
h'I .. ,b·g'Z- r V-tO Ttf 

~ ~ '1\ \'/.1 tv 
( 

~;+ ~J +;""J """'-I .... t,/ ,.~- ,.c,. 
,.,.d.~ : · dosj+;l: r:~P~",.&" ;" """"/tJ 

1~~'"'~ J'a; \-~ -t, A.~I 0 j 

• 

rn V 'I.', T d"" 
Fd", 

5t1" 

.300 -33. 0 It")-- ~.( ,~ ""; < -<- ""'" ""--

.;lJ ><.1<. ~1 tv fl4W. ... ,1-1.,.... slU.-Iw~ -f ...... ~""'~J 
~~~~ ~I C'A ~"'J r,,"'1'- i.s I~"<"'P~{.."""- b 

~ 0.. 'ff'oc C'A ' I' \.<, 400 -0 

~"o -l 

f \o\,'- ~ .. , 'c..t.. ~ ':. -kl-t ,; \'.)4-n ,¥ s.......... 4',""'" 
f}, I-t: ~, V ld 

l.{ "'; """ v' '" 11'1 
r- ",,"'ire, vjll'tf/I'l 

S'''''I l.,: 0' (~ o~t A~' co-\-;""'- «t ~ -/;'" <--, - -'0 

l"~~'T .. 'L..¥. .... c.of ~~tX. t • .k -1\"., fa-1-\, iIo(~ ,..,J". ~ ~t<(.K. 

J,.\-v~ \i'<. '" "" \ goo ~~s 
i~ L ~b'D ~r; 



• . ----- '--- ~ 

n ,,"" bps ., ..... ;""' 1 



\ 

,,1 0 

1 fYJ If I ~- f"I [ f 

Lf:?iJJ '1331 '11-i I :5>3{ 3i:>1) so~> ,og'L- J .6'{ 3", J' 'f 
I..( <.f"'~ 

t P jc tiM;; r<At.s 1'4~ 

I L --- ""V l "> 

db~/V s [ { 1: - "" \IS / "IIi ~ 
016 ~ I."",,;\(..c 

N 0 rJ '>70 Co>", "rt-nt r> a. 
.k(\~ ( /1 

11 b,' -t ,.,;",; 

(\&11'1 fdP·It) 

MJ\z.~·, iV 9-

r1\b~ 10 

s,,~ Ie- l'f 

"t.nJ.d 
a,J.-k.>/J .c..--



-<v ... W. ~ 1(1.10 

~.l~ -1\ 1)12{) ~ q.'{ 

L ~ ~'n Dl-d '" od...L ) 

C"1-~ 

l.<>w crd J2.. ~ 

:,>-"\ 0 10 K ~ QJL fr5I"A d .-,p1i 

c I tIS./,. L. -c " ~ 1)'2v~ u. r'L--

-h:> 4. ..,.,. 1 '1 
'I t\t.v~ +0 9"i'f 

cc---- ~ ,).. 4v~<J 

""or ~.<y.,..,-n-,.,..,..d 
~L "K ,,0-1-- ~" .{...( Il..&-' -z...-. lit" £,07 .. <. S.f.~J"lj ~jL 

• ~~\-t ' Io('~'~ ~""'h.) .! ~ .. ,l".\ .. ~ 

~ 11\0-/ ~ 
)lbW '.10 

c WI-/< ... '"o-t-vlfi-Il.-

1""1.r CJ1i? l PPtD.-\,S) 
6--" 
4000" tytt)t: ~ 
~.p.., .. "1~ t" ,1 ... vi U-

l,f!j..,.,.,....F.,..,..v~ "', ("j1,., -f" "" ... 0 '7 
0-)1 s •• " k."".~ ~45J 

J:>& 5,)h~ J-.0 
•• ,. u.-.1. -8j ,J .,i..."~1 V 



~ i t...." fL'./ 
\\>;~f~~7~ tc:-

7 eM 

!-p. \-,.. 

tl evJ '3;>'1'-\~ C\ c:.- ( ...... , , ... .A. -r. .... p,- I-" c..,",_.~"t. 1i(f1;C4.f..:nJ) 



Fr."" t,: .... .is 
2 ... 

310~ 

,?1ii-s ~ ~ 
a, ~ x -ft'V,...1' '1 31· '---
').)l.. h fl)~< p« .(;y ...... vc 
JII'I'x;;u.o K r!>Ps Luv-t. s~ 

, ' 11~ tJ/ -lo T-I 

~'4~ I....-J,kt:':'J I fO .... ''"j / (fo'O" U>f''''-/.'''' I eft
p~t<->J .11- ~ J, ... , 'rt. 

C[U/';"'~ ..(.,1(.. ""9-7 f) 

p,."Jc.ht.. 1"4 tv..- tt l(1 "J...r 

~I\i ~~ '~~ /~ 

, , 

• 
" 



fit v 5 ( 1'1 v ~ -n r ~f" '" (l..il'" L... S -;ofl-'t1 "i.... ) 

~ "~5<:'- f't,Je.- ¢-f. 

d. ~ / J c .. .. Qf.Fp~L (.. 4-/:I.O'1J 
• 
. ' 

f 01 bl/1l-tt"'f . . 
:n;· S ( :rob _" nt""t ~tfbJ.'1J~J . . 
~f. ~3, ( ~~ ..... ;~ flttSP) ~"'T>oV Av+o S',ov,- 'l'y-.)) 
.t(.. S ~ l ~">"";-tten ~JP) _ .' 

l=V... u"'YL- Loo~I'7 cO/fie,) ,,",~'fLf~fli..r c""{';S..d;.",-

/C'J$ Sf."j.. -tv P'£'\"'1tL (diu .:.f .J 
}'''or' 



""" - 170 

\~4<{ .U~C Co»!II\. 
~ - ~ 

H, M G~ "'-V S 

, 

, . 



, 
In 

., 

o 5 Iv H") i<e}j..- -) 3 . J' 

rt\ v5 

AdJ-te:H r,s '-v" 
A (A... Il"r 

f'Q.lj<.. 5..pt.~ l)"oJ,..,"'" ., 

Nvd"5 

;((L 

\"\ C ~1I>t0 0 p"".k,. u,... ",J' {14.f ''''' 

~I 

I"", 

II-

I~ 

~\ +e,. "'. "''' rJ 
~~5 

"vf""'" C6M~'/ 

- - - ~/ 

SoiA (WI d~l" ( 0 "''''''' .... ;.,..-1, ... 

It rJ'<.. 1 'i. ~ \ ""''-- T. J"r+.l'l IIPfI.. toI-n ,.., 

4' ~ . 
n [<lOS 

-r -\ ('.r'N "'brS 

'-



1/ 

J 

5/'1 f'r '6~fS t/Jtt'II'" (O"' .. "fo't£K\".J 

11"'1 *(",/~, I -f., t1"'( qf'plt{..~ 

::J.f b.1tk " d( 011 ff(,".~J J; ;~I f/wv ~ 
~ oS8 ~ J1{ J~ 

R(,.-4J.. Cbtr'r ( nl<. ur {, I "I(,~ 
'>;1. q~ (C4\;1~ t \i",',o¥t ~'t...J 

5,,\,1'011 g -Itr'" "~\l 



, -

~ 

j • ,...,,{ , .. 
-:s '.5 , 1" I 

lI.d· -3- ~ • t5 DO r 
jell:' 

I C H.$ - (1$<"-

'" - ~Q "'e~ 
5 V'1 flV'l ..,.,.'" n",,,, 

.. , 

5 J L.< ... 

( 



, 

-
/ 

',' 

, 

S~(t.. ftrt(k..:1- 'r Ilullvo'l<J 

(,r.(,..l ~.~,,- M";f'! ,. ... :./:.,.. J;' 

.. ' 
, , 

• 



vt i l TL\ , ~Io\-t I ~1-t'1""~ (bW ~rMr f:'\.-~<-«~+'-(/-1c-J) 
V(('1 .. ~y'(M;"e CIO,,)""" x 4-

<;,,- .Jc(l;~-<.r «{<- ,1154+"-/ .ff. ""'i""1ort, fa c... '/<:'0/;,-,,- ir 

~<CJ..J '" d"l.. -(... &<.-1:'- c--C ..... "'Y'--;"- "'~'",.rR, 
fv"~)7M.LlL-f) ;<~<-~;"-I 4"'fl:~ ) cbJ'- -f;..-i' L::" 

J~ ~F0"1 ~ ~.....v .f...1.J<"-'{ 
- -t-d J\ ,""+ CO'" 

, 
, " 

," >/e-f:.~"';"1 f
_ (f)! 

boo f~ .j;1L S:51/1i( *' -f,r""n}"oji!. fr'''' ~"f?, 
-10 s,,+ t- ±-L--t, L"'-~-/im<.-~ , 

r1uL.l J'''l'nJ c4nY'd ~ "'- b {'LkC:.. witu..:T ~cej",'!f 
t.v' (L(,.K- ',} vi,I<-.kJ, 

1f>1'I\ UJ-N ~ wj(fh sdl.e r~<;( I~ rCI'I( "" 'f41'r 

(OJ"-\- a..LcU 4. ePLk J7h£j,a,IIO.l{ U6c.-r- 011 /,,, f~ 



r-"~ "',\..~ /'It-lt... S<'V(.rc\ b'H'~ "l+ b """--

j" j.b! • .f- e.tlL,"- J~~¥- b\,x.;1L -ckl.:... 
M.rt- ~c~<. ... .y 

dlS""lk- i1--tCoJe'j os "'\'j>f- Co~ "" t-.J ~ -{:"./~ 
· c ,;..\'<4 \ +;{e.s " AM +; +.-0- _ ""J "'" 11'1 J"V+ f v ~ 
• .(; f2- t.i. -\', .f".~ L-0 CNJ..>-<-.- f-td-& •. -+ . ..p. Ii'> d -/-. 

. b.nt} <,\6-1- n.b+ ~-'<- LOI.'P"-{. ... ~ ~'"'- ~ ;;;L ~ 

- N ',,, ~ hi'-\-... I., { ! ~...-- ~Ct-{z,l 

Co",'" V\~<.. 

£..~" 'vJl~")! 

- 0 -
>~Ul.1 hAl d ........ .rt.... r"'iW J."o',"! 
.:.~ ~~"(.. ,~-\z... 

k v><.J b.,,,,. ,<- 1'-<-<- ~~, Ito 

u:>~'- .~a.. *'" <- 0-<-- . 

· L 00.),. -\-C(t<>"",~'" \ L;"..s 
".\.(, ~" .. ~~,,~"'(~( 

· \tI o.'\~ ~-\,,~ t\~,,~"1\ 'I'~(t..,<- f", .. """Je-J 4~ 
-\-~ l~s '" \g., * (..'l.IJ .. -t ~.\ ~ c.",,~ ..... 1; 6}..j 

· ·\I\~,k(. ~~"J.( 1\.-+ 1'\-t. ,.,.01.-.. 0' -\o,,,,;~L-- l..~ V<c L. 

0. c ,,:1.1.\ V.;l v.;f) frTTJo ,,,,\,~";" f;.r.:",-

~ L~ (."'~ffJllo' 



(Y\ il Jd- -f.,if £5, eo.! t--- ~ .. 1<--

~ ASYfJc .. 

- >~rJ(. ;t 

~ fJc 
--{dJ< 

- 12--.. J. dI"fi Jt.. 6l'\"!, 01\''''1,- \J:d"" J .f 

- pb X. ~I'\ bOb /6 

, 

,,"o-'.J ....... 

, 
• 

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

, . . - ~ -

, 

. " 

-~- -
. 

.L 

• 

-

, 
'" ~' 

J..L 

, 

'. 
.....,...... 

-

'" , 
• • --

,,, 



u..t -h.h!J 
c.. Cl .) +-

ft (& ~ 

{ f4ft,. #-
., 
? } c--- ,---

'f J>-

ft- c.. Ir 
I 0/ .... 
3 '17 

- A(~c(y\Ct-k ftt -b.1<'".- 'It oil .. ;" ".<
if ir\~({v(.\vJ, 

- u.,/I o.Ad,,, efu. 5 f ckC/Jd Vt'L.L It (. 
kr'" ;t\ •• ,t.f.t;,s (I(.W ~.i<.. f ~(LL'5 .,..1..1e.J". 



">:1 

n-I1'(';x Y"'.''iJ -7\f>~'t"tl ~*J~ 1'."",,\,,'"\:j 
~""'(''' 'f"94~ r ?~,vy!~ O l '1-<0 ") 

.,-1~>'1~)O 'r""'ll "f''''1''\! 1",\JO 
7 

o 
• • 
O~ 
~ 

"" " 
• \s \.'" 
0-'\..9 ") 

"\'1\\ 
1'.1''>\:1 , 

'1..1-') 

~o 'l W'JI / """ 0\1 
019 ~J '1'tl-\\, 

J,.x~~ rt~(-..u \t "19\.[ \7~ ++~ 
r-'-' OJ~ 71"1'4 ~ <rJ1 V- ""<Vl' 
'1/ "'1j- 1 ~"l) ')' ~ ~ '" h",\ ('m.\ "'l1 v,'il)d'IM.? \1 

. O,,'? + ~ 'f""rYl ~ ]I 1\ 6 -II 

)\.~1I.f \.< 3J 

101 9- -'<''ld "'~ 5'1.{ 'o ~ ?V.'i r...J< "'\~'-~ '0 c '7\\JMf 
>; '.!' 1 .. , ? '" '>f"" J "t 

p~/<1 '1i''''flwO? \U,'''f'\., ..... I?'.,\ '0 

)< "J Il 17 ' ,' I n G1 """1 ~ I{J )1l' 

~"'r f, /"vY\fca -,)(\.\~O 

--=-.,-----

l .... 1~) + ~ ->IF' 1- ?II! ) ','" '} : :t (II 5 Vi 
) 'f f 4 ~ lw~ <l.f rI'T? vva 1 

'11">S'J!fo; "><J \"9::> ....... 7J"'f )7J1S h,J : b7l'1/-'S'O(j 'IIN1 1II'CI7.l... 



1l [ ~. '" 

~ Il Pb~ , ~.J 1"1 f f"d( (\:-1 .,,, .... ,'" \ (·W.J) fir 

1 DA~ h.t>k. 
~'" 4j~;"'\ t'" "'~1. ~~ lPh,,:) 

__ I"l~\l--"'- e <1. ... .(;.,. ~ -

- 1C~,r'"k.- ~ (!S«L ~2 
wA e>ieY\1. IW.k VI' <;. .... "Na(.~~ 
• M.,./V L..\"'~ ( Mol-) 
• >4\~ ~""c.\\..v1.--~\".A/.c, "\ ~ of.- Ja~ (.on,~ 

( 

• ~f," ;" .. \ \'" r~ld)' "" 
, • "' .. \ ( .. v-- S'tV'-

't. 4 '" c .. \ "'Ill.... M (I.a .. J 

I 
. / {' ~tb~J,d~ 

1. (1
P 

, ~v- <&f6<'~ 

• ~,~, \.;,<\.Ic.. "~i"""1 
~ ~ ftc ,""CJ",e. ~ d"t,; t,.;-h ...... 
• V .\\:. ~ I"'e'\\..~.\. :'1 

l ,,,,,1.jL "Us...r,..~~ .... M",·.l,.",,~ 
to \\\<.H0L b~("\"'~~: S'(':, 

- o Y"\.(.. <00.... 'ff''O'"'' 

- Q.... .. ,,'''q..c<. ~.~,,,,, .. ,,, \<!..t'.\.~ 

- 'J (1\1{<.1( \) i" 't' (~'" ~ fM Y<' J,., II 



, , 

4t \: 
",~ ,t.\\ .I<_d dtl J.;J,. 1,"'1 C/~4~rd-

~.i-\l,O~J"" ~ de~\ OIl-\, h 
l li-Y~ ",1-~,I\.". 



I. s; "ll<- -»1"._ .-.L.;- cd ... ..,· "",1- '.Jl.j.,.~-t- ~ F,e<-~ 
) 

2. L.-_'.~ di{\"u.-; OfV<i'L .. ,,-ll .. ("';\J;~J 

}. (,.;~( ~~,J ... ;J.ft,Qt,~~ <fii ~ 

L.-h ~ ~~ 
Lt. ~, \-- 1_ 10 -t ~ ~(-\y (, < <--

S. t ..... 1.(0'1' ~S Cst/+) ~~l.. r~)~{v4~ < t;.Cr ( .... ) 

j.~i' . .lvJ .\.:,...a.l "s«l kv< C,,"' .... v·"v~.,..t 1> C<. ..,;.J...... 

