1 

( • J. ~lo ~ l ' ) ~ ... ... 

... . are partiti9ned differently; the X~25 Rrotocol specifies thê Netw.o,J:k. Data Link. and Physical 
.... ~} • • ~ 'F _. 

,,'t: 1 ',)_ .\ • 1 .. ~. 
, , , .. < ~~rers w~l~the IEE~ 802 pr~t~~I~ sp,e~i!y only ~e Da!,~ Link and Physical Layers. 

. ' 

. -. 

" 

",\,,,,t 1~~:,!{"1., "."" r,- "~"_' .1" 

,,\ , ~ " _ ft. ... 

1 ~ _.'\'~ <f': ..... \"':": f ~... "f;~. " \ 

", -:'.2.5 !~um'mary -' . 
I\t éf#1 .. -"", .. 1 r 

';1''";: , ,,~ , ,10........... ~_ 

, ' " , ' 

. ; 
: \1, 

. "'.< o' q ,\ It i~ obvious that inter;pfoéess commu~ication in ,éJ di~tribl;ltèd ,en,vironinent ,is 
~ '\"" \ .. '; # 1 J, 

.', " . ',. ,: complicated~by the number of difTer~nt types of com,,!,unication th~t can be considered. Dis-
~ • ") ç ~t \" ~ _. l ,. " I,' r ~ , 1 ; '":t, i ,~ "'" > : :: ,.: ;' ~ tributed sy~(ems employ different'types' of communication' depenèJing"on their architecture: 

\ .",>; _ ~) t - i t r .' h _ ( \ \ t. l "'i...... .,. , \ 

--.,; ."". ~ ,_ ~ Shared me~ory a~~ mailDox type sy~~~s ~re best suited to tightly c{)upled synchronous.. \ 

• ' > "& .'j ':.: '"_ systems. remote pr~cedure calls and message p'assing are best suited to loosely 'coupled \ 
\~ ~ _ ~ 'b :ri'" ..-t, \' - - • f' _ .... -./ 1 ~'~ 

::,', r" _, ", systems. The layered architecture adopted ~Y the ISO provide~ à highly de5i~able 'framework "; 

~. ,,~, r ;~: " ,f~ cdminu~icatjon }n a loo$eiy' coupled di's;'rîbuted' prJcèssing environme~t. It is genérally 
\, '. {. "! II l , ~.\ _ _ <-

" .. , ~ '; 

11 ," ~ 

~ ",..r l ",ëJccepted that ~. 'hierarchiçal. la,ered architect~re is desirable for reseàrch as it provides 

,~ ,(' :: :. .' <~ .., ·the most flexibility: lay~ring makês it c~nveniè~~ tô·.experiment with diffe~ent levels of the 
~ .'\~~ \ol" ;, 1,::,0' ' .;; ~ ,~: ,\ impl~men~,tjon. 
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Chapter 3 
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1 " 'It;lterpro~ess .:communication and Distributed Roboti,~S' 
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-- , A manufacturing 'work-cell should idea1Jy, consist; pf one or, more robots. pro-
~ \ l' Il'' ~ {\ ~Z ' ... 

,~rammable workpiece positioning devices. sensory elements s'ùèt.:~s vision'and haptic 5y5-
• ' " t-' '. • \ -~ :' -.~ t..)-

tem~. and a progran:t,ming er;lVlro'nment which includ~ faciHties for intèrprocés5 c.ommuni-
f· ,.. .1. ,. • 

cation both within an~ between work-cells. :'. 
",\' .,~ 
_~ t .. .. \ 1" , 

$' ....... __ / ." \" _ ~:' ~\',: ~~ t 1 

, ' .. "1") 

" ln this chapter. we discuss t~ree 6a5ic approaches to interpr'qèeS5..commùnica-
.,.... .~ ((; d/ ; ... < --' ( l.A '.~ e; :....... ; ,~ "\~I~~' "L • 

tion in a distributéè:frobatics érvironment. 'We b~in wit~:,~ discussion of lef.o,ramming 

p 
", 

, language approaches to:"robotic IPC. followed by_~system tde~elopment5 aim~~fat f!etwork 
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syster,ns. and end with à review of backplane bus -Systems. ".':-, . l' ':, 

'~ -... ... # " , ,~ , "'1» - ~ \ ... >-!':::.~ ~ 
)\ '\ ~.... .: '5' ) 1 -: .," '1' ... \", .. ..'. 

1 \', " , ~ ~ ;. ~ ,~~ \ 
" - ,,, j '': , .... 

, ' J 
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.. 'c' 00\ ... ~-: ~. - /' ,,~ 

3:2 ~rog~~l:nming Langua&~,ApPÎ'oaches \0 I~rç in R~b~t Work-C~lls 
',' ' ~t~ . tr, '. ' -. (, /;' " " " '!., ,l. ,1" 

;- ~ l ~L " \ .. " ,\ • ~ ~ l' i', 
, .,... .. # U - f,..-:· .'.. ~ • I-f~-

'. M~st p~ogram~i~g ~Iangua~' '~everoped fî?r industrJa~ m~'nufactùring applica-
• \ l , "" ..: l'Jo!,... J ... : ~ l , 

tions' fail rto address the' t'win issuès of communication b~tween',work-cells aÎtd communi-
".- .\ 1 1;· _ »~.:,; ~ _, of \. 1... \ " 

catl"on /within work-cells [Giuv,er-c~t al., 83]. :I~,onner and Shin 82). <r.h~\ m~kes,iriterfath l, 

" 

-, - , , ~ 1;. .. ~ \ " f ? 

1 "thè necessar1lntellig~n\7sens~i and actuaîo"sy~te~s of the wo~-cell,~·very·difficult. Until 

'" 'recenti~. mo~t co~me~cI~1:robot 'control;er$ ~r~vid~ only:~ry pri~ti,k -com~unlçation fa-
- ~' '- Il ',. .\ \... \ ..' ... \. ~,. 1 w • , 

cililies such â~ paràl}eI and ~~Ïi(al por'ts which~erv~~~as interfac~s,)?r-binéfry i~p~t/~utPut. '" 
, l ' ,t}, . .';" t'., r.. '.'. ~, , 

~ \, ~ \ .... '.1, l ", L ,j' ..... -
1 t ..... - '. l '1. ~ , ~ ~ 
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!, i 1,3.2 P{ogratnming l~ng6âgè:ApprO'athés to (PC in ,R~l1ot Work-Cells 
\.'. lIW (, ~ ~ , .. / ... l' ~, 

/>..... ~,. t' f .. , 1 _ ,';, (l'{', .... ~ "\'~\1~ ~-
, ~ .J f' 1 - ~ \', \ ,~ \ "f.J ., <\ ~ 

a ,display termÎnal. '·and per~~~S:: à teach pendant: and_ 119; hOst ~(mt{..Q!ler inlerfacé' lJaivi~( 
.. • ~'c 1, f .1 \ \ • l , " ' ( 1 \ ~ 

l' \ l ' \~ :( .('~ \ r ~ • 

84). INagel 8~J. "r-',' ,,1 1,< { , '(' \.. :'," .-

1 r (. " { ,'-' ____ ~ __ ! J ~ .. 1.. (/ ... ~ 1\ 

"" ""; :'1 . ~ \\ • _, 1 ~t ," "I~ \ • _ 
t ~ \ \ , \ l " 

", " , 'ifhis. situatien has bécome· inadequâte- for' two mailÎ:::-~eason.~~. As.' pr'ogral11ming" "' 
'I! \ f' ~ ,. '" ' • '-. 1 \ ", -" -. ~ '., :> 

tas~s beeome h'\ore difficult. there' :is a<>- need _ for a rich'er:.pr~grâ'mmil1g envirollme~( th.a'!:.~ _ 
" Je l ... ~ \l ~ , ~ ~'" : f," \ ..... L 1 <': ~ ... {.. -

" "that which is provided by the native"robot controller. Secondly., the:ii~d-:fôr 'more' f1e~ible or:', 
, \ J... ,L \ J " " .-- - , _::-:::,_, _ _....1 -.' 

~~ J, 'intelligent behavior 'has meanf:ihe incorp~l'aijon of the Lobot ifs~lt i~to à I;rger 'fram~work 
(' ~ " t ' V ~ \ .... , ~ ~! • r t~ - • ~ .; ~ (.--- i. " 

under the control of other hos~s. These sY~\emrare' sqmètimes. referreêJ ~è?' ilS flexlbJ~ 

.' \ .. ' 

_ ~- \ , 1" 1 _\ ';- J _ -~, (, l -=-~ 

manu(acturingsxstems. ' ~:. '~' .. ' ~:')' ,(:;,1,_ ~ :0: ',', ' •• - .-.' -;_, 

f,., (':1 ! ',1, t'\ , 

;' 
I;'--:'t ... 
rl· v, 
I~ 

;' """,' \ ,:' ~. :', c'>;. " (,,-." __ :C- ~-, :', 

.Tt1e(slm~,I~;t solu~ion to the problem' has ~een fhe,~~~clqpm~nt~,of sp~çial~oft- '.:':. 
\ , f~ (~~ 1"" '_~. / " • • J~ 1 _' .... ~~_ ~ .... __ _ ...... .--. 

" war~ to li,nk an extètin~, hast ,~?mputer to the, r?-b6~' t~ntral,I,~~ ~h;o.u~fl, ;t~ ~er~!n~l, ~~rt:., 
f"1 1 ... ~ \ ~ ,.. , , ~ 4' _ ,.. '\ ... -- ", __ - ~ .. -- 1" 

':':: '/' , This enables robôt softwarè 'to be developed 'on' 'an external, hqst and' then (fownloàded _ 
l' ::. "t 1 1! '. ..' ~. ___ .. - 1 .""H .. / ~, 

-<:: " l'to the robot' s cont~oller ",v;ja ~ an' RS~~32 or remote 'o~ntrol li~k: ~;.~mpl~s ~f 'w,reté~s iink~ , , 
~, f \ l: \ ' '~ ,... ~ r r '\:' l " '" ~ ~. ,:- ,-- f' ... 

based on:infrared frequency sh'iftke).' signallîng have been we~'~t1teçl b.YI:Dwlve.dl and Pearson 
\ ~ r " .). t 1 \. ~. ~ .. , J \ -- ~ 

(D~~v~di 83). (Pearson, and Gr~en '8~). ' " . _.- >" ',~:;'~" ~T~ , 
__ ~ ~ ~ \ (,. r - ~ dt.." - t 1 1 

\1\ ,. , f. (" \ ~ l.~ 

,,' ,,;,. ~Iter~atively. more complex desigrts \~ith<,varry~hg degr~;s-, o~ sup~rvÎs'?!y àbilit~:t 
.. ( - ~ l' ( • \ (--, 

;'1 have be~fi i!'!lplemented. based on de~icate~ hpSl ~ontrqll~i I(~r~,ks:" ': F?r '~x~~R,JE!';~)(~minaf ' 
\ " .1 ~ ')--,! 1 II' 1_ 

emularlon program~ which send commands to the robot èonir~lI~r in thé' robot's_[Iative 
fi -; J ~ '-': " ' , .... • t , .... ~ \' --:.-'" ~ 

.\ '::'~; ::.: '.' ~,/I;'). ,language 'are,,~e!cribed by Carayanriis ~nd Michaud ((~rayimnis 82), lM.ichau~ as). (!,h.~se 
~~~\II I~~ T -r"',t ... ( 'f: 'tO" 1 ~III 1 t' ( .. '.... {', ~ 1 t t~ ~ .. ;-:-J,., r 

,,:' , .:" 1 1, :" pro&ra~s serve to make the robot an ,irttèg~at part of the distributed envir<?nmelJ~. a~cd alij() 
, " 1 '. • " .... r , ~- -r" ',~ \ J_, 1 

)(I~~/I f ",;, :maké' ii po~sible~ to' program the robot. u~ing cro;s developrttent iacilitie'S. tn"'languages ' 
/ ' fi) ~ :~; ,. J l .. ~ l ') ~I ... ' - 1 \ ' , 

l': : l ' . ~other than:the nàti~~ '6rie of thë c~rltr~lIer. An adv~~tâge cl wôrking\ on' a; external host '" 
f'" { t- ,.. t ~ t ' } --r _ '1'. . t;. ~ .. ~ 

. ;, " :::; ); .. :.:.:: . ~yste:,! is \~h~ a~~ilà~ll~fOf ~~erf~1 de~ugg:n~ a~d~!"UI.:t,.on f~~i~ties. .: :". • '. : 
... '1 l ' J ? .;: ~ ~ 1- ~ - ) j ,,,, ,i)"'" ~. 9 .. ~ ~\ ~t" ,. ~ ~ _ ~ 

? ,~,:'< ': -, ;":,:~"-,,. L Somé d~signs have ~ought tO' bypass1rthe nati~ progr~mnijng ~nvi~onment en-' 
- 1 fi' rr ... • <: '", i ~ '... Il 1 J ~ Î -(, it.' t ~ \, 

1 / ,'. ,/;", ,~i~el~ by ~,~~~'y ço~~~o~jng ~~~j~~nt servas. WeI will now r~~~e~soine of th~~e1.pr~r~~ming 
~~: '_ "', t,( t,if I~ng-u'a~ 'éfforis.:'> ~ ~. < '; •• ''':'' 1 .~ -, ,,\' ',~" 
,(f- \ 'l. \~~ "':l' l,; ~'t" J, ' 1"" ,J,' , "\J ',""" 

~ ~ t. ~L • 1/. t ,1'.... ,'_ ~ • r { : ',. ( : ~ l , 
• l' 1 ' , _ ".d.~~ , \1 ;1, _. ~ 

.-.. '~~:':. ~ ~et ~f proces~ Je~~1 co~~un'i~~ti~n., and '~ynthroniza~ion primitives f~r an . 0 

,~ ",' r.. 1-'. '" ..-< ~J "-" 1 ~ 

~"I'. _::; ~t~ir~,ed m~Jti-rOb~ system is tdescri~ed in [~~irr and Epstein 85): FiVe t~t~~ries of 
;~" .. • ' Jo. '1 t ... oS: t 
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3'1" 'Programming langu1)ge Approaches to IPC 10 Robot Wori<·{ells ".~ --~ 

~.! " ,. 
\ ,'," .' , 
:::; l' ... _; ~~ ... ~_ ~ ~ ___ -" , .c. .r _ ~ .. >r ... --,...' 

induStfial proéésses- are içtentified~ ilJdepende~t: laosely coupled: ;tightly, c~upled.' s~rialiled 
, ~.J,. \ -\ ~ \ - \.: ;-'" ~ ~ ~ _. ~ : 

_ "(\' '( \ , • ' '.\ ' , \ ~ , f 

, ~ motion."-and wo'~k coupled~ speciftè ~omrwmica(lon strat~gies are deveJoped for each. -Each 
"1 - : L·'" l' - ;', ,1 ,. t \ , ~ • - - \.. '"' -

"> prO'ceSs manages a ',set of tasks. a iask being - the. 'smallest element of control ~ctivity. Inde-

,', < ( 'p~~def1t pr9c.esses éa~ :~imply>ser'ld s~~té ~pda~e' m~~sages"to tasks they have in ~()~mon, 
! ' ~ith 1oo-sèly ~o;t:Led prQcesse~. ~'he act~onS ,of o~e d~pen'ds upon th~, other, .'Thos. they 

~ L.. ~ .# _ .1 , r'; ',\ ," 1 1 ~ " '/ '1 

'must,quéry each'other. qr a common task. for'.St~te'inf.(jr~êtlon. Tightly'coypledprotesses 
• ~ ~ ~ '.,. '., .... ~ l -..' ~ f ~" • J 

. . . . , LIse a mast~T/slave control approach: ,thè slave 'always ads ln;acEfordance to, the mas~e~ . 
':...... ,.... -1' ':., ... '1 " .' - - - - \ 1 /' '" : • ~\ ~ \ 'it L • 

I~nd, r~tür(ls a statu,s' message ~~fte~;,each djrëc.tÎve, Jo '~erialized'IflDtioo,proc~sses.' one or 

Q 

, ' -.. ~ ~.' - ~ • 1 - - ,," ~ '", " ~ 

more pr~œsses must sometimes be p'erform~ before a~olhet· cart ,begio. ~Comrnuniçation 
1) - ,...1 • ~ ,. ~.: ' .. "..~...-- 1 ' J -\ 

is~used for synchronizatlon and event signalling'.,Finally. with work,co~p'ledprocei;c:.ès; each 
.. '..' ~ 1'" ~ 1 l 1 ~ 1 J 

, " one must màmhin a state description of àn the,others: once a p~<>è~ss c9mpl,~es,a t~~k~ 
.... 0 ~~ < \ • ~ (~~ '- , 

it must fjroadca~,t the state" change and th en wait tintil ail ';-(atè descripti~n~: havè' béer. -• 
..- ~ ~I ~~~ ,_1 .. , 

, "updât-e~ bef.pre re;'Uming execution 
,/ 

• j,....-'j 

(O. ':" " , • 

, l , ~" l '. ,__ A moduler coml11and lamw~~~ 19r industrial rooots. ca lied LMA'C. provides mes-

1 ::: 0': ': .;' ~ , :', s~ge 'passing ladlities lor comm unication and s ynch;Oni?~ti~~ :<il Plocesses';~ • multi-r()~ot 
1 r ,,' :, ~ .'~.: ," ÎnÀustrjal sy~sfem (Bonin et. al. 83]. To p~o.vide, the communÎcation bE;~w'ee~' processo~s. , 

l' _l' -' (' , , ;- 'f" :<: 'i:lAN is structuied J as a 'four-Ia~erl hi~râ'rchy: A~twork. trao~p'~r~~ ~ession. ~'nd applica-
~ r 1 - ~. .. '"," ~. .. .,.!...' l' ~ '1. 110 1 ~ ~" ,. .. A;" ~.1'" ~ l' t 1 1..., 

" - '- • -. l' , tion. lMAt ha~,been,implem~nted~on' a set of l~l/11's witb'tbe programming language 
q (. .. - 1 J 1 __ , 1 ~ Jo- \, , , .r- -. ~ 1 

, PASCAL. C 00' ' , -. ' ( , ' ' ; \ 

.. ~;- t l 'l, "'r '1 

'~ ~ '"'' , ' ." -
.... -' ',. l. • ~r ~ ~ (' '" t ~ # , .. l '. l 1 

-A-' dialed of PASCAL wÎth. hew' IPC primitives 'for' ,ôbot:programming is de-
I ... -\ "....,.., , 

... J r , J 1 ~ - l " 

• scribèd i~ (Bàird et' al.-: 84), The"tar~b,( ~or~-c~U' co~~i.sts of a single POP /11 control 
1(, , ',.,. • • 

-- .. , 

,'1 
< ' " 

, - .. /, 

~'~ ' .. ~, comp4;er l[nkedtto'two robQi~ iI~d tw~.vi~ign:"~~ste~s via RS~2i2 ~eriallines. Communica-
r ( (\ __ (':~ (t \. t 1 I( f _ .. J :: 1 l~ J ...... : " \ ~ ....... , .. ri '~l ) " l 

,< <, ,- ': t( d, '" fion)l)~tWeén'Ïhè controller and '0 devjce is modelléd'as an a~ynch~onous~series of commat'!~; 
~ >, c~ y[ _, '"," j 1... " ,i {f' '- • '(,.',' ~.. r ~ ... '-~ ". \( .... 

.... '- \ lt l ' 1 ~ • ""'...... 1" t. 1 • 

,'" " - " and.,repl!es. There arè .al$o J~rfguag~ pri,mitives ~o allocate-an~ 4eaUocat~ the devicts. The 
~ ,; l' • ~ r ~,-' • ~ \. ~ .... , -1_" ~_ .4- -~..... , , 

( .. (' .~ " actual IP('.wit!.1iri the .controller is b.~.s~,f 011 the mess~ge pàssing. primitives pto~idfd by the 
• ~~..... ~ _n"., ~ ___ I ~~: z • ~ " .. ~ .. : k ~"'''''~;''' .; ~ ..... , .... 

. ',:'. "r,:, :", "\RS~ 9~era~i9~ sy'~e,m.", ._:', .~ ,'. ,!' \ 
, .. ~r"" • r _'- 'l., ' • ~ ~ t -Fr l , , 1 

.. "~. - _" ~ ; .. l ' .... / 1 Ii'I .); 

f' '( ,~ -; ,.. '1 1 

~',~ • ,'> " ~ ,: ~ - Prôgt~mming '.6f rob~~' b~sed' rrrah~façturing ~I~ells usiflg AOA js' discussed' in 
, (, ... t ' ' .,' r ~ 

\ , 

0 1

, • _: -~ • ,'~, ' .. :, ~IVol~,:~t ~I.. 8~). They identi{y iS~JJ~; ,~9.~C~,ning th~ ~~ft~ar~ as~ts of rb~ôt 5~1I '<:~~~rol 
'1 ' 
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and how ADA ~ddres'ses thesê isstJê~. Incluped in their ;d;scussion is ADA's ability to 

, ï', 

\ -, ~ ,," \ ~ \ 

manage lar$e compl~x software systems, the efFiciency of code produced..for real time ap-, 
- l ' {,' l '" ' " 

plications, ~_~Ititasklng, inter~rocess ~om,!'lunication and 'task synchron~zation. ~ortabilify, 
\ ... .J ! _ ~,.. 

and program debugging in a 'real tim;ë environment. A distributed run time" ADA pack-
, .. 

J , , 

a3e ~alled DARP, whi-ch eJ'lenqs communication and task_~ynchronization across machine 

'bo~ndaries, is ~urfe~tlY' ~?der development [~isher ~nd Weatherly'86J. ' , ,..-" 

,,' 
- Insteap of extending a base language~ one can also const(uct, a proced~re library 

1 ... ,f 1 

t~ perfor~ specialized 'service~. One example of this is ·R~ci. a:.fibrary:'of C functions for 
" - ,. ~ r ., .. j ... ~'!. 

. roJ>ot programming (Hayward and Paul 83), (Lloyd 85J Â servo p~ogram resident in the': 
.~.,...,.- '.. ~ '.~ 

kernel of thé st.i~ervisory 1 computer ~e!ivers setpoints v to "the individual joint controllers 

,.-'. ~ at pr~sqibed inter:.vals. Motio~ requests trom the, us~r pr~gr~m ,are translate'd into joint 

m~tj~ns a~'d then' queued for transmi~sio~ over a buffered high' spèed p~rallel ~i'nk. '~' " 

\~""":"::.:I... : '. \. Fi,na,lI,. we revt~w two secOf1d ~enerfltion robo~' progra'mming languagés whlch 

., ,'" /, hav~ re~ly~n developed. These desi~ns. ~tt~m~~ ~ pre~en~ 'a tndy i:nt~g'~ated 'system 

level design. AML [raylor et ~1. 82J i!l,IB~,.s ans~~r to;;intelligenfr,obot programming:: 
} - ~ " , " .. 
"._~ ",ail seitsi~g and control is man~ed by a $eries/l compute~: 'Unimation's ~AL IqShj~'ano 

, , , 1 J ~ 

.......... ~~ 1 ., 1 

\ .', éi 'aj.) 84t p~ovides ~xte~d~d facilities for network comrrlunication and sen SOT i~t~rfacing. 
i\ ~ '1 \ ... 

The r~bot ,controller has'a port',dedicated to ,~~pervi~ory' '~ontro~, ovet a ~AN.: There is':ah 
\. - ..!...... ~ ~ -' ~' J 1 ~ • " 

addition al high speed seriarport fdr,online modifications to the planned path 0.1 the robot " 
,. .r-_,_ \,~_ 'I_~'" ~ ~ ~~ ... , ~ 1,.. '\ ;\, ' ... .1 .. 1\\ .. ,,,'~ \' ... 

'. from à'~ ~xtern~f· .computer. When, the 'e~ternal al~er' mo(j~ is ~ç~Îve, -thé'system' ~ends 
~ - - ' t ~ ..! ' 

r 

, .: ,!,essa'ges' to th~~ exte'i.nal computer onc~ every contro(,çy\~~, t'?,enqulre)f ,cha,nges'should be 

~ad~t~:the plânned~patJl., VAL III is ekpected ~Q be relea'seé,fin late 1986.: lt"i~<lepo~ed'y 
,'" - " _~) ~.. ~ ~ •• ~ . ' l~~ ,..... J ..... 

cOO1pa\ible with sU,Çh nétworks.as MAP, SECS III,! and Intefs Bit Bll~ àJld,~é)s tàcilitlès tii 

, integ,at'è a hi~h sp;d vi~~n s~stem [~NIMA~ION 86J.',' ~:' c, ~. , ,", 

~ .. ~- ."~ , ~Io- .- ..... 1. i ' ~ If 
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.' ." 3.3 Network O~ieÎ1t~d, ~proaches to 1 PC in Robot Work"Cells< , 
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" 31 Netwprk Oriented Approaç-bes to IP€;in"Robot\Yôrk~,C~lIs', 
i , .... ' ,_ ,,~: .. ! ~ . : " ~ \ _:... ... .. ~ ~ .. ft 1 _ ~ ~ • ,~ , } ,.\ ~.. \ 

'IiIiked bY a~hfgh speed seriaÙ)~s. 1:4. d.s~r'b,u~e·èt.op~ratltlg syste!" ca~~d MOD~'SK1J;G~retti! .. 
, ~' '\ . , " l , • _ ~, . ~ . f ~', " ~ 

,et al. '82) manages ~ctiyit~es.~ithin'e~~h,duster ~hrbugh sn~,red'memory. ~.vjrt~aJ,Network ., 
" ~.. .. , ,~ 

"O~er'atin'g Systen1ls'plà':nned,ior intèr':clus.t.erprocess coordirtation. :" ' ' , '.," " 
. ',( " " , " , '. " " 

... / ;" • J'~ , l ' , • ' l ~ ) 

• ~''''''.....: ~ ~ , '" ,~ f 

tl:te 'concept of ,àrt 8'CtÎ\I;ty. c~tltrollt:T f~t a multi~le robot. work-cell 1$ deve'op~ , 
• J. , _, -' ~ 1 .. .. ~ \ ~ .;',. ".1" ' ", ~ 

'in; fMa~rtI,?n a~d Nof saJ. "The actlvity contloUer serve~ t<i sequence 'i.s wen as syl1(;hron'le . 
" .. ..... ~"'... '~,1 , 1 ~ .... : ~.. ~ 

'the 3C:.tions of multiple robots sharing tasks ànd auxitiary de~ices. such ,a~ feeJers,. JO an \ 
. - ~ '.. l' .. ~ ,.' ~' .. r '1 -

"-êlsse;n~ly work-c~lf. Orle application IS: prese~ted \h IMai~on 85}. "where~n .tW~ rohôts\ and, 
1 1 \.. \., \ .. ' - _ 

~~x4Jja;y'" devices exe~utè async1"ono4s concur'rent tâsks: both robots are controlled.lrom 
, • _ I~ • \ 1 ~ ";..,, .. ~ J , '" '~'~ .. 

a VA)('\111780 host cqmpllter' running UNIX. and àre prcigi-ammed,m C', """ ' 
'" -":;'p ,- .' ",) .. , l l " ,- '(" 

.. j .. ," 

, , 

,," A Il~two'(k for:':dJstributed robotics.' oased' ~n ~hr~e host coml1ût~t s~'S"i~m~ linked 
.. # , , .... " .. 

, " 

~ ~ t • ~. ., r'~' ,1 .....' , 

:by' an Ethernet JMefealfe, and Boggs, 76) LA~ ~s described ln ,rGoldt},as~er 84} ~n~ ·1~~Id.-~, 
"\ \ ' 

w~s~ér an~ 8ajcsy 83]' 'An~'~x~ert sys~em. r~~id~S a~ ~ach h~,st a~ijs t~s'~onsibl~'(~r vi~l~~:;; 
, ~ '" • ~ [ ~ J 1 

.' control. 'Gr ~api~c ·fuhctlons. T.he haptic. expe,rt prov!aes an' interfaèe .to 'a rQ,bot eq~ipped . 
'.' ,,<"'} ~. 

Ylith<;a sophisti~ated ar!idulated hand. The hand cÔns'is.ls of three fi~ge;s, ~àch with ,two 

~~. ,e < iOi,nts' and i~ree t~ctile, 'pads.,' Fdr each':fing~r."'sep~r~te ~roces~~rs '~r~ us~d io d~v~:t.h~ . ~ 
, ... ," , .. 

'!>joi~ts and Ptocess' taètile information." CO'mmunic~~ion'lurlo~g the e~~~rt~· ~·bi~r.arcpiC~1. 
~.. ~' • ~~ ... ~ .. ...1 '- ~ r .. ~ _ :' .,1 ~ " : ~ ... ~ '" ~' - " .. 't .~ Il'''~ ~ 

.~'" . " :",. Eac.h level Ça" issuè 'ôrders to expe'rt1;' ,9n the rève!' b'elow and'pas5 respoqses back, to th~ 

, , 

'; ~, ", o~e ,~~m~~iately abQV~'.' ~he~~' is' ~Iso ,~ f~~ilitr: for high ptiôri,ty 'me~sa~~ ,p~ssing~ ':_' q 
.1\ '~"IO;.... ~ } t , • r r ; ~ .. l' ~ l'..... ~ 1" .. , 
'::" ~.' ,1,,;;0 ,., ~ ~ ~ ~., 1 ,. ... ~' ","'r~"~L."~ 1 ~tJlF' ~I 
f ';;", :', .... ~ ~ J ~!..", .. _ ... ~, . ~ ~ , l "r 1 ~ ... ' .. ~ , r ~~ .. '" "L , ' 

, . ,'. ,; ':,,' . In the' contex(of LAN oriented developments. a, r.et~or~ int6tfàc~ designed'f9l' ,;", 

.) " 

. " 

" 

l'~ \> J t ~ ~ ~ ~f.. 1 -.. ~ l ' ': - .,~ •• -

sup~rvisory contrbl associale~ with Unimà'~onts' VAl:!J robot cont!~tler has beên d~sCJibed ~., ," 
f, ~,... ,,' "~. ,.. l '"' ,.... ~ 'J. : 1'1 l " ,~ ~." J 1 ~ ~ _ "_,:; i ~ ... 

""J 'l bt .Shin:t~no fShima~o',1!t 'al. . 84}. t~è 'interface' has th,ee, !ay~rs: the :15bUO!"'." Yihich 
~ ~ ~ \' ,.. ~ "\ ' ,*' . 

" , 

, perfc.>rrns physic~1 j.npût/qutpu~., the :lT!iddl~:.: whicl1 ~~rve~ to:'murtJf'J.ex rnùlij,,)ti-~~ss~g~: 
, r" ~ ,t . ' ~ ., .... 

, . 

for, tran~mission ove(~' sing'le link, ât1<J tne 'top ·~~'.'wl1tch asso~iates logl~ar addresses ~ith 
... l ",'.. ' ~' "', 1 • ,'... • P ! , ".. ,\ • ' .... ", .. ~ '1 c , ~ l '" _" , .... 

" input/ ol)t,puf devi~es., The'se' lay~rs do not d~~etüy map. ~ht~. i~,~ 051 rèfe!en~ moder~~for' ., 

s .,'eXanipl~;·t~e-··bottom·layer is a',combination of"P.hysi~al ~,!d' p;ia L:ink:laje;s: ::~, .:. . , . 
....... ~ .... . ~ 

.. • '", ..... ~.J ~, ' ~ p ).J Il \._ j ~, ~ ... , 

.,. ',;,' ~'J Mf ~t ,if" , : ! ~ .' -' .. t· • ~ ~ - . .. ;, -

, : ~::. :, " . A l.a)!ered a'pp'fOaçtl t(j nèfwor~in'g withi~, ~~,~ob.~tics en~ir~r!!n~nt ~~~ed'~,fi'"the', " 

':, ~ ,l, '~,"'. O~I'moéièl ~.~s:, b~, ~,~s~ri~'~d::'by Fai'~ '~nd"Messina [F~r_Q '~'nd-:~es~,l~a 831.,lFà;~\ ,and :: 
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• \",.' • J' ;" ~ " " 3 3' N'etwo~~ ,O"le~té!d -Ap'proaches to tP,~ in, Roboi' 'Work.tetis 
'. .., .. r' ,.,,:' ~ ~ .1-' .,." l ,f .., r "\ • , ~!} , 

... ' , 
. 

\ ' 

• , ~,'. M~~sina "~4J. Wit.hri~:a: ~ork~éell. 't~ey s~~est a ,~lm~l.ifi~d "roe~sa,g~' p~~(f~~ fa~iltty ,6ase<t 

. ' ~" ,,',.' :,~' ,'{ ~n 's~a;èd ",:m~t~_ Ât~n~POft iay~r is ~âint~i~~df~~ ~ss~ci~t;n~'d~~Ïf:~~~'~;'~~''addi~sses, 
..... t'.· '., r \.. , ' _ ~ ~ _" ,.: .' "'; 1 _) .. ,~ , , J ~ ., '; ,".! , ~ .. 

• 1 

" 

." 

o 

" ':','. ~ à'nd ~;session lay~ Îs:proposed to prov~de'high 1E?~,ercom'mun.çaiion s~n,~~éfsiJ~h'~S'o~(1ing 
~ , '1 ", _. • . ''', ': ~ -~ __ 1 ,.. f '-

"-- ,',", "'~nd dosilJg,·()f c-han~els. a,..d rnan~ing data trimsfer'ov~t th~e,èhannêis .. A sing1e;h~~l.' within 
\, ~ ,_.. .. ( , ..J l , ....... _ ~ _, r ~ 

'. ~.: ".~. each'_wo;.k-cell i~'desÎgnài~d 'maste{' anq s~nt~s as a~gàtewiÎY to-the ~upe'rn~t ,~iÙch: is 
.;, ,.'\~ ''\l''~,J ~," .... '~ , :r), " \ /" ~ 1"1"",,,,, , .. _r' ~ ,,,,, ,." ,.J 

" baseâ on re.dund~n( bûsses. Overal!. <three ki,nd~'M roodulès are," jdentified, to su'p'po'r!,r,6bot," 
~ ~', " \ < J. ' ~. .. \ t ~ t ~ "t t ," ,,,', "i .~ 1 ~'... ,., 

~ "cQoperatio":,wit'hin and between wQr~~ç.ells,. QneJor, messag~'pa~sirig,',oné for,:remot~j()b 
~_ (.. ~ \ 1 ~ " ~ , .. ~ 

:elëcùtiôn, and' -O,ne ,for HIe. ~an~gem~'h{ àf ,ine ,t11f~.' only ~he:'mes'~age passjng. ~o~JAl~ 
~ '. • ~, ' ~ 1 \ ' , .. ~, • , , , 

j' '.;. [ 
) ,1 ' ( 

, ~ ~ j 

l" ,:' 

" . , 

, " 

... ;. 
~w.olild ~~ requJred ever.)'wnere. 

r " 

. "' .... 
, ~ ....... , , 

" . 
',' , 1 ~ • , • - ; 

The è~ncept ()~ net,work1ng work~cells w~thin a facfory 'and ',the F~ctorY/~~e.a. 
... - ....' j" '" , . ..... ' 

" '.' .',' NétworJ( (fAN) 'aré explored in (HollanéJ 83]. The author i~entïfies a hierarchy of com,,"ù-~ . 
l ',' _' / ...... ~ , 

~ ,nif:ation needs which parallel the bi~ratchy of devices within the factory.' At level-l. ,!he 
~ l ': .. 1 

·device I~vel. {tres~ag~s are exèhanged over dedic~ted poiRt-~o-point li~ks for bin,ary sensing 
,1 ,_ 

- ~... ~I 1 • - ~ j. "t 

'i .", ,,/,> ',' a.nd ser'vo control. At level 2. messages are used for synchronization and data 'ixc~~nge.-
,; ..... . , /'\ ,'" #. l '~ .. ' • 

, . , 

.- cl', betweèn device"'controllers.· Ethernet LANs, are emplo1id at ,th~ physical lèvel,.to èffeçt' 
- , _ ...... .,. • • 1:1 ~ r l ~ ~l, 

• :,<. :. m~;s~ge't'ra'~(er. At level 3. the ~ork-cell level. ~'essage passing i~ in' resp~se t~ ope;a-' ~ , 
.. • 1 ~ \' ~ 

'. . , .. ~' } ~ ',.. ~~ ... .. 

, " .'.' tOI 1:;Omin'ands' sucl:t as prod'uction Monitoring and data logging. Finally. at level 4-.- w~' ate 
•• : • 1. • ' • 1 

" 

'concerned' with factory wide data proc·es~ing. 
... . ,l, 

{ - 1 : 

, \ .. ft'" \ 

One example (>f a FAN is Allen-Bradlèy'~- Distributed Network Arëhit~cture" A" 
.' l , .. " ' !"> ~., ,'" .. , ... ~ 1 • • 1 

. single 'data.highwayor LA~ links distrilluted devices on the shop floor such as computerized 

"'nu~ericat ",contro{ (CNC)',,~nd robot stati~ns~ a~d gateways are u'sed to 'tie networks ~f 
w • .. 1 J 1.' ~ '. _ _ l' -t , 1 

',Supervisor,y subsystems to the data, highway,. A flexible manufacturing work-cell based 
, ' , 

-( • _ .1,. ' '1- .. l .\ 

on AUen-,Bradley equipment is described in (Hanlon and Wesiorl,82]. Two progr.amm~~I,ë 
, .. ~ .0; t - ~ 1 l . 

controllers'are usedto manage a rôbot arm and a CNC machine. and they are linke~'by ~ ' . 
• ' , • ' ~ 1 -i ' , J LI /.J 

data hiJhway. But the data h~JttÎway is 4sed for more than comrQunicatiQn within,the'\~ork-
'T • l' ~ ). .. ~, " :1 r 

cell: 'a reJnote file server. and a network supervisory station are âlso'connected:'The:tÀN 
, ,~....'O'''' } \ ' 'u • • ~ ~,'" 

is a high.sp'eed baseband ,seriai bUSi with:a ~ontention based protocoL When a> 5tati~n. on 
~ ,.... ~ , 1 l, ~ r • ~t ,.. ~ .. ~ 'J~', 

" '. l ... Il ' 

the net .desit~ 't'ô transmit. it must wait until' the durent n~twork master' has tran'smitted 
~, ,.... 1 J .,. '} "" ~ ~ t r ,. ,,~ 

~ _ '4 ., ~ , '. ~ ." i ,,1 , ; ~ .... "\ ... f.. f" ... ~ j , 
~t> _l" ~!~~I ~ 

), Yj.. ' , 1 Ti.' .. " Q C • j", " ~; .. ,'J" '~. , ,~,':. 28, 
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Most manufacturèrs of ff'êxible automation still provide propriètary, solutions "le> 

, . 

"" ' l '.. J .. ~ (. , " 
11. ~T " ~ J ~ .... _ ... 1" ~ , 1 \.. \ ~ 

, , .', ::: thè coîilmunicatrons problem, but this situation is changing. One receht 'development 1s 
~f''''''''(lU,~ ...... ''··t' '----., : ..... ~'Io .~ - ~: 

'. 

o 

, ~. ' " .. .MAP, à set of. 'manufa.cturmg automation protocols promoted by General Motors (Leopold / 
... , ,:le ~'... - ... __ ~ '~-)"''''~\~-'' .... -~r~'t 1 .. ~"".."'., ~" _ ~ 

1 • , -84.), IFy1AP- 8$), fKarni.nski 86]~ MAP is a layered comrl)unication standard for linking dis-

. \-

.' 

o 1 

, 1 ~ ., .' -~", • \ .: • ... _ .. 1 .... i~ "" l 

< •• ' tributed.el~lJlentS withir a factory. The MAP specification is based on the comn:tunicatitm . . 
stru~ture defined by:the Open Systems Interco~nect (OSI) layered architecture (Zim';'ermé\n 

.. .., ./' ' l 1 f J~ " 

. 80f. Th'e' OSI Reft:re~~ Model w~s developed by the International Standards Organrzation 

(tSO) to p,rovide à'>i;~mework for connecti~g o1)en systems (an .open system" i~ on~ Jor ' . . ' 

which standaid~~~re:pub)isb.ed), .allowing system compèment~ from difTerenf manuiacturer'~ , . 

to be inter-connected. 
~ / ./ . , , 

, , 
-~.t • ' 

. - ,MAP ~s r~p.Jdly ·becoming a de facto standar~ in ~actory automai~~'~':~md"llas 
already' gained -widespread e~dotsement. ' MÀP's physical tral1~port sysfern-:';utili2~ th~ 

I~ ~ ~ , 

IEËE's ·token~passing-bus network standard. although th; Honéywçll Plant 'M;anageme~t. 
, ) .', 

System uses an Ethernet (Iversen 85]: Evenrually, MAP 'wiil incorpcir~~e ail sevÉm layers 0(- ,- , " 
• ) '1. • .... 1 r 

the 051 mode!. pilot implementation whichlinks 200 data acquisitlon,units inonilorit)g 
tf "" 

rs at the G-eneral Motors car assembly plant in O~hawa, 9ntario is'(lesc~jbeél' 
,. ~. ~ ~ 

ln [Storoshchuk ~d Szabados 83). :' 
.... ( ~ ! 

. ' 

The token-passing-bus media access controUs also used by ,IBM's'S~A stimdafd' ':: . . , 
- ~ " ~«, 

and is favoured <>vef Ethernet in a pure industrial application 'as it is better suited to' ,ë.,t time _ ,r-
l'Il" • .... ,,,.: 

éipplications. The token-p~ssing-bus protocol controls when an element can héJve a<;c~~s:, 
- " I~ l'~ t .~., ~., • f' , 

to the network. This is based on a predefi.ned order which :is ~~taDl~shed to co"ësp~d to' )"1 
, yI' 

real lime events' in the manufa~turing process. This Îs ,in contrast t~ Etheroet, which ~elies ;~ :/,' ~~ 
... - ", ," ('1 ~ \ ,J... ~ 1... l ,. \ 

on collisio"-~deteëtion with" randè>mized 'backoff. thal is. ail parties ~ajt ~·\'r~do~,'~,nou.r'lt ',: t·,,~ -. 

:of lime aft~~ a coOi~ioli. to resolve n~twork c..ont~~tion·. Ethernej,'i~ ~ot,\\~p~ble ê)i fflessage~:, . 
~ n ~ ... \-., ~ ..... l " .. ~ .. : .. ''', ~. J, • ., 1 " ~ ~ { ~r I, ' f' 

"- ~- 1 \~ 

, , 
" 

'! 

... ,-,'.li 

..... ,~ 

. 
», 

" f,,,, *, .... ' 

-' ~ .. , \. ,~! -{ 

1" , 
\-1 C • '. ~ ~ 

~' \ 

"_ _~ ___ ~_~_It 

;..i~·:" 
'~~ l':: ~~' 

• f, .r, 

i' 



I
f , -

" 

l" , 
1 

! -' ... ;> 

1 

. \ 
0 

,,-

I,~ 'lt 

r,. 

, 
. 1 

( 

'- . 
, . , 

;, . '-, 

r 
, >' , . \ 

'. ' 
.' 'r 1 

\ " 

J J l '~ 

, : 
~.: .. ~,. 

, t 
'-, , 

'r' -, ') .. 
"" ~ ~.J ~ 

-. 3,4' ,Ba~kplane B"1is O~ietited Approaches to IPe in :Robot W~rk:Cells 
~ 01\: l , ..... !..-.. _ ... 

, ..- l '" l' • _,. c ..-

- . p;~oriti~ing' and is gen~rally better sUlite~ tà applications where r.eahime perf,Qrmimce is nof 
,. " ....... 1 l~~ 0 ", j' "'.. .!. " ' J r. ~ 

require-dJ" , " 
< ". , ) 

, 
", ... , 
,. <---- 1 Il ''\ 

:-.' -< ,;\_~I::',':; d Desp~e /v1AP. ~Etherne~ IS ~till a .vèry poP,~la/LÀN t~hio!ogy. for ex:a~le. 
-,' ': ."~ ~,:, J. .' \ many ~nufactu;ers cff Au\pm~~ ~ Tes( Equlpm~nt' (ÀT E) sU,ch a~~ Fairchild and Zehntel 
f'_ ~ ~ ~,'" .. __ (~' .. ". _ :,:~ .. 1 .... ~:-, ~ l'~ 1 }"'\,;, J', ~ .' 1 "\~~"'~~,""'i~ "'_1 \. 

, " 

r , 

; '. '._' : ~ _.~ havé" develp.p~d Ethernet'I' cor11pa~ible netw.orks, ,t~ jink prog~âl1Jming. testing. ana ~epair' ''7" 

.1 l' "'r ,,,:}~. ...' _ )- -~ ~ .1 -. ... _ ~ .... v - ... l'~ ..... ,1·....' ~.t 
",. ,: ':( ,'f.. __ stalidn~ IM1.lne ~3). ' ln a distribu~ted,. !obot system for 'as~mbly' described, by Barthe~ ,> 

l' , 
.... ~ l,.' ,~,": . Jf'_~: .~' ~ria;',z~Vido~,q~;~-,a ~ision system.;:a' ;6b~t arm:anc;f ,a • .p~~~Q'i~g :mqdulé' com~~nicate via 1<- " 

, 1 

..... '-' ~. ~ ,_, ' -"... • ~ 1 ~ _ J ... ~ t _ 

., message! passing nver -a cùstom Ethernet l'AN [Barthes -and Z'avidov,ique 81]. 

l' 

r 

" 
J' 

J .' / 

" 
l'l<. 

, 
r. 

n ' 

t ,- ~ ':::-' ....,~ lj ....... J { - ... 

l' ,. '1 

--, "{ ( ':- ~ -, .... - :" 1\ _ ~. '..:1: '" > \ '~ 

, ", .f " " ,) A di~t,~~~ûted .approach to co~plex ,rpb~t; systems based on message' pas,sing 
~ • _ ' \ ~ ... f ~..... .. 

, :. is des.c~ibed in tHar'l'1)on- et al.' 84): th.e t~r&et ,pr~blem dom~ins are an experimental ~-

. ", 
" 

_ " 1. 'h... 1 (; 

tOlnpm,~':Is vehi~le and an autotnatèd we!d!ng ~ôrk ... cell. ~he:'authors define three èlasses 
~ - ~ ." l '" ... ~" 

" ,~' of--subsystem~; ~ens,~r5." which translate' raw data into syrhb~ljc information. ,controller~. ,; '"-

, ) 

... ' , J 

/ ':"/ . w\ch trans~,ate symboJiç,'plans"into,c~~'~ands. ~~~ kn(}~/ëdg-è,ba~es. which, 'reaso~' about '1-. 

~" ,\ "'/:,' sYm.b~lic'jnformation .;~d prepar~ plans: These,~~bsys~~ms are connected by a L~N in, a 
\' , - ~ ....... 1 ~ {-.- r '- r- -. 1 ~ - ~. ,~ /' " 

" '-C' 
J _ ' '" 'bos topology!; and .mteract by,passing.'messages \\,jttf $pecific formats. Each m~ssage has' a 

" 

. " 

,', ~-

l't, - l/ , -' 

.'1 1 
--. ... .,. 

, " ' J -' , 1 ( t ' ',' 

, iQUr<;e. a,j>;iorlty: arid ~ b~dy. r-h~ body ca~:bè Qf)yp~ plan.;thé'!t is. â comriland. O,r:cif typ~ ~', ' 1 

, . . ,réTiofî. wbich is ci re"spo~~~_ A'l1lore'elaborat~ m'essage'fo,ma,tt,ing s~heme, is.described:in 
l' ,. -. /' (). \ 1 ~ ....-

1 ,... r " ! \ \ ~ - ,....... 1 ~ 

(Hafmon 83Land (Harmon 'ànd Gage 80). in :connec!i~n 'W'i~h a'-Iayered robot to -robot tom:' 
..-_ ~ ~ _ 1 <.l , 

, rfll.inication. ·A mêssage content layer formats ,information to be communicated uslng three 
... __ .) ,\ • ~ - - 1". 'i ( 

t, ~ '"i b 'V. '1 

fields. The Jir~t js;called the add,ess. which CQntains the ide,ntifiers of the source entity . ". .. :-. -~ '~ ~ },'" 

and o'n~ or more destin"ations. T'h~ second 'field is calle~ ttle content.~ which contâins ,the 
J .,. ,'1" f _e --t... _ ~ 

messa&eJtself and a con~,ex.t for the message:' the third ~fieldi -the message statè. ~ont~ins 
, . , ' , , . 

message parameters indiè~ting mes~ag~type, priority, and,\he 'state' of t~e source e~tity.~·, ' .. ", 
""".,.., .... -; , 

" 
. 

" 
'1 3.4 '~, Backplane Bus~Oriented Àpproaches to 1 PC in Robot 

r " ., \.... ".-

,Work;:.Celis 
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1 .... " y j 

(' 

1 )- , - ", _ ,', ,,1 !"'"" ~, ' :: ... _' l -l,... , •• 
\., ~ .... ,-

", ' .;' ,~ ", ln "çontrast to loosely ÇOlIpled ~etwotl(s ai'é tightly coupled multiprocessor.,.com-

-() '" ~ ,;:/ ~; ~,' " ~'~~~ __ ~~us system~., Seveœl-'uam;le~ ,~. ~uch 'sys~e~s' \~r~_ no~. described. .. ;:. : 
.. ; • \ 1 ... ..; 0 1 -.l(~~{/. ~'"'"'( >. 1 
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3 4 Backplane Bus Oriented Approaches to IPC ln Robot Work-Cells 
..... " ~ \ \ / t _ _ 

'. A log loa'ding r090t crane is described in IKa(kkàinen and' Manninen "83), AJ 
~ ~ \ r ~ 

set of three 68000 microcomputer modules are configured as a. sensor processing, unit. 

\,'~ 

" 

'",./ 0'" - _) :' 

"a coordinatton unit. and a servo proc~s~ing u~it. They a~e linked by.a VME bU5'_\~nd 
- j , ~ , 

,/ 1 èommunicate via shared, memofy. The coordimttion unit serves to reconcile the sensory 

, information wit~ the ~~sired g~al state The se;Jo\ unit is the hea'rt of the sy~tem. and 
'- l' - • f 

'1 ~___ '\. J - ) ~ _ • 

it super,y,ises the robQt crane. a sensor,y subsystem. and the man/machine interface.~ Thé 
, \.0 ... ,\ ~ ) 

> ~ '''' '" 1 1 .-

sensory s~bsyst~m is a daisy chain of sensors. eac,h having'a single chip microcomputer 
"'.. ,~ \, \ 

, -

Înterface tKarkkainen 83]. The link to thé servo unit is a high speed',RSi232 seriai line. 
" -' , c' • 'y' r • ~ :,-", _ 

CI \ ...--' . \ 
.:-,""~' _;.\ 0 r "\ 

i, ' T.he-desig':; o(a,nottier mu~tl-microéo~puter networts,'fo~ genendlzed fobotics 
" ... \ ,~ r ,-

'" _ u _ '" • , ,. ~ 1 _ -''''. 

< conuol. consisting ,of four 68000 micropiocessors. is describ~d in lPlessrnan'N 8~L Data 

exch~'~ge bet~een ~odes takes -place, àt t~e 'Da~a Unk leve'tov~r a cùs],om '~~r~1~I, bus. 
- ~' 

.... \ - ~ 

Synchronization is performed -~a an interrupf schème. 