r"'~"1 ~/LctJw-~ 
- ~'1r~r{ !A'lt 4f " $'~·,.(..,k 

/.f';N ~ 
,~~ 

"'~~ 
• h.~ I~ ~ I. .... J",~ 
• l\lttr""-\-"'" ~ -f<-(o ( ~Io ... ) ~" 'U fa-.Il- v"~o(. t~loll.) 
• ",1",(1;"~ / fLU'.I,r. I;+t 

• L "W< t1- ( fl .A. tL t-..A-e-, 
• J; ,-/yo, hv-h-o~ ~ ~., J-v...--
« ',,,l,.,, 5 (<"/-;" I c.o.-~ 

YI1'fI""M.O>V' ~,.. (.II-"'-~ P IJ<Osl' £)Lf1<I'<J;v'C I"~ 
J ~ {-6. ~ (,-,I.'-"J f (..tf7v. 



. 
" ~"" "1 4-\,,'., is l.-6w~VL C<:,J T "1 (/110 v' "J' 

I2"rlb" .... ~ ~ (- (lo<>..... -\-0 "'" .,.., • 
-r I :>l>"() ( "" b.... -tv'- J ~ -lou "-

(\.. ." 0 ~ ) .,... V<- w;-:rk. 'i. /....,."\7J r", 0kJ . 
/b,70l'l- c.o..... .f.t {IC ~;t4 t:.h7 £,,,,'7' . (d k~L up) 

COI1I1~&+'~1'\. L6~+ 1 ~ -h,,.. ,';',,!r 
/....vtt.! rt. .... 1J.. ",,+ e)«.c<. J. .. ~C> 

~ 0 "<' -fi.,'''J J.." ( F I "- f- '" .f:i ""-<- ) .".... T '" -f.... 1-/'-...... 

IJtI ~b ~~/-:I~;'., s .:; + U1(.-c:....,. 

_ bi-+ $-<(";4/ LON.. I,i+ ... 1 ~ +-....... ; ..... __ qI)~<.t.Jo .... J 
• - (." c;." .,,, ... "',.."'J ,..,.., . 

- cI "At< f-.ra ~ (~CLCfbfr c<) b ( {J v<' "7. 
..fot J r (. I 0 .... 1-,; +, ( ~) I cl.a:tb. +to -""\ i ,do> "'- -I-u "'
h,,~ .r ;.J l,...d -J., ,fz-rm I;'" I M- q." IC. f:, I ~ 
c' 1.e'L 



- Lloo'?, hA ..... -\. ~ k''1~",ll .e"""'1 .50 ~ 
(orrj" s.-... (\\JI+.V (t.. "'~S /("II~ .)'>- dvU, ..... - t~, ~ 

bt <- ,.mit ",d 

/< .. ,,~( c+ cI. c.."""~ C "Alfl»d \!. .... .4 
,~ ... .\S 

I) No~" ""'~~ ~\- ~ l,~ ~ I<-~ 
2-) O.Ji.A l<Ii \!.. "AI;" I,lv 

~.\\-.t(lJlJ(,-\- k\ tlt'k. ~~~ ""'~ ~1 ,-'{o V M..~ itytf 

-I,\./-... ..f.(1. u"·",,. 0" &:Id</ -;.{ >:le~.f..- .J~~ .... ~ 

\ 

\ \hlil I 

~ "'\..... h.. I,.t) -t\.... -\'\t..... 

~~ ~M~'~ ~'.Il ~~ 



,/ 

y'cLvIH:.-

~ C/bt-i£/:'J Uc iJ. I u ,.., h ps 

- '2Civ~(', i>vo c:f1.", .• :f 1'-(" J. (11- .. ~ ) 

- \ID\4Il<~\&'{\~-
J ~ ~ ~c.\'<" k &. ~Jr,- I/I~ 1-t1 ck4- ",e vI . 

• .I-.\.,.. ".~-.I< [I.-<..J ... f't~""'- <-+ ."' ...... -h .... ) 

7rolln!"';J\ i v-. fhe,(~~ 
\ .-t..iJlJ P""<t 

-v ' ~ 4' b"I',1 C'O 

} . ~ ""~ ! \,.:;" d C ()t:..;" 

'\ . Ii l.v -pt. ... 

101:> ~.J"r 

1000 

I'e & oiL ' " 10', ({";4 -j,. t",·;n't ) 

Tl ~ I.S-'t I"'-b~s 

-r ~ ':0 b.4 ,... "l" 

-r; -: LN.t "'\,fS (e\"oL) kl J'1.rA- t..-<A-(a..f.._ ~;«,)) 
ft\ I'l"I. \ "' .. '" ~~ c. Uc rL 1<A-T L-

• 10-7 hfi<<t \ rt.~ f Iv ..... Lill.lO :: -(U-)-•• -'-:,-.-." '" "'--

\ "t'\ \ C ";,\.\"101"\ b)-~ ..... '''''...... '!~ '"" (to#'<l '""' 

I \()-~ CO ... ~,)~;-'6hVLL\"'-I \:0'\. tGb .... L.L(Q"" b"\. ~ 

gr.d ~G' J. ,MeIN to 1,..0/'(. \~H erMI *~'" b.zJC~"'~.L 



o i\ (',. -(,,~ ~ ~ ~ I 1)/1\ ~ ",\2.. JL-

r ~£>e:- >{,.'~I'LJr ~ 
V-- vf ~~ ~L- .rU 

- (lu.J or. ~ w>o~ ~/." ... 't~ \:1\<-.1 I.... ku ~ ...-

- fr H- i' n ~V1 Q:I '" b..... < fSYl ~ :~n:-J "i p /IT J"" ~ 

L~'" ('-s" f, ~ yJ"J"'~ f-.> f"'Y"-- """ ..... ,~<-I~ 
,4- ".. tI L..- it ~ .... J. r'L ne,.~ ~ Ie. 

I~'" (lI M,,,, <V'-t OJ{ Jf...~,t.. / J.... 



• 

III I r,ol,,"·L ("' V<Au..-~ ,4<.;; --t" r~ ;N<- t-
\'110 pro/.., l c.-.~ -G",.... t" f +- )." r 

tLJhv ~) 
b .ttl-h • oJ- : (/W '1\-.',,. ~ t" ~r r ..f- ~ J.;--' . f) "'- ---,0 , ",,', "'" J, 

~ J,.., ?tv"" ... " ...... " to 

C-<. \,1.. .,1/ ""1 r>-' ../i.~ , 

bnl"~\.y-i~: ~ h..<--d' t - >v, f-c- f~" ,."w~. 
\ vlvl1" ~~ \ dvh",.lvj,. J, 0-- t~. bc-4~ cA;/p-<..f-,~ 

1 ..J\v.-~. .1t.-h-"" "'V4'vO. - ~1.1 -.~ u,.~, ,v-, . 

1# ~4k~"- ~ t..J< 

- t -rv. ,..",(;cV 
-f.'f'~ 16 1 1 
I.~___ /' VO' / ( ? Llf,' -< I "J,,1; f;-" k ) 

P" p,/ l.y 
--c0~~-

!?-""'-L luA---~"", .. iJ 
- D4""~t..rl J'"V1-+vt-d.-

i-<yU- 6 -jr'l 

(3 () p.-e.-"" I t/~ 

i'"i l ;-i" e.' 1 

TV'4 ..... >p-r ... 

I '(), I.- ~4 L" It. --- ; -l, 1'1 

d ... { f' (, - " .... 1'1 .... I , • 

-re ~ve,.- "'-Vf -~ 



• 

~A~okv-v.f) ~"Ittt '&4WJ ~O"'I~ 
~ (..0 1 -t l-}""~ ~(L t-v.v --{. )",.f,,,,,,JIA+ 1nr/frz VD/v - S 

- ~;\'L'H II ,r-A /fh dl '1i" , f ohf1~ t"1.-; v a ,;",n.,..". 61 "'I U""'/-cn"" ~"S, ') 

- "S",,). 9 h~I\ .G t i;.I< VM jvff'~ ...... "'1 ('1;;':( ~ 
{; ..... J..! r- r . -r.J..!t.!., ... ..-v e.,.-..j....., L-

- (l11 s< ~, :-I;~ -{., "'~"""'1 -r-.f'" 1 e'ioJl~ 
- ~"./l, prl~ br "J,jJ tA l~ 
_ - ", ,, .IJ /c/~ ... ".*IJ,. >t 'jI..vl W/, 

-- .,f/"", (n-+"" \ (Sf'"J dev""- d ....... ) 

" , tr eK C "".\r.\, 
... - rvh.,." n '(. 1t1~ ' ''' ''\:'","lIn(..L 

<- "-VSfli,y< ~ ""' . v ,, -l 1',( 

~ -1 ~..1V",< .}rfh' \ ~cviV>L. 'if'cv. r-k.>v""1 s 

* d,.,~ .J. ",-fvo/- m£ '" fcce,.,n~/ J 1' "v-Jv~ ~ "- ;{) ..J-~ 
, v l .... -Iv~1 c~"'v~-t- b..+..,.."", ~ .J -r~ lf 

- VI,tV" (, ({ ::; 'P,,-li-. +~_ f'ox·t t4' {., ./"(:. ",,1,,,-<-. 

- ~ "" ~._I_-t' vi'+"'; ( te. II -l:)::~ < I~ /.-~ 

'5'-fr..f;)rL~ { fi'l v 'l- '<" i v.,..1. * f4.~ it'h.J 
d u",, :' q/lb £."'~ . -1 b",, ~j-v:'/rt-, 

'1 /'l j L.- J.J... -f 
- p l ·Ii\\(,./ ~Lr;7 "v W """"'J*- y D c..C. .... --r 
'- pdl( 0J...., e.d,.i>' -h 1"-"'-] VA - 7 



-:f '" ,~?/V 5 cJ 
/) '7AAry 'rY ./ L ")( t·O?I' wei 

:t JQ t /'C!J ~ 
~::JJ \. .~) 

;/ W} ¥'7f /""q 'x "'"WI f -
I ~"J 1,J l,yd S '-<-jrr r vt r h 'X 

.' 

·7"cl ." ~ '1"1--~' >" ''''''to'''} 'i'-''1''''*, r\~~, 1"'\l "'\"'" -

4J" -oJ..,-<, ~,i1-'l-!">,, ~b"hJ f?";lf~l~- 't\PuJ -v.J -

r'i1 "':>j- ,'t"l \7)."\-'1\'_ 

l~' 't '-'cJ ?'Z. 'X 
l,'I ~"'l?~,(1 Ll'1~">'IJ 1"II'''d 

,.s L-·X 

~+~'f S-?l-rJ1~.-.) ""'+ f+~'''V07 ~LI 

rJ'J Mq};, - "'1'1J.\.A'<'I .U~\ P ~ 
Sc1 'i:.'. 00.), L - ~ "'-- ~ ",.' (I r -

\'i' ,+7) I't ,u', C'S1/J (I.f -

V 0 cl ? "\- '>1--j?F D 

(<;'" a ""'0 '''-1- 0' , / \ ",:. t=' I ; ' ="f COl ",I'J • 

~~e? Ir'" ~>-.lI""" 4-''!I''''<i. l' ~<>Y'1i-- ,...J />'1 f . 
J?-l.\'~) /l--t • 

?-')~I'j\n f'T r " 7I'1;;J/\ , 

~J'IA..,JLl.. --:4") 

r ",,",,-I'~) . s~r'" ~ r') (?~ -t-"'" wf- t 
'f "1 'i'./ '1 "+ ) C). ~ ...j. \/'<-I '4 OW 

L}/9+-1A/_""l,y q) 'r?111V! I ~-:''':'''' -""'''1 fT" j ~ 

~<;J 



1\<; -:r::: - v I~<A> .-tc,. r S"", f .. c-11£i (~'. "'~ 
H'dv~"v() r'l) 1t-.-f Yf'.~ I 

- . ~:s.i?;~ 

-

~ Ii ;"2,,> .;' B& ~ ., N~ 

I ) 

3~7Y: I- ijl d - _ )lOU1L...rN'I?~/~ 
P7l{ -:PI d ~ ~·~ ..,.f/4~-'~"' <;'''»-}M>.f.n -J.-4-.....Mf

~ -A /1<. Iv __ ..,,11-. ..,<~",-..... f 



1-'<+ -i: , ... d ->-
1-.,+ f" ... < t-

) 

F()~TL 

.Ia",, " 
f...,;'~ {< (c.,,;) 

"----> ft-t 4.... .. ~ ~~) 

(..ur;'~f /G. ... ~ 

tJA.~e.r UI'I. ~ i--,,£...h.t.-

NLc.. ) )(- \. tL>,..~ i1v.,. .... ,., . ~_r-J-. ~J 
c-<?u I V' ('~t -f" l.£ e li,.." >. ~ 

- ro!sibl~ ht-!f., .. -io L-<~6'o.,.A- 4.. tiL"--o..... H. . v f +' r~ " .J 
51,,,, J;, t, d'J~ ' ~ J;" <ffL"<' -~ ·>,i>.~(7 ~f- "-r " 



~ ('J4- iM-> ~ ~ 

-, ' " '1 , -f.. lIC ~~'1 lI(;(d1.~ ",f f1..... f~fI;' 1 (p.~ 
- L;!«s -kt~,·") +:> ,( : (it.-(' 

-4''' t " k-t(.. .l. ll(.;'r ... pv.J V~I( 

~ (fl. f~' .J. /K' "i t. t:.f(/ fY""' 
/Veil,,, ~ K @t.. ~ 114~ f -+. I<--I..v... Ie. 

~ .-\<.,aI' f\' .lJJ,.,. Ut lj,,; i 
, Pa-Jt., C.,.,.-\nl. ~ PoVT,,v) it. '- t ." 

eJr. /....~ K ,,,,-I-vl- ~ 'n-'I I. (~ n ... .r; 
r.fo:.< C ' ''~J 

C.,.,.v1 -fz> /,I. l J. tit<'''' ;;. /"",1 { ,vcf) 
Lir<k.jt"s Z' Jr;~J -j.,. ~ I,,~,X'~ r..-Jl , 



I (, u..4 " 11~ /r 
~S1, @J;-rvb d /C-4-

.;L.Jb x 1(' :; 7Df.; L- #- "1 
-e-

/ +NJ'l / 
'f, I ) I 

Ch4h'ftl.-J 

J I j / 

• 
• 

,-

-{b, 5 vt'" L \.> "- t-. cL-i- r~ i ' L> L 

~ N)( d.-... ~r~ Sd.Lc.. 

-f~~~+ip\ ~ _if -f'v1t<?-f".,<;/~ ~ j~ 
--- qrpl;L<;-h~ l ~ L-' ~ f~S~ 



,'" ( 

SrJP< c..\\II..v~ 11.-~ cdL<-M 4"-1 {. ({or fllcfLJ 
~!JirtA , 



7 

!~ 

~ 
"-

,>1/-) ---
~ 

/ 

,/iJ 
-

-

JI15rJf::-

~f' ,"'; ;' '7 

h,c f f 37,'-,r 

I 
I 



• 

• • 



.. ~'*" H" 7 
• L f\'l'J> 
, Q to X. '5 

• l'Ol"'- wv'c\wow. w,-yv . T)'1~ ) '''''''/ 10" f, e tv 
~ OS; '=- \ "'9.(.\.A1 

, ~ ~"1 \i~ ) N~ 
• '" r.J11{ X, v~ l <: S r ~ ~ 

Lb-b "'J e<1¥/dLl~ '''' ' (\+<., ''"') Ie ~ "11,\ (~+o",-/1d' 

I L~"" d.o 'I\)M \~~'1V1f- ( ,("OW 1\1~ ','(.. J.'\ <.1L J 
/ -...---~ 

l.-",O\<~ \ UI' ',-,; '-\t... -,'1\"'<..--tr.~<. ~. " U~d--R~ nd,.,ork 

n... lo-t, \ \.." '" .. " Lvi. ~ \S J .\:1,..",,,,,,-- i'h'h:.1i qvJ- ',+ 
\ _ (, ,)., 7 , 

I 't:I', ~ lY' S 



b . ). J cvr- L (.{ <.P-o ..j.J4. -{. I...I.A . 