) i-"-' 'Ii 

.. ', ., 

\. .... ~~r~~ 

Another ex-ample is the CHORUS system. developed at the National R~search; _ 
• l ' - -. • ;;:." 

Council of Canada (Green ,83]. yihich is based on the MllLTJ.BUS. Comm,~nication< is 'via 
/' )I.-~ t-~ -. .. "\ ... !:,...\ ~ 

message passing primiti~~s suppli~d by the HARMONY J?pe~a'tjng system IG~n-tieman 83). 
L _ "" '- _ ~ ! ~ 1 

A sarriple ap);1ication is -fléstribed in IEIgazzar ~t al. 84r:{o-lo~ate. ,recognize. and then _ \ 
t":: ~ J .-"... .1 ,-'-"" ~_ ... 

)~ J-
1'\ 

'insert regularly s~aped blocks into ma.~ching hol~s. :cJhe 'robot ap~lic!?on task on &ne ~ost 

-.ànd the visio~. ~~pli~àtion tas,~ ~~ a-~other ho~; ~~municate for~~~~al synchroniza~ion 
, ':'~nd exéhange of data. ,;<, • \.~ '... ,> ."-

-" 

-' J 

" A multi-robot r~a(time~~vi-rônm~nt 'th i~eihiént sensors requir~s ~n efficient 
.. .. ./ • ~ ~ #, :-... ',~ - "":: ~~~~: ~~ l ' - ,:-" "i.. h 

communications mechanism' which promotes p rallelism. partiti(>ning of task~. and recon- .. 

. ~_ and Sanderson'<~4] and ~~lIC~, [~a ,~n~ Krishn .~u!!.L84). ,:" 
,} 1 ~ "\ #/> I~ 1 

~ 1 l,: 0\ <r 

\ ..... - 1. \ 

ln (Ma<;Williams ~t al:' 84). a
J 

high, speed se~~l bus from Intel call~\ Bitbus di_ 
,. " 

described. The:authors suggesf how a ~~tbus couJd be used t6 link related ph'ysi~1 devices 
'" / ... ' 0;:; .. 

such as' mult,iple-joi~t servos. and then a Multibus; to cohnect distinct but cooperating . , 
su~systems within a work-cell composed of robot .md vision systems. Finally. the, propôse 
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'y' 3 4 Backplan~ Sus Orien~~ Approaches "to'IPC ~n'R9b~t W~r~-CeHs 
~... 1 ~ J ,. J' :1' • ~~ ~l 

• - , { J, • 

separate work-cells be interconnected via a faétory wJde Ethernet~ . no 
~,,, • f ~ ...' 1.... \',,'" f \ ~~_ 

.., '\ J t.: . t'/:'l ' • • < h ~ ~ .. \1 _ 

~ ~-... • '~~ f f \. V v .. • ; ... p .... .- y 

~ -" 'Jn this èontext.of tightly cOllpled systems. we alsor:nention a projec~'unde,rway ';' ' 
~. ~.. \ -~ • ' ... ,\ • ,. ~ ~ '..~_ ~ '" .. ~ : ~A r ~, 

~t Carnegie M~lIon Univt!rsity t~ d~elop an autono.~ou~ Ja~,d-vehicle (Elfe$ and Tal~kcfaf 
./ 

)' ... , - J, t , - ,. ~ _... 1-' ~ • , .,. \-=. \ 

83]. A set' of slave p,rocësso.ts :dedicated ta ~rive irain éqntrol and sensirig,:sys~erf)~' ,for~-
~ '- l '" • \':>, ' ~ '~ 1 f. ,- ~ (~,\ l l ~ i '" , 

'sonar: camerà~. and ,proxim~ty'devices ~re linke~'c~o ex:pett ~b'd'ufèS:t~~~dentJ,~n a ce~tral" " 
... '> _ ,..-'" ..... .. .. ~ ) • J't' J 1 l r f' '! " 1 1 ("~ " ~t ~ 1 ~ .' 

process~r, The'experts s.hare 'informatjp'n.'via ~~téd ,meinor,y:'but c~~m'~nicà.~n betw~n, ,.i,,~ 
?.... ',,: t .. ~ -;.. ,~, - • l , ! < ! _ ~ " '.t r; ! P j.. ,': ~Bte. l J .. ~ \ 1 }-

a slave and its mastetÎ$ 'via messagê passjng. Jt1is' is ;f'fIanaged by '3 SI1:l~!J -r:eal time kernel .~ . ' '. ,,< 

l " " ',' • e" , ,'. .. ,,:.;' " ;'~~::=:., '\,,~::, ,", ,;" l 

\ 
\" 

.', 

( 
',' 1 ,a-
i 

1 A resident in th,e ea~h pro.è;essQl, v) , (". '.:;\ ~' ::~.~, ,:,,' '. ' 

/' ;..\ J_ " .. /~(~ 1" :...."~ ...... ~ .. (' ... ~\~ Ir t 

" ~.. I~"'> , ~I ", ..... Î~ JI , " .... '" ' • 

.A' "t" - .. , .;1 \. \ "".... ~ l , \ f 

A~ industrial wor_I(~~~U f~! .intelli.gent, ass~'~bly, is ~e~cribed in,i~tauffer;85J. One' 
- ... , .-' \ '..' , 

robot acts as a ~atet'fal feeder., fpJI tw,o others wbich wéld~p,ads ~n i~fiion:modules. '~yision 
J , .. J , ; (o. 

• ,. • ,,1 ,.r..... f .. ~ ~ 1, "'_( f .. j - ,,' 

system is used to ac;c~r~ely lo~atë the p-f.td~ jor ,welding., The m~te[ial handling rp,bot acts 
'" ", l, .. t,,'> 1 .. ' , ;- .... 1 ' . '* as the master: jt c9mmunicatès with thè~é1din'k "rob'ots via eight" bit parallel ports. and' 

:'1. Q,.. .....<:.1 ..... "l' 
j. .... \ • r .. 1 l' } ... l' t ' 

with the vision syst~m v'ia,a',serial port. " rd:' : . ;,'" 
, ~ : r J ..... /:.~ .f \ .. ~ .. 3' ~, .. 

" ' .. _,}1 t :>;;;it..~.,;; " .. ' .. ! <r ...... 
.. .. ).,~ .. .r ,~"::... • ,_ 'i. 1 'lt 1 ~.. ,," \ ;, • .. \. { 

..- , A simptt{;obà~ics ~~~ht{d for ~~all sd,l~,:la~or,atory, exp~riments is d~Scl'i.l>ed.,in 
(, r_.... ?"d-" 1/-.,. ~'-' ), .... :1 l,-::. \'t

r ~"f .... ".. '., 

, ()" ,1 .. (Wai~wrj~ht and MQ~s 851:, Thë ~irèc~~~n,~ri'd speeéJ of ,e.ach,robot joint serv,o Is controlled 
./ : .. ..;: r~ ~ n r" ~!- : ,,' ,:~~ ~" ~ J \f r ~ • T ,.1. \o.."J ... ~ .~r '" \~.. tt~ '\ 

.. .~ 'by put~,è w,c!th mo~.ul~~~p. usmg ~~çusf;9n1 robot controller:' Comnjunicatiorr.,betwFen the 
\ \ ,( of,.. .... ~ ~ \t,) "f . . '1 .. ' . .... ,,,1 il ~ " ' ~.. 1 ~' ... " .... ,11' , i .. ., 

\ "~" '>, .• ,~ : controltét ~~d the sùp,etytSory host ~s "b.v~i ~m' 8 bit paraJlelled .bus. ' .' " 
.... ~ ~ l'r r-; ~ 1" 'l~ ~ ~ ~ ',\ Jo' \; - " ~ \'.""\~':. \-

,~::".y .!!'" ~J ~ "./ ... _ .r ... t;.... ~ ... ~ \' fr - • ~ ~ ~ {, l } l -;} r> :-- '> ' r.~"~ 
-:.. ~ ... "' .. l,,! "I,~.... ...'f. "t:.t. !o/:, l .' 1'~1 i\ 'l t. • ' ;,.', ~ ~, .. ..) -. 0(. .. ~, _ 1 -' \\ 

• 1. "::~ /~, < ~ • :' ln.ICh)n"~tt~iS,8jj::'~nother~smalJ ~~iE('téstbed is de~cribed,.,,'co~sisti~'t~i 
1 .. 1(' ':.1 , <~: '-: ",st .' l ,f: '.! t ~: ~\ \~{ f': ~. - ...; /' .. ,,' .. ~ ~.. ~ r;-- ~ ~. ~ ~ ~. ~ 'JI 

. :;-\'I·tWJ? rtl.l1ot arms. .. with se'~af~te:'êbntrollets1an1:l atmàster.~controller witl'! 'a voice récognitJpn, ... 

\ , 
0{ 

.. -. 

-, 
\ 

, -, 

~ , ........ ~ ~ ..., 'J ,. \~ ~ j • ! ' \ \,'" .. ~~ _ l'" 1; , - r '# ' ,~ ~\< ~ r \\ 

/-',:".' ," " ~'~?:~ ~!t~<~~da: r.h,~ ~~s~~~ pas~~s ~~~~~a~i.~o (~~ two arms, vi,a dèdicàted's~!iahli~es ~i ~~eir ~,<' 
\' . "",' .,' Il " .... ~' t 1. {" ~1 _ ~ ,r ~~I ~~ .~ • ""t <:t j: ~ 

'> 

'. '~., ,J::ory,tro ,ers. }'" :":~.' . "." ,,;r, ~ , " ~ (," " .' - :,' J 'f'" 

/,._~. 1 _~":~.... .. ... ~: /~ ,J)}~; :;J.~.. ..'''\ ~ ~ ~ ~f 
_ .... ,..'l t/ -;~ .!~-~~ .. , 

, " :;.", ~ ~ 4" f: ,:',\ ",' .. ~, ' , "'( .', ~_... \. ,.' ~.~ ~ ~ 
, Ji'" \ ~ .... :' ... .. \ ' -If 1'; \1> ... ' .... or 1 1 ' \.. -,'.-:;;- _ 

:':;~, .. ,'>' ':; ':" ,\~/An' èxpt:~II1l,ental t~stbed"'for:"co~r,d'inate~ n}~~, àn"'cf vision work. Y(hiçh::is dè-' 
J~ " r - ),~ ~\ •• " >1\ ~ ... ,,~' , , .,:; 1.. ,'" • "'- ,. .. " J ~ ~ •• 

'i. scribed in;'I~àkhliq.~2]. ~rbasè4:b,n a Wes!inghou~è'v.isjon system)md an Olivetti robot, 
_.. J .!-. 1 , ~ , , r .' -'* , ... ~ , r...... ... ........ Jr, 

J .j~ ",::" :" :: wlth;.tvio 'a~ms. Communication be"twee.n th~,two (SU11 bas~~ systems is 'via .high sp~ '. 
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" 

~~ r,~,- ~r..,' ) t:! f o'f < r ' ",' .. f ~~ .. ~ : ' ,. 

1. • "., ,." :;',T ~~~. t ;i9M~~m,~ssage tran~fers., ~~ti",ions:t~ the Olivett'i robot:,~~o~ral11milig."Ianguag,é ~1,~lA 
~ ,0, <, '~;,. ;'"U~;s\fPPC?rt vÎsion rel~ted cOr;lm~nds is ~Iso described. ' 7 '"' ;::' ," '\ 
~\ j(-~' 0 ,,'<1>. l.l .,.. _ (3'. .; 
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"'. A testbed at the-Jet Propulsion Laboratory for g~m!ralized bilater~1 control of 
.,.( .1.(. ;), .. -- -. ( \. 

'" "',~, two r.obot arms is' described ~n IBejczy and Lee 84). ,Each rotiot is controlled by la' ~et of ' 
'r'" • ~ , ... • \,1 

,', thr~:,National Sémiconductor microcomputers whic:h 'communi~te v',itn.êach othe! over CI' 
",\,-1 ... l ,. ,: . J" .... 

"J' , s~ifr~d paralJ~1 bus. /. \ ,:. ,(, , ; 
, " 

~~",. J • " 

, ' '\ 

1 

. , 

" 
.. ~ .. ...J 

-:', , A' tightly' cou pied thrée levet hierarchical flet~ork ~f sixteèn 8086 based rri~;d:' 
.... ; y~ , ~ ~'. -:=,... .lI;.;~""'., 1 - - <~ ~ 1 "": ., '... ~ ... 

,": ,"! "~<[C;';';p,~ter'$ is de~ti'bed ~n 1~lfqrd and Bely'e~ 8.4J lor t~e coor(Jlnàt~d confrol of tW6 PUMA" 
- - -: ~''\ .. '~. • • .... ~ ..... 1 ~ ) J ~ - l " '\. , ~ ~~...- .. t ,,1 ~'I'" ..... ~ '_ \. "\ 

. , - -{ , ,\arms.' The multi-ann coordination computer tra\nsmits new 'Position commands to eacr.h 
y ~ , ~ _' _~~ l'.... '< 

," robo(yia 'hi'gh sp~ed' b'loçk transf~rs to intennedjaries called ~i~qictiôn: computers. Th~ 
- r 1 y~ .... V~ 

...... 1" t _ .... ',:"'~ '... ... ~ - .f~ F ' l '- ~ .. , ' 

p,redict!ofl computers use la simple handshaking prot9col tO' i~s&Je' new setpoints to the 
\0, .:~ • .. ... ~... \\ ... ~ • .... • '>-) / 
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3:S' <~\u~mary: 
,1 f \ "-Go 1 

" 
( . 

.. ' '1 r. .. l '" 

',- \. "",.r:,,... - .......'" ~ " • 
. , .A1though !he need to st~ndardiz.e communication mechanisms i~ appareot. r~~: 
:- .. ': \\ 1 .. - 1 \ r '1 ',.. 1 /'.. ..-~ "\ ..... -,. .J../ t .... 

adion 'fro~'.the robotics in<fu"stry has beén slo~ and'Iimited.~'-A survey of ~eleva;t'-work 
_i / \ ~ r' f' ~~ ": ~ .. • .f " __ • ~ -, 

" 

0 : 7 

'. 

, . 

" 

:', sùgge~s that few at\~mpt~~atte~pts bave be~n made: the, survey prese";t~d w~s m~re ~ re.- ' ' 
• ,~_ 'f 1 \ ~~ '\ 'C". 

\ 

:.-
" 

, 
'. 

, 
-\\ 

\ " 

''.. 

\. 

-7"...... 1 ... 

t. . ) 

"\~, 

\1 \\ 

,1. view of ~esearch ~ctivliti~s th an industrialefrorts. Each of the'appr~~ches presented s~tisfie's 
"', "), "- r....... 'I:~, ,~ ... 4).... ~ l' \ ~ \. \. i .. '" 

~' à particula;: aspect bf interproces's communication in a distril>ùted robotics environ ment. 
/'" ....... ,- ~ • r t .. _ 1 • .. 1 ). ç '. I~ 

'\ "~ . "Depénding on the ~ystem requirement~. one~ -Has the choici of a progr~'rnmin~ language' 
;(,.. r,<- -1, II . ". " 0 \";" ~ \... '1) L' _ ~ j... , 

"., .:; 'ver~us an operating system âpPfoaé~ c~~plimente!d ~ith, eithe'r a loosely_coupled netwprk 

; , ,\' "system or a, tightly co~pled' m~ltipr~tè~~or system'- The ïlt~rature if,1dj~a.~es t~~t:"the m~st, . 
, .. \ ") 1 11: ..... ; ~ _ ) _ ~ .- "\ 1" ; 1 

\', 

Ji 

fâvoure'd' mè~anis~~ 6f inter'pr~cess: communicati,on is,:m1!ssage passing envenched" in a 

hièi'a~hical framewbrkJ The r~ason fQr t~is iSr proDably becau.se of 'the general p'urpo$e'" 
• .If. l , :::. , , -. ~ .. , ) /1 t ~ '-

hardw~re an~d s~fh~are confilJuratlons f~und in .'many"'laboratories. OUI' wor~ ';5 b~sed 6n ::. 
~ " ~ 

l " " .~ , " 

this approaçh a,r;Jd ,in !he fo,lo~ing "'Chapter we destrib~ an easy to us.e m~ans of élchie~ing 
• \ f ........ , 1. ~ ':/-~; ,'" i' ~ • 

efficient IPC. in/th,~ type of environmeilt. ,': 
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~:( This' châpter pre'sents.t~e d:~i~ftstraieg;v. arc~i~e~~u~~~ and softWare implemen-' 
II r' '~.. /t~: ' \ :' ~J • -.t) 

tati'~n-'9f a system for: interprocess,~ommu~icâtjon in our dist 'Jted Jobotics environment. 
\ ' f l ''Ii ' 

:-' The, systém ' fs . de~igned, to Ptovid~; a useful meçhanism f~r effecting interpro'cess com-, 
:~ '\. ~ ~' \. 

'1 munication amqngst user and system programs controlling the activi'ties within 'th~ robot' 
". J' ~f~,· t 1-

,.,.- il'" J -1 ,'- .. _ - 4 

~ • .J k Il ...... . ~ Il. • • ~ ... ' ~ ~ \ 1 1 f' ( i) ) .~ 1 

~;, WQ. r -ce .1 • • ' ' 
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" ',_' 1 • 1 ... >..... "t ~ " 
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• ~ ": .. ,: '1ni~rfaces 'to the system are ~vailable aÙ,hree levels through) series of functions 
, ... ~ _: "-' \. , • "'" " ""'"..!~ .\' \ 1 ~ _ ~ ... 

that"are' c~Î1ed fr9,~ th~, user's'program'>' The top level iS"c.ânêd the Ses~lon ievel: it is ,fol-' -: 
" \ 

t '1 ,,\ 

.... ~ •• ~ ..:'. ~ j ... '1 ' :.. ! ~ r ~ ~ ! • ~ "f ... :' ~ ..... - Il ~ 

," ~ lo~ed'by;tbe NetY,ïOl'k Interface L~vel: an(ffinally''J~e, Transi!l~ssion Control Pmtocot (TCP) 

.. 
J,....".- t. 

T\ .... J) 1 

: r '. 

7-:" . , 
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1 1. - ( ,. .' ~... ,~ ~ " ... ",~; , \; , ' \.H ~ ~. ~ .... ~ '....... "";,. ... ,) ~l .. 

,'", . ' Level (F~gure 4".,1-). Ea~h 'J~vël pe!mits the same degree of ,interpiocess comrrlU'nication tQ 
( l' - .. -- • 

l' be ac~ieve'd, 'butin"a difr~rent way. The higher the level. thê eàsier it is to impl~ment and 
,~, _. ~ \ ~~ i -;' (.,~ ) -, ' l, 

\' ~i!n~ge i~~ei.pr()~ss ~ommuniCâtion. The lower levels ~fI'er inêreased f!'peed and fle;ibility. / ; ~ .... (.p.... ! 

~.'!. : ~ .:,l:.-- , 
:.:: of .., .,."-'! l , , 

.' .. ,' , ... ' The averagé ùser, woul~ confine their program developmen'~ t~Ju~ctions;~vailabl~ in the top 
... _~ ~\ ~ (,1 .. r ~., • _. '. • - ,l- \ , 

~" ' ('.; '/, two ,Ievels. Sys~e,rri'.l~Yel applications are generally implemer'lt~~ lat the T~P level. 
.7 Et' • ....- \~ ~ -- - \. t "( • 
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"\' "?' l" Inter._proce~s'Icommun!~ation will ,&lf' ~hfeVi~~ at t~e I~vel of 'the o~eràting sysi ~ ,l, 

-, 'r t~m rat~er thàri: .throug'~ 'a p~(J~rarnming I?n~o~ge. A,lthoughl"a I~nguage appro~ch ease~" -. 

: im~lem~~~t;~~i~~ oi '~o!n~~icaii?~ pri~i~ii~s anJ~i~ ~~~er~l~ylmor~ ;,~ranSp~!t1~I_e than-~~\:.-" 
op'erating s)stem. we consider it lJnWis~;àrid impractica:t to' restric{~ÎI programÔling to be ~ 

D' ... '" • j .;, 1 '-'~, '~I , ~ 1 ,A _.... - r 'h "- (' 

,/"" , '~ '\l'"!' , I~ \ " l, t .1, ~ " .. 
'~carried out with a siogle.'languag'f:! in 6rder t.or,;athievé IPC. eSD 4.2 UNIX. which includes 
A 2:f ~! I! • <. t ~.t ~ \ ,\'..' ' ~ -':t t 

{:;:. i 't~ l , ~ J, l '\ ' .. " • 1 

,Tep.: is weil suited)o 'this applica,tion as it "suppbrts- thè necessary I~Vi levellPC primitives 
~ • t ~ • ,'t, , j 1 tA 

to build a high lèvel :'communiCatiops en~ito~m~~t: . \~; '." ; ,} , '::: ~ :- ; " 
~ l, " \ :" 

" " .' Q t 
l'.}! fT· ;- ~ _ '~ ~ - ," ~ ( , ~ .. ' : ,.' : '" 

'/ '> 1 -;'The physicallink betweèn di~frib~ted devices will bé acèQmplished \'rIsing a :net-
,'\( • J '- t ~ l , (, 1\ : '1 .. "" 
,) , ,. ... 1'" '~ / v~'" ~ ./. '~ ) .. 'i.. 

, .(". work app!oach rathei than .~ common.,bu.~, ': A 1~ M~?! Ethe~f1et '{lm be, ~sed to li~ thi 
l' -. I~ .. ,." ~ l , (1 

'" :(,,\~ 'work~,cell·elements. Although the backpla~e bus: ,offers inq'eased' ~rfeed;' thr-ougb shared, ", 
~i,.! ... .. \,., ' 'J .,.. <; J ~ \ •• 

'" . me~àry and signalling;--'it repre~ents a léss fl~xi~le', ~~sigrrl ,ihé\,~ackpi~n~ I!mits th~ m~m- ,':: 
~.. ~ l'" .. • "1' Jt~ I) -< J , ~ ", 

'1~, • -', ','- l',,,~~::,, ber 6{ çonnectable~,lements. t~'ey are restricte~ t~ ~.éoin'tl0n 10~a\ion. ,~d there a(~, alwa'ys 
~ ~ l'. " ... i'" l 'f :' 1 ~ ~J ~_ .: \ ,. \'~ , 1 ~ r..:- • \ li ' 

~," '..',:, .... ',':~::-' :,',,~::.t :.:, 'prb~,ém§,'!Nith' ~ystePl integration. ~~ VLSII,p:ushe~ down the'cpst 'of equipment."if is b(i+,.-
J~ ~ ~ 1 • • ~ ,4 ( .i ~,o - 4 : ~ 1 iii • l r '} I~ , ~ ~ j,' " -

Il!' 'l':::: }, .' è6mf~~ more, practical to distribute intemgen~e witlÜn th~' ~ork-c~1I and ti~ devices togeth~r~'_ 
1 l '1" _ t ~ 4 , ",' IP 1 # \~ • \ ~ 

':~ " • ~ r with'~ ~~twprk. " " ;, -' " ',-', ,'~:, ,,1,' ,-~~-),. 
\,1' --.. /1'7 ,.\'., ~ .. ~I,""",\t.. : t.' l'-J' l r, 

Ji'": 1 ~$-J", ~~ .. 1 ()T, ,/ , ~ ~ , ... ~ ( .. ~, _~,- ~ .. }; \{ , - _ ~ t'.' '\'i 

':. !,./ '), ': .," ",_ ";1_' like ~OSt' ~'~he net~ork based dis~ri6ui'ed ~~~Iièatlons surveyed'. ''Ne fa~o~.t~~ t 
... ;,,'..:1 }!. ,'.. ' .. - " t\. .... t~'" 

:\':.:' ,1 user /server .p'~rad·igm. In;~'this sçtiéme. each host incorporat~s a communication ser~èr 
_'. : Y': that prov~'e~' ~h.e_ u~er.'wit~, set ôf cominu'nicat;~n primitiv.es which are\:i~de;endent of'i~~' , 
(,;' J:1 .. ? f ~ ,~ ~\ .. t,' ,\..,' \ \ t' ~ ~ J .. ~~ ___ \ • :l_ , ~, 

,,:~ :'. ( , .' ',:': programmif'~ language ',~eing used~ ',We, \favQr 'fI,synchrQnous mess~ge passing over ~o.~~ ': ,".. .. . , 
, :'" : }~, rest;ictive ahernatives, such as th~ s'ynchronous remote procedure c~1I or mailbox type sy's~ ." 

.. 

,1. ~ .. : • • JI'.., t ; ~ ) ~I ~ (" '.. r,' ' \ 1\ • -; 1 ~ 

( l'; tems. Utmty pro~es~es ~ontr()lIing' thtr' work-cell will reside on "differ~nt host computér 
if'': 1 < \' ~. \ ~',"(',\ -..', r~'" • • ~. 

,; " systems. IPC will be used to emphasize co-ordination of sets àf parallel' tasks. rathe[ than, 
• .( • .. '~J' • " '1 

'!;,~,~i'~ple data excha~g~. Usets will logicctlly stru(:lUre their jobs: the 'vision ~p~og:ani~ ~'will 
... ~ ~ 1> ,~I 1 1 \ 1 • ~ 1( ~ 1" ,\ 

execute on one hosto robot' progr.ams on' other' ~osts. and 'so on. With this distributed 
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intelligen~e; on·è .. wo~ld ~eipeÇt.' for ~the most part" that nies~ages transfer~ed bé,wëen~elè- ' 
'l' -,(, • - ,_ • 

m~~ts(,will bé sho~t and infrequent. keepipg }h~ amount of n~!)York traffie bet~een entitles 
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~~Yf Thus. the ~;gh., bandwidth' p'r0vided by à'~bitckpl!"ne bus foystem is not neGes~ary. 
-t. ... :!>~ ~ ..... ~I .. lr';' • ~ ~' ~ 

'~ t~ __ '_ '; ; '\ ~ \ ',.. J:: " '" .. 

<: ,T~e commu~.pation framework,.will be bas~d on the ,150:5 .Open Syst~m ln· 
i" -l' l , J 

1. ~~. • terconnec~ .;'~~~~ic Refer~ç~.:~~~dèl. '~~~ Physicai.':. Data l.!n~~ :an-~ ~ NetYlork La ye'rs , are 
-\: ~ t I~) .... ~ • _1 ~ \; /" ,1! )1; ~. ~ ~""'I ...... )~; , '\ ~ ~.,. r~ J 1 \ .- ~/ 

~~ (., 't.im~lementéd' by, t~~'lEthèm~(; .the -Trarl~port Layer will be p~ovid~ÙJ,.b1 ,Tep'; ,a 'Se~;ion 
y.... .. ~ ,,, 'if ~,t ~.r ~" ~ ~ ';' _ ~ '., ~ • ... 1 < J. 

: ~!~" "f' ': ' . L~ier.; ~iII be im'p~~ented: ',and the Pre~en[~~~,~n:,. and Application . Lay~rs a~,e i,:,h~!(~nt to~' 
".~.:' (, 1,,';':,.\1:,' ~SD4'.2U:N'X. ,):', ) .. /,"'::", .", '-"'> '~. /<,':" (" 

_ ~. Hl~ 1" 1 l , \ \~. \ '\ ' ( 1 ~ .J J' r " : l " ,>-' ,1 

"'\~ t~, '~. _ 1 ~ • ,- ~ .",11,',' 1 -'~'r .' ~ 
, ~ ~ ( -- -. .... l , " !-' ,? ,', \. '," \ ~.À. ~'~ 

.l>"'~·~I'''~ \~ "l ";. ,,"''\.'' ~ .. \\ ,0 ... '- .. ' ... ~, 1 .. , l"'· ... \ QjI \} 

, • i;. ,_: " ,', '.- ::nie !l~twôr~"'~, us~r inî:ért~è;e will consist .,'Of, ~ partial implementatlon of th~ , 
i~J .. r-' ",\. ~ 1 r t ...... \,t.."')'~ ,.~,t{ .. ·• ",... ..4'1:-' ('~ • 

!' t, ' ~'" - ~ Session' ~a~r, Model. ~ \\te; éir;lticipate 'th,at by ",'P~vidihg o.D~y" the most usefuf features Qf, 
\ ,~ .,. ~ t \. ..1. ~ \\, ~ "l l .. ,) -'- .~ } ::- _ .". l '\ , ....... 

j , '~,', ',' >~~ the OSi,:~,()del':::~: wllI, ~~hi~ve both",simplicity.: thrpugh a' 'hlgh level interface. and more 
" .. \ ~ ~ ~. :' '1 ",,' " " t 1 .' \ , ... 

" , ,_ efficient 1 pè. ~~' a dQptirig ~S,i; principles. t~~\ des~gn ca'1 ta~e advantage of the applicable 
~ '- ./ \" J 1 t,' .... ~~ >1: t ~ - • ... ï r l, 

:':':\Ispec~!it~!ions a'nd pr~~~~ol algQrJt\~~s.,"~ "',;:. ,", " 

, ,., li: ~ <. :", ~:: : ,:' <:,/, '; :;':, .,; <,~,,\ \~i;:'~' (,"~, ,',' ' _ :~'. c ~'\ , 

~ l", ;. "In, implemehtrÏig 'the" Sess~o'ri Layer~ the integritl of UNI X. will be préserv-ed: \ 
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:: . :;the i~PI~~,en~~.~~W1; ~iII: ~~t invo~~~ \ ~~,~, ~odificati:hs to th~J operating system kè,inel.' We 1 
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recogrii~e ,}~a~,.~this. ~~Y~~ave â'~~~a,tive'_~~~~t on ~he, ~Q~mul)icati~n performance c~)arac-
tef,)stjcs but' ex~ect that this will bé mo~~ i.hà,n Qffset 'by a less complicated design and a 

~ ~ t}.:.. 1 \ l , "\,... 1 ~ ~'.' • 

snortê';' impl~me~tatibn tim~., ln: additioll>acÙvity :within the work-cell is presently bound 
1'. \ ,'1'_ _ .. , ' '(1'~' ~ -. ~ i' ., 1 • .. • 

~ ;6y the speè(fof ~he robots a~~ ~ositio~nt,-devÎé~~: 'as weil' as by vision processing. In .our 
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~, "- ~pplicationsi._.~h~ rate of IPC is a't .Iea~t· 'an ~rder o(magnitùde faster' and is therefore nhl f 

'., of,'-prime cohtern!\ ffowever. we would like~ ta mini~jz~ ,the overhead assod4tled with the 
• " ~ r. P 1 .!~t • 1 ~, ~r / _ 

~, • ,~t ~I, ~ ~ ... ' • -1 >'" \' ~ ~ .\ '\ ' 
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,_~~, ,Working with ,UNIX means tl1at the .( 'p:rogramming lang~age"is thè;,logkal 
... ~ ~ _ \ _ 1 ~...l,. .. 

i" c,~oiceJoiJhe'session Layét impJementatio~' ,'Ne sha1',,~so foll9W UNIX con~éntion~·~h,éte . 
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_'li, ", ~'\" ~~ 'p'Ossible. as, for"e'xample wi~h error handling~ to maintain 'il consistent system'Jn,terface to 
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-, ',' the useC,~,he S~$ion Layer will be compatible wiik~i,l~ p;ogramming language~;~~fh~a,~ ,. 

,~ F~itt~n.: P~~cal:~ 1.IS,P Q,r: assembly. ,whose object- mod~'lè~ can be linked with C. ~,':-. :,~ 

, , . -

~. <; .:.: T,.' -è: ,'; ,,;; __ ,{"~ .J..'. - ~ 0 ' ", '", 

, ... . ,~. -' ~!:. , '37 

\ 

, '. 
, , ' 

• (t': 9 

.t.,.! 
, . 

. -, 
".' .. 

" ... ," 1 ~, ... 1 

.~ 

.... ' 

,'f 

" ,-. 



. . 

/ 

, ( 
,,:::, -

" ~ 

,', 
;:-

. 
'" , 
", 
1; 
... :~ 
~ , 

Ja'.. V, 

" .. 

, , 

r .{'t :of 

-ft> 

,\ l' 

\ 

, ~ '/i~ ~ ~ \: .;" . 
< 

\ 

> 
, > , 

• 

5 . 

.!~~ : l' M "~tf,J~ ~, d ~ 
~"'I , > >, 

'~,,_ v )t ') '"' ~ 

,;'; . ~.4 Th~ Sesslonflayer O~Si~n 
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\4;. ... ~ 1 ~ ~. ' ~\o, 4 If ( "L? , , .... l , ,,~ f 'r "'t~ 01' 

1 The sessi,?n .Iayer désign will be ~~~ep on t~e virtu'al c'ircuit' s~(vi'1' of, T CP. We 
, , (~ ... r 

expect that message passing will be extremely reli~ble .. since TC~; i,tself is a rohu~t 'I)~tOCQJ 
t 1 1) \~ • .Il ~ 

and sinq ,the LAN repre~ents a relatively noise-frêe networ~.,,>TCP was originally ~eslgned,. 
, .... - ~ \ -

f t \ , : J \ J .... ~ u ~ ·1 ; ~ ~ 

for the:l~ng-haul' Racket-s\yitched AR~Anet whichJs used to relia\ly transpo~~,m~ssag~s 
--.. \ '" - " \ t ,. ~ >( .... ( 

~o points around the world TMcQuillan and Walden: 77]. The ~eed for t~an~m~s~ion er.for· , ' 
, ' r":l _ ~ .. '~JI'1'''1 .. (:~,,_ 

déteCtiOn ând recovery proceHures" ~n addition to those proVlied':by. TCP. is the~efore riotf" .' 
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~ Th~' period ~of ~ctivity dJiing' wtii~h a c~nn~ction is ~stablished be~ween 't~o 
.. ' • :t ' ~ b ",..., ~ (f ,_ 

: \-0'; more entities 'or processes for the purp~se of èommunication is called a sessiOn . . ,The" "-
...'1 1 , .. ;r A (/. 

Session Layer provides thé user with t~e-first'Ievel of sophisticated interprocess comniühi-
.t "' ,.... ~-

cation services (Emmons at;ld Chandlè; 8-3]. (Neumann 83]. "This is acco~~lish~(tt~r~~h .\.~ 
-. ~ - \ \,. (" 1.... _(-'"- \T, ~'''' 

-' a l)1inimal set 9f high lev.el funetions whic::h a~e available to t.i~er processes te fad~tate 
.. \ '1.1 • ~ ........-

network accèss{by pr~~iding standa'rdized,mechanisl'fls to establish. manage. and''-términ~~ê 
"\ .... .!, .. 1 )" ~\ p "' ,t....... _,..,ott :'<1 .. ," , 

the communication services provlded by thé Transpprt J~aYer. ,':1" -; -~;:-< ,,:. . ~. 
.. ~ 1" ,1- Î (,. : ....: :.: 

.... Il 1 ~ ~",r. 'f\J," ~ ~ ....... 
p " __ l' r J"'.J' IJ~I1-

The basic fun.ction of the Session Layer inclu~~: r- ,~,~::,;',. ';~ ,~~ 
; t r t.... • oJ ~\.. " \. 

• .' ~_ '.\" ." ". >,,' J ,( -

, ~ i r • r .. :" ~,-.J;J~ II- .. .f ~ __ ~~ __ :'.,~',', 1 .::, ''', • " 

" ....... , 0 ..... ,-" ~ ! ~ ... '.... ~ ~~ .. '" ~ -t .... 

. ~~ m~ppiog logical Session Layer acÎdresses oilto Transp~ri Lay~~;'3,ddr~ses: :;'" .~:'"" .'o' ~ - 1 

r. ~ ",.,J ~ " .... .., 1 • 

• ,/ ... -l, ( '" ~"' "" . 
, - J... \- l ,- (-~ À;l~ t..' ~ 

• J r r...... .. .J 1 ' t"~ • ~_ ~ ~ '... ) , .. f 1 

... ~ J .. l~ i.... \ { .... t ~ l' .... '.......... ': 1 .". 1 ~ -t '1 ,~/è 

• provid!ng a'me~ans fqr user lite progrélfns ~o b~~host indepênden~~, t';:"~ ~:" 
... - \ .. "\ ~... ' ~ ! '.: .1 ' ~, '''1 ri .,-

'" ,.- ..... - --\ 

0( ,.. t" _ ... *" • ~~f .... .. .J"~,,, • It ,. /\ ... ' -\0. "t 

- ~1.,~ •. è~ablishing and terminati~.,.ipç~~al links ~~~eeri,:~!,~1tl~s. and c~,:,trolli~g a~c~ss to 
1., _) :l d~ .~()' , " _~~~ -,7:

y
:< , ,,_ '" q- ;;~' .:, /' 

".. ( ...... ~, ~ .. ," 
.,1"": ~ _ ,"0. ";-IS ,VI~,-:: __ .j. / 

, ..... -;;- ~ 

., ... ., 
1...). r ," . '.: 

• managing ,di~logue over the established links 
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.. ~ .. 4 .. :' '" .. ~ _ ~( , ,«( \ \ .. " \ 
, ~~ ;- \ ';, '!) '1 t ';' {-J: t 
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of l " \" ,$' " ( l , ..... 

. ,-.:..': >\ ' ' .... , ' , ,", ~;'l" è,_ (" ; \' • ~', " 4 A,- . ih~ ~e,~siè;p Lar~r pesi~n 
, :' -";. ,'fé; :';' , \1" , '\ r:: ;"". (\,.:.~.:" " ~:-:: ".'. '. '," .. < \~ "......~. ' .. >," " "," • 

'. • ' ':,~\ . /, \,'- •. ·,~i,Q~i~ing a'riie:al1s·~of. Ploé~ss srl1chroniz'atÎon.'~ : .. "'r.", -:' ;: ~' :' 1.' , ' 
.; "j'( <{(\< {\c, ,l- I~.,\\ .. r_.~~-,./' ,1\ , .. tr "V-'I"':"'~~~"'~_.G<: -1' 1\' J/I~:~"'\" l,.;, 

, . '. ; ;', '( '~.,,:'. :;'.,' i}:'; -:;........, / J ._"',"'~~ _ (1 __ ·,t','_ .... • ~" f t" ~ , \~ ""t~ r ,It'J'~ ~ 1 \. /_; ,:' , .-l 

7 .{ ! ,ç ./ /, ~', ' _ ' _ " ~. .... '\.' :~',' ,1 _~, r, ~ '" 

:' .. _.~ ~ 1: .. '~ j.' ~~PP~!~t'g etr~t';~etection ·~~d'·~ec:overy <" ' ,,',. ~.~:-

. - \ ' 

,\'\', 

" ' , \ 

,. ',~,,' ;- .... ::,' ',~:.' ~~~{' .. '~'("". " -::.~:.:.:~.",,:. .. :;~ :,"-, : .. : " , \, .' .-' \"> \ ~',V ;., <:.~c.. .. ,'~:.~. 
:" • ~'. ;' '. F~!:, ::-'. ,~_ ,-,~ ,". _ The S~~~)~n GâJe[ hides thè.k>w J~vel ~speS:s of:comm'Jnicaùon f.r~ -the ,user: .. - .--, , , 

{ .. , ':1 .. ~ .. Je - ,1 1 l' l ,,1 r' _.... 1 J.,' J ,1,. • /, - - ~ t..,.. ..... - ~ ~. ,~ \ _'.) 1. \ t \:r ' /';- ~ ( 

":: __ -,'::-~.' ''', ':~ ... , ;~pp~~ringJl~'afai:~(:~~~ ~~it_h:fr~!«~r~.c~~~~'·a.n~ acts as an int~r~~iary-in excha~gjng 
,\ >~"> ';, ;(, ~ ~'.r~ess~gës·. 9~~': $~-~i~~ l~e; i~terf~ce 'COri~~~~S -ôf~t?rn~un~c~tion enèlpo;{Jt~ 'a.n~:Jlink5 be-

::~ ::'~ ~ ,"> .:. J .,'.:'iween,~~ end~'ornts--" ~n'~I1'~poi~t -is a Sessi~~' L~'y'edogiCal-t~p on the n~t~brk wh~h' 'i~;., '.". 
l,'\, J r '1!'_ .. :..t. ,'" .. \ 1 ... ',', ' .. , -' Ir ~ ~,~,- ,.... 1 -,'" ~. t ~ ~ JI ~ 

/, \, i- • ~. ><:i.lnrquély'assoCiated'Wlth-~f·usêr a~slg-neiUI~rile: -'U~è'usét references endpojrits'by specify-
_, .'1 j ;-,'1 .~-, M ~ -~"r· 'I- J

,;' ""': 1,- -:;".\"'.'..,~ : ~.,1~'\-CW-:~J~'_"''''-__ ~'-'!'\~''' --;1 rt<'.lo
b 

~ ... ," 

'r '. ';- .' l'.~ _' /" ing only' theÎr 'logical:'J'ames; links arè-referenced·'by pa; r$ ':Of ,m~mes. 'dentifying sq,wce-'ând' 
~,'" ( 1 Ij! .... ,..:...- ... __ .. t, \ a.::'-' ___ ~ ~'\ ~_\ ,;\ ,( ~ " \ \)1 ~ .. -< l" .: 1 ~, 

,:~~ :" destina.tiOn.'_~r'ld·poi~ts· The ~.ession Layer translates- the 'togtcal name,S jnto physiéal net-
. :; \ ~; ~, ~ ( ..... , ,', .J' ' .. .. _ l ~~ J ..' ; 

\' _ .'., ._ l '-work addresSes. w.hlçh .a-ré's~~çJ,~l1y ordered concàl.éf.'tatiQn,s of host'-~ddresses and network ~ . 
,Jo < ~ ,........ .--- l' "1 r, -.,. ~r' ~ /' , , .. _~ - _ \ , /, \... _ =-_ ' 

~ ~- , ":;~~_~ , ;:~ .- : pprt < iQehi,ifier~':", rhes~' addres~e~ '~re. ~xpre~se.d i<~' a st1~dàfJi2edJ9tm pr ~xternal data 
, _... ..> \ i, " .. '_ 

",<.;. ~èpre$~ntatiqn thaï' is '~ecessary for, difTerent' -I~hgu~ges. operàti~g ;ystems. ancf7maçhine' 
-", .... ~ . .!':' .- l ... ,. " _ t" t ...... ~ ,> ~"'" \,. ~ ... ~.' 1" .4._ ..... , '"-1 ~ r \ .... '/" / \.;- '10 '" ' t.... ........ ~ ,J _ -+ ... ~,.. ..... ~ ... , :.': ~~ .. .' ", 

J". ,..".-. '~( architettures tp be abte'to 'COmmÙ'nicate . .:It is the"resp,onsibihty of.'the s'es~lon :f.ayer and " 

. '·-0 ' _. '~~":,' ~': .,"; ~~~-, ,:' -n-<?t~ ~.~~ i,;~te;t? ',~~~~îf~ :Ib:~, ~'~~ich ho;t '~~" e~~poÎ~i~~,~'~es:_ t~~ user~~~t; l'h'~S~_,~~'',i~~~t!fY ; ,1 • 

~.; , .;" l' ! ' r :' ... r ~. Il' • -{, ~ .. 1 l' l' , ,-_:-,-

, :"':- ',-, J., '. ,t~ e.I~~d.M>in'rs logic~J ,ti~,ru.e. Af} important cons-;quen<::e of I08i9a~"ad~'essJ~g ·t.~is;· ~s t~~~t'~.' 
,_'I~";'p! ~'" : _ ~ A' ,''''\ ~., ".~ t ' ~:,' (":"" 1 ~ l ,~~J. M -~ ,,, , : ~), ..... ~ , ~-::: ~_ 

--: -" ;' , > -è. ", ,macntôë ingepern:rè[lc~ of Session-·Layer'Q.roce"~ses. is supp,orted" ., r ,,(:'_" /" ~, _ 
'-'::,. '::~~ __ 'J,,~-,.:,~/"'.',·I. ""~'\:~><~_~~::,,~~,,,,:~~,;' ':'~~-~ .::.::,:,,:,:~/~,:.,,; .. , ~~"'. . .~: l',. ,.,.': <-~'-'-:;','-"',' __ . 

. .~., -, ;"::r: ":_,,::;,~:.: ,:;~,è~âU~è ;t~e Sess,i~n" litYe{ m~~ages diàlo~~.~,.~eY"t~.e'Jinks. it',cari b~'us~ to l' 
l "\ f ~ 1 .. ~ .. :,.... .J ~::: JO ...... 6" • .ï",,~? r , " ' • • _~. '1..., 

___ ... -, -'-;;,7, '. s.ynchr~hlzè êl1tiiiesl residipg. tri ,the P'rèsentàJlon ah d, Application lay~rs às ~II as in us~r 

'~::\,;;~~ :\;~~ ~c :-"',~-; .~:~f~grams. f~i~:ls ~~SS;!i~'.~·1n ~~~rdl~~ting ~â~ks;~~1~~io :t~~ ~or~.,~;Il: C '-. \ 

" .:.( .... 'J ~ -..,', i ,.1> ~ - '..... ,,,).. ,"',~; 1 / .... 1...: u, 1 ;~ • 1 (..\ ~ • , \ 

1 _ .. _ •• , " ..." ri ' .. 1 ~ ~ .... ~'I\ .le \ .. 1 f~.,; ~~ - 1\ ~~ r _ 

JI ... • .... 1"):1' ... ',' .. l • ~ • ';. ~ ~, ,J , ~~ ~ • • JI: • ·f 1 • 

f:: .. ,- .:' ,-( -, ~i ' \:. -: ' • ,." A ~ece~s~:ry funct~~:,~f\ the Ses~ion L~~.~~ 'I,~ ,:r~;!',~e~~tion 'a,:.~_j.~o'ver{ both,.~ 
1:'::' ":""J~"C ,':;':~; ~:-?'~ ilnter a~'d.~intra ho~t ~rror ~~,~~;i~~~~. must, beo consi~~~~(??r,'~~~ple:::~hè' Sessi~n ,layey 

:,' ~c '. ) " :'~;, mus,t respond to thttloss of)â.h~st,:~rT !he rietwor~:.so thadinks .to:ttr~t- hcist mai,~ c~refuffY 
,.;;.-- ",,) " '\, ' ri ' " ~ d. " '" " • J 

~'"' "; ( , '-, .... ," .... '. l) ~""..' Y"I 'J.I' ",,;(11 ~". 

,':;:, : term,i'nate4 while corit)nûjng'~tô manàge,Jcommluljeation arrt'ong the'(~maining' hosts. " 
....... ~~ "\ i 1 \ 1, .. (. ! 1,1 '.. J __ ~- toP \ t 

.u ,',~~-,,:,,:,':),,~(,/:~. ':. :>,)~~;_'-: ',~.::,:":;" :;;:,c.',",',~,· ,_,,:;.-; '-'t-~j,-.-::....:.,/;, ~._',. -

<":=-.• , _\_;'~. ~,~"'-". - ~'~,\~~2 /}~ession Layer A,~f:h~!ec~~~-.e.~', ,.:.-'::r.<_ ,.1 . ~ ~ ::~~~: .... ;>~"~, ";:'~ 
.... \ ~ ",:, "l' ',~"':" ~ _"",~', .,.;.l.--__ tlt~ ... ~: ," ~'J~,,\ .;: ... ~\ ~.' ••• -~t- ' 

,.!I. \ t· ~ ~ \ t '~ ... ft \ 

(·f:."', '~I) ~. _.~ '1.' • A f .. " ~)'I :;J, 'ü 

The >~~~~~~ Laye(~~ru~~urè -01'1 :.~~,êh ',!~~, is 11j~r,a~d1~~ly ,9~g~nized into two 
./'J.>1 ~ } ~ , t'll' ~ • '.... '" ,~ ~ ~). '" j J, 
'-1; ",\ ~ X 10iI ,,(t, .,l-. -::~. ,.' ~ '-- d r ~ 
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:~ , . ,." 4 4 " ,The S.ession layer Design 
, \ "\ \ ~. t. .;:1 \ 

" \.. , ',- .... ~ t r.., • 

ti~rs: \he top ~evel IS occl1pied, by an Admmistrative Server a~ér the lowe,r level by D~alogue 
,. d ~ ~ • 

,- Senier. The Se,.ssion Lay~! i~, complemented by a set of, Session Layer ~ primitives wh,ich< 

are li~ked to t~e user:s application prQgram. Tbes~ fül1ctfOri-g-'lirfèJg~ the, se;vers an,d'user,' . " 

processes. 1H0vÎding the us~r with a means'~f tre~~mg and deleting end'points. e~~,ablishing , . 
and termin~ting f:otnmuni~atiott links between, endpQlnts.' and tr~nsmitting and receiving'., ': 

1 ~ ., , ~ ~ 

messages over those-J~n~-s: The Administrati~e ?er,!~r is responsible tor ~anaging ~d~)I1!~ 
- ~ , ~ -

,while the Dialogue Servers link thé endpoints and coordinàte dialogu,e, over the Jinks. ' 
" 
" 

" 0 

~ .'~' ~~; ; 
The Administrative and Diatogue Se.rvers as weil as the .sè~sion layer primitives, 

- • ~ 1 ~ '" ..... \ ~ 

are discussed below. Additional technica~ dètail~' can be found in (G.a,l;Ithier ,~t al. 85) ... 
- '., ~ . \ ", ~ 

4.4.2.1 
. ~ 

Session Layer Admir-"istraiive Server 
l, . " 

,1 \ • ~ , ,~. - ~~ , , -
The Sesston Layer Administrative S~rver rs responsible for i!1anaging êndpoint ' ... , ....... ,. .' 

information. This includes' mai~t~ining recôrds ~ of :curré~i·-en~po'n.ts and sh~ring this i~-:, 
formation with servers on other hosts. In addition. the Administrative Server keeps the 

- ~ ~ .. ~ , ~ ' . 
-Session Layer viable through int~r-host erroi:, detedlon and recovêry' prôce~u'res. 

_ _ ;.. ·" ... w .. ~ ..... 

", ' 

J:. 1 . , . 
:~ ~ l ~', '.. .. '. 

, .--~" ~ \ .. ~ 

The Administrative Server maintains a table. which is used tei map user 'speçified 
- \ .. (' - .... ~ \' .: ~. . .. :;~ ~ 

I.kal names to "port identifiers of pa.ssive soc~;- :This table makés the port identif!ers' 
~I ~....... : • ~,' ... ~ - ~1 .!' • • ~ 

of p~sive sockets availat>le t'o .servers across,ithe nètwork: allowing the user' to ':ia'entj{y ... .'. ': 
l'ri .. .: -0')., , ,,' 

'-, .. endpoints by their na~es ~nly. Th~ table rs\ ~~dated through the user program hy' èi~h~, , ' , 
, ., .. , ... ~ '~( .~, .. \ "'", ,~ 

é:'ppending descriptions of newly created endpoints .or deleting those that ar~ no lo~er' '., ' '" 
.... -':. .... .., -, " 
,~ J ~.. l;. 1 1 

.~~ded. This includes re,,:,oving ~nt~ies created by user processes that have subseqti~ntl)":~ I ••• ~-. , 1 

terminated. The$e table ~ntries .. which ,\!'le call~'abandoned·. result fro,:" the ~ser proir~~;' ~ '. ',>1 
..... , ~ .' ~ 0 ~ T "1. ' _ \" 

. a~orting unexpectedly or terminaling ~itllo~t first having removed endpoint>;de$criptions ", 
\. ~ , 1\ ' • , ~ 

from th~ table. Upon termina~ion,of a.~~ocess. any aS.sociated Tep ports and opên'~soékets 
, • /, ~ r~ 

ëire freed by the operating~system: the corr,esponding. table entries must be r~ove~ by the. , ' 

Administrative Server. 
-, . ., ' - ~, 

1 

,i.. , . \ . ~ ~ .. ~ .. , 
• , ,. ~ l ,.... .,,; .. ........ --

/, . .. ~ ,oJ ,t ; • 

Separate Administrative Servers resÎde on each network hosto Thioûg~ intèr- . 
.. .... '.. ~, l..~...... ~ J Ir .... ' "'-.' ... 

~ r server communication. the tables are maint;tined to be ideotical. each COl'ltaining.'l!nttres 
, ~ .- ". 1'" - - .; '] •• ' v •• •• ~.: 'j\ 

, . .: .... 

.. 
-, 

, 
,- -



'1" ,,- ,-, ~ 

1 ~~ "':1 , .~~\:..'~ -," 
i.'~' f~{ 

• 1 

;: 1 

. " 

" , 

.' . , 

h' , ~ 

.... T ~c Sei~f.o~ la1tir:OC!ig(l ,'. " 

for en~points across the network. M~lti~le servers off~r sPéel and ~èd~~danct~'which h~ps'-:.· 
" ~t ~ .... • l' ~ .. \, .!-. 

:"g'ua~d thé Ses~ioff 'layer against c911apse 'in ihe event that a host' becorru~~'I~os.t i~' thé ~" 
.. , ~ ~ -!.. ' , ' ~ • • ~ ); .'" { 

-,' rietwork. that ", i,{ it c;iàS,hes 'or 1tS net\l\fork mterface becotnes J.s~bted\~: :the S~fvel'5 also " , 
~ ~' ('1 • \ ,~ • ~, 1... ." '" • ... ...._ l'''' ~ , • 

. excha-nge.1S~~iori làyér :~iatus informa'tion' and therefore play an ifOportant lc;ili! ln 'errOf -. ' 0,,-,: 
;.' { .... 1 ~ • " ' 

rèco.v~;f p'rOèedure$~ . :':', J "" ' , ",'.', 

',' , , 
> ~ \ ' 

.. \ .s.(l h 

... ..j --. ' •• , ,:_;t~~1 .i ~:: .. _ ~ __ ." ~ ~ ~ .. ;. .. , ~ 1- \ 

... : , ," '!:jgh(:dâ't.a, ne~d~ 'ar~ .required t~ c~ml;>lèiely describ.e an ~,..try iO 'the s~ssion. 
~ .~ ,. ~ l'/ \ ~ ~ ~ t' !., , • ~~ ~. ~ "'" l:J.... ... \ ~ ').l~ t ~ t. ... 

, ~ :,,; /là.Yër·.AtJmÎt:ltstra~ive ~~bJeJF!gule 4.2). 'The server uses the !irst th~ë:eJieJ~s.of 'th? table,' \ 
-1 ,~ .. ~ ~.. L- - ",' _."" ~.. • "1. l , 

" :;:, "/,' , t~e logical 'n~rm;.':ass,gned to ~he endpoint by t~e, user' proce'ss. '~h~, Tep port 'number 
~ , J ~ _ -

assigf'~d' by th~,oper'atiitg sysü~~.: ~n~Hhe n~me oi the ha"st on which the: éndpoint Jesid~s. _ 
l ':~. ~.... _ ' _ _,' \ _~ : ... "\ _.~, .. ': ' • .( .. -

\ _- 1 
11 l t~. map';the., name of an endp,oint 6nto its',~pçket address. The soéket address ÎS: the . < ~ 

- '~',.i "~çonçaten~ of th~, Tep port 'nùmber with the host's 'lT1~e;net adqress. w~ich I~ derind 
~" ,.. 

t 

1';.' r>" 

. ' 
\ to'; - i . 

' ... : 

J (t~ .... }~\ ~ ..,<.1 (-. , 

thr,ôùgh a system cali 'by 'thè' server based on the host' S ,name ' . 
f ; "',\ ~... • ) { .~ , 

, 
"'-;, ,. 

The fourth field of the table. the us~r identification: spedfiés .wllp.:oWns the 
.. ' .. .. ' ... fi - 1 ~ r, ~~,. ~ .. ; .:. .. .!" _H:'. • • , 

..... ' ' - ~ :­
, . 

1 .if 

- endpoint: The, motivâtÎon for ,ttllS' ,will be 'described later. . l' ,'. _' : ' " " 

~. 'i,.. ~ t'''' ~ l ~ ; '\ , • • 1, 

< t ~ l .. 

ln maint,af'riing the,Administratlve Table. the server is fesPQ~,s~I~' f~; ~~suring 
,1 , " \ ~ t ~ • 

·tha~ ;ab~ndonèd:>endpoint ent~ies'~re deleted, This requires,the indusi~~',~f~he next'two 
~"\ _ 1. è • ,. ':.~ ~ _ .. ' .,.. ~..' ~ .. 

, " ' ,: :: t.able fields: the id,entification number"o( the p'rocess that èr~a.ted the endp<lint,: and the 
, • ~ ,~ • • \. '" r _ 

.' , 

':e\1(fp'~int typè,', The end point type lllilY-' bé ~i'ther reserved. which identifles'a 'pèiman~nt 
~ } .. ~ ~,~ - , ' .., ~ _1 ~ ~ \ '1- • 

, ' '~~dp,~intl: :O.r: ,Ùs'ér. wh'ich-Sdentifi,es a 'endpoint whose entry ~hould be removed from the ' . ,', ;': '!;' ':;.' :. ,; :, ..,"",' " , ~ . , " ," "', ,\ 
"c;.:~:. ,~-" ',. l" ", tabJe when Ils 'uset'pr,oc~ss terminates. Reservee endpoints are intended to be 'assoc,iate~ , 
' .. ! ~ _ : ~ ",:-i ~ " , .. _, ' ,~ , ' • 1 W', ~ ~ • _ ~ ~ ... 

,~ , 

,~ ; 

, . , , 
" 

, " ".: ,: witfi ,J>r6~s~~.,~·dnt~911i~g ',~or'k:"~ell ~tili,ty, m'9dulès. FOl exaJn~J~'~ assume thar'a sy~te", 
"",l '~~~,., _ _ .. _~" .. '" ' ,~\."'~. ~,~ 't.',~.~r\..'··.~ '1 l' " ""-..... 

\utjlity proCêss exis,ts' t~at ~~!'rols an X~~,st.age: ànd'its 'en~poinrs',I()gical .lame j~ st8~'l. 
)" \, \.' rI .. \ ~ .'~'" ~ - '.. .... 'f ~ 1 ~ ~. L \ • ; ~' • -.., 

A u~èr, wciJ/!<i' sJmp~y ,e!?~à~!ish"\~ 'ton~eétion fr~m: ~~e 'of: ~h~ir prOCès~es, to s'tagf.1: an~,: 
.. ~ -.. ~ }.' ' ·1' • ~f ~..'" ~ 

li' .. :' ;~, ' C(wt~qJ th,~~~t~e ,by .~.~~~ing a~~. feè;~iyin~'. ":,es~~ge~' ~o a,n~~ ~~om i'l~' ;', . ' , , 
, .... ", a - f : .. .a. - • • '1- ~ -... • t. -, •• /, 

- • - ,\' _ f ....... ' ( ,,_ .. ,. .. ,"r - "'.,.. ~ .I,"',.r. _ - ".: _ 1 .... 1. 

::.' . Thè: .. émaihing two fields àre:usëfti1 oilly lb the'Adm'imsfr~dve Server. that was' 
~,~ ... ,-1 ..... .. ;;-, _~-.;l :~')~ .. ' ''.K .. '' ~<"' .. r.-;~,h: .. '.,,:\" ': __ " .1.,4"" .. ~ I •. ~ 

in''{olved if} the creation. of thè endp·oint. . Ttlesè,' fields ... s~i.fi, the prôcess {dèritifi~ation, , ' 

',,- " :o~~ber~ ~h'~'~1)i~I~~{ Ser\;~;:' if ~hi'd'~~~e56' of~t~e Adrninistr~ti~e Sfl;~er' ~hit'h' i's' ded- ~' 
,,. ..... ~ {_L:: \:", ~.~ . .. ~ f /_ .. ~ • ,~ • • - _ .... ' ... '" ': • 

, ~ , 

,. 

. ' 

.: _........ " '\. ' . ,l:' ~ .. : "I , -' 
, . .. 

,_ l ... 
, l 

:. ~ , ~ \1 " .... " ' : 

-J., '1 
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~ 

:' 
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~ '\" "".' ~' J' l r~ 
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"., " ',' \4,4 ~T.he,Sess'io~ layer Design' 

~ .... ~ ,f ~ , f ~ 1 J ~. 

J , 1 - , ~ ~ • .!' 1 fi 1 \' ... , '" 

,;", r~oordinating' diil!6gue between endpc)'mts. An exar,nple pf ttle Sèss.i<>n' ; Lityer architëcture 
.. '0 ~ ~ -~ r t' ~ :\. .. ~ 1 

" '_ :<J, d~pi~ting an";siàblished session ~etween a user p~~~~s and ~.sy~'te~ 'u~mty proc~s'~ ~v~r 
............ , ~.' '... ~ ~ h ': ~, :" ..,' 1"';j ~ , 'l' ".'. '}" l~. '... , 

:' '<", av'tWo ho~t network is .~~0Wi! i~ Figure 4'.3. :':hJ!.'éx,dl'ang~ Qf ~.èssa,&eS 1S ,~e.dià~e~.by the 
", '" l ".;, ....... :... ;,~:' 1 ~ ~t .. 1 .; 1. \ '1' • ,/ ..... #', ~ 1 -.). t 
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..,;: 1 ~ ".. • 1 

clrcumventing the Sessjon Layer' af\o' miXing lower lev el '1 PC~ .f.unction calls with ·'Sessiàn 
0- ",', • 

Layer primiti~es. This rnight be ne<;essary in "instahces wherë the speed of the SessiDn ~ 
• ,r la \ 1, ..-.. ..... 

• ., ~ s • - \..", '\_ "~.. Ji 1 ~;- ~ ~ 
Layer service 15 l~sufFlclent. -} , .~ . ' . , , 

, " 

Some .of the Session: Layer functi.ons 'must adhere to p;'~tDcols tD ensure thàt 
,. '" I!,,) t t 

the ~~1ipus servers' -tables' residing on dlffer_~l'it hosts are prDperly upmtted and deadl.ock 
,1">. \ "', fç -

situatiDns do \'n<;1t .occur. These p1otocol~' a~~ a conseql,jence ~f the"gel;l"eral nature of thé 
J _ "\. :' 1- .. -"{ ~ ~ " 'J ~~ - ," \!~ , , ,.' 

" Session Laye'r- and are part of tHe pènality that' must be paid when' sùch â general purpose r • ' 

~,' ~: . ~" ,.. ~ ""',' .... 

architeGture is ad~pted. lit àpplication~ such as thls. m,aster/slave PilraéJigms are often . . 
, \ • '\ \ -..,; .. , '_ ,,", r _ .1' t.~ 

.. employ,ed: D.epending 01'1 the situation. these pr~to~ols may be symmetric or::asYmmetrÏt. 
,,'" ~ ~ \'.... ~ ~ ~ ~ - ~ , 

ln a s.Ymmetric protocol. either 'Side may be ,the master vtbile ln an. asymmetri~ p~ot~ol . .one 
• '1 '';!, -.. "" - :- ,.-

sid~ is always thè master. Ir~espective ~f the symmetr-y 9f the masteJfslave mo~~i. ,ther,~:' 

is alV;ays ~b .él.Symmetry in é~tabfishing 'the initial conlÎe~tion betweeri\~e tw.o pr~c~sse_~,'~', 
~ • ""f ~ -~ • " , ..... 

\.., p • ,- ~ , ... r" ~_.. t '; ~' " 

Under UNIX -4-:2BSD. T.ÈL.NET.is an example of a"'symmetri(prot.ocol whith is used for, .-
"\ ,II' l ,,, - - .,,.~ '. c "' 

remote terminal erbulation. FTP is ~n::example- of al} asymmetrié ,pr.ot.ocottti~t I~':;u;;"ed f~r:: .~: ,1 

t J..... ".. ., -r 

file transfers (Sun 85}. ,",' . . ',.;," ,- '~:", ,: ~ 
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The Session Layer functions can be 
J ~ ,1" 

4.a.4 The Sessi.on Layer Functions 

" 
tJo. , .. 

dividéd int.o three::classes: initializati.o,!, " 
1 

,," routines. mahage~ent Joutinest and termination r~utines. The Session Layer functi.ons"" 
11 \. 1 ./' 

and their '-associated paràmèters are summarized in Figure 4.5. A sample application of the 
1 ~ ./. ~ ...... 

Session"Layer, in whkh th~ee pr.ocesses communrtate . .over IW.o host c.omputer~ 1S pres~ntèd 
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"/ / '~-, '----;----se-;,SiOfl Layer Functions :- , :.1 
~;'; ( Funct~on Narri~ 1 . '"~' Parameter~ ,':" 'z ~ : t 

~: ,! IJllt:s~s;on ,,!.--, -----'·Iist gf lo~"car'n\: ~~~§' - ~ 
~I ,,; -

i, ! çreate>.:endpoint '-' logical na me oLenapoint. ' 

• 
" ' -/ 1" 1 

$ ..J' ~ 

l 
" , 

• '. " 
i 

( 

-' 

1... 1 ~ ,'" , ~ ; , ":: ( , r 

, ", -: maximum numbër,of connections to eridp~int." . 
,~ '\ _ .'Î '~\ 

type of €n~point; reserved or user 

éstablishJink listof destin'ation endpoints to lirik to. 
: -" ..... /... ...1' ... 

- list' 'of mterrupt ~rvicê ... routi~s' :.' 
/ " 

"lIst o(destin~,tioh 'endpoi,À~s to s~d to. 
1 v j.( .. , " ~ .. 

"'u " l)1.essage'b,uff.èr n,am~. .,' , 
...:.\----~--!'--.--,+_----_.:......--~..,._:...__=_+_-.;.o:_-_;;___=-_1 

; read,m'sg "9 10gica,l.'~àme_'·0(sàu"è~:,endPoint.;·;:' ' 
1 r".t.. ' ~... ~'( ~...." t, ( ,~"" .. 

~ '~J - .~message' buffer .nàme -, 
~. _____ ~~._~1~'~1'~ _______ --!'~'~~~'~ ___ ~'r-~' __ ~ ____ ~'~ 

, , 

,"" ~;' delete_endpoint 
l _ ... ,11 ~ '".1 

:~., ~.. ~. :: , ;~ ~ ~ . /' . ~~ 1----

: terminate,li'ok 
~---r~ t 

list pf destination logièal na~e~ -

, 1 
" , 

\ 

.,~::, :~e~it.seS'SiOh, ,:', . <".~ ,"', ," - ~,_~' IL 

( '; .: ;' : :', ):i~ur~ 4.5 -(he s\ss~o~,~aye;'ftJ~ctions 1; ~ ',:" 

C '}"'~' ,.:;';:~. in ils tâble;'are';~r;lique aér'os~~ the.,etwork. The dùpli~ation of logk~1 nani~s ~~ a result of 

r 
\ l..{' 

1 

" 

~;} \ " ... ~ çr 1. 1 ;' " .. - T.~ ..... -

:. " ~'t : 'conc,urrel')t actions by distihctrser~ers must also be ~vbided. The following prdtocol achieves 
t,' '\ ' -
l, '.i th!s by est~b!~shing a Imaster-slave relationship bet~een the Administrative Servers. 
~ ~ ~ .... j. .. 0.,- ~ , 

.' '~~' ~ , " 0" ' \ ,l, 

\ 
\ 

. . Pri6r to updâting its table. the Administrative Server ,broadca~ts a message t'o .', ..... /' ,\ ~ . . 
1 ~ thé:othe! ~,~rvers ~questing permission to perform an~uPdate. The broadcast is i~terpreted" 

rw J ~ ~ 1" \ '... \'. t... ...... '/ ' 
by the rémote Servers al) a ~emporary black orr- table modifications. ~ Thê Adminis.trative 

4 ~ .. < \ • 1 

.server i;t:Q~S :n~t .pro~eèd ~ith the up'date until ait' qttier Ad~inistrative S~~vers have'ac-
, 'lo; '1 l' ~ t..~ '" • 

r t' - .. 

, kÎlowJe~ge.d the request .. Provided' thàt'the logical nâmes specified by the user are unique. 
- \. • l f ' 1 1 .;; ~ .. 

~ ~: 1 • " 

" partial entries s~ecify,ing the logical name and the identifications of both the user and the 
~ "1 ':1 r' j j 1 :' ~ ~_ l • 

:" ,: ~o~~ are ap~~n~.d ti) t~.e, Administrative Table. The en,~ries areÎ,atèr':'completed thro~ 
L' c ~ ~ j r.,. • 1 • .... • 1 

-'; ~ ~J.;.vitt;'lhe creàtè ... endpoint cali. The modifications are, then broadcast t'o the other servers, 
~ f,).· " ,1.' ... t'" t ~ ~J --'"'\ \ '\ ~~ \ ,. 

the remote tablés are updated and the update b!.ock is' lifted. ,,: ' 
~ \'1 :.~ ... t ... \~> -, ':o~, 1 

';1.... ,f, j 
rl~};- T " j -; .... '~ ,', ! Il. (t: ~ l'''~ J t, j .... 1 .. Il' .. f ' 1 

.<5', l :(1 ~"\\ ~~:t;àch server has a predefined ruiority whic~ ,i~,:~sed tOlesolve deadI9~,~~: This 
.... l'. , .. }\. .i,}\ ':: r'. ~ \:-~.:'" ,r 
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priority is known by ·all other hosts in the network. Should two or niore se~veri simul . 
.," ., . ~ L: \ "1 ~I .. .. 

~ taneously broadca~ a request for permission to perfQrm an updàte'~' the 'Servers witb the 
v, ~. ) '- ...... 1-' _ ~ .. ,.... ~ 

. ,: 'Jo~er priorities will déJay théir ~equests: Administrative Servers receiving table update ~à'nd:: 

1 _ 1 -

ÎniLsess;~n rèquests. while ,a block on updating is in effe~t. 1 butter the reque~t~ until th~ ~~ 
: ..... 1~' 

I)lôck has 'been lifted . 1 ... 

. ), 
• 1 .' 

... 
The:pr~tocQI is most effid~nt when several entries are appended ,to thé Admin-

istra~ive 'r ~~Ie with /-single iniLsess;pn calI. J Once a sërver becomes the 'master. it cà., 
-, " 

",~ke ~1r6f its additions and the Ad,ministrative Table update pr~tocol isjnvoke~, b~èe. 
~ Ir Jo' ~_ - 1.. '1 ~ - 1 .!! 

., 
, 

" " 
"., 
'r, 

, _ x ....... { .... .l 'f... J.. 

'Endpqiflts not ide~tified thrôugl'l init_sessi~n are injtiâli~~d through create. endpoJ{1( ~na ~ , 
(~ w \ J' .... /.... l ~ 

t"e .upda~e p~otocol must .be perfofmed each ti~e freate.ehdpoint is called: this iRcrea~s';~ \ 
, ' ' '" ).. ....... 1,i 

the s,esslêin Layer' s in!tialization t';fT'e. \.1, ',' " '~ ~?,-. 
, '1 , .... - ~\ __ !l,'L.... \ 

1 - \ ~ " ... 1!-

- -, 
-
1, .' ~reate_endpoint 

" , ' 
\ 1 - ' 1- 1'\) 

'. ., , 
" 

-~ -... 

This routine creatè$ a single Session [~~er endpo~t., The ~sé; ~;ecifies, th~r, . 
~ -(',.; .... ~ '" '!} f, ~ t, _ \., )_ ./ 

logical nat]ie -of the endpoint. the maximum nun;,ber of connéctions that can' be aÙepted 
1 " 

k _.... ~ r . 

at the socket from other endpoints, and ,the' type of endpôint, eithe'r ieserved or ltsel:'; 
"',J ~ ., • r 1 - , 

~ ~ ~ 

Users may specify permanent Admini~trativè. Table enVies by'- d~la'r:ing an end-' 
l, l, - r-

1) • ~ \ 

point type of reserved. otherwise it is of t~pe usér and ~ày be maintained throughoùt 

~ .( < the life of the process tfuÏ~ called its crea~io~ .. ' Resérve~ :Iogical names ar~ intend~d -to b~' 
, . , 

" 

)" 
) 

. ~\.. ' 

, . associated with work-cell utility processes sucfi' a; controlJ.able st~g.es. sénsors. ,or lightiflg . 
• '" 'r.. !, .' .. - -

~ • ;~;~" 1 r. -

\, '.. ~ ... 1 J '\ 

. When a process calls Cleate.e...ncfpojni: ~ ."tonnection is Î!, established to 'the 
• \ • ~, _~-J-I \ > 

Administrative S.erver via a weil known soc~et· port al1~ the logical name of the endpoint, r 
- , j 

" 

, )-, 
,is passed to the Administrativç S,erver. The se'cver i~ turn~' ~erifies whether' the ùser has 

'- '~.;;.! - ... ~ 

beehygranted the use,of the requested logical name tn!ough a previ~sly made i"it'-session 
, .-- _ • t 

call~ THis condit~on is signa lied by a partié!l entry in ~~é' Admin~strative Table. refer~n~ing 
./ 1..., ".,:.... • j 

the logical na me and the identification of its owner. ff 'a partial entry ~s not present. it Î$ 
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1 ~ '1. , • ' ,., , r .. -~ • ...... I~, ~', ~. ~J ~ '1 .:. f" 

,;'" ..; " ~ 'l,.., 1 ~ do \ _ }... ~ \,,_ -, i, ç .~...- r' 1 f!' " ; 

, ' .' 

l ';, :';~ "';.'., Ê~'t~~lishJirik ' /_" '1 i " ':J'; 1:, " ~î?"'-','·",~.";' ::':, " 
J ri , - .. .. ., ~ 1 j, ... _ ~... _~~ .'.. ~", - r L '" _ " 

• J' 'l f_~ 'rI, l, ...... " ... , .. : .. :_'" ~ \/." ,~ 
1 _ u.' ~\~. '-." 1 ./ • l' • ft : J ~ .:. \' r r 

, ~ ~' 1 \ .J- {... \0{- \ -.J • JI i" 
'~\....... • 1 J .......... ('""- .. :;. t \ _ ~ \~.. .. ~ \. ï\,. .. J ~ 

" , 

~ 

r' 

" 
;--

,'r 
" 

r -

, ' 

\ 

", ~ 1 ........ ~ , ... , ' ~ /\ f, ~ " ,~ " , ( ~ ; \'~ , \ ~ .. 

" ,.'e-~:, 'This routine estàl>lishes comrrlunttation 'èhannels' to othèr processes. links "\', ~,. 
.. ~ _'" _' "'-, ~' ( f...; ~ ~ ~ .. \!~..' _ • \ \ '....., .. ..... \ 

, " are con."çctetl between the Dia'logue Servers ,as~ôciateél wittr.1:he end p,~esses. enabling, ' 
, l " ~ , - j , ..{.., '" < 

. ~,' ,iQt~t~rp~c~s's co';;~~~cation yia t~'~ server~. 'Y~ c;.. .~:;, "", ~,'" 
1 ;.. _.": _ "\ ' ~ ...... 

\'" 'l,;:'" l,.. ( \ l' "..:/ ,,\ 1 \ , .... 
'., ....,. .. lM '~\\~.' \ / 0 i" ~ t" ... 

, ' \ The --user pr:ovi~s~ ~ list of logieal' names 9(' destination endpoi.~~~ ~associa~d, 

wii~~~th~';~ialogue 5ervè~s. These e'~d'p~ints must b~' described i~ th';~ Âd~iriistrativ~' , . 

:~ , 

.... 1 J 'f_ .. \ ~. \ 

, Table pfior to invoking this functioo,.- The Dialogue Server ~stablÎShes ,the required links, r 
" __ --- "'" , '1 Il ~ / t,'" ., ,1 \' ~ ., ~ .f 

',ancfappends th~r (j~scrip'ions to the Dialogue Table.' ,,,:' " , 0 \\, ~ ~' 
~ .. J : ;-!- ... - , > ,'- .:: ,. 

-:; .... 
f" ... _ j 1 l ' 

, ' 

Also' passed as a parameter when the fun~(j~~ is',called is a'; list· /fi.', i~ter~upt 
, ' ..., 1 

5e,·vice-routines. one correspondin'g to 'eaoh d'estination endpQint." A software in~r.uPt 
~ ~ - /. , , .: ... ...... .. ~ ... '-

i~vokes'fhe ~pp;opria'te Joutine when a message is recéived at,the endpoint.' . '. \ 1, " ," 
l ';.' ~ \ t'" .... r..... ~,."'ït\~~ ./ ~ Î' ,,~ ~ .. ;~, 

... ~ • l' j. 1 f 1 

" ", Before establishing a rlhk. the Dialogue Ser~er verifies; by examining it!S Dialogue 1. _~_ 

'. 

·z 

. \ . 
T~bJe. \vheth~r th~ link already exists. Snb~ld it exjo~t. a duplicate Iji1k is J'lot established.·' ' ' .~ 

~ • 1 \ " 'i \ ~" ~ r ,..,. .- \ _ \ • ". .. 

Otherwise. an active socket is created and connected to,tht{de~ti~aiton through'its associ'- ' 
'l. - fi' ~ .. _~ f· ~ J ~ ~, .. :... ."~ 

. ated port. which is retrieved from the Administra,tive Table by referencing its,logicfll name. 
• .~, f _ \ _" ,~'~ , ; : .. ,,' \'t 

Fo', eac,~ link established. the Pialogue Table is upqatéd ta" indud(ùh~ sOcKët destriptor of 

',. '0 < , 

_ :Y: \ ,..),.. ~I • • ~. t .. -: ~, 

,~he new active s()cket and t~e logical name of the ,destination end~oint. The server then 
.. ~' '1 -. _ ~ _1 -i t 1 • i ':._ 

, , .. , 
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< ~, 4 4 The Session layer D~sign 
_ ~ • 1 < 

, i) ~ .. ' , ~ , .. r , 1 )' 1 

'. \ transmit& the logiçàl name of the soulo'ce endpoinfover thé ne~ly created liRk in ~rdér.that 
~ rl·~;. M '1 ~ t 1 ~T~~ ~ 1 Jo J ~ :~ 

thE}. desti~~tion -~iàlog",e Server' m~y updat~ Lts table, r 
~\ \ 

'. 11 ~ ~ ~ 
~:'~~ '- h ,(;;-~ _;\ \ 

, . ' 1... r \ ' .. " J ' f' • ~ 1 1 \ • 1-

_, ", /" ~ i, "If pr~~;ams âr~ wr~~,i~n~~Y.. difreri'nt~sèr,s .. it>~te?~ld nqt be :n:eces~a~y to. _~~~u,mf " 
1 f I~"... ... " ~ 1 ~ " '~'\ 1 l , _ '"' 1'" ,-

c t· 
" 

"','any kind of master jslave relàtionshrp, req\!iring that orie particular program ·be' responsiblê 
t 1 ~ • \ ' , \ .. !. J,' l , , , ~ , 

, 
1 

'for establis'hing the communi~tiOn links 't~ th~ ether: as would be ttle' case if Nil::'or 

" t~~ T~P ~fuZ~ction~' ~e,e employ~~~' 'This7js à si.;;;~ica;nt fe:7~re of the ,S~~si~n La~~r, a~ --h., 
~. ~ 1 .' • J' • ~{ " \r~ ..' • 

1 ,. 
:d' " 

, it ~1I0~~ prog~~ms ,io "be ~e~elop~d :-in~~~~ndently. without~ r~~u'ard<' ~o·~ ~ ~art~cular 'IPC ' _ 

initializatjon séheme, The 'Session layer atlows either or ~o~ti'communicating p;ogram~ to "'r ~ 

" 

, " 
r; > 

',' 
" , , 
". 

, " , 

'" ~ , ' , 1 l , 

J t r '_ 

be the master. If one program i'S the master the other will ~utomatically- assume the role ' . 
\. ~ \ , • l ~ , , ' 

( • ( " - ,.... ' 1 

:':: 9f the slave. 'thereby ensu~ing compatibility. Th~, ëxceptions to this are:pr<?çés~~s~t',hat< a!e ~ 

1. r 

bound to reserved endpoin~~. They are always sl'a~e processes. meant to be utilities that 
,\ .', - ' 

, f - >.r'- ~ 

lie dormant. listening for connettion ~~ests from processes, t~~~ cali establish link. 
1 ... ,l "i~' ~~ l, ~ 

Jtdf ~,~' ~ 

b Special precautions mûst ,be taken to prevent the concurrent actions of tW6 

Dialogûè Servers from resulting in the dupliçati~n of links. When establishing a link between 
~ l ,/' ~ 1 j 

two endpoints. the Dialogue Servers ensure thàr accidentai duplicaÙon ~f ,the link will be 
, ~"1 '1;" r \ ~ l , 

undàne. Consider the situation where two Dtalogue Servers each att~mpt to initiatè a link 
, Q, , , 

to the 'other at the sa'me time. Neither' would find the req~Îr~d connection described in their 
~ t,.', , _ " 

1 r ; .., --r • \ _ \ t ~ " 