SrJ A ~r Po C",~+.e. L 'P"y,-I .f Co "+-"" ' 

\ ~ rI\ *",,-J.. t ""d ~ d 'I .'5" .... d 
V ,c" ko IT . 'jl-...... (A .... <. (, • :L 

<; IV il l ~Ilt "'" ~ '), 'J.. -, '( ~ S ) +1..,\ , 

~ I&q' { + v.~ ... ""i"-+<w.(.,.",, T <lo I 

~ rt> ,,' 1"" 

\Qj\ \ ~". \ \\ -\. lr ~ DS \ 

S h~~~ II U{. "'~..\- . 

( 

'V _ ~,~cIt,,- dd{,,~«-, . tI$<),) ",~«j~c 

? - 04-.J.o. 11;"."><-,,..J 

. 
,,: 



ftJ6~ ~s VI .,.,\l., v.nJ.,..l~ 6'H~Vl- U .... G' k""f< 1,,,( {J-J PI.< '~" ('V" ""'''1-
c. c< ~ e. S 1 1\o~"1 c. V .. (..,..-\"',,, LLl l r. Uti) qrt.- uJ"d -to '''-\-..-C. .......... 
<Qrd. wen -h ..j-k V1c-4wurl~ , -n..-Ll "IS ~<-L.,;.JS"''1 J" <.M J<:.. ..... d 

\~V S "'" o.l+\; J{.. +k N/-1w,y~ . '<\'h<,,, f~ .!- ""! 1, "'_'kH~ 



~ l~ .L-vk -p e.. -tz". -fv" ""--
c "",,-\-,. L- \A: (l . 

SrJ k &..1.:"") : A- "' .... ~ , r .-1- v, ~J", ~a ,,~ t't...~ . 
<ro."k ~,,", '< ( tJ Prot. i~ bAC , 

f\t.-k> ~ "<1 "" '.) U· C J P /, ... I '1u",. 

1).. M ~,ciJ,,",!< , -/1.... s- ?..r!o<. <-, 

I~~.l.... \ •• le , \: 1:;." 3~7D -Iv k -{" .IN,4- . u;> ~ .., n-><. . 



~ 

~~£--
Modems & Multiplexers 

An Introduction to Basic Concepts & A Guide To Applications 

• D<lTRODUCT10N 

Mod~m . li nd m ulbpleleTJ lilY ... ~ ntu!ll c omponllnli o f dlllo 
c:ommumcabol'l n~tworL' In mOl t in. tI,noe5 the y lo rm the d ,g lta1 
po lh bf' lwee n th e c ommu nlCll hn Q perhel , ,.. he the r the l b. 
tl- rmln ll il 01 h OI ' computen, ulmo the VOlee Of "lInllloo:;( leCI Ibl!" 
d the p~ont l v_te rn II I (I b&~ Modem. ec tull lly periorm tht' 
conVlln lon beo tw~ n the d ll~ !llI l lIonal . \.lied by computen lind 
thto a udio lonel which ca n ~ eamed by the . 1ephone hnea 
Mulbplnen ' ))0 .... multiple da ll!l COnvt1"ltl bOl'II te. ' hil lY e lme. 
rwd ucmo the co" ot proVIding III comm unication connecbon to 
eoch Utot l po lT Both .ervieel lilY 1 0 fundllme n101 to IUCoe .. :!U] 
li nd economlco l do lo •• c ho nQe the l poT1lcuhn cere m Ul l be 
•• !'tel. ed In lI" o]uotmQ the produeu find iec hJlYlllnd applYing 
th e m 10 fI u.t l e nVironm e nt Thll tUloTia l p rovid e I fI b lll ic 
und~"'lIndlm~ 01 modl:m end multlpll:Jer ~hnoIOQY . e lpl ll n. 
~ eJ~ntlo ! je,elunu ond ope rotlno po rllml:~~. end dl:.enbe , 
the epplicatlon 01 both produck to ~ NO! uwr communication 
~rld 

• nu: PlTJ\POSt OT MODIXS 

Comr.u1en e nd te rminol. eschenoe de ll! Oli e IIIn l: ' 01 pul-c: , 
... ruc • ntpnue nt bin ll t)· d 'qlk. Of Wb The~ b,tl ert Ol'Qupeod mt.o 
~rQl:r un,tt celled c: ..... nc-.n 01 Irrt- li nd etl ch ~tIe: . nu~r. 
or Iymhol uwd hOIi II Wl'que bmory code Th~ pe l'bculer Ie: 01 
~I ht- .nQ uMd mUll be o~_d uper. by boL~ thl: tende r e nd 
th~ ~'ve J e nd " celled the cod ... I The mo,1 common c:odE 
_II ute-d lodll1:ere b lended Bme ry·Coded ~=.malln~rche noe 
Code . o r [ B DIC. e nd the AmeT.ce r, S te nd e rd , Code lor 
lnlonnotlon In \e :chen~ . ASCII EBCDIC ... CI deViled b)' IBM 
ond II uJed o!mo. , .xchJI I\le ly by the JetOe : IBM mll inirame li and 
de \' iceli ... h,ch mv . ' commvnlce le ,"oth the m AS CII e n d 
11lle m otlonol ve".onl 0/ It ere Wlde!y wed b y n.II ri}· e ll olher 
oommvnlCt;tlor, de Y'l oe ~ 

B.nery dtl ltI In cLOIl.o! lo rm h woeful lor dlT-ctly CQnnecied deVlC'81 

Ivch e. local wmune! •. b vl d ll~.-,-l.ol delD doe. not pallo thrcvQh the 
. lll phone .-ylltem e thC'le ntl)' T"",*" 1 aho ..... why The dlQ itoJ 
"'9nll l coruirtJ 0/ II III Tl eli 01 pvt • • with "ery . hon rile (le.odmQ 
.::I~ cI. , ionol) end !ell Ilreihno etlge ) timel Te=hnicaUy. the. 
QU ic k Iro n. lllo", er. e r • • ult 01 h ' Qh ·lr.quenc y hermonic 
. io noll - olt. n o v.r 10. 000 c ,cl •• per II con d . S iTl c elh. 
" l~ phont ' Yl tem II de. io ned to cerry humo n " OI C. end Tlol 
hio h.bdeJlIy mVl ic It connol ,..produoe Ul.1II aionol. end they .,.. 
hit In the po ll, to the rwc. !v. , The ,.. ult d thl.lot. It 0 blum nQ 01 
the cLollol'pulw . molino it cLlhcuh to _ .a.ocUy _No Tl Hb.qinl 
. nd . nd. Thb in tvm mok •• tlmino the bIb cLfbcvll 01 unpoulb1e 
. n d th ul pr.". n ll pr o p.r loc o ticn 01 Ch oJO c l.n Do l . 
communloo bon CIO nnol occur w:lno cLOI\ol , iono1. 0'16 ' tI"'phorw 
li n •• To UN' the phon •• r .... m. it i. n.ce.loaf)' to ".peol Itt. 
"no~' _n&OO 

Iilodulaticm. s.nc:oe the phoMl .ynrm opere_. or. eud!o tone. 0'1 

.. n&leo lIIonob Ihf. h"t 'o.~ In W lTlO th.m II the oon"flTlJon o! the 
d lOll f1 1 , Ionol 10 e ud lC •. fI p tot"e-" coile d a ... vJ.ti .. n The 
NOOlvmO ""tlon m1.ll1 the n ,." ..... Uw prceeu de mod ulot nQ.tt... 
. n ll l!' o . Io n . l . n d r. c op lurln o Ih. d lQl te l p u ll. I Th . 
"1IOtNletlon/dENocIulobon' oombmotlon C'ftotIIei U-.. a cronym 
tor th. d." Ie. uM<l to perl orm Itm p~"_ mod. m 86th 
funC'l.lC'", .'" combnwd In thr modem. e llowi llQ . tthe r poTty to 
_ nd . nd Uw OltllO' 11:, __ I" .. 

The IIKhnlQv" ~ to, mod vla tlnn ,.001 ••• the r.qul~.nb 01 
tt ••• "",hC&1 ,on c h. no. S,mpl • . lo ... .. s-<!. d •• ic •• mor UN 
modem. wl"eI, Mnpl o~ • 10m , 01 INqUfl r,c"y moodvlebon 0I011ed 
~4h1h • ..,u.. eralJ Thl' .. p,.. .. nb c .... ~ ~ .... 
b lnery bll pent n, ~. ct •• nQe' I" the ~ ol.n .ud,e.. kJne 
Th. U" fI 11 ... oJ me<J k. be In • .-.ed, b"," ry-on. 01 a.r), II\oh 
.MII H ~ tdJ. a nd thu ''''It u. .. p,.. .. n-.:l b y on. tr.q1.lOncy d 
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bTle . When the da", bil "el1Jt' "R ra" " wnt the modem enanQII ' 
Ie. . nothe r tone lrequeney nUl ClOu.:. fI ehorocwn.b: a lmo. ! 
mu. ica l, .fleet durinQ the- .endlno 01 dOID .... hich mo ny UIIIT1 01 
ti me.heriTlQ IYII. m. ullno thi. type 01 mod.m hove come to 
kkntl fy 
FSK modv\ebon worD ... e l1 50r ,.le t ",ly low .pMd • . b ut e, tM 
tpeed 01 the diQI",1 IiQnol 11lCl'MN' the tim. oUocete-d to . hill 
bequ.nci •• *1.100. 00 thol both the pmduction end detertl:>n 01 
the chonQl' b.comt more dJ lhcuh AI 1.000 CTcle, pe: -=ond . • 
.. ngle complew cycle 01 on .udlo lone ,.qui,.. e thoulCndlh o! II 
...eond Sl noe chenqinQ fre.q1.loO nciel In tM middle o! 0 cycle I. 
dlthcull (10 both .. nder e nd r.cel ... rl e IAngl .. bi t 'll't)vld hov, to 
tlh ot ,,",I thll l kmQ to .. nd . .. Iultino in e date. .. H- o! eooul 
1000 bu. pa r ..cond S:noe tho t IpMod II uneceeP'-hl .. lor meny 
.ppllcotion •. oTlolh.r modulohon te chTllque- mUl l be und l OT 

Moh.r ~1 

On" .h.metl ... 11 OII l1ed ~4!Uh keyine (PIlI:) Thl' UIII I 
c henQe' In the ,."...... 01 • I lo nol. or ttl tlnln; ,..!otlon ... ~p_ to 0 
fiud ret,,..nOl . to Ind.ooliP .. Chan9t In the bit pel'olm PSt: II 
u .. d tn m. ny m.d. ! vm·.~d mod.m •. and I. eombm.d. Wll.~. 
_,Uhllh .o.dw.tiOTl (AM) m NOh .. peoed ~pp!J08t10", 10 tonn 
.".d"hu • .• ~pllhul. ~odvJ.H.n (OAM ). the p,. ... ih nQ 
I1.ondord e l U600 blu. per IIOCIOTld and hiQh., 

to4odul.tion t.chnl~ mey u.. all d or pen d th.e fNque ncy 
.. ~ or bendwtdlh 01 •• "':r.hoM clwlnne! ti .... lnOCfu.lo tlon 
WoO, ..... thAn hell o! tt.. bo n width to OOTTY the dee cone1. the
Ullv...,d, bond..ndIJ. IMy be u...,d, k> OIoTTY \he hTl.m.JNlor. 01 1M 
oth.r 'tl' IOn\ permitllng b o th ". tlon' to .. nd e n d ro c. I", 
IIImulwn-av. , . "'11 t. cIII.d hill-4~I.a oPllreb on r",,," I 
ehowt 1(lfT\ •• "'mpl'n 01 bondwutth ... by populor ~cdem. 
.. ,,4 ..... b ... , a.oo,,4 • [ ... n hioh .perlormanCil modulotlon 
ecMme. oo nnot aC'OOmmodo .. , "It .n0 1.loQh nn,U.on In .QM) 

rw... ... 
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.,,, IUI. to track Ind,v,du o!I l bit c ho nQI . /li t hlQh spe ed , Th . 
meJlmum r4'1 of 'H~ n4 ! ch illnQe thol I; lI.n be depend4bly UMd i. " 
function 01 the .peclrum 01 [",quencII' which the te l.phon . 
I .,.tem wIll pa .. -Ih. b.nd width n ll l limIt I. app ro J: ,mo tely 
2 400 , iQnoJ ch onQ'" per , ,,cond . Since l u;oo na l dlll nQe. pe r 
.. c ond it on Inconven ient unit 01 me" l uremln t, ,h" hq unt ,. 
normally I'I p re M nted ""'''Q the old I-elephon e term 'b.ud . Th , 
bo ud rdl ll o f e hi'l l " equ.U lQ the bir ·per-.econd rQ t. if th e 
module lion repNtlent l eve ry bt ' ch onQI ",. '" .iQ n~iI char1QII 
HiQh.r.~ modem •. ho .... ever. CQmbmll bil. mto QI'QUp' of two. 
th,... or .v.n four and ~"lQn eoch po ttem a unLque .. u., na) value. 
f or twe>bLI Qrouptl. a toto l ::01 lour po. tJ.ble b Lt pII nem. n l' ! (00. 01 . 
10. 11 ). ea ch ha vinQ it. o .... n . iQnlll indLc ll hon. In phal. ah!ll 
modulol!on. for nampl • . a 1h1h 01 90 dtIQl'WtI. CQuld ~pre .. nt 
"01." 180 d ...,~. could t>. "10." :270 d ...,ree. a. "11." li nd no 
ahJt a. '00:' Other vlllu •• a~ normally u.c! fo r enoin .. n no 
I"'MIOnl . but th. prinCLple il the w m • . UainQ the bLt -p.o Hern 
enc:oc:lJnQ ~hnique. a chonQtl Mle oj 2400 boud can . upport 
9600 bils ~r MC'Ond (bp.) throuQh Ql"OupinO Into . -bn Qroupe. 
Whll. th. ,.rm lMY4 LI \hu. ra~lJ' equiTal.nl to hi. per lItIIC on • . 
incctTeC1 I.l..Io!ILQ. of il by ttt. compu.r indu.try hOi corrupted the 
onqlnal defin illon. 
Fun • ., HaU-~ e I-'..o n, communicallnQ u.,.. .. chanQII 
d4t1; in much th. l4lTIe "'ay 4. people conve~tIoISch toluno a 
tum t>. ino the ,.nder whLle the other r.ceLV.'. Thil mod. 01 
communica tion II ca lled haU-dupl •• ",1'111. the mode whic h 
penn il. both UI.,.. 10 . imulto neou.ly talk and lill.n I. ca lled 
N.l.)..dupl ... At low optIMbnQ .peed •. the portion 011 the phone 
Itn. bandWIdth which i. reqUired 10 .. nd the da ta In either 
dirK'tlon II .mo U enOUQh that both di rection. can limulten.outl, 
u.. the .am. lin • . ThL' If(Illl.ban. ~re llon 0,"' II ~e>wi,. li n • • 
common at JOO and 1200 b~ I. now u.aable up" 4800 bptl with 
IIOTIW neww modeml. 
To .. nd dat. full-dup l ... t hlQh.r .peed •. a MCon. Un. I. 
NqUlred. Thl. ao-clll led fO\ll·..u. ~ pro'f1de. the UNr WIth 
1he equi .. alenl 011 two !elephon. c1rcul ta. It 1.1 norm..U, ~ 
.. a p&rt 011 prtu t. lH...i liM Mmoe, bul tome modem. will 
permit the u •• of lour· wlr. o peration o ... r two dl.l -op -• h.iQher .pMd rnoderrt. a .. optN-.d on two-Wl .. oonnectk)n.t,. 
the communlc.llon ...... be hall-dupl ••. Th,. m .. n. th.t !h. 
modem. mu.e aI.m •• ber. .... _ndinQ .nd rec:.1'rinQ. Each 
time the dlNdon 011 nnwnlMion c Mnqet. celled ~ the 
U" • .,."" • . th ..... I •• n In l.r ... 1 r.qutted lor tha prlth to 
-'-:~U, .~I~ and the moeMm. to ftJa fadluaU ., the new 
diNCtkln. Modam ~wwI "el&,. ~n be •• ~ntllCoint !.actor 
1ft ~ ... whe .. the direciSon 0I1he Itne ch.nQ11 oI1en. INCh .. 
..... poIJod "'-

,........ • _ .00. no • peee ) 

• • • , 
0 , 
u 
• • 

I~'''''--__ vo.el c ........ n , ""'OWIOHt ----.""~ 

"''11''''' 
I ,~. 

,. "'I~--____ -.. 

""'OUII<fC' 

AUT _ 0 041111 __ 
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Srnchrono~ &- ~lvonOWI I Who ~av ll r thll method '"ued lor 
CQn''''''Ilr1q bel'W_ n dn;l L!a1 and a :; ~ lcq . a ll mooem . r-eed ~ "'aYIn 
.... ruch the '-Omphr1Q 01 bLt v"luIIs and the ~p.,sra bon 01 ch~ r ~ct.'" 
can be controlled II the MndlnQ ,ttl bon beQln . 10 chon .. e th ll im. 
l!tI t. WIth dioLttl l bit 'Ialue •. the ntC. ty. r must b<eQin IO mphno th a 
output ~ I th. proper bm. or dottl may t>. loll or mL l lnterpre ted . 
On. wa y to ~ .. u re proper data re<:oqn ition I. 10 !:-eo!n eac h 
cha r~ct lr ....,th a depe ndabla tranl Lbon Imm the aArk or bLn~ry 
one IttI :. to the ~C'tI or binary ta l"O l to t. n Ul l. ca l!ed a .u.tt bit. 
Th. Nlcaiv .r. "IILnQ Ihe cha nqe ~QLn . the timLi''1Cj1 0 1 11 ' bll 
IoO mphnQ' at tha end 01 the . !.ar1 bit AI :h. end 01 the charac ter. a 
"qui.I" pened 01 ma rbno lin. may t>. a llur.d by dehn lr:Q a riop 
t.U inte rv al. Tn LI /rom tno a pproach allow, 11'1 . I. nd. r ~nd 
r.ceiv.r to OptlM. their ....,I!on • ....,thout a .ttict tyTlchrcnL loIIL tL01'l 
01 thair blll.OmplinQ. or wdoc: lt ino " o. il i . c4l1ed. Th •• l4rt/ llop bIt 
tran.mulion m. thod It call ed u,.tlch rono\U b . c ou •• the 
doc:lt..rnq 1. not ' Yflchroni::ed betw .. n .labON . 

A"nchronou. tnlnlmju lon. or "a.ync" 1.1 ,.labvely ine.pen. ",. 
10 impl.m.nt in both lanninal. a nd compu.l'I. For os ........ h. r. 
the IItnrunal lind the CQmpu.r a ... d lntCtly connected. il ohtn 
pro .. id .. Ih. b •• t o v.ra ll m.a n a of a ttach m.nt . Bul lor 
oommunica tion linn. a.Yflc poM' . om. ,pacial proble m. Th. 
bul'lty n",tu ... of lis traffic malta. It dLtilcult lor the modem. to 
ad ju . t the mllly .. 10 the condItion. of the ta l. phon. CIrcUit. 
"!ralninQ" lor Ih. 1.II.t pou lblht, of a tT'Or To oya rcom. 11'1 ... 
dtll lcuW ... an oth e r m. thod 01 dala Iran . mll.ion c a lled 
I'J"T'duon_ .... 11. deYiMd. In . ynchronou. !ra nl1niuion. the dato 
bila of on. charact.r IcJUow the blta of the previow chllrac !tlr 
without atlJ ll1 !erv.nlno .paoe and WIthout atart or ,top b Lt.. So 
tha.t tM ~vtng ,\ostlon kilo ...... wh.n the da ta Wock 1'10 . baQun 
and can properl, "count at" Qlroupe 01 bile ink:! ch.rac.~. a 
lpedal pattern of bI. C4lled a .,no chol'4c.r I. Mnl preocedinq 
the da . Since the data t. now _nt til It conbnuow ttreern. the 
modem OIn bel11tr train lor Ie. con.c1 -=:.ption. In order to \1M 
Ihe .ynchronoUi mod.m tachntq\l" . the comtnunlcatlnq d.vlce. 
mUll be C4oebl. of _ ndtnQ the ir dat. contLnuoutly lIa a block. 
c a ll .d t.ufl.rine 11'1. d a la . Th. bull.rino capabili ty a nd II • 
... oelatad co.1 ar. 11'1. prl c . 01 the .p.ed ad Yan laq a of 
.ynch ronou . d ... ICII.; mo.t u ynchronou. Ii nu a,... limlled to 
1200 bpa wh..J1e tyTlchronoua oommW'\lc.llon o ... r the t. !a phone 
" .!em.t up k) 16.1XX1 bpe c.n be .tCh l.yeci and 1.1 now . uppol1ed 
by mod.m ... ndo,. .uch .. ~r.dyne. 

• MODDI' A.PPlJCA'nONW 

A.a the pNTioua di~ on Iynchronou •• nd atynchronou. 
""n""l_on 011 dot lit &how., th ........ "l1ation. '" modem d.t!gn 
ba..d on appbOllion 01 modemllo b u.n ... communication. Th • 
,.riot!loNL ... In '''''d.d lD optm .. the CC4ItI ~rlorT'Mnoe r.&o 01 

• 



Modem. & Multlplexel'l 

tht modem, e nd N rlec1 dw dJtho,.nl WlY' the l modem. " ught b. 
UMd Fot ... mp!. . modtom ,,_ c.n be C1.UIf!.d In th. k>lIo Wino 
"",.," 

• •• Lnt ...... poln' (two-per1 y) u" 0 1 .\&1ti .. '", (th ,... o r m ON 
.,.\'t)tI I ) 

• .lal.up a>DD) or ~ .. d. (d.d10tlr.i) '-eMd Unl' 
I * ....... 4. 01 wUI .... nd li,.... 
• tw • .v. 01 "w·"'" 11,.... 
• fWl.4~_ OT h.u41Qtl .. communlcebon 

• _ro4.iti.On.M DI' tu\Con4ltioned bn • • 
bi. cat.QOM I m own .,. lnlerTelew.d 10 the l. 101 ."omple . the 
eholoe 01 condlt on.d o r unconditioned lin., I. tlva llobJ" onl, lor 
pl'w e'e IMMd Ime. r~ 3 thOWI the ,.]ab onllup in theH" 
.homan"" 

Mod,ml , M.d iUIn·Di.t.n el Modlnu\ U ... l t.d ·D i, tarlC:' 
I!gd. ".. & WI tm_n • By convenbon, VIe tt'TTTI "mode m" hlu 
come 10 a pply to deVice. 1.1* lor modulebor.lde modula bon 01 II 
d ilil1101 " liIn01 to pe mul III PO"~IiI " ove r oonv" nbonol cLe]. up 01 
_ MCltelephone etn::ulta Thu e devlC't'. mUl l operate WIthout II 
eo,,-, ,.th (melelhe C11"'Cutt) be tw~n u~n. bec:OUM' te lephoTie 
compe n)' 'Qulpm~nt Ind ud..nQ feP418"'" ' Will;h in ljl oll,ce, . a nd 
mlcrowo ... e o r loO .. l~ , te hn" inteTTUpb the copper path At leo I' 
one ... e ndor provid" . "medIum dJJlo ncoe" mocHma de ' i9n.d lot 

. "lepho~ c in; l,L1 u a ' d l. lonoe. up to 50 m.le , MedIum d l. 1t1nOfi 
modem. do not eQ UlllLu undel1roble Ime condltl on. to the e J'''" ' 
oj ~ulor m~m • . e nd are. therefore. cheape r Leu eJpe n. ive 
deVICe. cell.d limit.d d~"~ or .holt haw mock m, can ~ 
u..d where the re •• an euuranc-e cf a ceppe r pa th bt tw.en the 
modem deVlCl:5 The M' de'lloe. ClPl!I"'O~ In pa ll""J hb con ... ~ntlo~a l 
OenQ-ho ul) modema bu, rely en the mere depe~doble e lr-ctnce l 
c haraC'e n . tlCI e! th~ c epper pa,h tOo ' impldy th~ m odulal.en 
IChem~ The tren. rru ll.en fenQtl 11 hmiled by trenl ml. r10n '~ ::I 
e nd the Wire IJU 01 the conduC1ol""J.n the coppe r path DlI lII n C"e 11 

p ropertiona l Ie the d iamele r 001 the cenduclo" a na In .... nely 

DO. 
-"'00 ' 

eV ITOW, II. 

LM Oil ' .... " · 

p rop orUon . 1 to Ir.",m l .. lon , pe.d Wife ' Itt (Condycler 
d lemele r) II apec1hed b y Amen c:.n WI,. Ge~ (AWG l num.be" 
ConduC1e r d .emete l d imlnlahe ••• the numbe" " come Mfge r 
Typlca l wire l Ite fer pri .... . h~, up to . boul 15 mIle. ,. n9.' lrom 
AW G 19 throu9h to AWG 26 Pri .... te line,.,. . 110 . ... . ,l. ble I~ 
the .. I. phen. compo ny U,en Ihould ,.,.1.", how. ve r. tha , 
con .... ntlen.1 te'e phon. c ireul" ere equipJ*::I with 1oed '"8 coli. 
for .olce t ra n . ml .. . on a nd ,e,1,lc l dale rat •• to 9 60 b p . 
unlooded T. lco dn;uU .. o r uwr·pro'llded m. \ol llc Cln;ulb I ypperl 
m uch Q,.e l. , d a ta ttl t •• Some lun it. d dll tenc. m od em •• re 
de.IQned 101 unloed.d Clreulu only . • nd ca n opI' ra te . , hie. up 
to 19.200 bpl . I a w ry , •• " ona ble eo. l AT&T '~-:;l fI Ca bena le t 
tfen. mln lon ove l p rivete lin •• a rt detailed In ATAT T.ch7U.oal LI.,.,," P'\al!liClol.tio" 43401 MOl ' limit.d d lllll nOlJ modem. 
mee l th l' I p e l; ihc e ll o fl . w hI ch re Qu l t •• the u ni t . 10 Wte r 
tran. mlf\ed ail;Jnola eo they 'WI ll ne' crOll o .... r e nd In_ Melt WIth 
. dla c-e nl WlI'I! p.o.l" in the .o rne ceble 

f or conne :1lonl ol llev. ", I th ouaond yard. o r Ie" anethe r deVIC"e 
celled e lin, iri"" II . mpleyed Prope rl y tpe ok LnQ Uu. II nOI e 
modem 01 a ll bul a m.anl 01 eoe ndmQ the d IQLIa! p ul ""5 turlhe r 
thon the normol SO·looI Lm iltL tLon of the RS·232C Interlo ce The 
e .. lro dll ten~ 1. ochle ... . d b y e mpldlco llon a nd othe r d lQlta l 
. chnlQue5 The L~ d l"LVer me )' 01. 0 be cell"::! a rnill .od.", 
lOCI! da.trih\rtio" unit or .od.", . Un.ilVltor b ut . hould not ~ 
confu~ wilh deviCl:5 lol led only 10 . upply prope l ... lernal d o\.o 
cloch end proper control ' IQne l ... e lue5 10 pe rront e d e \"j C"e whIch 
no rmell y opere t •• throu Qh a mode m tOo conne ct loca lly. u n • 
dn .... rI ert typLcal ly uaed with Iynchronou. ""nlnOl5 connected 
10 e ho, t compullt r lTI the .e rne room UnlIke modems they art 
N t conn.C1I&d in poi" (bod A o·beck ) 

Bim wta".o\ll Volc. / D .. t.. M od.JtlI • Be cou .... ef 0 trend to 
c omblf1. ",olel' e nd do lo capobihbe s If1 a ne w oe ne ralLon o f 
.. eJe l;utl ... . wo,l .ta1Lon . : · mede m ... e nd on hove de ... e lope d 
modeml tha i IIccommodele both VOlee and d a1.!1 con:mumCO bor. 
o ... e ~ the lO me WIre pi ll MOil of theM' un.t. uw It technique 
ce lle d datA '""If .oi~ . whertb)' d o1.!1 . 1Qnol. a re commuT"llca ... ::I 
a l a h lohe ~ fr9Que ncy the~ voiot" . Ionel. eo tho l the twe do nOI 

1 
....... .., 

a.-1T"lD Dln .... c l 

...... ....... 
,*TI1 t " . 
"Tat_1 

........ 

• 1 .... ta.. .. D d h • 

.... ,. ........ ........ _ .. 



Modem. 5. Multlp lexe,.. 

In lerie,.. S.m uJlon.om ~OIc. /d.,1tI mode m. tl nd 10 bot . hort ,houl 
d"e 'tioel onl , . lind erw u _ N t Ln PBX .nvt":mm .n ~ whe,.. ..... n 
c*n ta i l ad vllnl4q1 01 ' . I, tIfiQ te lephon, wirtnQ and M VO the 
.. pen .. and heul, oj sdd ltlQ d.d lco led dOIll cabl • • . 

Ol&l.U. " tA ..... l..i.ro •• Dlal ·up connec;1lon. ore tho .. m.,d. 
throuQh th, no"",,! , w,Ich.d t,lephone . , . Iem (ODD or PTN). Th , 
path. lakI n by .uen connec bon, /I re not p redictable end vory 
~n.1hcon tly in 'enn . 01 nol _ <lind other Imporlanl choroc teri . llc • . 
Furthe tmo" , 4 .. ri,. 01 echo l uppreuo rt ., ,.. p"u,nl to pr. vl n ! 
the annoyinQ refl.cbon 01 the 'peak,i . VOIC • . In .,d dltlon. th. 
loco 1 Joolt.1rom the cen tral elfle. 10 the connection I' o:lI ]way, 
tw~wt,... Th l' meon. tha t both MndinQ Gnd ~'IV1 nQ of da ta a t . 
ocmmwu~linf~ .labon mu. 1 . ha re the 14m, wi n ... Unll '" the 
modem. or. low .• pHd model, . the ba ndWIdth requi red lor 11th,r 
.. ndinQ or r.c.lvlnQ Wlil lully ubllze the ' InQle pGlr eonnecbon. 
.0 the modem , mu, l Qpero le ellem alely MTldlnQ ~ nd rwc:e lVlnQ or 
he ll.dupln Tume roW'ld d elay on we i-up line. La IiQruhCGnt 
-typlCGl!y 150 trulhMCQnd, . 

The connection betw_ n the medem etld the d le l·up ci rcul t mey 
t:. made dl rwc:JII U the mOOe m i, certified by the FCC for dU'eet 
connecllon (FCC Docket 19528 Par1 681. or ";e e D.ta Acc _ 
An.nQ . ... nt (DAA) If It II not EIther d l rwc:I.conn~ or DAA 
e tta chme nt ma y . u ppor1 eU Ioma tic d ia l and a n.we r or mey 
r.qui rw en in llrument lor me nu(ll d ial a nd e nlwe riTlQ. Some 
modem . connllCt 10 th. lin. by p n:mdmQ e rubber cup .. I for th e 
Ir ... rtlon 01 the te le phone ha rod .. 1 ltMU Tlm tec hnique ;, CGlled 
KOufti.c coupliz,9 and i . welul wh. n liS modem il to be uMd Wl th 
e li ne I"l" rma ny taed fo r VOleft . • uch a. in a PBX enVlroT'lmel"ll or 
whe rw a mcxlem a nd ktm',l T'l a l e r.l to be cemed lrom phone 10 
phone Aco~c couple" " re common a l ) 00 bPI a nd avalleble 
up 10 1200 b p •. but the "enellon' ln the QlUl hty 01 the hllndMt ca n 
c rwate u nfa "oteble e rror perionna nc e . Th e Uti li. a rw a lmOl t 
a lway. Ie .. e J:penlllve than the comblna bon ola mOOem and a 
OAA, but dJrec:t.connec:t modem. are now evalla,ble which IIni 
I!Ictua l1y Ie .. alpenllve Ihan a n acou.tie coupl er 01 the u me -. ~ted line modem. do nol ,."qui,. d lal/an.wer [09IC l ince the 
IMMd pGth i . hIed. A lea ...i hn. me y h lll "e the $(I me be nd w:dth 
oIa dla l.up lin . , ce ll ed a .-o;c. 11"d. or TY'P' 3002 bne. or It 
may h a ve e Qrea te r bandw id lh ( .. id eb a n d ) . uch a. AT&T 
Communicallon. Serie. SQ(X). Smce the ~th of ° leoMd hne i l 
fi.:l: ed. the cireultl tnvolved may be p",,.elecled lor e perticuLe.r 
Ioe_I oj tn!Inlmillton cheroden.llc, . ca Jled cond itionin9 Lea MCI 
line. may a llO be multidropped or ftlwtipoin t. Thll mea n. thet 
the li ne ha . Intermedlele I ta tlon ' or "drop. " b.lwee n the two 
e ndpoin tl . Multid rop CIrc uIt. arw actue ll y Jo nned by hnlti nQ 
.-pent. JI!IoIIMd line. a t the c:-en tn!l l IISchenQe 

1J.rIe Cond l tlonin9 II T rl n . m..Itaion !:no .. e Th . te teph one 
I "t e m I , n o t a p.rf. c t . I. c tr ic a l p o th e " e n Jor vOle e 
communiCGtion. and e . the .peed of da lo eJ.c ha nQe mCroM M. It 
b.comet IMc!"M. ir.qly w fficu[t lor mode m. to maneQe the pl"K1.M 
slQn4hnQ r.quired for accu ro ~e InlormaUon InI naer. The,. e ,.. a 
nwnhar d problem. that oHeet the perionrullnC'll d ° circuit Flrl1, 
the \lne may '''' 11 o.lt0ge the r,j, nonno l1y bece u .. 01 ° fault In the 
local loop or centnll oiIioe . .:Mcond. the Une moy become . ub/eet 
to u nu . ual efeClricol Interi. l'llnc. or o the r . ou rc e. of ra ndom 
noi • . dec~. inQ the rello between the . tr.nQ1h oj the ' IOOIne l and 
tho. ampli tude of the nolM puI M •. ca ll11d the lliwneJ· to·noI.M ,.tio. 