, r~speçtive l1ialogue Tables and both wO,uld proèeed to- establish the lin1<. The Dialogue <. 
~ , J1,' 1 

Se'r\(er ~ccepting 'the connection is ~equi;ed to ve~ify that two similar entnes to its~ table 
1- ,- 1 ". ' 

.J'h~ve not been made If duphcate entries a~é pres~nt. then one link must be re'!1oved. To' 
.. 1 ,....... t l, • 

av_oid removing both links~a link is removed if the ASCII equivalent:of ,thé ,rogical l'\ame of 
, )" or 1 ~ ~ 

the actepting end point is less than that of the initiating' endpOint. 

~ .. 'I 

4.4.4.2 
\ ' 

Management Routine', .' 

~ 
.;." , 10 
"'::-~l\ ~ -_" # ~ , 

'f (. \,. • ,,:.'< h\ t l-:;. _,U" 

'\ -'1 J.\r f .. ,_"S :l"",,~.! 
)~ 1;" } : "-. t- ' • - ~ 

; K l ' ,"" 1 .& 1'" T - "1 ~ ,'I '1': ' 
1 ..... , l .. ~, c , 

~ This routine sends a message. passe~ frotO thtf c,alling" process. in a cha~acter 
;r:J-.r 

1 .. , l'l. Y, ~ ... ~ , .. A",_ , 

~~ ; ,~!~tring. 'oyer one 'or more links ~o the dest~nation(s) ~pecified',in a I"ist of,logi~1 name~. 
,:: ':.. t 1 1 - ' '\' >' 

.... ~ ~ , l' • .... .... t.. 1 

" , , p, 

- , ( 
...... \ ,..\ 

, ~' ", '1_ ( "', . , 

1 • 
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< • 

, , 

" '\ "-
\ 

'1 ,.. 

" '< ~ 

'r " 

j/ 
T, ~ , .. 

l ' 

Il ... ! 1 

~)" PrÎor,to closing a connected socket, the DialQgue Server notifies each destination 
~ ~ • "1 ...... 

): ,~ l (\ 1 ""~ \ l, .'" \ 

endpoi~bi~l()gue Serv~r of the Impending termination so that the' destination endpoint 
\ \ '] ) • r j'" 

may be closed and-'the '!ink's entry may be ~~moved fro~"all the Dialogue Tabl~s.:· The 
,- \;, . 

Dialogue Server" ,i~~tr~tts its Administrative Ser\le~ to ~elète_the endpoin~ entry from its 

. 
\. 

! 

table and to inf~rm; other Administrative Servers of the table update. The socket is then ' 
\ ," J'" ~ ! , ~ 'JI 

, -
closed an~ the ~ssociated P!a~og,ue Serve~ process is terminated. " 

. ; l 
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'" 4 4 The Session hyet,Desj.gn 
... ~ )? "'1 ,/ 

.!, , .. r~· 

" ~ Termi~ateJink : 
; 1,: "( -;:.0 ..... f \, _ " 

f1 \l' _.~~II~ ~~\/-!,~.I"~' ~ .. '/! 

\, .. 
, ( 

~ 

, 1 

\ ~., ;, l ,,~' 

, ." •• 1,..- 4 ...... , ~- Î'(. J-

'i! . • • • - l ,; 
\ri ~. r r"" ... { ", ... j .... ,.~ 

: ..... "t :"" ./ "" .".... -r - .- ~ - ': t l~....... 1 \ .... 1., ... ;~~J~ ;r.~ 
t(- , This functioÎl cali ;termiriates . Cofl;lmunication links and reDioVèS' lheir ~esdip- ' ... 

.. ...- (.~' l, .:: -~ 1 • -,., J <......,. .. ,.( 

, ' tions from the Dialogue , Table::. T~tl ~iinks are 'identified by ~ the )pgical ~ameS of \ t~~ 

" 
,. 
,-

""' ... ..:., t. \.. ..' .. ,/ 

".ld~~ti,!latiôr{~ Th~ ,t?ial~gû,~ Sef~èr notifi~s'; t~e d~~tinati~ns' Dial~,~e'Serv~rs ,~f i~~, interft:-, .' .c", 

r' 1 { -1 ;, - 't ~ + ," ~- '~,.. 1 •• " 

) to términate the links ~o t~at thei c,~ J.l:pda~e their DiaJog~e Jables: The sockets SLIP: <r:.., 

porting 'ihe spedJied lin~s a~~ then clos~cl. UNIX enforce; a 1imit on the' nùmber ~f filês' 
.:: , r ~ ",- ! ... - ., 

- _ r - , , 

/ '. that may be op~rn to a' user at .any ,0,'1e. time. ~The number of proce~ses per user and ,!he 
\ ,. f .... -;.' l' 

,'" number of open!Jfiles per proce~s are 'Set to 25 and Q.() respectivély by default in ~!s~andârd 

UNIX 4.2BS",",tonfigu(atio
u
n. EndpQints look like open filéS to the operating system and in 

,r \.-/ • 

, applications where the number of endpôints an~ o~pen files approaches the user's timit. il is 

" con~eivable that infrequently;ed links would be opened and clos;d when th:; are-neêd~d. ..,,, 
~ r .. ~ 

"~ .. j ~ 
J . , , 

"( 

j 

• Exit~sessioh r ) 
: 

t r 

" 
/ 

1.' 
ft .<1 

" 

/: 
. This routine ends the session by clôsing any, open sockets in an orderJ~- w~y . " 

" 
,:tr, 

;. _ 7~ 1 '1 t'" __ ,~( ';,. 1 

and te);minating lhe user process. l ", : :<: .:,',~ 
;... ?- t . '.. "1 ~ f t -

1'-

4.4.5 
~~ 
;:} .. 

'1';; , '"' 
... - ... ' 

,"" ' ..... ~, . 
::. ," ..... 

" " t ' 

, " 
~, • ,_ '" f-

F .J' "7 'f,: ~ The followjng example iII~strate~ an implement~ti~n pf some'of the S~ssio,~"" 
~ 't -t 'Î ~/ - - 7 \" ... '1 f - ' t: 

,,~ _' , ' ~"~ Jayer's functions. Two short programs are presented whose objective is to esta6,ish'-tl.'1~,.:' 
~, -;.r .. 
~ \~ '1 ~I '(, 

". , '" >:s~ri1ple but c.ommonly,~:us~d arc;hitec;:tur~ .. ~epicted in ~ig~re ~.6. and to (c~cle a message f 

.. ~ 1 f-' \ ~,J\ ,.'" 1 ' 7 

.~ t~roùgh eadl' proce~.s. , ~'- J ,. " ~':: f 

" t' 1"'· , . .-:.."1", 
, , , ,,, /" 

\ T~e first program,js compo~ed of ~'si~gle process;-which is identified.a~ pro~~ss 
.J ... ... __ - , 't- ' ".(',~ J 

A. T~ second program is made up ,o~ a tW? prot~sses,: a ~arent p,rocess ~n~a:child pro~~S~i 
identified as proces.ses a and C. respectively. '.: ' t ' ""', /"~ ,," 'rl')~ 

, J ,- , .. ~ .... '" .. ,,, 
, ) j ...... ~ ~ ... 1 ~ 1 • ,} (, { 

4 1, '........ /. ' ~ .. ~ 
Prior to exec'uting these' 'pro,rams. the Sessiqn Layer , . .m,ust have !irst "bt!!" 

..., ~ 'V r~} .... ......c\- l "\ / 

invoked on one hO'st. A boot-stfap loading procedure thén iJlvolèë$ the S~sion' tayer 
., ~/. t, .: t 

If .... !:,.<-._; ~, 
~ , 

'. 
'~ '<-

" 
'1t-:. \-" 

~, 

'\ " r , i' ' 

.t' , 1 

1. 

1 

-' 
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"frocess 8 
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7' 

P.rccess c: ,r 

" 
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,-;., " \ '" 

k' 4.4 . The Session layer D~i~n -- .. '~'" .' . ,\ 
i, 

, ' ... 'l''' 

'HQSTA 

" ' 

'" 
ProceS'S'A 

r 
~\-..... ,I:.~ 

:> 
,~ :!.... 
t ~,.... 1--'\. ..... 

, ..,,-
- '" 

r 

-' \ 
" 

, " 

\ 

.. 

" 

" -

. '1 ~-- / 
-, " " '. \ . 

• 0/-- r-" 
J,\; • • ~ .. .,-' 

.,., .... ./. ... ,~-..,." 

'--

,~ ... , 
...... ~-~~ ":) 

.... /"' ~ 
~:, .. ~ 

1 
'", 

" 
'. 

,.., 
,. '~.i 

Child 

-- Functit>n 
,. 
1 u;'~ 

\ _, ' ;.:-v~ 

~1: ~ 
.... :; 

\" ,.Ei~ure 4.6 . ~rchite~_ure of the example's communication s~r~ure; , 

L • 

~ . 

.. , 

o 

" _r-. '''''' .. 
-program on the remot~ host. Init~Jization of the ~es~ion is' achieved through, a ~erri~te':-, 

e~ècution cali within th~'program: process A r~motely inv~kes process B- 'a'nd:es~ablishes a 
, ,J -'t, .... .. ~ '.1". 

communi~âtion link -to it. through calls to iniLsèssJ~n. Cr~ate_er1dpoint. and estàblishJink. 
- __ ~ 1 1\·.... .... 

y , 

The child proce~s. C. is created by for king process Band is linked to botb.,its parent 
• Il " \ 

,. 1 J ./ ..... • ~ '(- ., 

pro(!ess and to pr'ocess A. through the function establishJink. Using dispaiéhJ11sg and 
.' 1. ~ .. ' ... - .,.,~I .... 1 1.,1 .. \ • , • 

read~~sg. aC'rry,essage is cycled from process A~ to B to le: a~d finalfy re~urned to A and 

displ~led;-at the user's terminaf -Com'1lent~ have been included to assist in "un~erst~nding ~ 
~ J. ,,~ ~,. ~ ,/ (\" "'\:;.' 

, .~ the impl~mentation. The.logical names of the endpoÎnts are' "A". "B:~. and -"C". The . ( .. .... 
l ~ 

e6~poillts'-~re referenè~ simply bys. their logicaJ-names. 
f' r o , 

.~ \~ 

",l.,:....... ~ 

,," ,' ..... "-,, ~ilure 4.7 Sëssion Uyer Application Program·t for Host A - Process ~. " 
.t; • " ~""" {~l". • 

. ' 
.' .. t lA' " , 

" 

, 
'!II, 

" 
,-

.. 1 .j' ~" 

. '~.,_t ::: ~, .. / " ' ·:.finë:~!:ld~", ~:tdi~ rh>,,:', . 
, .'., ~" , , 7 ~ , ~ , ~ , ... " r i 

·,:~ii~~ùa .. · ~,~ltyPès\h' 

, h 

'1 
,Co 

".~ ,; ï.f À;"'S.~8fo.~ 'Layer COnfigurati~tl' file 

\ i 

~., .. 
... \;~_ t't.-,."" ;"' __ {''o l, 

\0 .'1'" 'tt ,.J.. 

, .. "" 
-' 

" 

.-

.. '\tJ... _ .. ;~; f 11,,,\ \ 

" ., 
-' ? >, 

\t:( .J ~""r'- I~ ~ .( J 

-- .~ 

,. , 
.}~, l,y "~.! .: 

, ,J 
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, ( 
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J 

\ f 
J 

'/ \ 

" 

" 

-" 
} -.. ~ 

,,' 

o 
\ 

V\., 

" 

:t .... 
, .. .;;, ... <;; ... 

" ;J ~ i' ~\. J 

C, , 

",~. ~~/ 

~ .. .:; 
•• ! ti , 

'\ l 

'. l' 
i' 

" 

....... 

l, 
~ .... 'V 

" 
" 

.,1 

" extern 

('B,C',fn); 
• -4-

Cli'spatch_msg, , 
1'>1 :- v-

.wht.l~ (!don~); , , 

strcat (msg.· A'); 
, . 

.. <\.0 ..... , 

'--: ~ .. ~~ .. J. 

, i4 4, ;The Senion ~ayer D~sigli-- -
J,' .. 'f'~.. "':/ .---). • 

.;, ... ~~ • .:, r ~ 1 '" / ! rr \ ..,.. f 

A-" '<i~Y' '"lnteri;ùpt""handler-" provided 
,'\ • , .Y b 

by'the session layer 

... ~ .. -

i~i the me88ag~ ( , 
, 0 <1 ." 

) ~,~. . ... ... 
.... ~ 1'" ,.( , , 

.. ,J .. J, lt, ~/#"; ,~~/t" r :' ~~ 

1.: -
.f,. ' ., . " ' 

~ \ <\.. .. v.!... f' 

'f'*~ ,l~~e~rupt service routirié<~ invoked '.hen '::'.'j,' 
~ ./ 1 ~ ,-' " ~ -:. 

; oJ,," lIIèssage ari.i,~'e18· frô~::P~OC~S8 C' 8 end~i'~t .• ' 
... ~ , ~,: ... , "\ k t 1 ~ _ .. J,::'/ ~ \ l 

1* The f~çtion' re~qs the"me~8~gy!, intQ"'lIl8g 
• ? ~ 'l' ~ " ~ , \ 1" ~ .' r '\ \ 

1* :~~ ~~'a:,'the ir'~bal :{;~riable",'~one 
~~{~~.. ~~\ J -' l'-

~ /," \J ~ t~ 

,~t r t,. ,4. J, ~,~\:.1 \r-

• :.~(,.,.lt,' ~ 1. f ' 1" 1 • 

" ",\ ' l ~" 1 ~ ...l~ .. 
• J, \ ~ 

, .~ 
'" " 

.. 
" ' 

'. . , 

-

, ~I\ 

1 "' 

.:" / 

\ .s~ • J ... --;-' ~;,'" " t 
..4 ~,.,.. I~' 't- \ ,,;t ,~ ~ f 
.{ <t. " ~ 1.1 ..... r ~ { 

l '* Sen~:r the mè~Osages • A" t~ th" ertdp~int ~. *' 
t 'r ,.~} 1 : ~""',,' _ J ~~ 1 i-

1* wai t'~:loop. Done is :set J~o 1 by get_ll8g';r~' .• , 

/* Append the proces8 ~ame· A~~o the-meaaage *, 
, ,I! ' .... ' ~ J, 

prin~f (' \n~s \n' ,lIlsg): ,* , "( Il ~ ) 1 

Dis~~ay the t~nal tr~smisaion: ABC A 

. -,+ • 

exit_aession(O);} 

'. ,0, 

1 
" , 

.~ , 

) , 

" \ t. A-, {" .. Il 

Terminate ,links to A, this ia' optionl' " 
, t 1 

~ \,.,/*' c1o~ea ~y',ppen~file ~~.cripto~, and '!~1t ./ 
.I:~ ~ , ".. J _ Jf' 11;.'/ 't , 

'~, :.: r' ~ ';t ~ l ,~;f 
~ 
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4.4 The Session, Layer Qesign.! . 
, .\ ~.. ""r .. 

: . ' ~ " -
,­
, 

" , 

J .• '''~ 

r .'include <stdio.h> , 

/* A s~s~io~ Layër \COnfigU~~kj..on file. . ~ 

. . 
.. j" ..... 

'include 'satypes.h" 
1. 

~ . 

t\- '/ i'" ç 

int done; -
"', 

int .' 
«read_msg ( 
1 i 

'done=l: } 
l' 

~ 

1- • 1 ~1 ~l~,",·H ).t<l_' 2' ~-\( ,He 
\ ~ .. _::' ~:I' , ~ ~ " 

'~ \:'" \ ~~;~~Interrupt :~ervice routi~~ invoke4. ,,~eil: ~. ,,*L:~, ~<'".~, __ : 

, :'~,/* 'mes~~g~ a~rives f:r?m:.~~,~~,ess. ,A.'s ~n4?~,~~~.;~~'/ ~', .... 
\ ~r ;,..-: \ • \ 1 \ l , ~ \' • ',_ '- ' ~\ ':1 '\ 

'A', msg)~ /*,·The"function reads the.message :ip.to ,msg ,:.§./ 
1 1 1 • l , 

0' l* and,sets the global variable done 
" ,...- J 1 ~I 

" .. : ~ .... ( 
, 1 J 

,\/ \<;1." .. , 
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int si~b; 
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/* meil'sage arrives from PrQcess B',s' endpoint.*/ 
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, 'donez:l; } \~. /~ ~pp set~ th~ gr~~bal variable do~~ 
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~(l.' 1 .. , 

0 
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int get_ms!-B ~) • get_msg.,:CO; , , 
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J"'~. JI,' , 1 1 .. ~ , ~" j , 

,diai~gQe'ser;'e~ would pèriodic::ally I~ark a' position in the data stream and (e-t~ansmit 
<' '"" """, .. 11.. t " j. J 1 ~ ~ 

'", : fr0f!l that m~'rk Tliis vieiJtd re(uesent cf. much' larg~r server overhéad, aS' extra, bufTer.-
- , f ", 1 4t;" t _ - J il '.' "" • 

Îng1'lould be required' viJthin' -the :Sessi~n, layer'. 'Since ';(AN Transport layer ser~ice ',', 
• .!", t'~ l'... > '._~ , ' , ~ , , 

is v~rJ~ ,elïable" tbe. overhéad:ï'ncurred in implementing this feature isjudged to bê 
..... , 1 1 ~ 1 ~ '\ , "1 ~ ,,-.... • i" , 

'0, unneces'say at t~1Ei present t:~me. . . 
, " 

,..{ ,""'" f ..... .. ... , 

j' ... • 'l _ 

'> •• pia/ogue C-of,tfiJ/ fù'nct.io"- to permit either fun A~p.Jex or haJf duplex com~unic~tion 

•• )~- '" l~ ~ Ai~ t~e links. 'Sincé ,TGP s~pport~ f~1I dup~ex :~~~unicati~n, it is un~èceSSa;;):o 
li •• • " 

/" ~offer thése altern~tiYes, \. "" 
~\ ... 1 

~. . , 
, '. 

1 >,.. ·f~ 

• Hit'ldShincè on Tèrmination·function wbich .. en~ttres that 60th communicating entiti.es ,~ 
"- - ~ 0 

. . 

·.~ave no' mor~'ln~s~~ges' to exchange ai't4 ~II, dat~ i~ transit is -'de'''~ere<} -pri~ .t~ ~er. ,~ 
l" e~ 

~iilation oflt'1~ co~neciion. This feattire is' more appropriate in 'long-haut: nétworks 
~ ;>- f "', _" t~ r ~... ~ 

where messages move slowly. In o~r cl~N environment. the propagatic;m delay i5"" 
" .. '-; t :):" 

relatively srriàll. Hân.dshakîng is lett fOF, the user tQ, implement. "-
:r~',::...... '\t- I 

.,'-

(; '! ... 'l. ' " l' '"" 
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group, and wo~/d~te~~ission attributes a~d-ciated with
l 
files. We feel, that this,is suf-
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based"on user identifiè,ation' numbers. 
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~ 'f, ... ,.. ~; ,,J ".i/ 1 '- , ~ .. r..... ~; ,~,j\ '''\ ' ~~ " 

~!!II a$ buil,ding blo~ks trece$,SarY,to Împlement some of ~he more common1y used commu-
... ... > ~ - - j...... ....' .. 

-, . ni'cation' architectUre-s-. - The basic services provided allow the creation of socket endpoints . 
Il!!, ,~.. , i,.. , 

1 ... , • '" l "- - ~,,\ <..,; ( 

, the e~~ablishme~( ~f links ~etween the s~ckets: the s~r.ding and receiv!rg of, m~ssage~ ~~e~ 
- ' \ . . \, ' 
the linKs. and the termination of the links and s.ockets; / ~ . .. " ~. "";' .. 

~ l.s " ~ .. • ... " 
) 

.. , 

)... t -.... t' __ _ -, _ 6 .. _ _ ,il 

ln térms of i'ts è:fegrêe of sopt(lstication,. NIL lies somewhere between the Session 
..... _ '. ~ - j \ • -. ,,' • _ ~ .. ~ 

Layer and th~ low leve! TtP,inlerface funçtions provided by UNIX. The functions containèd 

in the NIL libriuy are built lipon the TCP functions.' "'ProgIams implemented' with either 
r : ~ ). ... ~ , "-- 1 

l .........) 4t ~ 

NIL or the ,Tep functiQns Would be expected to execu.te at approximately thé' same speed 
~ {~ '1': /' 

1 

\""since the NIL func~ions aggregate diE! TCP ~nd .. 9the! necess~ry UNlrfunctions inta a form 
.'\ ... ' .. 

which is convenient, for our, appliç;ation.s., .. fi 
v ~- \ -1 1 ~ ... J l 

-
• ,1., t> " .. ~ ~' ~ ~.... ~( 1 

~" 'In co~aris9n to the SessioQ Lay~r f tH L bas~d commynication is faster because 
~ J • f;t;. • .:. • "1 • ,,~. ~ -! ". l " f --,. 

~ doesn't" have ils ,PC Qiê~iat~d. by ser~~rs: pnks are established" directly between user/ " 
• ,.f,\..... l,' ".'" ~ / '" 

p roce'li ses, within the-samë or across ~in;ere[l!, h9st boundaries. Messages therefore are ", ~~. 

, ":~.. transport~d over, a sin~)è link inst~ad of !hrei a~.·in the case of ~h/ S~~sion l!'ayer. The NIL '~'., 
J .. _ \ Il ..... ~, ,~' \ " ; 

" ' '.\ " . functions paraUel those of the Session Layer in' their application: if a user understands how' . 

- ",,'~, . ..to use the Sessi:~n Layer. he will be able to e~sily understand the ~IL functions, ( " :::: 
.. ...:.,. r r,,,,,1 "-<ll -: 1 .... ~ .. 

,f;!... "\ J .. 7'~ ..- ... ~'" \ ~ ~,.' ' 
~ , ' , ; , 1 ~ ) ,<' »~, A disadvantag.e of using NIL over the Session Layer is its relative lack of:-power, , " 

.. 't "'1 ~ ~ ï \ ~ 

The ùser has to do n1~rè \York, writing longer programs to obtain a comparable impie-
t- ,'ll'" 

menta~i<1Q, The functioll5 are, also harder'to' use because some llnderstanding of tlfe Tep' 
.. ~ '... 1 , 

/ ' -
1 network fùhctions is necessary. -. . 

'~J 
,,t 

\,.. ')( ":. ,. 

The most imporiant d1sadvantage is that the modular. \ st~mdardize(f environ-
"< ... _, I(J 1If' 

- (tient provided by the S~sion Lay~r is not present) An important conèept of the Ses~ion 

" Layer is to provide a high.level: .standardfzed environment that 'wou Id facilitate integrat101l 
1 ~ " i Il . . . 

_/~~ , of 'wor~:cell processes writt:en by different users. Eventually a libtary of work-cell utiliiy 
... ~~ ,~ .fi ,": ~~ li .. 

---- . ''\ 
" programs 'or modules wou Id be accuml,llated that could be used by any member of the lab- ,0 
,r (~... t ,.., \ 

I~, or~tqTY ln thei;èxperiments. NIL does ri~t provide any form of stan'da'roization. Because of 
1;' ' ' ~Il ' 

, 'this. the. tee archi~ectures must be specified at the tim~ that thé communicatihg prpgrams'{ 
) l " (J / ..... r ~" -r ':/- ,,;. 
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4.5 Network Interface library (NIL) Design 
1 

1 • 

- 1 ,1.' 
, . 

: 't;-----:-;"~etwotk~lnterface Library Initializatlon Func..tibQs 
r t c 

==--"~~tiori~rIJ~:"l'e .... }J~:: Param~te~(~)'[/,' <,~ 
sessionJl}it ;.- ' ;;.1: retnote host name. remote prograr~fnam~. i 

~~ , :;: .; local passive socket descrjp~'():t: . 1..; 

-f," >:. I~~al TCP p~rt ~umb~r: conn~ct~d'sockét.· f' 
; _~~ ", ':~"':I ,:' ,,'., ~re~cite' Tep pc;>rt nu~,ber _,' :;", I~ . ,< 

,.';1 l' 0 session ,serverJf"!it ! rernQte· host na~e. lo~al, TC~~ port numbér!" , 

1 / ~" ~_? /, 1 c::onneéted socket. re~ot~ TeR port number 

-f : passivJ~~ocket l', loca~.passive so.c~et 'descriptc)r. .'....." 

, " ~ 1. : loçal Tep port 'number • 

f , 

,', 

1 

" . " , ~ . 

. ' 

~<?,ck~t.co,~n~~~ '~i_J' remote host name~ ~emote rc,p ~o~t":nu~~er 
: socket aécep( l"';: l 'l,' local passiv.il socket liIescriptor l' 

i create_child ;:'~, ~ child procèss identificaÜon nu~ber~,i' ': 
.1" ,~ \~ 1.' -:' 'J(.: ~.p~'nected so~ket,;~~s-~t~~~or. ," 
tA'" • "'\" ~ 1 

" \ 1 ;/;,\., l, ~'. j- ',' child funct~q!i~~â~tlJè', ""~;. 

" ::-::~reate _chil,cI_pair l "c~ild proce~~ 11 ide~ti(ier. 
! ',,' • ,y, > cllild process ,2 idenÙÙ~r~ '1.,' ",J 

'. 

1 ,- l' j:: .~ ~ ~ ! t. ~ .~ j y -.. ,\. ~ 1 

- ..JO. /;'.'. ", I~'" ,\ -' i;/ " : thild'1 coonect-ed socket descrip'lor. \' -, . ; , 1.': ", .- / . , 

\ 
'1' 

. (' J~ ) ", ; ." ' ,! ,. child 2 connected so~ket descriptor. 

::" : ~ " 1 " ' '1\ child 1 function. child 2 functÎon 

'1 ';-
~ ... " ..... 
l ..... / 

, , 

~: -"::" ./,.! 1-'-, .-Cfe""':'-;'t-i'~e-,-c-h-il-d-_r--:e''''~·~o:-' t-e-;------ch-i-Id-~"~,()-c-e--s-s-i-dentifier. 
~ 'ri; \ t' ".' 

'. 

" , , 

':' - ' ' '') _ ,.1 cC!nnected ~oèket descriptor. 
'" l, ':: J"' ; " "child function:remote host· name. , 

r .. ' f , 

t • "f' J "\ 

Q./ l ' < ~ remo.tè TC P port n_umber < \ 
t \.~ .r-j .. -' __ ~ _____ --li-__ ""--___ '--_-;;"~,_i-_-=-___ "",,+ __ .....J 

" ... "'t, ::"--

Figure 4.9 Network Interra,ce library iniJialization funcJions 
\ . ,'~, ,..~ 

(.1 ~1 / .. .; 
T~'\ ~ • • ~ ... " , • 

'{ 1.' ('. /.. • ... >< \,' ,,'" 1,\ t'"_" 

The fu~cti~n passjve..sock~t establishes a '(:omm'"unication endpoi~t whi~h" may 
... ~ • ~ - ,- :{..J ~.I- '\' !,t 
~I 't ~ , "1 .. ( ~1 

accept connections from other endpoints. that is'. a sockef ~hich has been bouhd to a TCP 

,1 
r 

, 
" 

'#. 1 A'" _ ~- ~ ,,,f.. , _ ' 

l' ,I·port. Following the cali:' the neWly created Wtssive' socket listens fo~ connecotion l~üests -{' " .:-
.~.f.l J } _ ' \ ï .. '" f,. '.,1 ....: "'1:, " 
.r ! 1 f ) • ,~ , ~ ,- \ ' 

, from activ.e sockets. The Tep port number. which is assigned by the opetatÎng system,',and 

,~~ ... soc~~~ des~ri~tor. are 're,turned t~ \he user. The socket dJ~rjptor ~~st 'bë :~~fi~enced 
l'Ii' .... ,l ... ' • .~....- ) 1 .. \ ': ~ ~ .. 1 

jJh t~e user when accepting connections to th~ endpoint. whllè' the .Tep port' number, must 
!. ". ~. (-< ';... ~ ,1.' • ' ~ ""r~ 1 J 

}J\~! ri' -- ,'J N-;, '. .. ~ ,/',.... . ... l' .) ~ / J ' 

\~ , , -\ . 'Ir " ,(~ _~, " ) ' .. ~,' , 
... ,,: " ..... '\'... ., .... , " 

,< , 
r \1". 

\ \' .r...." J". ) ... '1 ~ ,. 

"'1 " r '\..~, ) l' 

T~1~-,t ,1 " 

" e' \. 
~;, ( 

~, 

.. 
., 

., 
t 

. , 

'. 
" 

~r-
" 

f. 



J. 

. ' 

o 

, ' 

, ' 

" < '0\ 
, 7 

," . - ~ ," 
,,-" 

, '. 

-., . 

. " 

o 

, . 

. , 

.;-

-, 
\!" 

,.,-" '-
'r.,' 

-""-

, r 

, ' 

, "', 

.. -:;:;:,'< . 
, 

/ . 

. , " , 

., , 

,1 .~ , 

~ Socket _8ccep.t~. ' 

1. 

. 
,>< ,o. 

~~ ~ 
! ~ ..... ~ 

\ , , 
':, - ~. 4~~ Network;ilnterface,libralj '~Nll) Design 
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/. This routine sockeLaccept is used to' aecept'.~. eonn,ectidil ~t a specifieêJ sotket. 
'/ ~ 'l'~ t ~, ' 1 ~ ~ î 1':'":.. 

·;, .. <rhe accepting so~~~t must be p~ssive an~ listening f()f~conne~tion requests. Whe~ '~, 
". '.~ ~ .. • CIo ... .,.:-

<' eonneetion;is aeeep~é'd. a. eopy of the orig'inal passive soeket IS erèatetf ana connected: 
", • '" ~:., ' " ~ t t ...... "' ') \ [1':- t .. ~ \.. ' ~ .l 

•• ·r~. ,,<_'f .;-. the .. ori'ginaf speket r.emains .open and milY cont1nue~to lisJé~ for and'aè~ept additional 
':;: ~~I ' ",<; .~1't4 .. , ..... \ '1 f- ' ," __ -~ .'C, .1 ',...i' ":,, _ 

.,: .. ~ '/' eonnec~ions. TheJJescriptor of the:connect~ copy is returqed to the user. to'he rëfereneed 

~ '.' r<:. ~tlèn séhding or .~~cei~Jing ~~ssages" over t~~·tink. ,~:::.,' 
?\ ' 'l '.. ,j~ r _ -;;;:. 

" ... ~ '... tl .... ~ ."~f_j. ~ ;IO'lo "1 
~, .. " "',,"'rfO

• ' ".1 "rI' \. ... ~ -
" r...-" .. ' .. "I,?" ':::'\ t·" 
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--. I~ ~ .. 1 #~4<t.. _~ ~ 

"IJ ~'l \ ~ ~ ..:..~ 1 ~~" " ~ ~~~ .~~\ ' 
n \ ~ Il.. ~~:"", 

'j ....... ~ .. d ,~~I tl: 

This'ro~tine ~~~sl ~I')d estàblishes a cbmmunici~iO~ ~in~;ti.eiY;:en tbè':parent and 
.; 1 ~ .... ' ,~ l , ' ~ ~ t " ~ ~ ~' ~... ~ , .. '!.' ..... '!. ,~ (' 

'. ' 

: ". 

, ehiJd. The child process exetlÜè'S'I ~ specified- func~~Qn. passi;;'g as a parame~,~,'tt1é' soeket 
v ... r. ~ ) • l l 

~~'<feserip!or of the link to ;he ~arent. in order' that me;sà'ges ean {be'e~eh~~g~d:~'(:1~ate_child 
,\~.' t'f'/f'~~; --, ,\;"; ..... : \"-. 

returns -the proeess identification:Of' Ûle child proeess as weil ~s t.he sqcket desaiptor. 
~: w ' "\ "j" _ ~ l iii • " ~.~ !~~ !' ~ \~, ! 

'r .. '\ ;. 'r , ~ ,\ ,"''''''~ 

to be referenced by the parent when communicating with·\the child. '~The communication 
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1 A UNIX fork splits a' p~o~ram,1fll.o two concÏîrrentl'y ~executing cop,é,s' The origi~al r~gi~ is 

called the parent and the ,copy is.,.c~lIed the child Each prCfess forks its executio~,:,path. 'w'ith 
the parent proceeding in one direction and the child in the~other.Jhal is, the chi~d e)(~~,ûtes one 
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" 

," ',' 
, , 

,1 

éhiièJ Process 1 i 
\ ' Child Proc~s's 2 
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.. J 1 ~, . / 

1 \ 
t). II 

f..J,1 
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t~ calling this fuhètion . 

Child 1 

tllfJction 
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Chi/d 1. 
Function' , 

'" eJ NIL communication archit~cture for cr~ate.pair \. \ ". 
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t~e parent pr"ocess' must have execu,~d' sès~ion:,ir'lit~ the remote 

~(ocess rnus~ have .èxècuted sesston_server Jnit and sockeLaccept)', The communication 
).' ,,'''''' - t Ir;,.".... ...~ , 
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f" Networl< Interfàœ Library '~anager.lent FUJlctions , . j , , 
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~., ~~t'. l' r 1 \ 

Paral]1e~er(s) , ~T - Functron Name 
( 

check-.m.sg , ,: 
" 

,~ socket descriptor. time out period , 
read_ms~ 

, l " ~ 
-, - sbcket descriptor. message' buffer.~ .< 

1';1 ... ), . \ .. \ . \". ,"f,. ; tlme out period 
l- I 

4;- , ! readJnt 

1 read.char., 

socket ~e~criptor. data. tlme out period 
,ot,' Ij' 

."fe· ~ >: 

1 

'- '; socket desc,riptor. data. time out period , 
~ 

\ l1 II' 
socket des~dptor. message buffer ,5epd_msg 

~.' " , ' 

sendJnt so~kef, descri ptor. d-ilta , 

L!,send"tchàr ' 1 socket d~,scriptor. d~ta{ _ .. 
~ i t ,Y---

-( 

t Figure 4.13 Ne~work Interface Library management functions 
, ~ 0 - , ... 

4.5'.'2:-.2 ':, NIL Management Routines 
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\' i- \' .... Il.\ l~ .,I~:; _.~.-i.. ..J. 
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~~f' ".:T'he NIL nr,an~~einent routines are summarized in Figure 4.13. 
{ t:!' ~/! • l , 
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Jth{absen~ of a m~age. it busy-waits either untit"/the message~arrival or for1the durat;on -
.;;, ''JO tJ l , r. , 

of the.-specified timeout . 
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1 tI ':," ~~ -1 \t ; l 

i .... 1'~ 
1.~~/,:z. l.. ~ Z, ,,' 

<JI' ~ 11.: 4 ~ 

f . . - , 
'1l.jl 

} :~, ( 

, , 

f J 
'" • -'. , 
~ 

0 

," 

" ' 

,J.,. -i': : 1 ~ 

,~'" 1 ~ 

., 

\ " 

.. . ~ 

,. , 

". 

o 

'/ 
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the ès~ablishfT!ent of i~e communication link. P~ocess C is cr~ated by forking process B 'and. 
~ , ,{ b- ' r 

JS linked to both its parent process and process A. through the function create_onè_r.emote. 
, , ... ~.,. 

Using send_msg and recv _msj(, a m'essage IS cyded from process A to B to C, and finâlly 

returned t'o Ar an.d displayed at the user's terminal. . 
~ " -'j ~ 

~ <{ 

I~:':: , 

As in the previous example. comments have been included to assist in under-. \, . 

stan~ing the imple,me"tation. -
~ç 

V 
l, 

e , ~) , 
Figure 4.15 NIL Application Program 1 - Process A 

~ .. - ,,\ 1 <1. 

.. t ' 
Il -

'inc1ude 'NILconfig.h' 
_____ ~ ~ JOlt l ' 

\- 1* NIL host, configuration: he,adér file 

I! NIL constants and def Hii tion 
o L .. /\ 

'include 'NILdefs.h' .'·~t . , ' ...,. - ... ...\~;: 

\ 
., 

main() 
'J 

. -
{ char msg[BUFFER~SIZE]; ':':": I.~' da'ta buffer for message _transfer 

.. {,:t 

" '" "1 * the tcp port of A' s endpo'int 
~I 

int . .. ..:; ~~~, 

passive_s~c_A, 1* sock~t descrlptor of:~~he endpoint. 

._, , 

.... ~""l 

tep_port_B. /* TCP port of process B's endpoint 

soc_B, 

soc_C; 

/* descriptor of link to,process B 

/* descriptor of link to prot~ss C 

. ' 

*/ . 

:0-
',.' session_server _init 

,.0: 
i~ Invoke the remote p~otèss··process_B·*P 

f~~pn host 'host_B'. and initiate a 

• proeess ... B' • ~ /*·communication 1i~.~ 
: 

-[ 

",aSa1 ve_Boc_A • 

Iriicp_port_A, 

-•• oc_B, 
r ; .... 

,. '. 

" 
1 

._ .. ,."' ~l;.v:!, J,vu-~".", , •• _ ... : .. '\.o.-: .. \Jl.1Jt'-W: ... # ...... ~:""'- ... ,.I' .. ~(. ... ~ _ 

/* socket desc of p~ssive socke~ */ 
,- . 

1* TCP port number of passive soeket */ 

1* Boc~et deBc of local eonneeted endpt */ 

+ 
.. _~~., ~"""1 ... !.,,i>:" !',t .h •• ~ .• ~~\, ..... 

< / 
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1-., } 

" ." 

strcpy (msg,'A'); 

send_msg (soc_B,msg); 
o '\ 

) 

while (recv_msg 

( soç_C,~sg.10) --

strcat (msg, , A·): _ 
1 

0)' , } 

;' 

printf (' \nls \n ., msg); 

~lose(passite_soc_A};,r 

close(soc_B); 

clpse(soc_è); 
1 

exit (0) ; 

,- ,~ 

) ;r 
'-'\ ,t 

/ ). 

:' 

4.5' Network Inte~ace_Ubrilry JNIl) Design 
'/ -

, 
k--- /_, ~f A {:_ .r~~~. 

" 

,r h" Accept "a., connection ~eque8t from 
~ .~... e-' 1... ..,,~.- 1 ... "-

/ * process C :-, 
; __ .!-'u 'l' 

,'~ - ,.<-' 

se~~ a ~eBftge ~onfàin1~g'-;he ~pr~~~B*r-: 
f" tE--" ... \ ' 

/* name, A. J?O proc;ess B ~ . */ 
, 1 - -.:.. ",--",:: .;-:-- ~ ~J..J '..t_ -rI' ' , '\. ~.t -=- C" ~ 

r r ~' ,1 -

.,' 

1* 'Jl.èad a ,message from the Ii~l('soc_C ~'>t / ; 
.. J...... :." " '1 

l! ~nto the_cuffer ,msg~iip a t~meout *; 
1",.: ~\; /,~:: --:'~., 't:;-;,' .J Il :~~':: :- - )\:'t' 

1~ \ of lQ':sec' ~ -,-, ,- t,,' ~ , , ' ,,' */ 
.~_.- V:'J' >'~j. 4 )'~J 

~:... /*' AP>R~nd prôcéss nalDê.~A to /tne message, >t / 
--, l , 

/* ,Di,sph,y the final message: ABC. A 
, /' '" .r jF', ... i ~I (' ~ 

'~-;'-,/* c,lose opén socket des'crit;>torti::-
\ 

i' 

exit'" 
/ " 

" . 

'l, 

. ' 
" 

1 ... ).::: 

'> ,: •• 

," 

Il li 

r JI'"' 

"f ,,~ 1 ,,',:' '",' • 
! :fa ~ ... - 1 • 

Figure 4.16' NIL A'Pplication Program 2 - Processes)~ ~'nd' C 
, ' ... 

.include 'NILc~nfig.h· 
--< '. \ 

... • include • NlLdefs.h· 
.~ 1 ' ,.tll; .... 

main~argc • 

!~nt, argc; 

, ' 

,. ~ '..- !"r 
,1,f'1 

argv) ~ '\' ,-, 
~ f rl",";l , 

" 

-! ./ 

.,.( 

" 

-' 

)Il • ,t! 1 • '''': tl 
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/t~NII; ~onstantBI and defiJi~~ion~ . 
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~ 

Tep port of B"s endpoi~t -)/ ," 

\," ~ 
j 

".,"'l 

" , 
pa8s~ve_soe_B • /* socket descript.QX' 6! the endj)Qint */ !:,.'-

, 
tep_port_A. 

soc_A. " 
fne_cl!).ld_CO. 

-soe_chllc1_C. --'\:... . -f ehild_C_id; 
'( =,-

( àrgv[l]: 

argv[2] • 

lq>t1snvé_soc_B. .' ' 
<t.l" ktcp_port_B. 

&rsoc_A. 

Irtcp_port_.A .),; 

", ! ." 
.1 ' 

create=ône_remote 

.. 1::",,\"1 

" .... 

.', ~ &rehild_C_~d. 

'-soe_child..!.C-#-

'while tr~cv_msg 

( ~oc_A.m8g.10) == O)~-, 

streat :, (msg. '" B'); , 

tc~ port " " /* of en~poin:t of process A */ 
1 

/* descriptor of l1nk to 'proçess A -' *,i 
J .'!r- , ,r : ' 

/ li< function 8xecuted ~ C;hild process.~ / ; 
'P , '-'-- , l' 

, \ 

/ ii descriRtor of link '" to c~ld, ,* / 
J:i l\,' 

/ * pretess i~entif ication of ch,il<i * / 

/* 8stablish -the commUnication session fi(',~ 

/ * wi th the master process A. The ho~t . .;« l , 
~ I~\.} • ~jt ",r.~ 

/* name and T~F' port' number of the '* t f l' 

1'" .10, 

\ 

/* 'be linked to both the'"" parent and ~l?:~ *'/, 
'.. ,,' ,01 ~ , 

I~' 'reJllote~ process A ~ The child proces.- . * / ' 
*J .'-, I~ will execute fnc_child_C. 

" l,' ..... , ...... 

~, , 
.. , ./:,$ " 

1 
, ...... 

- . , , . 

t*: Read a, mes,age from the link ,sé~~'A -1/1 
,..... tI i \ 

/* 1nto the buffer msg with a 10" second *A,', 

c/* timeou~ period. 

/ * ~ppend the process name. B to msg - J 

'1(' ',.- ,A' f 

*/ 

*/ 

" , 
" , 

P-~ l ':! '1 ..... .; 1 - ~' 

'~end_mag (so~~chila_è.m8g); /~ ~end the mo~ified message to the 
~ 

*/ .. 
l , 

, . 
f' ': 

l 
1 '" ' ..... _ 

. ' , 'i -

.. ' . 
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Comparision of 'the Sc~~~ l~~r and NIL .' 

/* 

~ ~. ~ , 

fnc _,chl1d_ C" (SQC _parent ":B'~ , 

, ~~':t'. :'" :~$-pc_parent_B"1 
~:\.,..', ; : ~ 

soc_rem<5'te_A';,. ~ 
• .. ~ï: 

" 1 

• ,l' ... f r
, I.

f ~~-t ,{ l ~, ~, 
.. r 1 1( ~ " • 

"., { ,c.ha,;;, msg [BUFFER_SIZEJ ; /'" buff~t 'for . ' 
\.' ., 

'. 

} 

" .1, 1 

,trcat (msgmsg. ~ ... C') ; 
, " 

, "'. 

, " 
~ ';;, 1 

'. 

" 

" 

, 1 *' 'àlÏd e~i 1)-
.... ,,' J ~I 

" ". , 

'. 
\..... 

4.6 Comparision of the Session Layer and NIL 
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, , t , ' .. 

) \ 

The .. Session' L~yer and Nil progra,ns presented in 

" 

" . ...' , 1 

, , 

, 
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"J"> 1 
·'tl_t:.', J t. \. 

,1 •• f • 
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d~onstrate that ,- ' 

way"'with either approach .• An important feature"of tflese 'interfaces is ih~i; ,sîmilarity with 
~ ,,\ tj " 

respect to their applicatior;t. The user does not have to contend with d~fferent interfaces. 
• t ~ r ' 

. which makes' using ~hem easier. The sa~ple programs are relatively short in comparison 
, - ~ , " 

. to a Tep implement..ation of the same stn)c~~re':~:a Tep implementatio~ would be in exceS5 
r ~ l J' - };J~' 

of one thousand Iï'nes 'of prograrn ~ode and would Be composed of à' :rhajority of the Nt~/ 
so~~ce code. The relativ~1y short Jength of the N'IL ~nd Se~~ion Layer ~:rogr~ms" clearl/ .~ 

~ ., l, j _ ~ ~" , 

demo'nstrates the p~wer thatthese int~rfaces offer to the, user. Addition,al cgm.p~r,~50\~~·,~r~ ~~: ~: ", 
,~ l'k, l ':),',~! ,fi', <~'\ >h" ,~ ... ' pres~nted in il performance analysis in ,Chapter 5. ' ,,1 '~~~~r~~ <: 1 JI .: l._ 1 ~." ';~. ( 1> 

ft 1 ~\!... i " " ~ J .; ... 4-

4.7 

' .. , . 
t~· " 

''''-'. ~".(' 

Error Detection and Recov-:? 

... \t: '-.. ,t"' ~ ~ •• # '.] "0( 
'.. ..' t ... J ~ 

~'tI., ....... J .fi ~. 
", . ~ .... ,,'C O. 

\.1 ~ , I~ ... ~-\_ 

Jt~~' - ".~~' .. , • Ii ""''''',f'''' d 

-" '" ' " " . ~ \" " . 
\. .'.,. :'1; """'''11 • #~ J j. ",1:"\i. 1 ", . 

.\0; "" ~ .J .... , fi. -. t \ '~ .,,. J , • ..:,' l ' 

st. • f, 1 ~ t ~ ~ 7.~ '" , 
• l ~ \ .... tI _ f .., I~ '1> .... 

The net~ork interface provides ti1f~e~ levèls o~~rror 'd~tec;tioJf ~~~ 'tecov~'i:y. the 
... ~.. ~ } • l • 

'" .J 1 « , /" ~I. \ .. 

'proce~ing is bO,ttom up with the 'Iowe,st level tr'~aged bt Tep. the int'~rmediate~-y: the 
, .. t ~ ~ \ ..,\1/. .... \. 

,Session Layer,and NIL functions. and the top'ievei bY,the ~se~ program. " ;/~~':, 
\.. ~, \', 1.... t ~' '. 

,\ '}, t. of \0 ~ ~., '1 {, 

The Tep stream protocol provide!1 a reliable endpoint-to-endp~i\~i meah~ 'of ( .J' ." . ,'\ ,; ; r ~,~ -

communication in a network environmént. Transmission erro~s "êto not affect h;~!corredt,,;: , 
t ~ '"t ~ ~ \- ," 

delivèry ot d~a. Tep ach;eve$ this by recovering data that is lost. d~;Paged. duplic~~d or ':)" 
4 . \ 

delivered out of order. In the evept that Tep cannot recover from an ènor condition., -an ,,, 
'" 4,' • 

appropriate message is, passed to the ~ession Layer or NIL function. 

1 

, 
" ... ~ 1 

~ . Both libraries adhere to the UNIX standard for error reporting. In:the event of 

d • a~ erro'r: a function wiU: feturn -1 and the usèr .can opt to display the library function name 
J • c ..... 

.' in which the erro~ occurred. a system ,error message. and a fJ'ncti'on' error messa~e_ The 
, 1 -

~"function error ,message identifies the low level UNIX routine in w'hich the error occurred 
, '1) 

while the sy~tënr error message specifies the exact nature of the problem within the UNIX 

routine. for example. if an error occurred within the NIL function socket_connect. the 
'i 

function error message could be "CannotFlestablish connection". implying that the error -
, occurred in the UNIX routine connect: while the associated system errot; message might be .. " .. , 

; . , 

\ 10 
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'. , . ~ 7, Errer Qetectlon arid' Recovery ~ ..... 1 Of: 

.~ "'..., 

'\ -; _-l- ., .... 11' , ,--""" ~ 

'''Co"netttion timed oui". J~dicating t~at tohe remote endp9.int did Ilot accept th.4! cônnec!ti~n 
, \', ~;... "-, l' o' 

with the SD'eCified timeout periode It is the users responsibility ~o decide and implement _ 
'fJ", '1" 

the next course 'of action. In t,he èvent of'a~<catastrophic error. such~-:as, the 1055 of'a host. 
, ' . , J, l ' ' 

both the Session Layer and NIL fijncdons will automa~ically ~i.s~(Je ,both system and function;' 

error messages and terminate the programs. 
~ 

• .... ..:: ';, J 

" } ,,_ 1 ht 

~. Th~' Session Layer is more capable than the! NIL library in ~ealing with error 
r'" - \ 1#- , 1\ ,; ~. 

situations on its-own. Tf;1e DialQgpe Server processes and attempts"to r;cover rro~ èrrors, 
\. . ~ ~ ~ :..:~ ~- ~ .. ... : 

,signalled by TCP. ~he Servêr ~assès TCP error messages sù~. as com~uDication timèaots:, ,', 
.. 't t • 1 .... i .. ) 

ând b~~cked transmissions to ttlé .user., process. which' is respoftsible for cQp'ing" with these 

...~rrors."> r~e Servers also trap and pr~ess errors introduced by the user program SUGh .' 
~I, J .. "'''-, ~ ~ ~ "' ~ ( • 1 -" 

êls 'invalid speciliëation of links and '~Fldpoints. For more severe err,or situations: such as 
. ---- ~- .' ' " ' 

corruJ~ted lin~~ or the crash of a host.,.foll recovery is not possible: the ses~ion can not be 
~ , ."' 1 ~ 

restor~ ~ to àH: imag~ :~f what i~ was beforè the error situation occurred. In these cases. ( , 
~ .... -.. .. ,," ," ~ ....., 

the Serv~r perfo~.s, a partial recovery which involves an ord~rly shutdown of the alfected \ . !,~ .. r '.; , 
\" 1"" .. , ") j~ ".. 't... ~ , 1f 

links and passes ah approl?rlate error mes~age~ to the user. process. Un'der such seNere . 
, ~.. .. II" 

conditions. it may ~t be possible to continue with the s~~sion. The partial recovery. 

ensures that processes on the oth~r hosts pa~ticipa~ing in the session are' not inimdateJ.< 
" \~. 

~ith error messages or blocked in 'sorne way. 
1 

" 
To iIIustrate some of the Session Layers error detection and recoyery proce-

, .. 
dures. consider \he following exalTlples. .' 

. 

,~ 

, '. 
~', ? 

1/ 

Assume that a user process which is participating. in a session unexpectedly~ 
, \, 

, ..... '" ~ 

aborts. resulting in the need to terminate the' session. The Dialogue ~erver dedicatèd 

,)) to that process would detect the severed communication link and would terminate the l' 

associated Session layer endpoint. This involves terminating ail of the -links between the 

local ~nd remote Dialogue Se,rvers. terminating the link between the local Administrative 
J 

and Dialogué Server. and finally shutting down the local" Dialogue Server. The remote 
l " 

processes participating in "th.e session. wi 1 detect that the" counterpart is 06 longer active 

and they may in turn also terminate. 
J . , 1 

t 

'f 
TI 

" , , 
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1 \ ta Summary 
~ ~ 

/:?'\", ~l." '~\ .' 1 ~ .. - 1 ~; 1 

[i ': , "As a secOnd"exàmple. a~sume tl1at a host crashes. If a Dialogue Server attempts 
l !.~~; ~~- ~\ ~ ~-. ~ . '".. -.,. , ( 

to establiSh a link to a' endpoint on the afTetled nost" or attempts to send 'or "receive 
, -J r ~" c o~· ~ -J;;' "'.4 "t -;' ~ 

.-: ,over a disconneéted,linK 'an error is returned from T-(P. The Dialogue Server it.lf<>rms the ~ 
... ". f ( ~ 1 ,/ ,. '1 o' t f ; , ~,. ~ , ., 'I~ 

:'.; Adminis!rative Serv,er tH'àtâ link or eodpoiht is disabled.),. The Administra~ive.Server verifies .; ( 

J... f.(" ~ • ' ,'-.-

whether the remote host is '·ope'rational.: If! not. ab appropri~te message is broadcast to the 
", ',' , , ~ 

• ...... " .. • Vi • ~ ( .." ~..: ~ ~,~ 
'. ';:: other hosts. whiclrin~, turn, re'1)Oves entl"ïes of endpoints which resided on the'affected host, (, . 
~~ ri ~. t ~ - ~ 1 ;} :-, \ l , 

'", :, .., (rom their. Administrative Tables;: Dialogue Sen/ers 'are notified to remove from their tables .:," 
,. #.). v , 

" ,'" ';:, ,~: :,~'fJ links,te> endpoints on the afTected hosto r ~.; \" .,. 
J~ ~:k f ~ 'f , .. ~ ." 

, " • If .. ".$'~ ,,: t 1 ~ 
, ~. .' , '!!" '-,,';;' • ..., 

.' ~, ;;. 4 8 . S' "t( :; 1 ' ',~ ,-l, ~, , > ~ .,. 
?,' , • u .. ~mary,~. ,;." .. ), ~ ~ \; ",,' .; 

\ ~"'\ l " • ~~~ ...~ • t;.~ t.~'" ... <' ~ '1- .J ',"',,!. 1~1" 
-! "~", • J' .. '.: r"~~ f/'\ ~Â ~ ,. ...... "'J • 1 .. 1) .... .... 

: ~ - :f ~ -'"' :If 1., ~.... 1 'r ~ ~ .... ~ • ...~ ';.tw 
~"'- ,. 41 "',\' J ; -(, li-.. .. ~ ",,-' ~".'fJ ~~, \,t... "' ~~ .,-P, 

'<~~. ' .. :: ' S, ln this cha~ter, we,~hJlve presented the" d,esign ~tiât~g~ a'fchlit~GJ:Qre, and ~pro-

,., 
; _ ~t 

" , , 
", 

o 

"," ~~ \., r .4 ~' t 1 .. , :~ .; 1 ~.1\, _ • ,\ 

:.,g~amming interface of a systerri for int~rprocess communicati,~n~ withîn; o~" distributed 

" ". . "'" ,. 

l 
v' 

'\.!. ',~ ~ ."....,\ • .." ,-

, r9&otics environment. The environment is based on host compqter: systems operating un,: 
.. .. il ... 

1 ....... _ ... /" , ..... , ... '" ~ 

der the UNIX 4.2850 operating system commul'\icatipg over an Ethernet local area network . 
'tr~ ....., \ ~ j \ l ': ' .. 

r,;': -~'< • \~,I" ,' ..... : :'" ~ , J. 

, <', ~;~immul1ication environ'me~t'7i~ ~esig~ed,'i'~\e .flexi~i~, to '.i.eet-, the needs of { 
.. ~ .. , "..,,,.,.... ~. ).. .. "l. ""'; \: ~ , 

a ~onstântly. cha~gi~g re~earch environment:.môdular:to s,upport r!>bot work-ce!Js that .are\ 
~.:.. " .. . i,..- 1 ."',: ~ 

composed of distinç;l ,eleme'nts; and easy to use, so t~at programmers do not havè ta devotR 
I"J r~ t LI {) 

til'Jle towards underst~.nd_ing the detailed mechanism's ~f interprocess cOll)mu~ation. "f 

Ir ! • ... J ~ " .... ' .. 

~ J TV 

~ ~ The network interface IS designed to provide a stapdardized way oi :achieving' 
:':!. " 

Y.: i, IPe whilè relieving the user from the low 'Ievel a~pects 9f network com'munication., Three 
r' ... Il ~ .. 

. ~, interfaces'are available., each providing a diffe~ent level of sophistication. Each level pro~ides 
mechanisms for establishing. managing. and terminating communication sessions, but 'In a 

.difTerent way. The higher the level. the easier it is to implement and manage mterprocess 

communication in an efficient manner. The lower levels offer increaseej"speed and flexibility 

The highest level interface is based on a partial implementatlOn of the 150's Ses­

sion Layer serviJe specificatio,ns. The implementation is based on a hierarchical framework 

composed of an Administrative Server wbich is responsible for maintaining communication 
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Y" ~, ' 'Î . 48, Summ~.ry 
~. ~ .\: w- ~.t. -,.1 ~ t 
'\. ~. , , ,) \ ~ \: ~ , 

endp6ints ~~. a Dialogue server which is respon,sible for mll'n~.ging~~~ communicati~n\\liflk~:~\', 
~ , 4 LI', Il.. ~ ,~ L: r , 

Of the thfèe ;interfaceS; this is the only level thâ'l ofTers a standa.rdized way of achievin{·, 
~~" ~...... \~ ~ 

IPC. .~ . 'r- ~ ~, ~ 
f .~_ ~'I ~, }~. ,J 

;., .. ) 1 .1'\ ... il ". ~ 

,"..,.,~ .~ .... ,~!..,~ 'f" " ~ :" ~. .. ::~, ; 

, ,r.h~ i~ter!l1edi~te levet interfa~e.Îs provid~d by the. Network If't~~~c~ ~ibrary. 

This interf~2~ljs Î~S)'·:sophistic~t:d than th~ ~e~sion Laye;"ir) that)t is more'~'fffi~~lt~to:u,se 
J 1}.. ft 1 \~ L .. t .-

and its functions ~r~ less po~ul. " .' '.;'. l~ ," ;.: , 
~ 1. " , , 1 ~ ; 

• 1, " , ',/,. '. Î . 
• Ir • 1; ... -r., ~ 

• ... 4,~ ;J~ ,,." } • 1 • 

The lowest level interface is pr~vided,~y UNIX·4.2BS(j;)~ the form of its~!CPr 

function Iibr~ry",>Th.fs level offers the mos\dlexi~iHb; and ~d bt~ thése attrib,utes ar;(; 
, ~'~ ~ ,. .t- ~ ~! 1: ~ .t ':"",,' (. /.. , 1-

offset by the diffic~lty én~untered in using (he .rç.f'(unctions. This level'is~primarily of 
1~' • 'l', • \ .. \.t t,' 

interest to system I~vel p~~g,.amme!§. '{ .. ::~ ~~ :;, 
.; (l, / , ~ ~~ .. . ' . 
Î~ :~ \., 1 .... ~ "" 

T wo s~mp·le.;progr:~",s 'jllù'Strating ~oth the ~e,~sion laY~,r and Net~ork Int~t.\> 
'.. ....' ~ ..... ... J; ""'" , 

face Library fUllctiaos were presented to dèmonstrate tll~, ease with:' which i?t~rp,ocess~' 
J : -: .. , .. ~ iJI \ \!:" • 

communication can be efTec~d.: . '~I " \ t·, J ': ~ 1: , 
• • • .. ,. ~ 1 t J • ( .~ '< 

," \ ' .. .Jo. ! .~- -... ".. ";r'''',' ~p 
. ! : '\ '.\ -' -, "'",. ,~~ 

Error handling ca·pabilities'of bQ.th'~thê· Session Laye, and NIL (nterfaèes was 
-.'- ~ • ,1 l' 

presented. The Session layer is far :$upe;r~i ln it'$" ability to d~~1 with erro~, situations. 
.. ). ") ~ - ;." 

while 1e Nil functions ~q~!,~~." to a greater exter~' that the ~.sei:decide what the coulse 

',of action will be for noimal ~ntf_ abnormal conditio1l's and now,it will be implemented when 
• : 0 .", \ l1r. ~'f 'lo, ~l : .1. 

an error occurs. , . ",.. \'~vl~' 'f . ".:. ~:: r 'J .. 
"\ ~,,(>.< l' ~ ,~~ ~1 

'\ .... 1 "'" '"',: ;.. ) ...... 

, ... ,,1 ~ '\. ... '~ .. 
• ~'t1 t t r '. .c' 

r 1 / Z '" ~ ~ 

(~l .~) 
, }J. 

~tt 
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Network tuhi.ng is the proc~ss of adjusting Transport Layer buffer sizes ~nd flow , , 
l ' 

control parameters. It t'an be used to optim,ize network throughput based on the' require-
, 

ments '\,f the applications that the network supports. In our-environ ment. network traffic 

consists primarily of file transfers and remote terminal applications. This is in contrast to 
" 

the robot work-cell message traffic which is relatively low in volume. consisting of messages 

which are generally Jess th an 32 characters in length. The network is presently tuned for' 
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5 2 Performance in a Distributcd System 
" 

larger data transfers: 'this is therefore at the expense of the work-cell's commumcat10ns 
• J ) .. ~ , ' 

needs. Although tuning affects the overall throughput rate. the sam~ conditions are applied 
l , , , 

equally to both Sessiol') La'yer ~nd NIL 'program~ since th.ey are both ba~ed on Tep, 
, J.. \ 

, " _, ... Il ~ . . 
It is bey.Ond the sèàpe of this thesis to addres's the network performance below 

;~ ; ? l, ... 

" '1 ' ,1,.-',. 

the,lével of the Session Layer and Network'inter;fa'ce Ubra~y. A performance evàluc;ttion oh "-. ... .... .. 
, \ 

TCP. which indudes the Transport. Network. Datà' Link. and physicalla~ers. in a network 
.; . \ 

configurat.ion similar to O'~r ~wn~ composed of VAX and SUN' hosts operating under UNIX 
" • ,( 1 

'. ! 4.285 D ~nd connected by aQ', Ethèrnet is prè~~nted by éharfson IChanson et âl. 84). '" ln 

, 

.' 

" , " 

y~ry general terms. the p~rforni~nce of the TranS{>ort .Layer implementatiQn depends on the 
, , 

"(ollowing factors.. ' , 
• ~ l ' , 1 

• 1 

\, 

~ " ... " '1.' 1 
\0 t .J, 

j .5 ~ • 1 '.....-""q. • 

• l'he contrql structure which; in part. deals with packet format. retransmission and 
_, 1 / 

~A<, ~ ~ 

timeout protocols. data "fragmentation. and packet routing. " 
,~ ~ .. ~ , , 

, , 
o 

• The flow contro. mechahisms which are based 'On the available buffer space at the 
~ 

source anq destination ~ndp<?i.nt~ . 
, !." , J" • 

" 

The implementation,qf th~ prolocol. In the ca~e of 4.2850. the proto col is impl.e-
.. ", 

mented in' the U N I~: kernel which. ~s' the lowest level 'pf the operating system and 
" , 

an:ords the gie~~es~ sp'~~d~;' , 

t • 

.' 
" 

• The ~~~ratlng system overhead. T~iS' refers 10 the 'Ù~e consumed in process swap-
, f • 1 , ~" 1 

i , 

. '. 

"'" l ' <6'\\ 

ping. pagmgr s~stem caUs. and any' o~~er,~,~~pects pertaÎnÎng to marshalling the envi-
" , " 

li', ronment of,the processes, 
.' 

.~ _J ' 

, , 

" 

Ethernet employs 31. éarrier sense"pù)tocol for.accessing the network., If a host 
, , 

has ,data to transport. it first interrogates the network for the presence of a carrier. that 

, J 15 
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'~', 1 .,) (,r • 
l , . ' ( ~ \ \ : .f, ~ 1;' '1 • 

. ,,' ' : 5f~' .Pcrf~r~~~ce in /Di~tributed Sy~e~ ,:: 
j { • t 1 ~ :- l ' ) i, .' ' l '\ r 

, . is'.' â packet 'transmis'sion prese~~" on the netwo~;' If t~e :cl:tann~l is' busy. it '~aits a Iflndom ' 
,r • " .... (, ,_, r ~ 

. arriou~t ~f. t~~e and then retries: '-o~~erwise. the data \ is t;ans~~tt·ed. Netwo~k contention \' 

.arises through t,he concurrent action of more than one ~ost attempting to transmit a ppc~et ~ -< 
,~ , r '. t ~\ ij-: # r 1 

! on the lie,twork. Ethernet does not employ a priority or q,u~uing t,n.ech~nis.m to .~esoive' " 
~ - • \ • ,~" i' :. " • <: 1 f ~I~ -~ J' ~ 1 1 ~ 

contention. If a collision pccurs. contention is resolved by having,the hds~',waÎt à;rar,l.dom < 
~ ,~ 1 . ~ , -

'.' amount of time befo,re retrying. l' ,~~ 

....... 1.( , , 

1 a ~ ,~~ ,'Jr < 1 J~- Il, 

_ '0 ~ J " "/~\'" ~'';~,~'j 

The performançe of network protocols ln the présence of contentio~, is, alway~ 1 • 
1 , \" ~ l ' 

decreased. Ne~wor,k contention Ican b"e paitl~ evàlùated by ex~~i~jng the lo'Jisio'~'. :,~t~ '~r'· ~. 
. ' il-,· " 

pâckets on the network This rate is related to the number of packet reuansmissï'ons'and' 

.-

l , ~ I:{ , . 

. ' ôthus affects the' performance. T 0 some e\te~t. net~ork balancih~ ~~n ~in,i~ize cpntênt~Q~' " ' 
, '. ~ 1 1 ",' , "' , " 

by opÙmlzÎng pa~ket sizes ~nd timeout~~' , -', . ,~ ; ': ", 
, w, (r ''''1''' li l , ~ ->\ ~ '"' . \," ,., ~ 

l.-...... ' \,." '''.. ", t,.. r.l, ! 

ln our environ ment. -th~ .. àverage collisi,on raté' ,Ji vèry 10W,. approximately 100 
"\ , , ~ '" < ... r \ f " 

parts per million. and is not cons:,~erèd 16 'co~tri'~ut~' ~ny signific'ant effects. 
\ \ , " .. ~ ~:.~ ... .,. ..... - ~ t t 1 

~ , " l • ': ;.,' 

( \ ~ '1' l", \, ,1 

~ ~ _ A \ 1 ", "'\,r} 
5.2.3 Local versus Remote Commul)it$tion: ", -, "1 ,.~' 0, 
." r~ l ~ .. : .. .., 1 ~~ • l. 1 \. ,." , 

~ 1 • .(" ,- 1 ; ~ . ~ 1 G 'Ir ~ \J 

, '" ,,1 " .. J' .. < • ~ 

l ,Ir:!~terprocess message pas's:lng.is c.onflned'to a s!ngl~ hosto the phy.sical network 
\ 1 ~1 t7 

is never acces~ed afld contention can not arise. 1 Because remote message passing requires 
" 

network access. it is somewhat slower. Since ln 'our environment n'etwo~k'col'l~ention is 

, '" very low. the effects a,f local versus remote communic~tion are ne'gligible. 

, 

5.2.4 Processor Load , . 
,1 ' 

, " Proce,ssor '~ad.' or cru load. plays a major role in network performance. TCP '" 

was de5igned to provide robust communic~tion over 105sy. long haul networks and therefore 

has extènsive packetizéttion and error detection and c~rrection feature~. This requires a 

.tremendous amount of CPU resources: 50 much 50 that ~ome argue that TCP is too 

fpawerful for lA~ applications. An alterna~ive. ies~ robust protocol has been proposed by 

: Chanson [Chanson et al. 85]. 
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5 3" Performance of the Implementation 

The length of mèssig~s iS'certainly a contributing factor to network and system 

pèrformance. Messages designatedl to be transported are first stored in a TCP transmit 
, " .. ..\ . 

buffer which is normally 2048 bytes in·length. then packetized. usually in fragments of 128 

bytes fQr TCP's stream protocol. and finally put on the network: The number of packets 
\ ( 

and ultimately the CPU load are proportiQnal to the message lerigth. 
, \ '\0 t 

~. c 
" , 1 

, J 

'). ). 5.2.6 Progràm Overhead 
\ 'r 'î i;' 

/ .. 

" , "} 

0, "î 

o 

• 
-

" 

\, 
~< 

1 . -'" 
Progra'm overhead which, entails calling routines to receive. parse. and send '!1es-

;~ ~ ". l ,l' J • 

, ',sages COritl'~~ut~s to the end to end :bandwidth. Efficient, architectures and programmihg. 

both in implementing the network interface functions 'and on the part of the user who 
~ ~t ~ 

in~egrates these functions into their applications. is important. l..: ,', ~ 
, 1 , 

. . 
\ ! 

5.3 performahce of the' Implementation 
t, 

-, 
, " 

.. 
1 .... , 

", 
" , 

t' ~ ..... n 

'The Session ~ayer per(brmar1C~e was evaluated by cçmparing the limes required 
, \ " 

to cycle a message. using both the Session Layer and Nil servic~s. to and from a remote 
( , 

process .... 

The routines required to effect data transfers using the low level Tep functions , 

amount to the send..msg and recv..msg functions of NIL. Therefore. from the perspective 

of this performance evaluation. the transmission times of "b~th Nil and the TCP imple-
, , 

mentation can be considered to be identical. Henceforth the figures presented for the NIL 
" 

implementation apply equally weil to both NIL and TCP implementations 

The time reqUired to effect a message transfer depends on many factors. in­

cluding the length of the message. the system loads. and the network balancing parameters 

which affect the performance of th~ Transport Layer. 
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5 4 ;- Experimental Design_ 
~ (.. '; 

( Our objective wa~~:to evaluat.e the Session Layer'relativeto the Network I",tenace 

library under th~ conditions of our pr~s&lt TCP inst~"ation: The actual t,imes req~ir~d to 
\" 1), ' Ô .\' 

transport messages over the network are only relevant to our network configuration and tun-, 
\ . 

ing: relative comparisc:»ns a're therefor~ made~ ,N,IL was chosen â~ the basis for performance 

1:: 
~, c~mparison bec~use Ît is the fastest TCP basecJ l1leco_a"ntsm avail<lble for transporting mes-

' .. 

'!ot ' 

·sages. We were not concerned wi~h measu,rmg the effects of factors specifie to the Tep 
1 -

protocol. Thus. without loss of generahty. we assu,rned that the tlme required to effect 

message transfers could be represented as an overhead t,lm~. due to Tep and the network 
" 

interfacE. functlons. plus an increment which can be characterrzed as a function of message 

. length. Further. we con,der that both these parame~~rs could themselves be dependent 

on th'e system load level and the type·of host complJter: VAX-ll/750 (VAX). MicroVAX 

Il (mVAX). or SUN System 2 (SUN). In èvaluating the session-layer. it was assumed thàt. 
- ' 

data gçnerated under almost identlcal conditions would not have been, subjected to sig-

nificant variations in overhead time:, any error introducèd by thls simplification could be 

absorbed ioto the overall error, or the model without serJous .conseque~ce. In other words. 

the sma!1 fluctuations ln system load encountered while performing the experiments were 
1 l 1 \ 

$ not considerèd 'to be critical and therefore were not aecounted 'for by the model. 
". 

ln evaluating the' Sess,ion Layer. we wanted thé results to reflect typical con­
:~ 