A third touro. 0 1 problem, I • • a rta tion [n the . tr.nQth of the 1lQ'T'l a l 
I-.H, lndependent d noi M. ca llild anpliNde dl.atortion. which tne, cau. perlodt d "drop-ou," wh.n the . Ional become. to 
....... thet It cannot be properly decoded al the r-.c--elv.r. Th. 
1oW'th e.nd !in&! .ouroe 01 d rewt problem. I'IIla", to cha nqe. In 
the enalOQ .~I itMoU "" hlch i. couted by WI. ve n propeQa tion of 
low end htQh If'llq u.ncl ••. Ce lled " h ... I.\tt. •. thl. condItion 
....... , a~ mOOuletion technJque. th.at uae pho •• hltt. to 
r.preeeni bu Pltt.m.-- tM lecl\n i~ ueed b , mo.t I'UQI h .• pMd ......... 
One w., ID mlnlma. pfOblem' wtth J... ... ctreu.t l tNn.mJ .. lon 
eh.ree l. rt .ll c i II 10 pe, e prem tu m lor . li n e Ip e c te ll , 
.... "' .. 0I\eIII . The lillephor.e oompen, wtU then el!her . Ied • 
IMth wh ic h meet. Ihe mol'll ,tri nQ.nt rwq ut "'menl, 01 the 
oondIlonInq or .pec1.n, .r"I1oe e PIth 10 m .. t the ... ndot rda. 
Condil onlnq " ... lIeble In two ty PMj C end D . and .t " ".rel 
'-"I. within . ch type; bo!h.,. .. al llaDle lor tither poI.n t·b- poI.nt ..... 400- 710 e ~ 4 

or mulnpolnt line. E"e n wllh line condlbomnQ. ho"". "'e r. A HiT 
wtIl not Qua ni nlM opll mu m blt--elTOf ,.. .... 

T~ C Co ndlhonlnQ Im pro "'e . the freq uency rn pon . e 01 Ihe 
cha nn. 1 ond the propeQa hon deley 01 "anou. lreQuencl lli. ce lled 
a Uen u . tlo n dle tor li on e nd en",.l o pe de l. , eli . torll on 
Ane nua hon dll tOrtion nl l ull , lrom uneve n le"'e l. ol lTonl mllllon 
01 th e IreQu e nCl e, Ito m J OO he rt l 10 3300 he rlz Typ. C 
condlbomnQ Ollure. what ItI hIQh .hd. hty !erm. II known o. 0 
"!la ller" lroqu. ncy "u pon M Thi. meen. the t the dillere nc. In 
yolume (omp htud e) between two tone . cA diU. ren t Inique ncl li I' 
mln lmlUtd. En"elope d eloy dllIOr1iOn i . ca u!Wtd by the tocI thol the 
lime II loite. for 0 lone 10 pG " between le nder and f'IICel ". r moy 
not be &KocUy th e &O me lor a ll freq l.le ncle. lllll detay con ca u .. 
problem 1 when mulilple lone. are Qene ra tlld lor a .. net 01 bI t. 
ond the Ion " em". wllh a d ille rent bme rele llonth ip lrom thaI of 
the t r Qe ne ra tion. Type C eondlll oninQ eQua li l e. pro~eQ a hon 
dele y Both envetope d elay d ll to rtlon end ene nuobon dn tortlon 
CGn be conditioned 10 vonou. leyel. by MleebnQ CI. C 2. C3. C 4. 
or CS condlbonmQ The hlQher numbetl have the bqhtelt control . 
on the d i. to rtion and thUI the be., tren. million cho roc ten . bc •. 
Type D cond ltion lnQ ml nlm lZ • • l[ne nOI .e e alled C· notched 
noi. li nd huaonlc datortioft. Th. former condlbon Ca IJ M. a 
poor ' lI:!.nal .lo.noill ra ho on the Un • . Qe nera UnQ rendom bi t 
erron Hermonie dll tor tlo n r • • ult . Irom Ihe Qe nerol lo n of 
mU!bple. of en Inibo1 lOne . .unda r 10 two nole. an oclove IlI po.rt In 
mU. le . nu. "hermoruc" moy ea UM the mcxlem. to 10M troCl. lnQ 
complete ly. 

Mode m. operollnQ ot re loU"ely low . peedl mey not reqUi re .sny 
condltiomnQ ot a l!. but neerly a1196QO·bp. modem. requi re lOme 
lonn 01 line conwbonlnQ'. U the mode m I, eqUJPped WIth Ir,temol 
co mpe r .• o tion pro " idinQ' wh ot II kno wn 0 1 .dapth 'e 
..",....U ... tion. Type C condltionlnQ' I' noll'equi red. but Ty pe D I. 
ofte n requ ired So me new 9600 .bp. me d . m . wdl ope ra te 
.., tialoclonJ y e"en on unCQnwboned line. r~ 4 Ihow. the 
efleet 01 Ty pe. C ond 0 oond!tiorunQ. 
E qua ll .a tlon n e ut ra li ze . Ih e un de . i reb l. e le c tr ic a l 
cn a recl e rll tlc , of a co m mu nic a ho n lIn e tha t d l i lo rilhe 
tron. mlilion. inc~'lnQ the e rT'Or role and deQrad ll"lQ opera ti l': Q' 
perlorma nce_ Equail te tion and Ime cor.d!bollJnQ ore e . tremely 
importa nt to opbmi;.e modem perlonnonce a t ra t • • abo". 2400 
b~ Both ecl to rrunim lz.e "Qnel du tortion . • uch a l en"elope delay 
and a mphtude a tte nuation. whlch worwn • .....,th InC~t-ed lpeed 
Eque llZ:era a re "Mntiel bec:eu .. line condllloninQ doe. not lo te lly 
ne u lra ll z. d u tor1ion; II allu re . Ih ol dulorllon I' re ducad 10 
.peclhc limLIJ defin ed in the .peclIicotion, lor Idch type 01 hr.e 
condltlonlnQ' . In tome co .... 'Quoh14tion e llmlne le. the need for 
e l lfil -co . 1 lin e cond lho n in Q It it vi tal to ni Q'h " p e . d 
CQmmunicabon ov.r the DOD ne tworlr.. 

• MODEM SEl...ECI'IOH PMAMJ:TfJUI 

Mod em leo ture. e nd o pe roli nQ poromete r •• pen a broad 
. p ect ru m ola pp ll collon •. o nd It II n ec e llory to Iho ro lJQhly 
Wlder.1ond both the leo N i'll end the Im pact In orde r to me tch ° 
modem to a lpaethc opphce tion. Some pe remele tl e rw dlc141ed 
by the epp!lcollon equ ip me n t whil e o th e r. cen be opllml led 
throuQh the proper .. Iecllon of a modem or modem opbon, . 
Men, mode m. a rw d e, IQned lor eUhe r d lol -up or lea.ed ·l."e 
opere bon. 10 one d the btll I" U" In modem Mlec1ion I. the line 
ty pe . Ve ry hlt;Jh ' , peed d o ta es c ha nQe re Qulr •• I .... d lin e 
10cil1t1 •• , and teoted Itne. e re ott.n th. be.t choiC'll where the 
5moIJnl of dato 10 be e,cho nged i. 10 l"Qle e nouqh to requl,. 
connection for hou,. at ° llIne . Th . decilion to UM I_ ted line, I' 
pnrne nly one oIeconomlc. -would II co'" more to leo_ the line 
or 10 pe , Ih e d ial c herQU fOf th. ti me , ou e s pect to be 
oommunicallnQ'1 
Ano the r pa rome ter wh tc h II no rmen, not .ele cl.bte I . the 
qu •• llon of . ynchnml14 l on. Syncht'Ol'\OUI de..-toee (ouch • • the 
rBM Jl70 e. 3780 termlnat •. eU Sotc/ SNA deYloe • . • nd X.25J 
t9q\lI ni . ynchnmOUl modem • . White It 'a poe.lhte to buy mod.m • 
e. device. (con • • rltltI! !he t pe rmit .. ynehranou. de.IC'II' to u. 
" nchl'Orlou, INn ,mi.lion technlqu ... th" i. not norm. lly co. t 
tWill/led elld me, have un w,nled appllc. tion IInpecl \I1\[e .. the 
.' rnchrono~ de~ commUNce," In block mode N ther tha n 
the normal c:h. N cillr-ll,--ch. rKIer moct.. 

) 
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Tren, ml" lon ~ i, e modem pe,.~\ler th81 mel' ~ .. le<:1oble 
I ... Indlceted prt'\l IO\,l, ly . .orne communication tak • • p Iece In 
two-wey IIrnullbneoul mock Uull-dupleJ ) e nd .orne in two-WCl l' 
.lIern.te (hell . d uple,,). A "'e ry . me ll number 101 de vicu 
communlcaR In one dU'I'ction enly. celled llimpln: tren.mlu ion 
A lul1-duplu device MUST Ute 0. luU-duplu modem. b UI Klme 
hoU·(h.ple! devic.. ceTl prohl by being operated en lu.ll -c1upleJ 
lin., . 

uncommon al high .peed. lhh turnaround tlme I, equ,volent to 
tht time 10 IrO n tm il over 200 c:horocl.n . 1 9600 bp. ' If eo 
ho U.c! uplu belch tronlmi .. ,on prolocol .uch o, IBM 3780 bJlync 
it ",.ed 01 4800 bpI with 0 modem with eo 200·mdb.econd 
tumoround . the N,uh would look .omethino uke Fagww e 
1. tM tender tronamltl 0 hlock 01 Sl2 c:MmC1l!tI "Qu,nno 860 
mllllMcond . 
2 the li~ tum. oround. ,.quInn; 200 mililMeond, 

in the previou. clil..:uu ion 01 hili· end holl-duplu modem., the 
time reQ uired Ie bain th" mode m pe it fi lte r to cha nQ e in 
tl"en, miu ,on dJr.cbon, or line tumaround . ... eli no-.d lbi. urn. 
cll n be q uite con.id.rebl.- 1SO tD 250 mUII .lre-end. il nol 

3. the rece iver .end, on " A CK:' or a cknowledoement 01 
NCepbon. ~uinn; about 6 miUlH:Cond, 

4 the hne tum, oround. \ekm; 200 milh..eondl 
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Modem. " Multiplex. ... 

Th. MndJnQl 01 0,.. . block 01 data !hu t ~I~ 1263 mdh wcond t 
II w, wire to u .. " 9600·bptl hne lind modem pa ir th. hm, would 
b. cut ~ 8JJ mdh. eeondt tince the dolo and ACK ""ould r.qw re 
on!, ha U the tim. , but the tumarou nd tim . would remOM\ the 
.. m • . Bul U .... e w . ... to u" 5 lull d uplex modem lind hne pol r ""l 
would . lIminate the turnoround. Ime- both . tobon. e lln Mnd "I 
an , tim • . no c henQI In d lf l chon o r tro lnlnQ II required . n ll l 
WClukl 4110w UI \0 Mnd the block In 963 rnl lh MCond. , o nly ) 0 
milll •• cond . mo re tim e th a n d O\1bhn Q th e hn. ' p e ed Th. 
dJf. ,..nce I, .~ .n me .... d f<~ matic WJlh .horll r d alo m tllI4QI., 
1W\C'e the tumstound d. l",y ,...mama bud whd, th. trotum lu ion 
tlm l lor ill dollta block become . Imell. r. ThuI, UM .... at le.sMd hn • • 
e nd h " lI·duple' protocoh . haul d c ompar. th e COlt . 01 fe t ' 
mode m. and hall<lupl ... operGnon "ooin , ' .10 ..... r modem. !lind 
full<lupleJ. ope,,, lIon On multidrop IIne l . no I lnQle . Idv, .Iatlon 
CAn m~un~in tull-dup!eJ. ope rdllon Wltnoul IalunQ the hn. lrom 
eM. r . l" ve •. bul 0 tour · W'I~ circuli Cdn . bll be u..d 10 .,dvdnIaQ' 
by ha VlnQ Ihe m".le, .tend conbnuou. ly on on. polr dnd !h. 
alav e. lend h.,lt.dupl .. on !he othdr 11'11 1 mode i , cal1ed 1"W'U\U\9 
w it h con, l , n t c ' rri " ou tllo u n. ond e llmin !! le l !'I4lt 11'1 . 
tw'nd tound tr<"llnlnQ d e ldY ' by ., I1OWlnQ the m".!e r Ilotion 10 lend 
Vlthol.ll trolnlng o r tumerol.lnd de l"y 

rut Poll Mo d.m, &: O .. , ·to-Seno:l 0.1,7' • II h"lI -duple J. 
ope r.,tion II requITed . it mey Ib l! be pOlilbl e 10 r.duce 11'1. 
tum.,rou:'ld d e ldY on ., hn e throuQh the UM 0 1 fut poll modem. 
The n.,me lor the .. modernl II denved from the t<"l CI thet on. 01 
th. lr pnme Ul4U I, In d polhnQ en'ntonmenl wh e re ., m., . le r 
.tll tion continuou . ly poll ' d m ultidrop line Wllh m.,ny .I.,ve 
l lAtionlottoch ed The lime ~uire<110 poll the en tl~ lme m.,y be 
... ce" IVe Il the modem Nm.,roUlld de toy i, long. 10 the hld•t poll" 
mod. m I, deaiQ ned to reduce tr"ln in9 bm. to 0 (Toctlon of the 
normol v" lu. (u luolly 10 lell tndn SO mllli •• cond,l. Th. lerm 
d .. r-to -.. "d del.,y o r CTS deley t. u,uoHy o13ociot. d with 
tra !nlnQ time becou .. Ih. deloy re.utl . from Ih e foct thot the 
mod. m. heYir:o received 0 ~"-tc ... nd indica bon trom the 
• l'min.,1 o r computer . .... Olts ur.bl the Il'o ining il comple le be/o re 
returning e '"cle<llr-IO-Mnd" or ou!hon zobon to Pl'CC'eed WIth the 
meuoge Th i' deley i. olte n contro lled by 0 limer in the modem 
re ther Ihen by aclud!ly delecllnQ Ihe l ucceuful Iro lnlnc;r 
CQmple !lon and moy be od,u .. ..abt. to one 01 Mv.ral vo!ue. to 
occommodot. chdnge. in Ime condilior.l. UloIIn WIth hall.dupl ... 
ope rohe nl . ond prolocol , Ihat requi re changin g Iranlmlilion 
d !:.etton ott.n (t1l,ynC. fo r eJ.amplel. .... ould nonno t!y run al the 
ahon ... d.toy pOlllbte and Mleet modem. With mlnLmUm d.J.sy 
chara~n.tlc •. 
CoIiIIPltihWty • Mod,m . o re UMd In pII ln . and both mod.ml in 
tho. polr mUll Ilgnol and modulo I. in preci .. ly the 10 m. Wdy Of 
no communicolion i. polllb te . Wh. n purchO l lnQ modem , lor 
n .w circuil . it t, u l uoll y belt to buy a pO tf lrom the lam . 
manuJOcturef. du ur1nQ tha i the uni l. end option . a re compGtlbl. 
Wh. n r.plocinQ 0 modem or eddlnc;r on. o r more mod.m . 10 ., 
mulbdrop Circuit. or when <!Iddlng ne w dio! ·up t'qUlpm. nt. II may 
be d" L",-bl. to UN modem , of 0 dllle",nt m<!lke li nd mod.1. Thll 
noquire, a Iltindard 10 .... h lch <!I ll units In Quellion "re re!eMnc-.d 
• • compcbble . and two . uc h .ltIndord l UIII: AT&T ond th e 
Con.ultahv , Commltt •• fo r Inl.rno llon ol T. t. orophy dnd 
T •• phony tcx:rrn. 
AT&T modem. o~ <!Ivol1obl. fo r 011 . !»«i. from JOO bpI or I. .. Ie 
9600 b~. w eh modem i. d.ligned lor I poraculor oombinetion 
ci ..-.d. lu,. cha r"c_ nnc •. e nd rrnchrol'U..Zollbon: 
• ATaT 103/113 . oel •• I,. lulJ-dupl •• dll t-u p mod.m 
cpe~tlnQ at up 10 300 b~ In <!I lYnchronOLa mcde. Th. lOl may 
. ther ortqlna " o r on . .... ., th. co il. 103<ompotibl. m<Xiem. Ire 
.... II.bl. lor dlr.ct connect. conn ' Ctlon "" . OAA. o r ocou . llc 
coup!.r oonnectlon_ Th. 113 • • vene nt on th. 103. II td. ntlc. l ln 
modul. \:jon . nd cho recl. ri.bc. b ut II . ", tldble . Ith., d • • 1'1 
oriq1N1.-only Il 13A/O) ~ en on.~r-a'l l, (l1 lC) modem. 