~~~ ditions encou~iered in the labo'ratory. Smce the packet collision rate is essent~ally zero. 

", averagmg. 100 'parts ~er' million. the effect °of varying the network load was not deemed 

'1ecessary. Thus measurements of load will be based stnctly 0'1' [PU 'Ioad. which for the 

p'ùrposes of this study. is defined as the number of jobs in the operatmg systems run queue 
..... , fi 

averaged over the last one minute period. 

, 5.4 Experimental Design 

". Programs which measure the tim~ to cycle messages between two hosts usi[1g 

bothO the Session layer and the NIL services were developed. A block diagram of the 

,..experimental setup is presented in Figure 5.1. 
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5. 4 Experimentai Design 

1': HOST 8 

Administrative 
Server B 

Administrative 
Table 

f, l 
~ 

. 
Dialogue 

'.( 

Server 2 '\ 
1 

Dialogue 
table 2 

~ -
1 / 

... 

User 
Process 

Function 
Library 

. . 
, Figure 5.1 Configuration implementing both Session layer and Nil links 

Using .the Session layer facility. a message was transmitted froR} the local 

endpoint to the remote endpoint. and then returned. The elapsed time from the initial dis· 
\ " 

patch.msgfunction cali to t1?e return of the fmal read.msg cali was measured. The message , 

circulation was then immedlately dupllcated. thls tlme over the direct socket connection. 
, . , . ' 

using the Nil send.msg and ;ecv,msg functions. The tlme of the messagè transfer was 

again determined. 

This procedure was performed ln tnplicate for messages of lengths ranging, from 
\ 

'1 to 20~8 characters. with an emphasis on lengths at the lower extreme of the range. An 

upper liri,it of 2048 charact~rs was chosen because it ,corresponds to the transmit and 

receive message buffer sizes allocated to, Tep when the system was conflgured. 

T 0 examine the influence of system load and compute~ host types. two sep­

t 
19 
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5.5 Analysis and R~ults 
..[. 

... \ ~/'W." t"" 

arate -studies were performed:' The first,;study considered the affect of system load oh' 

Session Layer performance. rhe programs '~ere executed on the same host configuration, 

consisting of two VAX 11/750 computers, at three different CPU load levels. classified as 

'Iow', 'medium', and ·high'. For the purpose df this study, low. medium, and high loads 

corresponded to an ave,rage of 1. 5, and 9 jobs respectively, in the run queue over the'last . 

one minute period. 

~~ 

, <of r 

The second study evaluated th,e performance of the Session Layer over various '\ 
. ' 

;r ... • .. 

combinations of different host comlluter types. The programs were executed on six different 

host-pair configurations: VAX/VAX, VAX/mVAX, VAX/S~~~:';'VAX/mVA~, mVAX/SUN, . 

SUN/SUN. Ali programs wete
4 

executed, under conditions of medium system load in an 

attempt to parallel the operating conditiOOs,that are normally encountered in the laboratorY".' , .... . 
" 

when running robot experiments. . ... 
, '\ ' 

.f 

, , 
The raw data generated by these studi"e~ ~s not près-ented in~ this thesis as ft is . '~ ----

too voluminous. The dat~ tabulated in the su~sequent sectj~n'S<-of.. ~s chapter r~presents 

results of our analyses. . ,'. . .', 
1.... ..,.~ ... 

5.5 Analysis and Results 

, 

The objective of the data analysis was to compare the times requir~d, ~o trans-
, .<- • 1 ". 

" mit messages. under Identical conditions. using the Session, Layer and NIL ,services. From 
.. ~ "...... '.... r 

this comparison. a relative measure of the Session (ayer's performà{'lce was derived. Two ;. 
, , 

separa te analyses were performed. based on the studies dis,Çussed- above. 1 The.Jlrst consid:-
,/ " l ' 

. :ers ~ariations in system loid; whi,le the second exârri~ès the ~ffeci:s 'of differ~nt types of 
~/I ~< ~ ~ J ... 

t, 
'''-~ .host tom~uter:. , ' 

{= • " 
- : \\ , ..... ., - ~ t \ ; _ ~ , , 1 _\ 

, \~IÏ dat~ ~as àn~IYse4:Wsihg·t~~',S'ÂS Gener;1 Linear Models'Prô~edure Package " 
~ 'j .... <} '::: l'... :, 1 • 1 (' \ I".~, '" t" J 

(SAS 82] .. The ,~ta,tistical concepts for the ana1ysis were based on material from Searle 
... ~ , .! • 

ISearle 71J and Draper (Draper and Smith 66).' , ' . 
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Analysis and Results 
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.. f-. 

'It was ass'umed that the tran.s~i~sion ~tiriie è~uld 'he described by _ a relation 
~\ ... ,J ... L 

j'nvo,ving the ~ssage ~e~g~h. the system load level and the cOl1Jmunication i~plem'ér;ttation 
';;: , ',": "), 0-

":, - Session Layer or NI,L. q,t.h~~ fact~r5 which ~ould,;~~~ence transmission time were assume~ 

o ~~~\.- to remain cons~a~L 'A~ will} be more _ap~arent latet: the consequence" of an error in this 

assumption is that ~ur ~sti ~-. 'tÎQn of the dep~ndence of t nsmission time on system load 
~ .. l ...r'. 

~, "r..... , r ,t 'J 

may be in error. ,'f{pYiéver'.' inèe ~~r -pbjective is te, obtain relative comparison of the 
1 ~ ,-.. ')... ;('p"i, .. ' • "; ~ ,- .. 
_ '\ .... - r r \ ..... r 

, ~~,.;I SessiOn, Layer ter,Nll. this onsequence should not be critical to ',r analysis. Further. 
~'- \.. ~ - , • J /J ... 

'1 ri \ . ~ Jo , 

-t- ,f ',''', " it wa~:~ssumed ,that "the co aria~5e mddel which is descrjbed by equation 5.1 could be 
, ( J ~~' ~ 1 

i, " ' applied: 1 - \ ' , j, _ ~~ 
~f .... t'J'll ~ ~J ~ 

" ' 

:)) <, ; ,... -\ ~~~;. ~.. 't-';'" f : 

~ ~~~ ~t,..i. ~~ .. ~ 
" , '{ .. ," ............ ~ ," 

, , 

) 

;l ~ t.. -

'" 
l ': J<~ • ~ ~..:l 

, , , 
, 
\ 

t-

.-, 

" J/~J' = Oi + Tt/+ (/Ji +'Pii) . X , . ' , 

IS.l ) 

'r 

".1 
~I 

1 .. 

low. medium. orohigh. i = O. 1. 

l' 

communiç~tion i~plementation: Session Layer<5f NIL j = O. 1; 
nI 

sOres the time to circula te , ~ m~ssage under load l coné:lition i usin,' communication' 
'\ 

implementa,t~on j: 

X repres~nts the message length: 
r 

l '. :' .....j 
di represents the component of the time. which is independent of the message length. 

required to circulate a -message using NIl. under load condition i: 

/Ji measures the dependence on message length of the time to circulate a message us.in, 

NIL under load' conditIon i: 

'. 
) 
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5.5 Analysis and Res'~lts . 
l , "l.. 1 h .. ! 