• AT&T 301 .04 •• t •• helt-dupl . .. o • .",chrvnou. modem 
cpenl bnq, up 10 1200 bps on dial-up 11 ~1 .nd 10 1900 bpe on 
I_ .. d . Cl or b . tt.r condltlon.d lin ... Bec .u •• th. JO J t. 
h.JJ-dupl ... 11 requl .... tNt the uter devlc .. be e.ble 10 IIg n.1 th. tr 
tn_nllo" to h . nlmlt "". the RS-1JJC R.qu .. I-To .Send (RTS) 
In_Nee !Md M.n, _""t".1 da'ricoM OInnoloen.l"II_ thII IlQM.I. 
eo oa,.. In applylnQ the 101 tl Indlc ..... Th. ]0] I •• v. ll"ble for 
dIAl-up .nd In • RnO. pa<:kaCJe •• Ih. lOX . ". cha! ·up .nd 

9rouped '" up to 8 ehonn. t. tn • llinc;r t. psdooe dI 11'1. 202$ 
lAa lid -lin. v. rl lon l in . ITIQI. -che nn. l pechOlno dre Med.1 
2020/ Fl. e nd podaQed In up 10 8 ch" nn. t. per Qroup a. Mod. l 
202T. 

• AT&T 212 ""oori •• II the IOlullon lor u .. n .... ho need mo ... 
th~n 300 bpI but mUl t operot. fulJ-d upl.1. or u .. t.nnlndh that 
connol Q.n""I. a l\eque,I.To·Send . IQnll It opero l .. ...,th 1111'1" 
Iynchronou. o r " . ynchronou. equipm. nt ot 1200 bpI. a nd In 

10l .co mpallble mod . II up to 300 bp I Thtl du~! · . p .. d . 
dual-mod. ope rotlon m~lt • • the 212 ve ry u .. tul fo r dlalinQ InlO 
lim.lh<!lrinq com put.,. o r lor oth.r oppllc~ttOn l where many 
u .. n W'llh d,Hen nl modem lpeed. moy cont. nd fo r the 10 m ... t 
oJ diol ' ln pori • . 

• AT &:T 2 0 1 .od.", opera'" II 2"00 bpI Thil II 0 h<!l1f.dupt ••. 
.ynchrcno\:1 mod.m thol con be u...d on lither dlol ·up or l.dNd 
line •. Th. diel-up model I are the 201 A ( .... h lch opero l .. ont r. lo 
2000 bp.) <!Ind the 2QIC. Th. 2018 i . d leeted lin. v.nlon Th. 
201.,1. il conlJid. red ohlOle le . ond mo. t 1'1 . .... apphCdbon l "'teet 
the 201 •• riel In lovor ol n ..... er ond hiQh.,·,peed mode ml thOI 
opero'" over the 10m. ~ of lin .. ond 01 comQlllrobt. COl" 

• AT&T 208 lIIod.a o pe ro le. h<!llf -dup tn d l "aoo b pI. 
I ynchrono u l only . over dial-up o r le<!l l .d Itn • • No Itn . 
C"ondlbonlnq il reqw red. Th. 20 8A " the t_ted ·ltne vertlon. the 
2088 i , a dl "l -up line Vlrllon POLnl-to-poinl o r multipoint line I 
<!Ire l uppor11K1 With the 2e8A. and th. tl1!lllninQ 11m. of the modem 
I. M!eel4ble <!II SO or 1 SO mllhaecond. _ 

• AT&T 209 liIIod • .III opera I .. ~ '(TIc::hroncu. ly futJ -duple .. over 
lea,ed. Dl condlboned tin~. <!II 9600 bpI OT <!I I 0 multlpluerl 
bdnd.phtter thol con o!Joeo!. 2400·bpl MQ'menli to lour or few. r 
channetl . 

CClTT Com pe tihility •• pecln .. modem C'()mpoobili ty W\lh 0 

,peclhc recommended lland"rd 01 the Co:'l lullatlve Committee 
on In lOTn oh on a l Tet!9r"phy Ind T. lephony . Genevo . 
SWtlz.rlond . Th. CCITT orqar: i%oll on I' a world r.oder .n 
o.lob ti lhlnQ rec omm.nde d . t<!l ndard. for t.t . c;r r<!l ph and 
le lephene communic~ tlon ond d o to Iron,mi ll ie n _ CelTT 
recomm endabonl delln. modem oper"tlnQ partllmeten lrom le u 
then 300 bpi 10 9600 bps. but the recommend <!ltlon. belo .... 2400 
bpi a ... rOl"lly u.-d In the United Sia l .. Th e foltOWln Q cem 
recommend"nonl dehn. modem . renginQ In lpeed from 2"00 
bpe to 9600 bpi 

CCJ'TT V.22 bia .dehn ... 20400-1 11OO-bpi modem .l4ndord lo r 
lult-dup!'''. switched n.twork operation or ov., e 2·WI ... Ildled 
lin. ullnQ 0 l,...qu. ncy divil.lon t.chniQU • . 

CCI1'"t' V..2e . d. line, 2400-bpl mode m I l4ndord lor tult -duple .. 
opeTdlion over 0 4-w'i re point-Ie-point or multlpoLnt teo,..d hn. : 
id enbcol to AT&T 201 mod. m IJ.cept the t only o4 -Wlre leoMd hn. 
operetlon I, l pecilled_ 

ccrrr V.28 W. e dehne. 2 0400-11200·bp, he1f.dupte .. mod.m 
. tond<!lrd fo r , w'ilched n. twork operolion. 

CCITT V.28 tw • delin .. 4800-/2-400.bpl fuJl.dupl u l tandard 
lor . Wllched network ulinQ on .chO-Cl nceltalJon technIQu, . 

CCI'tT vn • d. fin .. o4 BOO-b pl mod4Im .tanderd with mlnu.al 
equ.a luer lor hall- or full.oupl u oPirobon ov.r • 4-Wl re I.ned 
line; ' imilar to AT&T 208 modem . pec1.ficalion. 

CCITT V .aT bUt • d. fln ... 800.br.1 mod. m . tendord with 
autom l tic odaptiv •• quotiz., lor hoi _ o r lull-dupt ... op. retton 
0"" a ' -wire I. ned lin. or h41f.oupl . .. op4 n1o bon 0 ... ' , 2-Wl re 
r_ted \In • . 

CCITT V_2T t .... d. Un .. o4 800. / 1400-bpe modem I tll ndord 
with . utomo ll c oda ptl v •• qualt •• t lo t Iwltch.d n. t .... or k 
hell4upt .. oper.bon . 
CQ1T V.28 • d. lln .. 96OO-bpe modem .. nderd with aulomallc;: 
dd ll pti.,. .,quatlzer lor 1'1011· 01' full-du p1e. operetlon o.,.r II 4 -wi re 
lMeed Un. ; de lin .. poInt· lc>polnt operetlon; a t though h. ll -dupl .. 
ope ... llon 11 pa .. lbl. With Y 29. the 10nql tretnlnQ d. l.y .peclhed 
fJ!SO mtlUMCOnd. ) m.lt" hell.oupl .. openbon und.lirebl, . 

CCITT V.31 • d .lln .. 9600-bp. lu ll ·du ple •• t.nd.rd lot 
.W\lI:hed n.twort u8il'lQ luJl echo oenc»llallon. _ .. = 4()0. no • pIIIII • '1'" 0.. 0. rid I 
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. Tilt· hit pnf; lti~Hljng numbt' l lng sy~tt.· m i~ Hh· ntic.11 b ,-· t w(', ·n 

~ bllt'U I e o~d. ASC II . J- 9:> ;A f 
J . 1J\n e i gh t - I e-vel cude has 1 28 d iff ("' l' cn l combin a t i u n s . 

L l Opf!n-wit .r pa i I S , w il(> cab l es , a nd coa x ial cabl es are th e samE' 

lyp~ uf t ransmission media . 

5. F Optica l f ibe' r s at£' lh(' pi imary circu i t I n ce l l u la r {"ad it) . 

6 . ..,- Tht:, u~abll' bandwidth o f a voice grade ci l cu it is 3 , 000 He l tz . 

7 . f UPS K and PSK are idclll i cal mud u l aticl n t echni q uE's . 

8~PuJse code modu l atiun can be used to con V"r l an .3n.)10g voice 

signai t o a digi t a l st r eam uf puls('s for digital tr a nsmis s ion . 

9. f Bi ts and baud at (' always In e nt leu} . 

10 ' 1'Pol J ing and selec t ing pe r f o[m pr ':- ":':1 5 '.· ly idc· n tical tasks , whi c h 

is to see if thE' te r mln.) ] has a message rC' a dy tu transmit tu the 

cent r a l s i te . 

11. Echu suppressu t s ,HE: not r equi r E:d in a d ial - Up d a t a com -

m'l nlcat ',~ ... rn nrnr t i " ". 

Fill-in 

1. Multlpi (: Xlng d('O€~ by th o? tclephont: compan y for vo i ce calls is 

~~!~_ I\".u ltipl(:xing (not statistical) , and it is tota l ly trans

parent to th(~ call-:o r. In uthc: r WOlds , the r E' is no d elay o f your 
. \ 

vu I ce , .tIt:" 
2 , A ~~~~ , !!'~~~~ d f' scrib.:os the entlt i E's uf a syst€m and th e ir 

attrlbut~s arc rcprcs0ntcd b y mat h pm a tical var i ab l es . 

3 . S " fI\~~~-\."~ a t{:<:.: hniquc to dupl le al e the beh.3V10 r o f the com 

munlC3t l o n system or ne t wor k, 
4. _, __ _ i s vi ~w~d b b aT1 ( l aps r- d t i n" incu l lr-o . 1 , 

u:..u ~ lly if v i ( 'wed a ~ tt ,(· t i lT!(- t 'l t ..... e·l1 1 yd.(n the' u : l mini,ll ( )pr ' lot ol 

t y pe's thl Eir'no kl Y and t h e r ( lUln on th( f i ln c h cHac t (- l to til t 

\.t." mi rI " l . 

(, . (f '- \.. 

ing l~ . l oughpu t YL)U mig t1t usc b T N ]~ . 

1/~",Ifii~;·~~L ~.f ~(~.f/''n·,f.s 
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SESSION 13: CLASS PROBLEM DISCUSSION and NETWORK RISK 
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SESSION 14: FINAL EXAM 
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THE WILEY SERIES IN COMPUTERS AND INFORMATION PROCESSING SYSTEMS FOR BUSINESS 

BUSINESS DATA COMMUNICATIONS NEWSLETTER 
Basic Concepts, Security. and Design 

Jerry FitzGerald 

Volume 1, Number 2 

In this, our second newsletter of a series specifically designed to accompany 
the textbook BUSINESS DATA COMMUNICATIONS : Basic Concepts, Security and Design, we 
will present pertinent news items and new lecture ideas for you to use in the 
classroom. Whenever possible, these l ecture ideas will be keyed to specific figures 
or page numbers in the textbook . If you did not see the first newsletter, it 
presented a short synopsis of some of the unique features of this textbook plus new 
lecture ideas . The standard forma.t will be to capitalize the first few words of 
each new lecture idea/news item; therefore , yoo. will be able to easily pick those 
items that would enhance your lecture presentations . 

AT&T PLANS HIGH- SPEED DATA ON VOICE CIRCUIT: AT&T will be implementing its 
Circuit Switched Digital Capability (CSDC) in more than twelve cities by the end of 
1984 . This capability will allow computers to communicate at high speeds over the 
same circuits used for telephone calls. This capability is part of the integrated 
networks, often referred to as Integrated Services Digital Networks (ISDN), by the 
newly deregulated AT&T. Developed by Bell Laboratories, CSDC will allow users to 
alternate between analog voice calls and digital data transmissions with the touch 
of a button . Speeds of 56,000 bits per second will be achieved for data. Because 
of the 56 ,000 bit per second digital transmission speed , a user will be able to 
utilize these circuits for teleconferencing , encrypted voice, and high speed 
facsimile transmissions at four seconds per page of data . To use the network , 
customers will dial into the service with a five digit ccx1e and then dial the site 
where the transmission is to be sent . Once a call is established, the connection 
can be alternated between voice and data transmission . CSDC will allow 
simultaneous , two-way traffic by alternating the signals going i n each direction and 
sending them at high speeds . To accomplish this , a time compression multiplexer is 
used to send and receive alternative bursts of data. Multiplexers are installed at 
both the telephone office and the customer ' s premises. Rather than send signa.ls in 
both directions at 56 ,000 bits per second , the mul tiplexers send signals at double 
that rate, but alternate at sending and receiving oore than 700 times per second . 
Actually, this is a very high speed half duplex transmission that appears to the 
user as if it is full duplex transmission. 

DERffiULATION AND THE 'JELEPHONE CCMPANIES: During your discussion 00 the 
deregulation of corrmunications, yru might utilize the section, CXl-t1UNICATIOOS 
SERVICES OFFERED on page 271 of the textbook. The visual aid SEVEN REmONAL HOLDING 
CCMPANIES can be used to make a transparency. This transparency wi ll serve as a 
bridge between Figure 9-2 (page 271 of textbook) and the deregulated changes . 
Notice how easily you can compare the previrus structure (Figure 9:-2) to the current 
structure of seven regiooal holding companies. As you already know, the seven 
holding companies represent the previrus individual telephone companies that offered 
us local service . On page 271 of the textbook, it is stated that the regulated 
"half" is comprised of AT&T Infonnation Systems (computer- based comrmmication 



Seven Regional Holding Companies 

US WEST 

BELL ATLANTIC 
Bell of Pennsyluni .. 
Oi<lm ond S t<1l le Telephone 
Four Chu"puke "-

Polomu Com,polniu 
New Jersey Bell 

AMERITECH 
Ill inois Bell 
lndi;ln lo Bell 
Michlg,.n 8ell 
Ohio Bell 
Wisconsin Telephone 

USWEST 
Mount";n Bell 
Nor thwestern Bell 
Polcific Northwut Bell 

BELlSOUTH 
Southem Bell 
South Cenlul Bell 

PACI FI C TELES IS 

Pacific Telephone 

SOUTHWESTERN BELL 

NYNEX 
New York Telephone 
New England Telephone 

products), AT&T Conmrunications (formerly Long Lines), and Bell Laboratories. Now 
that divestiture is complete, AT&T has announced that Bell Laboratories and the 
manufacturing subsidiary, Western Electric Company , have been combined into an 
organizatioo which will be known as AT&T Technologies. In addition, one other 
organization has been created . There is now an AT&T Internatiooal which markets 
communication products outside of the United States . This means that the new AT&T, 
after divestiture , includes AT&T Communications, AT&T Information Systems , AT&T 
Technologies, and AT&T International . 

ANOTHER SATELLITE SYSTEli : Hughes Aircraft Company is proposing to build a 
sa t ellite communicat ion system that will enable users to communicate at 1 .5 million 
bits per second through low cost, snall diameter dish antennas . This possibly could 
b" the beginning of roof- top antennas for satellite transmission between private 
h('-~I'les . Hughes Aircraft wants pennission to launch two satelli tes that would operate 
i ll the 20- 30 GHz band . This frequency is a great deal higher than all previously 
announced corrmercial satellites that operate in either the l.j - 6 CHz or the 12- 1l.j GHz 
bands . Each of the new Hughes galaxy satellites would provide a total of 3,012 one
\ ly 1.5 million bit per second T- l channels through 32 transpcnders . The system is 

t ended to support private and shared use voice, as well as video and data ) 
~ works . May I suggest that you mention the new Hughes satellite system either 

, ~ en you discuss Figure 1-5 (page 15), or when you discuss satellites on pages 68- 69 
. t he textbook . 
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UNl VERSITY CAMPUS NETWORK: San Dj ego State Voi versi ty i.s one of the fi rst 
campuses to link the entire campus through a local area network. If yoo are 
considering this at your t.n1iversity, you might contact Mr . Robert Swanson who is the 
Manager of Technical Support at San Diego State University in San Diego, 
California . The uni versi ty chose a broadband- based local area network developed by 
Sytek, Inc. Today the network has been expanded to over 300 ports for terminals and 
11 major computer systems. Computer simulation predicts that over 32 , 000 
terminals/computers could be connected to this local area network. The university 
plans to add off - campus areas such as ofr - si te student dormitories and/or research 
centers that may be located off campus. 