.' , 

T,a- represents the oV~thead tim~ .C?f the Session tayer under load condition i. th~tl~~ " , 
-. , ~ ~<. • ..~ 1 ... 10 , ~... .. 

, the' additional time. linae~èndent of message length. which is required to circuJ,~t~ a' ,~ ; 
_ ~ .. ok ~ "" _ ~J/ 1 

! message under load condjt;on itusi~g the Sess10n L~ye; !~~~i than NIL; l '/i .: .. ' -< ~~r~:;' 
{ , "1 , 4 ~~ /~ ::'"' 

~ ~,' 
(;>~.' ~I,T 

, . ~1 :;~J'.(j '<. :"" 
~~~ ~ : . 

J' (: ,. t y" 
~: ~,{ tt.:r--.. ~..f _:~~-) 

& "~,," ; fI , .... _1 1~ t"-, r .... l \ 4 

J • ,1 .. ~ .... ~.. I....~ ... ~J., ,"r 'r 

P"tO represents the difference in the dependence on message length of the tirt'~' te> cird.llate :\~. : . .> 
::- -,' ~ . 

m~ssages-usil1g th,e $e~si~~ .. ~ayer rather than N'ft. under lo~d,.conditi~n r: , ;,' ~: '~;:~. , 
, ;- ,,-,, ~:... . 0'.:' ) -f::. -'1'" \~~ 

ft 

rI ............... 1' :.. û"::' 3-r),~ , ~ .. 

, ,. / ... ; :-..r " ~ ... ("" .. 

, , 
t~ ,;~ , 

' ..... ," , 
, . 

... ~ \'1,...). ;; ~I-:'" 
• " :~, 1~ (~ 

Four variations of equation 5.1 were,consid.,ered: . 

1 

- Ti~. = Q, ,+.i,~. + (~ .. ~-'fi]) h::\ ::~,:' 
_ J, ' 

. , 

T.j = Qi + T,] + ({Jt + Pi]) • In(L) 

... ~ ,Ji} ... ! 
. '; ~~ 

• 

• 0 

(5.2) 
.. .li-

"1. \." l~ .. 
~ -; ,., 

<, 

. c;.3) 

(~.4) 

(5.5) 

\ 

, , 
1 

where 

T denotes the time to circulatê~a message (seconds): 

L is the message length (characters): 
~ 

l " 

In(·) represents the naturallogarith"m. 

.. 
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, 

" . , 
. 
~ t ;; 

1{, :1' \ .' ,l'" Eac.h fJ10del was fiti~d" 't~ tHe d~ta' using the method of least squares. The 
t.. ..~ .j.; ~ ~ ..." 

~ '~' ...... .. .~ if f'"'~-i j ~,~. t.~ -0 S:' .). ," , 

, ,\' r ,_'0. }{'(\:~,'{.' co'èfficient bf correlation. which, measures the amoun~ of variation of the data which is\ 

<~~'"~; .~~ 'cÎes~ribed by t~e mpael:, was c~mputed for ea~h éase. Based on the coefficien't of lorrelatioo. 
, ' 

, . 

o 
, 

L 

" l, 
"1 , 

'; ... ~ 

• p 

,~ ~ 

the most appropriate' modelblas 'determined to be the' linear relation. 5.2. A~graphical 
. - ' 

o representation of th!s $~tion is presented in Figure 5.2. 
... • .. ~ r . , 

".' 

, . 
Simplification of .the linear" model was considered: th~ reduction of the mode1 

, ' 

to one ,which would assume.that efJects ~f the Session Layer were i,ndependent of syste[ll 
~ '. 

tl .. • \ -" l, 

load. that is. Ti,J = T] and Pi] = ~p) for ail i. was ~xat.nined. F statistics' w~rt; œmputed 
, ' 

to evaluate the significance of the variations of the parameters T and p bètween.system 
o • , 

loads. Both F statistics were 4etermined to, be highly significant. implyi!ll that the data 
"", 

demonsfrated a difference according system load of the Session Utyer's effect On bot~ the , 
, 1..... IP" 

'overhead time and the dependence of lime o~~essa,e length., :rherelore. the modeI was 
-" . ' . 

not reduced. __'" • 0. " 0 
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5 5 Analysis and Results 

The estimated parameters of equatlon 5.2 are tabula~ed in Figure 5.3 The' 

additional time to circulate messages using the Session Layer rather than NIL was described 

by an overhead time which is independent of the messa~e length. and a time whlch is 

directly pr~portional to the m~sage length. The overhead. whlch is represented by T. was 

determined to increase with Incieasing system load. At low system load. th~ overheàd 

-was estimated to be 1.62 seconds. while at hlgh load. the overhead was estimated to be 

1.93 seconds. The proportionahty constant charactémmg the' eff~ct of message lengtti 

'on the Session Layer,'s performance. represented by p. was also deter~med to mcrea'se 

with system load. At low load. the proportionahty' cori~tant was estimated to be 0.0022 
, -

sec/char. indicatmg that the additional tlme required by the Session Layer to .transmit 
.. • 1;. 

messages mcreases by 0.28 seconds for ea'ch increase of message length by 128 characters . 
.,. , ..... L .f' 

At 'high system load. the additional transmissIOn time requned by the Session Layer to 
.0: 

t~ansmit a message was estlmated to increase ~y 1.05 seconds for eath 128. character. 

increase in message length. 

lum 

j 

1 Load 

; low , i 
, med 

1 high 

·,,1.-----a T 1 {J 

sec sec -1 sec/char 

0.01 t.62 ! '0:0021 
1 

0.02 1.75 1 0.0049 

0.04 1.93 1 O~OO67 
---

"'-p'- .l 
s:c/charJ 

0.0022 

0.0052 

,0.0082 

Figure 5.3 Parameter estimates of equation S.2 

" 

_ " ln Figure 5.4:' estimates of message transmissiol1 t,im~s, based or.- the derive(f 

regression equation are presented ~o~ . .each system load level. for messages of lengths 2. 4. 
.... '" ~ ~ .. ~ 1 • 

. '.8; 16t·32. -64. 128. 256: 512. 1024, and 2048 characters. 
..... • ~ j, .. 1 < _ ~, 1 ~ 

! 
J' 

~ 5.5.2 " Vari~tion Between Hosl Computers 

-;: . 
J;he ahalysis of data ·gene~~.t~d by the secO~.d study. jwhich tÔnsidered. varia-" 

" 

tions in host computer types. maintailled at mediUm system load. parallelled ·the' analysis -, 
, 1 
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'5 5 Analysis and Results 

. ~ 
• \ Load 'Low Medium High . 

Mode NIL SL NIL SL NIL S~~ 
, 2," 0.02 1 1.65 0.03 1.79 O.OS- 2.00 

. , '4' . 0.03 1 1.66 0~04 .1.81 0:07 2.03 

8 . O.O~ 1 1.67 0.06 1.85 0.09 - 2.09 . 
0.05 1 .'1.71 t6 0.19 1.93 0.15 2.21 

32 -0.09 1 1.78 0.17 2.09 0.26 2.45 
, ~ 

. 64 0.15 1- 1.92 0.33 2.42 0.47 2.92 . 
128 0.29 1 2.19 O.~4 3.06 0.90 '3.88 . , 
256 " 0.56 1 2.75 1.26 4.36 1.76 5.79 

, -512 1.10 1 3.86 2.51 6.94 3.49 9.60 

~~ r--,~.19 1 6.08 4.99 12.11 -6.-94 17.23 - 2048 4.36 f 10.53 9.97 22.46 13.84 32.49 
. 

- ~. ~ 
Figure '5.4 Estimates Of message tral'lsmission times (seconds). 

, . 
described 'àbove. it was assumed that the transmission time could 'be described ,by a relation. 

" . 
'-involvin~ the me~~age len_th. th~ computer types and the ~ommunicatiori irnplementation -

) .... ,. .. 
JO ... -- .-~-. "\. • , J 

'Sessiôn Layer or NIL. Other factors which cotlld influence transmission time, \vere assumed 

o 

.. - ~. , .. .. 1 

", . to rem~in co'nstanf: Sinèe our ,abject'iVe \Vas to obtaio a relative: COrriparison. of the Session ,,-

.. 

Lay,er to NIL. this assumption \'las not judged to be critical to our ana/y,sis .. It'was àlso 

a.ss'!Jmed. that 'the ~ov~riance 'model defined b~ equatÎ'~n '5.1. wi~h i:...ri.l.2.~ .. 5 d~noting the 
/ 1 ." J • . . , 

computer type. could bé' applied. , 

':.. 'The "four variations of .the mOdel described by .èq~ation 5.1 were 'again ~on-
.. \,"~ ~ " 

l! "')' '" " . ,., 
. . sidered. Each model was fitted to the data using the r:neth06 of, feast sqùarés and the 

.,. ...... .;"" f • 

:coeffici~nt of correlation' computed. The ",!ost, ~ppropria~è model wa~ selected. based<on 

\ i the' coefficient of éorrelation. to again b~ th~ linear relation repr.esented by equation 5.2. 
.... ~ fi 1'0: r 

" , " . . • i.. .' ~ : ~ 

~ 1,., " 

Simplification of the linear model w,as consi~ered: the red~ction of the. model to· 
\ 'W ..- \0 ., 

-one' which Would assume that ~ffects of thè Session .Layei were Îndef?endent -of computer" 

, . -'\.--. 
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5 S Analysis and Results 

- 1 
Il 

type was examined. F statistics were computed to evaluate the 'significance of the variations 

of the parameters rand p between various pairs 'of hosts. -Both F statistics were determmed 
'.... ... ~ -

to be highly .significant. implying that the data demonstr-ated a differ,çnce according to host 

computer type of the effect, of the Session Layer on both T. the overhead component of the 

message circulation time. and p. the tÎme;component whid'b varies with message length. 
> 

The model was therefore not reduced. 

, : (l ! ~ P --- r ,'- p ----a 

r-__ H~~t_~ec Ts~c 1 s~cïc~~~~L~~~~c~~r J 
VAX/mVAX 1 0.02 , 1.52 ! 0.0017 i 0.00c46 1 

VAX/VAX 1 0.1>1 1.47 1 0,0024, 0.0043 

SUN''jVAX 0.02 ,1:56 1 0.0018 0.0024 
1 - ,1 

1 mVAX/SUN 0.01 ,1.42 0.0010' 1 0.0016 1 

l, ~uN/sliN i, 0.{)1 ,1.39 0.0011 i _ Q.,OO~~ 1 

1 mVAX/mVAX.~~_~:-~1 ___ ~_~,4_4 "0.0009' j O.~~.l~J ..,. 
û 1 

- , ' 

Figure 5.5, Parameter esÙmates for transmission times 
. , , 

, 

.' 

" '-

- , The estimated parameters 'of e(luation 5.2 are tahuléjted ln Figure ,S.S. The 

< . 

overhead. which is described by r.-'was determined to range trom 1.39 'seconds for thé , . 
~ \. .. <1 , 

SUN/SUN co~flguration to L,56 seconds for the SUN/VAX configuration. a v~riation-of 0.17 
" ' 

seconds. The proportionality constant characterizing the .èfTect of message)ength on the 

Session Layer performancè-, .described by p. was also determined to vary according to host 
r J \: .. , , 

configuration. The proportion'ality co'nstant ,was estimated to' range from 0,0014 sec/char· 
• Il 

for the rnVAX/mVAX to 0.00:46 sec/char fot the, VAXjmVAX.confJguratlon. In other, w~>rds., 

the difference between transmission times of the Session Layer and" NIL increased from the ' .. 

overhead time by an amount ranging' fr~m 0.18 to 0.59 seconds for each ~ddi'tional 128 '--' 
" . 

~~ \ 

characœrs. - ~ 
, 8 

r) _ \ \ ~ ~~~ • f " 

hi Figures 5.6, and'S.7. estimat~s of message tran,smissio~ timè~ for NIL and 

Sessio!,! Layer implementati~ms ~ré p~esented for eaçh host c,omputer type,'" for.,me5s~ges 
'of lengths 2. 14. 8.16,,32. 64. ~28:,256. 512/ 1024.'2048 characters.-," , 

-' 

( 
-.' . -" , -, 

. , , 
': ,l' "1 

" , 
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5.6 Discussion 

. ,~_ ,t ___ '_ . 
NIL Transmission Time (sec) 

• _f ~ 

, ~ __ 4 --r- _, ~ 1 • 

,~~,~~, VAX/V~X tmVAX/mVAX ! SUN/SUN: VAX/mVAX mVAX/S,UN SUN/VAX 

; 2 i 0;01" l' 0.01 1 0.01': 0.02 0.01 0~03 
J' ~ 1 

: ' 4: 0.01 1 o.. 01 0,01 0.02 1 0.01 0.03 , " 

.~I~.- 8: 0.01 : ' 0.02 ,0.01 0.03 0.02 0.04 ' 
" . , 

..16 0.03 , 0.02 0.02 0.04 0.02 0.05 
, 

" 32,;', 
J 

n.07 i 0.04. ~ .l 0.04 0.07 0.04 0.08 , 
! 

64 ; 
, '. 0.15 0'.07 0.08 " 0.13 0.07 ' 0.14 
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5 6 Discussion 

on the system load. the host computer type and the méssage length. Further. the analysÎs 

suggested that the relation between the message circulation time and the message length 

was linear. "­. 
The difference in performance between the Session Layer and direct Tep. as 

measured by. NIL .. was expressed as the sum of an overhead time which is independent of 
'f 

the message length. and an increment which is directly proportional to the message length. 

as was defined by equation 5.2. The overhead of the Session Layer was estimated to range 

• from ~.39 to 1.93 seconds. depending on the sy~tem load and host configuration. The 

increment was observed to vary from aS,low as 0.18 to as high as 1.05 seconds per 128 

character block transmitted in a message. That is. in addition to the overhead wtlich ,varied 

between 1.!9 and 1.93 seconds. éach block of 128 characters transmitted will add from 

0.18 to 1.05 seconds to the transmission time. 

The variations in transmission times between host configurations did not im-

" " ply that any particular host type will c~nsistently enhance -Or impede the Session Layer' 5 

p~rformance. The estirrfttes of Session Layer overh,ead and increment times fo, each host 

computer combinatioFl indicated that the Session Layer transmission time is highest when 

a VAX host is involved. However. it was observed that the VAX configurations also exhib­

ited the highest NIL transmission times. Thus. although data transmission is apparently 

... sÎow~st when a VAX host is involved. the rela~ive performance of Session Layer and NIL 

ba,sed application programs is not diminished. 

The times required to circula te messages between two processes using the Ses-
~. ~ . . 

sion Layer and NIL services arè tabulated in. Figure 5.4 as functions of message length for 

low. medium- and high system loads. for the VAX/VAX host configuration. In Figures 5.6 

and 5.7. s,milar results are presented for host configuratio!1s of V~X/VAX. mVAX/mVAX. 

SUN/SUN. VAX/mVAX. mVAXjSUN. SUN/VAX. based on medium system loads. Three 

observations are immediate from Figures 5.4. 5.6. and 5.7: the Session Layer results are 

consistently higher than the NIL times. the transmission times increase as the message 

. length increases. and the transmission tlmes increase as the system load in~reases. 

88 



c 

o 1 , 

J 

Discussion 

1n our applications. the majority of messages pas~ed are expected to be short. 

~t exceeding 32 characters. In order to better understand th\ performance characteristics, 
- - \ . 

of the Session Layer. a bound on the difference in' performancè ~f the Session Layer and' 

NIL for messages of this length was estimated. The difference in message transmission 

times between the Session Layer and NIL for 32 character messages were determined from 

Figures 5.4.5.6. and 5.7. For a VAX/VAX host configuration. Figures 5.6 and 5.7 estimated 

the additional time required by the Session Layer to be 1.61 seconds. while Figure 5.4 

estimated the time to be as high as 2.19 seconds in the presence of a high load. a variance 

of 36%. This variance applies directly to the pair of machines. VAX/VAX. on which the 

measuremènts were made. Although the effect of load ~n the Session Laye~'s p~rformance , 

cannot be assumed to be constant over ail machines. it would be reasonable to expect that . , . 
'l .,., 

comparable loads would produce similar effects. Applyjng the 36% va,riance to the estimated , 
difference in Sèssiorr Layer and NIL transmission times for other host configurations. it was 

"-

predicted that the additional time expended by the Session Layer should not exceed 2.3 

seconds at high system load for any host combination. Thus. the additional time required 

for most messages transmitted via the Session Layer is not expected to exceed 2.3 seconds. , 

~egardless of system load and host computer configuration. 

1 

" \ It is)interesting to notice from Figures 5.4. 5.6. an~ 5.7 that the. effects o~ 

me~sage I~ would be more evident in NIL than in Session Layer applications. As the . , 

message length increased from 2 characters .to 2048 characte~s. the time to drculate a 

message using the Session Layer did not increase by more than 17 fold for any level of 
1 

system load or any host computer combination: while the time to circulate a message using 
\ ~ 

, ~ 

N,fL functions increased by more than 100 fold for ail load levels and host configurations. 

I~ Figure 5.8. the ratio of the times to transmit a message using NIL to those for the 

Session Layer. determined from Figures 5.6 and 5.7. are tabulated for each host computer 

configuration. for messages of lengths 2. 4. 8. 16. 32. 64. 128. 256. 512. 1024 and 2048 
j ~ r • 

characters. 
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The discrepancy bétweef,l the effect -of increased message I~Qgth on the Session Layer and 

'N!L performances is clearly indicated by khe consistent lncreas.~ in the performan~e ratio -' 
. .... \, ~ 

with, increasing mesSage llength: demonstrated 'by ail ho.st configurations. This apparent 

discrepancy can be 'attributed tQ,the fact th~t tJ;Je overhead of the Session Layer. 0 + T IS 
oJ \ "~ ( , • 1 \ 

ml:Jch,J)arger than ,the- over~ead of NIL '0 ~ , -, ': ,," . 
"! . '., "", 

~\t' ". ~ 4 4J _\..... '- '(,II ~~ .. 

< • 

". ~?" -vi" 'rhé performa~ce ratio. ~abulated i,fl ,Figu,'è' 5.8. is 1I1ustratecf graph'ically in Figure 

" 5~~~r thé, VAX/VAX h~st con"fig~ration. A logarithm,ic scal~ i~ utilized for -the message 
, , 

length axis to highlight the ratio at'short message lengti1s. The tatio imtially remains low, 
, .. \ J ~ 

refJecting' the r~latively high overhead of t~e Session Layer 'over NIL. As the message length 
" -

.increases. the performance ratio increases. but not in such â way that an optimal message 

length_for either the Session Layer or NIL can not l:)~ identifled. The data revealed that as . - .~ 

p the message length approaches the siie of the Tep transmit and receive buffer. 2048 bytes, 

the message transmiSSion speed was almo~t solely' dependent on the systems' efficlency in , 

managing the buffers. 
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Figure' 5.g Performaîl~e ral!o for .V~X/Vf:.X host pal~ 

j·S'.7 Sommary .. 

, 
, . 
... 

.. 
" 

ln this' éhapter. V;e prese~ted a performance analysis Qf 'the Session Layer and' 
, ' . , ' 

Nëtwork.lnterface.Library"impl~mentations. The analysis was structured to compare ~he'" 
-t ~" .; l ' 1 ~ ~ 

relative performaoce of thé, Session Layer to that of NIL and consequently TC P based .' .. ' 
, impleméntations. Nil was used as a perforrpance standard bt.lcause it Îs the fastes,t means 
f • 

of transporting a message over our network. r ,< 

, . 

There are many factors which influence ,the perform'ance of a distributed pro-
.1 ~" 

g~am~ The factors examined included Transport. Laye~ tuning. network contentioyocàl 

versus remote communication. processor load. message length. and program overhead. 

! 
The most obvious result was that the Session Layer was much slower than 

NIL. This was anticipated because of the nature of the Session làyer's architecture w~ich 
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'. '1._ 5 1 Suminary , 
depends on comrv.-unication ~ediated by servers as opposed to N' L' s which specifies direct 

links between end processes. The SessIOn layer was shown to exhibit a relatlvely slgniflcant . . 
message transmissiorl time which is primarily due to a large overhead.' that is. the time .. .; 

necessary to transmit a message of length zero. It was shown that the time to trêinsmit 

messages via the Session layer is directly proportional to CPU 'oad and message length 
, ' 

The analysis also suggested a dependence on host configuration. but no individu al host 

could be identified as either ~nhancing or impeding the performa'nce. Th~ data indicated 
• 

that high Session layer transmiss.ion times were accompanied by high NIL transmission 
.. ~ ,l' , 

'times: indicating that data transmission in general. and not the Session Layer's rel~tive 
-- ) 

, performance. could be impeded by any particular h~st. Thi~ phenomenon ,ould be stod1ed 

in the future. 

, ,. 

The primar,y .objective of the Session, layer is to f~cihtate ac<::ess to the network 
. ., 

.and standardize the method o~ doing 50. Although performance is not a primary concern. we 
( , ,<j , ~ 

{: \ ~ must consider whethér Qr not the observed performar1~e is acceptable for our applicatiofls. 

,> 

. \, 
ln our opinion. the performance of the Session layer and NIL either separately 

(1 \~ 

\~ ~, 

'or together is satisfactory. Under worst case conditions. which occur very rarely. we expect 
l ' . , ' . . ' 
\' , 

. that the Session layer's end-to-endillessage transmission time will not exceed 2.3 seconds 

for a 32 character message. The present bottlenecks in O\.1r work-cell applications_~re image 

'processing and to a less~r extent. robot task~ which are usually of an,' ~rder of magnitude and" 
. \ 

two ~r thr~e times that of the Session Layer respectively Even if their speeds approached 
. l 

, or were faster than that of th~ Session Layer. becausë of our distributed design philosophy 

the worst that ,could happen would 'be a very short pause ln the work-cell activities. 'In 

our àpplications. task 100ids are partitioned. In such a, way ,as not to require high speed 

transactions. as wou Id b!! -needed for servo control or some types of image proce~sing. 
, , 

These tasks are consolidated on the same host to aVOId excessive network transactions . 
. 

If a situation should ever arise that requires more efficient message passmg. the user can 
.;' . , 

';;always integrate NIL functions into their programs to provide better performance. 

\ . 
, ,-
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Chapter 6 , , 
l : , Conclusion 

" , . 
, . 

: 
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't ;" ~.. r ~ \ 1 ~, ~ ~ • ~ ,l, .. fi 

, In:this thesis we have' presented' an inter~rocess ..!=<,>mmunication, ènvirorl'ment ' 
• • l ' . ' d '.. ~ l " • 

, that',can serve as a tool 'for implementhig distribùted robot work-cell applications. The 
• ' " t ... ..,. 

J, j l' 

environ01ent consists of two useful communication architectures which. vary in complexity 
u .. ) ~ ~ ~ 

, .. , t 

and .,performance. and offer a con,slstent network interface; 

• J ~ • j ,," 

The primary communication architecture prèsented. a Session Layer impl~men-
/ , 

tation. offers'a '~tandard forrfia~. for integrating intèrpr~ce~s com,mpnication primitives ioto'" 

sophisti~ated application programs; it also ensures compatibUity so tnai pr~rams w~it~en 
" 

by different users can be integrated in work-cell a»plication~. The secondary commun'i-
- .... - .. 

, cation- architecture. the Networ~ Interfa~e Libr.~ry. offers very effi(:ie~t en~to-en\d Iprocess 
'\ .. ... 
'commUnication. . " 

An analysis of the implementations' performance ,shoyts that we have achie\'ed 
• 

j 

1 i 

, ,1 

• " accepta~le end-t~end communication results wit,hout resorting -ta op~rating system '~odj::._ \: J, 
~, 

fication~ or custom hardware .. 1 1 " . , , 

.t' " -. 
'\f ... 

\ ' ,J, 
1 

" .4J 
_ .,;0' 

6.~· future Research, 
'- '\ 

\ \ *, , 

ofn this( secti~n we suggest areas for futur~ re~earch whic~ 'are natùtal'~xt(!nsipn's 
- -

ôf the worK presented in this thesis., • 
• ) ( tl 
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" , -, 6.1 Future R~se.rch , 
, ' . , ' 

4:1.1 bperatinl, Sys~em Resident Dae,mons, , 
...... .. ' 

, . 
,,, .. '\' \ .. c, V .... ~_ 

The current version of the Session Layer was, implemented for feasibility pur-
;. 

I ~ "1 

,poses:, A more refinéd version would haye ~e. S~s~ion Lay"er, ~x~uting a~ ,an ... opérating. 

. system dae~on process on ail h?sts. The p~e~ent ,configuration employs server processes; 
! ... ~ ~ Jo ! ( \ 

across 'only two hosts~ thàt the user"initiates prior to runiting his session progiam's. 
,_ ;r ~ 

'1 l, 

I~' -- ~ ~ l ' \, 

A recomm'ended 'implem~ntation )would involv~ desigl1in~ thé server~ a~ "st~te~ -' 
, , a. " .' ~ 

.Iess machines" that ~ould "operate undèr cpnditi9ns ·such as' when . a sy~t~m crâshe~ an'd 
l , '., ~ 

, • , " " ,1 ., i ' 
, tI, • reb.9ots. A '~statéless daemon" is one which does not have to r:e1nember, fr:on}' one trans-

I ~ .. ' ~< ~ '. ~ ~ 

\ àétion to the next any' details' of its state such ,.as to' (what it is' c'onnècted, or wtlich \ task 
~t 1 1 1 ~ 1" .... ~ ~ t~ ô' 

jt has just pèrfor~ed. 'The majo~ adva~ta,ge 'of. t~i~ a~p(oa~t'!. i~, rob~st~es~. Iif ~ system' 

- -, . fail~. thé Sessi~n Layer w~~ld: be çapabj~ ,of ta~ing the'nece~~ary actfc,n on' its ~~. Yfi~hout 

1 

l 

, , 

," 

, _.." \ \ \ 
operator intervention. to' resynchronize Îtself with the;' other ,~ost-s rand âny, sys~~m utilitY. 

,proces/es "assoc~at~d with the wor,k-cell.:~' . i, : " " '\ 

"'. , \, ", ; - - . '. '{, . 
... ')"? t - J :-

6.1.2- 'Réd~cm1g,Overhead '. 
J' 

. . . ' ' 
, . , 

./ < ~; 1 .. ~ 1... " ,,~ 
, - j .' • / ':".... ./ .' • J.. • 1"1 'Ilo 

1 J~ \ '..- ) ~\ \' ~. r' l.t--

By farJhé nlost demanding Session Layer èonstrai~tJwâs 'preserving ~he integri~y 
~ l ' , 11 , 

\. \ ( ~ , '," \ / 

of the. operating system, The most èfficient way to reduFe .tf,lè ~'Verhead of' the, 'Session layer 
r ' 

woùld' be ~o impleme~t: the njessage ,passing lm~ sign,al'iJ:1g ~echâ~isnis' i~ the' ,~p'elat1ng 
,.I~!;! \ "1" ~ l' "\ ,_, - ~ • • ~ >-

~ system' s', kernel.' This i; in part. how TCP:'i~' àble to Ib~ ~s efTecti~~ ~~ it i$. Additi~~al ~ 
... " ,. \ " . l ' ',' . 

, i 
1 

level sign~lIing mechani~,"s 'could also all,ow thè',efficient implementatiori of. sorne type of 
1 ~ • '- , ~.-/ \ ~ -- 1 ~ \ ! 

" message 'priOrity scheme. ' \ '~ :., \, ",' , ' 
jf \. l") ... ! ,'- .- , '," 

I
I\, j 

) ~ - ~l • \ I~ ..;, • t .-.0: \ , " .. ... \' "\ 

~ .1 The notion of the intermediary ·for messag~ 'pa.ssing, c~rtai;lIy i$~ responsible' 

• 
t "\ • , ~ (\ ;' 1 

,~ fO,r c9\mplifat~ng the corn~~n~~atio~ ,pr~e~s. i, not to -ménti()n t~~ ~bvious ovérheàd \tha~;t ,f 

creates~ A low lével message passing' scheme would a/low t~e elimination Qf ,t~è interme-
(.... t '- 1 • ... , ' 

. diary and -therefore allow direct links to be established between end"processes while 'stn! ' 
r ~,I, 1 - " 1 r-' \ j '\ 

maint.~ining t,he 'flexibility and services th~t the, serve~s prov~~e. \ ' Il ",1 
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6.1 Future Research 

) . 
Finially. overhead c~ld also be 'reduced by implementing a transmission protocol 

other than Tep which is less robust and therefore faster. 

6.1.3 Reduclnl Sy.tem Processes 

- .. 
The present scheme permits a number of dormant senier processes which are 

assooiated ~ith dormant ~tility processes on any host. The dormant' processes listen 

for cônnection requests and then 'activate themselves when the y are n'eeded. Under tl1is 
• ~ ( f :' .. '1 

schème. at limes. the operating::,can be over-burdened with an unnecessarily high number 
, .' 

l , 

of processes .doing nothin~ but listening for connection requests. 

The Xerox Courier protocol can alleviate this pro~lem [Xerox 85). Th~s~'pro­

cess~s 'coùld be eliminated if. a 'single master server was responsible for listening for ail 
. .' '.' 

r,quest~. identifying ,;,hich services arè required. executing the appropriate server process. 

splicing the ~ewlt executed ~erver pr~ess to the pr~e;s 'that .initially requested t~e con-, 
• <' - ). 

~ nection. and then., finally voiding its.par! in the transaction. 
~-. - 4 
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