LOCAL ARE'1I. NETWORKS AND MICROCCl1PlJI'ERS : Digital Research, Inc . has announced a 
softHare package that can link microcomputers rurming its CPM operating system to 
local area networks . Digital Research claims the package enables users to tie 
together diverse personal computer workstations using local area networks such as 
Xerox Corporation I s Ethernet, Data Point Corporation's Arcnet I and Corvus Systems' 
Clmninet. The software package will interconnect micros running any versicn of CPft.1, 
CP/M 86 , and concurrent CP/M operating systems. Users are able to share their 
files, transfer informa.tion, utilize password protection, and perform other tasks 
while running an application. The name of this package is DR SOFT/NET . The price 
of this package will be in the area of $1,000. You might introduce this material 
when you discuss the section on MICROPROCESSORS on page 51 of the textbook. 

MODEMS: The NEe America Company has a high speed modem that operates at 14,400 
bits per second. It is a solid state modem that has various data rate combinations 
available through a six-port multiplexer . It also has a full complement of 
diagnostic features that include local and remote addressable loopback, bit error 
rate tests, polling tests, a built- in test pattern generator , and front panel error 
display. The cost of this modem is $7,800 . 

SECURITY PACKAGE AVAILABLE FOR IEM ' S eIeS : TK Data Solutions has announce::i a 
software package designed as a security , performance, and menu system for eIGS. The 
package was designed to accommodate a unique password and identification for each 
terminal operator and allows access only to the specific functions assigned to that 
operator . I t can assign highly sensitive functions to a specific terminal or a 
group of terminals. It also offers encrypted security data, security sign- on 
fields , darkened password fields , and a complete log of terminal sign- ons including 
any security violations. Packages such as this, that are tied into teleprocessing 
monitors like CIGS, cost between $3,000 and $5,000 . Another similar package offered 
by Teltech is called OOPS (eIeS On- line Protection System). This system offers a 
computer- assigned password and the vendor claims this makes the password steal- proof 
where no one but the original user has access to it. It also offers additiona l 
features such as file security to the record/field level, terminal security , 
transaction security, batch reports on all activity, automatic sign- off of 
unattended terminals, i[llJlediate on- line notification of security violations, etc. 
As you can see , there are now specific software security packages that tie into 
teleprocessing monitors . Teleprocessing monitors are discussed on pages 170, 184 
and 465 of the textbook. 

TRANSBORDER DATA FLOW: The subject of transborder data flow is on pages 111- 15 
and 183 of the textbook . If you would like to augment these discussions with a few 
further comments of your QYm, you might add some of the fcllowing ideas. West 
Germany requires significant local processing of all data transmi tted ovel~ 
communication circuits (private or public t elephone facilities). In Canada, a 1980 
Banking Act prevents the processing of bank t ransactions outside of Canadian 
boundaries unless some processing also is done wi thin the countr'y . Transmi tting 
financial data outside of the country or subsequent mani.pulation of that data 
requires government approval. Brazil requires corporations to maintain copif'~, of 
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most compl.ltR.r databases inside Bmzil rather than connecting with exist ing databases 
outside the country . Most offshore pr ocessing of Brazilian data is prohibited . 
Whenever poss i ble , companies must purchase Brazilian computer equipment and software 
rather than import it i nto the country. If you have further interest in transborder 
data fl CM , you might get a copy of the following article : Sardinas , Joseph and ) 
Susan Sawyer , "Transborder Data Flow Regul ation and Mult i national Corporations, " 
Telecommunications , vol . 17, no 11, November, 1983 , pp . 59+. 

UNIX : Now that IBM has announced that i t is going to base the operating system 
of its next generation of microcomputers 00 the UNIX system developed by Bell 
Laboratories , you mi ght want to obtain a copy of a good book on UNIX . May I suggest 
the following book : Thomas, Rebecca and Jean Yates . A User Guide to the Unix 
System. Berkeley , California : OSbornefMcGraw Hi l l Publishing Company , 1982 , 508pp . 

OU1SIDE RF.ADINGS : Here are some outside reading materials that you might place 
i n the reserve reading room of your library. Each article is referenced to an 
appropriate section of the textbook . 

Obtain a copy of the magazine Data Conrnunications for January , 1984 (vol. 13 , 
no . 1) . During your lecture on front end cormrunication processors (see page 22 of 
the textbook), utilize the article Ct1 page 143, "The Complexities of Choosing a 
Front End Processor . 1I When yoo discuss IIt1 ' s System Network Architecture (see page 
191 of the t),ytbook), use the article on page 159, "Gateways : A Vital Link to SNA 
Network EnviruC1ffients. 1I To augment the section on Canadian conrnunication services 
(see page 281 of the textbook) , use the article on page 179 , "Canada Combines Voice , 
Data , and Images on National Satellite Network. " 

Obtain a copy of the January 18 , 1984 issue of "Computerworld on 
Cormrunications" (vol. 18 , no . 03A) . This special issue was published by CW 
Cooimunications , Inc . , Box 880, '!75 Cochituate Roa.d , Framingham, Massachusetts 
01701. When you discuss cellular radio (see page 71 of the textbook) , use the 
article on page 15 , "Cellular Radio Technol ogy . " Your discussion on the automated 
office (see page 155 of the textbook) , can be augmented by the article on page 33 , 
"Workstation Wars ." The divestiture of AT&T already has been mentioned in this 
newsletter and it is mentioned on page 271 of the textbook . To augment the 
d i vestiture discussion , use the article on page 49, li the New AT&T . II Also, the 
Integrated Services Di gital Networks (ISDNs) were mentioned previoosly in this 
newsl etter. The ISDN discussion can be augmented further by the article on page 53 , 
"Counting Down to I SDN Plug- In ." 

Obtain '1 copy of the magazine Data Processing & Cormnunications Security for 
September/~tober , 1983 (vol . 8 , no . 1). This magazine is published bi monthly by 
the Terr itoria l Imperative, Inc. , P. O. Box 5323, Madison, Wisconsin 53705, (608) 
231-38 rr The September/October , 1983 issue was a special issue on access control 
and it contains numerous art icles that would be of benefit when discussing security 
and cClfltrol (Chapt er 8 of the textbook) . 

(;\'00 luck and best per sonal regards , 

~ 
J ERRY FITZGERALD & ASSOCIATES 

'. F M"'N "'G(M~NT CO NSUlTINQ 

.~ _ , .,k .n.;n. l. n. 
~ A.d ... ""d Ci'y . C.~lo .. d . ,.."S 

1<1151 ~1 56 ... 

Dr . Jer ry FitzGeral d 
February, 1984 
Newsl etter No . 2 
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THE TELEMARKETING COMPANY 

Telemarketing Company is an on-line, real-time data 

communication-oriented concern. Its basic business purpose is to 

market products developed by other organizations. To accomplish 

this, it markets via direct mail advertising, television ad

vertising, videotex, telemarketing (telephone calls) and cable 

television. Using the latest data communication network tech-

nology (typical network shown below), this org3nization is 

equipped to handle orders via telephone calls, direct response 

from a microcomputer, videotex orders, and hard-copy written 

orders delivered via the postal system. 

--- --
The initial objective of this case is to identify any 

controls that already have been implemented in the Telemarketing 

Company's data communication networks. "fter th~ basic in-place 

controls have been identified, you are to identify and document 

further controls that might be lacking. The tasks to be performed 

are: 

• Id~ntlfy the threat areas and component part' of 

thl •• y8t~m. 



• Risk rank these thr ea t s a nd components in o r d er to 

obtain an indication of the sensitivity of each. 

• Identify and document the known, in-place, controls 

for this network. 

• Eval u ate the kno wn, in-p lace contro ls a nd i dentif y 

a ny further c ont rol s tha t ma y be ne cessary. 

The Telemarketing Company application systems and central 

host computer are located in Ne w Yo rk City . From there a data 

communication network emanates throughout the world; although, 

most of its business is do ne in t he United States and Canada. The 

network has a wide vari e ty of equipment such as video terminals, 

microcomputers, multiplexers, modems, remote intellige nt con-

trollers, and front end communi c ation proces s ors. The system 

uses telecommunication access s o ftware , a teleprocessing moni

tor, and a X.2S packet switching pro t ocol. there are all t ypes 

of communicatio n circuits in this netwo rk. For e x ample , at 

various points both an a l og and digital transmissionareutilized 

over micr owave, satellite, and terrestrial-based cables/ wires/ 

optical fiber cables. 

At the host computer there is a software security p ackage 

to limit access to various programs/data files, along with 

partitioned data sets and unique program passwords. The Computer 

Security Administrator controls these pas s words and c o nducts a 

continuous review of the overall security at the central system 

and on the data communication networks. A minicompu ter-based 

badge reader system, fire detection / suppression, stt'ingent 

~ si9n-in procedures for guests, aryd a quarterly securitiy news

letter are several of the control features at the central site . 

On-line merchandise order. arrive at the Telemarketing 
Company over both leased pri vate circuit . and dial-up circuit •• 
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The dial-up circuits are rout~d through a minicomputer which 

verifies such things as the personal identification number (PIN) 

and other info rmation with rega r d to orders. For orders in exce s s 

of $200.00 a c all-back is r e q u ired. 

A}} billing and other related processing is performed in the 

evening and the bills are mailed or s e nt back to the purchaser via 

the telecommunication circuits. 

During any manual input of data into the system, the dollar 

effect on accounts receivable is determined manually for all 

input transact i ons. The terminal operators enter their wor k in 

small batches of 1 - 25 items, as they see fit. 

Sales, returns, adjustme nts, cash receipts, and other 

entries t o t he accounts receivable file are entered via on-line 

ter minals. Contro l totals for d o lla r amounts are accumulated by 

terminal and ope rator pas swo rd during the day and then compared 

with manual input totals. Out - of-balance batches are noted on the 

transaction balance report and subjected to cler ical review, 

correction and reentry. Detail transactions in the out-of

balance batches are not posted to the master file until the 

batches are corrected and reentered. 

The accounts receivable report shows all the postings to the 

master file. This report is used to provide a transaction trail, 

to facilitate the answering of inquiries, and to resolve error 

6ituations. 

There are also reports on over-extension of credit, new 

accounts, deleted accounts, transactions requiring apecial 

authorization, and accounts referred to collection. 



At the end of each accounting period, or on request, the 

master file is analyzed to produce an aged trial balance. This 

trial balance is compared with the manual control totals and also 

with the accounts receivable control totals on the last accounts 

receivable output master file. 

For orders placed directly fr om microcomputers or videotex, 

it is planned to confirm each order with an immediate billing sent 

back to whoever placed the order. 

Negative files are developed on an as-you-go basis in order 

to identify credit risks and /o r potential system hackers. 

The network itself uses data line monitors, breakout boxes, 

and modem loopback testing for fault diagnosis. The networ k 

control staff maintain on-line statistics with regard to errors, 

other faults, and the character-per-hour usage for each of the 

circuits. 

When the host computer is down, the fr o nt end processor 

intercepts incoming messages, stores them, notifies the senders 

that the system is not in operation, and then calls them back to 

confirm the order. This is part of the front end processor system 

log. Once a week the front end system log is matched against the 

data base log in order to look for any discrepancies of lost 

orders. 

Within the central facility in New York City, there i~ a 

local uea network using optical fiber cable. Thi. network 

interconnect. allot the terminal. used by the Telemarketing 

Company in the conduct ot its daily budne ... Terminal operatora 

have individual password.. 80th the operator password and the 

phyaical terminal identification ue transaction coded with 

regard to the specific trans.ctiona authorized for each employee 

and deputment. Any transaction that authorize. either the 



ahipment of \Ioods or payment of a credit balance muat be precedecS 
with an individual user'. password. 

The main communication circuit between the New York order 
entry/b illing operation and the distribution warehouse (located 
in Chicago) is encrypted . Also, the polling scheme gives this 

distribution center a priority for mess~ge transmission. 

The New York site has a contingency plan arrangement with 

two other similar organizations that have compatible computer 

hardware. This arrangement specifies what computer resources 

Telemarketing Company could expect from the other organizations 

should any type of disaster occur. Quarterly meetings are he~ 

to discuss the numerous changes in hardware / software configu

rations and /or to the contingency plan arrangement. 

While the contingency plan provides backup resources for 

most of the batch systems, it does not provide backup for the 

critical on-line transaction systems that require telecommuni

cation links and other data communication oriented facilities. 

The electrical power backup for the computer facility 

includes uninterruptable power supply (UPS) batteries with 

diesel generators for backup, and it is tested monthly. 

There is an EDP disaster plan that spells out: Who will be 

the decision-making manager in charge of a disaster recovery 

operation, the availability and training of sufficiently 

experienced backup personnel, and recovery procedures for the 

data processing media (including location of, and who to contact 

for, backup data, files, programs, run manuals, and documen

tation). The recovery procedures include pre-eltablilhed pri

orities as to which datA prace.sing media will be reconstructed 



tirst. Finally. there i. a small quantity ot unique forma .tored 

off the premises for emergency use. 

At this organization, both fire and flood are ill low 

probability, because of the type of building construction, early 

warning flood detection indicators and proper pumps, adequate 

drainage, and special emergency shutoff valves for overhead 

water. 

As far as fire is concerned, the organization has a HALON 

1301 fire suppression system and both ionization smoke det ectors 

and rate-compensated fire detectors. There are also portable 

fire extinguishers around the room and emergency cutoff switches 

for both the fire suppr ession sys t e m and all electrical power to 

the roo m. Indicator pane ls show the locatio n o f all detectors and 

swi t ch-status for both the fire and flood devices. 

At the New York facility, circuits are brought in from both 

NYNEX and BELL ATLANTIC. Our ing the system des ign, it was 

determined that the pr imary concerns of the Telemarketing Company 

were improper distribution of physica l goods, abnormalities in 

the .bill ing/rece i ving functions, and privacy such as loss of 

customer files to a competitor. 

The following figures are for your use in completing . this 

case. 
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SYSTEMS APPROACH TO DESIGN 

• MAKE A FEASIBILITY STUDY 

• PREPARE A PLAN 

• UNDERSTAND THE CURRENT SYSTEMS 

• DESIGN THE DATA COMM NETWORK 

• IDENTIFY THE GEOGRAPHICAL SCOPE 

• ANALYZE THE MESSAGES 

• DETERMINE TRAFFIC/CIRCUIT LOADING 

• DEVELOP A CONTROL MATRIX 

• DEVELOP NETWORK CONFIGURATIONS 

• CONSIDER SOFTWARE 

• CONSIDER HARDWARE 

• DO A COST ANALYSIS 

• SELL AND IMPLEMENT THE NETWORK 



NETWORK DESIGN FUNDAMENTALS 

• THROUGHPUT (TRIB) 

• RESPONSE TIME 

• MODELING NETWORKS 

• SYSTEMS APPROACH TO DESIGN 

(13 DESIGN STEPS) 
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."'formanc~ 
o 11 .. _ t im. end no l .u ttro.c~PUI 

tetpoonH T lm~ f actora I 

o Terminal population 
o Dato throuShpul 
o Procelll~ time fOf requel1 
o Access t ime to data base 
o Polling methodolo~y 

R esponse Time Components 
o Message input t ime 
o A.pplication process t ime 
D Mel$age outpu t time 

~et Data Throughput Fac tors 
o Total bits per character 
o Tota l characters per transaction 
o Transmission speed 
o Propagation time over network 
o Centra l site proceSSing t ime 
D Terminal proce ssing time 
D Tr.nsmission fac tor 

1I1ock lenglh Effects 
o Small message s i z~ 
o Excessi ve overhead 
o Large message size 
o Ret ransm ission e xcessive 

Transf er Rate of In f ormation B its 
o Estimates dfic iency of • proposed protocol 

I 

I 

PERFORMANCE CONSIDERATION. 

• Perfonnence i 

• RnponH nne fee __ 
• R"poiWe nne Camp __ \ 
• Net Delli Throughput ... _ 

· .Iock ......... 11, I.... \ 
·T' •• f ............ 'n ... 

'" -
, 

- ~- . ..:-. - ..... ----~----------------------------



l 
, . . 

, 
~ . 

I 

9 

'nil' bII, .. k r'\'\iuin-m .. nt~ 't> 
"'tlb1i~h . mllinhin lIml 
t.enuinilh ' ('"mI1lUnl!';'II"II ~ 

without II'rTOr an' limilaT 
"hl'lht'r ,,.rh;.1 nr ('11m· 

puter ('ummunil'illiun .• lin,' 

bfo inJ:" U~t·J. 

•• ... 

ARCHITECTURES AND 
~CKET NETWORKS 

7. Application Layer Concern!!' Am J talking to lhl' ri~ht pen;.on7 'Who is 
pa)ing for thi" call! h. thil\ lht' be,,! limE' to talk, or f;hould I call back 
Lal.er? Uotol' the other poirty hu"f' • pencil and p.;.I~·r 1.0 t.&kr nOles? 

6. PreAentation lAyt't Concerm· Art ""f' talking the urnI' lanjnlagr ami 
dialect? 

6. Sel~$ion Layer Conreml" Can thi~ lI iluation bE' hanrllf'C1 in ont' call or 
8t'\'t'ra1~ Will otht'r pt>Ople nt'e'd to ~ broul/:ht in 1.1 difft'n-nl timt'-"? Whu 
,,';11 control the rli:'{'uI'Sion in • multiparty ci)n,'ertoation? \I,'hH will n " 
elItabli!\h thE' call if v.-e're cut orr. 

4. Tranl'port Layer Concerns· What if; the mOl>t C'O!<I-efft'Cth'f' v:ay to 
handlE' this call (or theflo(' call,,) t'Onsu;tenl ..... ith prioritie,,~ \\-'hat long 
di~tan{'t' camer(s) Ihould be used? 

8. N~twork Layer Concerns - OW the number and listen for call·progrl'SS 
aiJml.ls. Redial if you ~t a bu!'~' signal or if cut orr. DillConfW'ct when thE' 
conversation is completed. 

2. Link Layer COIK"t'rTl1' - 'hlk 'It'h~n you'~ sup~ to and Ii!'ten whE'n 
you're supposed to. Ask for a repeat irthere is somethin~ you don't 
understand. 'Jell the other party to II()\\,' do ...... n if he~ talkinj! too f."l. 

1. PhYlical Layer Concern'" Thest are thp actual sound" bein~ uttprt'(l 
into the mouthpieee and heard from the rt'C'eiver. 

Anyone who ha." used a telephone in everyday busines." (;ituat ion" can 
relate to all &even le';el" of the reference model jut::t dE'lICribed . By rent'ctinj! on 
X.25, the reader should be able to identiry the analogi£!'!' to thE' packet. link. 
and phYlicallayer protocols. 

WHAT HAVE WE LEARNED? 

1. When protocols are layered, t he higher kvellayers are embedded int::idE' 
I"ield !< of less intelligent layers. 

2. Packet switching involves fast store-and-rorward computers at each 
network node. 

3. X.25 it:: an intemationalstandard packet !'v.itching architecture t::pecifyinJ! 
three layer!' of protocol~ at the net work gatev.ay. 

4. \\-'hen properly u!'oed, X.25 network!' provide a fast , reliabll'. accurate. 
fl exible, and cost errecti\'E' data rommunical ion~ allernati'·e . 

5. X.25 spe<'ifies two &en'ices: Virtual Call &en 'ice is analogou", to a teiE'phonE' 
tan; P~rmanent Virtual Circuit &ervice is analogou." to a private Jine. 

6. X.25 doe"n't p1"O\'ide for dial acces." or ror start-l"top tran~mi,,~ion. but 
enhanced &en'iC't't:: do. 

7. A single X.25 interface can handle many logical channel" at t he !'arne time. 
8. X.25 is but a part of a larger group of CCJ'IT standard~ on public dillta 

network!'. 
9. X.25IX.121 pro\'ide:> for an extremely largt' world ..... ide populatiun of 

tenninals. 
10. Open Sy"t.em~ Int.erconne-rtion i" . reference aN."hile-rtural mooel ..... hich i ~ 

revolutionizing the way v.·e \·ie ..... telecommunication:> . 
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LOCALITY OF COMMUNI c.m ONS 

60% OF COM~1UNICATI ONS HITHIN A DEPARTMENT 

30% WITHIN A BUILD ING 

10% OUT OF THE BUILDING 

L f1 N aMhM.- -;r;.. "1/) '1. ~ 

~ "'~ "- r-,.,lL-

~ 

~---------~ .... .. -

90% 
l...-__ ,--______ --l .. ... .. 



o Do YOU NEED A LOCAL AREA NETWORK ? 

CONSIDER THE FOLLOWING REQUIREMENTS: 

o 0 LARGE NUMBER OF TERMINAL DEVICES 
COMPUTER TERMINALS 
FACSIMILE MACHINES 
WORD PROCESSING TERMINALS 

"" ,"n "," '''', '"""""' ----'1' ,VV " " " "' ""''' V,,- J N\~ ~ 
HIGH BANDWIDTH REQUIREMEN '\S~)l/ l ~~ \f 

~G OStjl<; 

o 0 RESOURCE SHARING NECESSARY 

GRAPHICS 
VIDEO 
CAD/CAM 
TAPE TO TAPE 

TS ~pc-

L/0 ~ ~ \«'~' \.0,1/ , 

o 0 HIGH RATE OF CHANGE AND GROWTH 

o 0 MULTIPLE VENDOR ENVIRONMENT 

r<'I 
~ 
Q 



INFORMATION DENSITY 

KEYBOARD/PRINTER TERMINAL 

100 CHARACTERS PER LINE 

CRT DISPLAY 

5000 CHARACTERS PE~ SCREEN 

FACSIMILE 

50,000 CHARACTERS PER Pft.GE 

BIT PER PEL HI GH RESOLUTION GPAPHICS 

300 B?S 

2.7 SEC 

4 SEt; 

55 KBPS 

i SEC /PAGE 

500, 000 CHARACTEP.S PER D I SPLA '! 1 r'1BPS 

4 SEC 
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HUB 
SWITCH 

Star Topology 

• Point to point via circuit 
switch or computer memory 

• Hub switch can be host 
computer, office controller, 
or PBX 

• Maximum number of nodes 
limited only by hub switch 
capacity 
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Hybrid System 
~ ,JJLopJ 

TELECONFERENCING 
10 ID 

I I 

.-- BRIDGE 

I I 
10 ID 

I I = Broadband 

-------- = Ba seband 

o = Interface Device 

• '" Physical Tap 

ID 

ROOM 
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ID I-

BRIDGE 
L-
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Local Area Network 
Work Station Port 
Attachment Cost 2<'~ 

~t ., ,A 
Iv ,,'f' U 'USI \ 

83 84 85 86 87 88 89 90 
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ENHANC ED 
DI$PlAYPHONE 

OIGtlAl 
OA1A 

NETWORKS 

NOR'J'HERN TELECOM'S 

"OPEN WORLD" 

c:::J 

LOCAL 
AREA 

NETWORK 

Sl 

c::::J 

Sl ) Z (Sl 

NETWORK 
MANAGEMENT 

CE NlER 

ElECTRONIC 
SWHCHEO 
NETwORK 

Sl ) z I 

• ) I~FORMA.TlON 
• SERVICES= 
• Ir-

PROCESSOR 

'I ADM ~ON DATA -----./ 
MODULE r::::::--J ~ 

DATA & WORD 
PROCESSING 

APPLICATIONS 

COMl'uTen 



EXAMP LES OF WI RE TYPES 
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$HI t:t OfO M ULTIPlE 
TWISTE D PAIRS 
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M eOlA 

F' 14.7 CARP~T 
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BU I LD H'G CODES .C,ND STANDARDS 

o UN I FORM .Bu I LD I NG CODE - PRODUCED BY THe 

INTERNA T! ONAl CONFERENCE OF ?U I lD I riG 

OFFIC IAlS (!C~.Q); 5360 SOUTH HOR~.MAN 

r11LL ROAD; HHITTIER, CALIFORNIA 006·11 

o THE BOCA BAS I C Su I lD ltIG CODE - PRODUCED 

BY THE BUIDLING OFFICIALS AND CODE 

ADM 1N1STRATORS (BOCA) INTERNATIONAL, 

INC.; 17925 SOUTH HALSTED STREET; 

HOM EWOOD, IlL1NOIS 60430 

o STANDARD PUILD1NG CODE (S~C) - P"ODUCED 

BY THE SOUTHERN SUIlDlnG CODE CONGRESS 

INTERNATIONAL, INC.; SOC MONTCLA1R ROAO; 

BIRMINGHAM, ALABAMA 35~F 

o THE NAT IONAL Pu 1 LD I NG COwE (~~EC) - PROOUCED 

BY THE AMERICAN IN SURANCE ASSOCIATION; 

NEW YORK, "EW YCRK 
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UNIX 

Networking Protocols Are Key 
To Future Unix Versions 

AT&T and other 
vendors look to 
make Unix a 
networking standard 

Uni."~ lin u, ... r:'\' II): l')"hh·m I ~ rN"'I,,n.: tI., 
J:.d .. ~LlI!lll:"d Nlulu,", Iiu ...... ' n·r , du,- lu IJ,, · 

d" si n '" "r AT&T ""d "II"" v""d"rh,I'un""ulI; 
CIII,,,,,,. lnll,I,,·.'I"'n.~ .. nd p,ulo • .'ul., :H., n'p iuly 
c1,UIlJ,: IhJ.: 1111' o l ~·r"linJ.: ~Y""'I1I'~ ... ·ry nn,ul't', 

1'h.,,; • .' '·" nd" r~ ""' I<II""'I'li" ,.: \0 rual." mOn° 
of lJlI!~ :md 11"">1I~'r"I(' ISO rwl "'''rkin): ~I"'ri
r,c;niull" Untl,- ,,:, ~mJ.:l~ Um). ~)'~l" "' ~ UI"I,.·,·II;, 
to •. ",.... t"11111IllU"k;lIH>u.~ ht· ' ,,',','11 d b p;,ru\t- ",,,. 
chin ...... 1'10" v"r;ou,. "1>J,ru"dlt'~ 'uut.-d b) 'Tn
don. "'e ~ In"l.,t III n-r,,,;,, r" )iP'l":I ~ .. ntl ..... ill no 
duuht r,neJ " cn llnur-nCt' wilt"" :' r.· .... )".'"r" 

SUt'h 1m inl"j! raku ('Um,,,unlf"'uln,,ul,,·r. 
uli"l: ~)ril..rns umb"'!!a cuuld II" 1.i 1""1: 
100")" I" .... "(j r,dtlll'l: U,,;x ..,r lIOn,,' ur it., a t· 
kU"lOOll,(jI:'·U ~1"'I'tn"ulnl: s. 

F, 'r .'~alJ1l'l.·. Uni~ st,1I IHl'ks ~on,.. uf II,.. 
cuJUwl'I" 'Jly an!! clll,po. · , ',,';'·.·· ~rut·,· ""inj: r.·a· 
Iu"·,, , 1':11 [) i,'m, 1 E:'Iuipmc"l C"rp ha~ 111,·", · 
I"'!'.,II"II ",I" II' VM!' 011<"r;,lIuj: "y~h'lU l)"h 
J,I~ .. uv,· ,,,·1 h.,,'" " ruuthuld III 1Ut-1",. \ ' M 
slr"u;:].uld, "1'p],,·;I1"'" ., rcqulfln,:: Iw l ,,",ur"· 
III/: 'lIlo,·onnHI" ·II'· 

In ,,,I,hl""' . U,,'~ S\"s" 'm \' lid.·.,,...· 'J. :oml .. 11 
•· .. rh, ·, II" ·",,,,, ,. Ii ",,; AT&T l"f"l'Ill •• li"" S ... ,· 
h·n.s lad , c,·,I ."11 ,·u,"n.UI.i" .. l iun., r,"dl1'c~ 

• 1'11,'1,· ." ,. n" "",·rpl'un·,,,' cu"'u,"nll·Hln"l~ 
1''''"'·,·11 m., <,hi," ·~, 

• "" til , H·"I ,"us ,,,',. ~ullp' '' · I ... 1 'l("n ..... ~ 
CI'l1IKJuud.'n~·~. 

• Nu n ·!liul,· t·~'·,·Ul,,'n ""I~,I"I ' I'.·S u ... · 
lIT'" "J..d 

• N" ~Ul'] ~" I f,,, ,ndu~I')·.~I :I1,d •• rd ,,..' ... ·'.r" 
prul".,,], , ~ ,.I1.·,.·d 

1'1 ... ",· tI,.j·,,· .. · "' · II·~ h.",· 1:" .'." ,,'mp.,n i. ·, 
ulh.· , Ih.u, ,\T~ T ,m "1'1~,rl" '" I .• · hI '·"n ... ·' 
III1;x '~ ~h<.l"''''''''' '' j:S. 1'1 ,,, li, ,.1 r"und "r III ,' 
pno"·I1,..II,", (",,,,,. ' f,."," tI ... Ut",·.·r"I.' "f("di· 
furma :,t B. r" .·I.·} and I',·"ul,,·d ;u II,,· " . ~b.,d 
u~,,·n,",,).! M~h-UJ 

I 'n". I " tl ,.. tl'·.·,.]"I'nll·"t ... ·"rk H' Hake·I.·y. 
l''' ; ~ hud "" '·"IOIIIIUl1i,·:o' h,lI~ '·.'1,.,1,, 1,111"". l ll ' 
il, ,·",·],·, '111',,u,,,.. ·u non""U"h."'''IJ~ ,n, ,, ,I .. · 
l ln i .. ~':n,..1 "''''I.. Ih.· ··",,,·,,,'1,," ... on.·q>l ., ~ tlu · 
n ...... ·."·" II ... ·' 1111. ·,[.,,·. · "~lui,· .. I'·"1 I" II ... s,·,, · 
M,," 1:0.,., "I' .)". 1St) ",.oJ,·I,. '1'1,, ' k, ·n",1 ""1,1, 
n"."" I.'."'h I ,)"",, /, h :' "fll,,· I...;(! " ",tid. 
~ I,,·. · ,.,I ""],'''' ~ l)" i,I",,, ,,,,1 I,, ).!I,,· , 1".1" ".' 

E,.·,., ul,I",· '''·'·' .'.'111" ,I,,' 11.'''''''' h." a 

( :'1" I;,., I,. "" h ,." ~ .,," " . , " .• , /,,., .,,r/, '" ., lId 
". /. '"11.1. , , ./ \ ', ... I,,, t ."", I,,, · ..• ('.11,,/.,.,.1.:,·. 
/01. ,,, ./,., ,," / 1'"" .,," '".11. '/'·" '/"1"'''·''' 
",,,/ / •. , ",,/ • ""'I"'" 'I;"".":' ,,/I '.' "'.11 •. ,/"'·, 
,,/ I'"., ,,,:,. "',/.' .. / \ ,.",,,,. '"u, 

By Gig Graham 
and Tom Scott 

r., I~ "I.' r". _ A . .... I... I.·'.· . .. . , , .. . 

f1"'nl pr"f'·s" UIIU Uri''''''''' M·n·,· , I" ... ·.·'" 
• . ~I>"d d,d IIUt I'",\',d,' " lJ1t'd ,.lIl1 ~1II 1,.1 ""I,,d. 
II' · ... · ",·n ,(""-,, ,·"uld L... II]f"fjw.r.,\t·d WI " '·~"I 
" 'I: w,'v,·,',. Ik,",·I.·y ... ,,~ "I ,." II,,· 1'" ,,1 I I", .. 
d"'I"" I ~' 1 1U illt r,,uu< . · ),, ).! t.· ~ I ,,·,~1 d"." c .. n"",,· ,,,,·.,t,,,,, ,, ""·1 h'l:h·"I"'"d Ioll~ .'. pr",", d",~· 
,],('1'/11' 1'1'1,1 ",.. ,)" .. ,,,I Etl"· .,,d b'I!,)~ ,rl 

AT.\lT· JS "rk.",,, 1,·dl:l·.' Iha, 11,,, >. Ill< .' sh," I· 
c"",j"I:~· II" ... ,·,·.·,. It '·~I'l"'· '~ 11,:.1 11 ~ l·.· .. ]..".~ 
,·"mmun,c"I,un f",· ,li lll·~ ( .. " pru ... d,· II ,,· r"ur.· 
d"lIulI fur lit'''' d '~l nt.uh·d "JlI,], ,,.'llun~ Ih~: 
cuu ],] Il·d,·flllt' "lIml'U\lnl:. 

Far m"I"" r.·. n~.·nt ,Illl ,n.'·t·n" II." I" l' ,,,~ 
S.'·~ " · '" \' ,·um" r;,..· 4 ::!1",1 t.·.,lur,·~ m,u ",I .. : 
,·"I' .• n ... ·n ... "I~_ ... h,/'· m."',II,,,,,nl: c .. ",,,.,I,· 
Ld" ........ ,110 N I6..1 · 1"'· I ' ", .. _ I,.,· rUII"",· ",~1 
M,I'II":<n· CUIll I''' '';'·.' 111 "dd'I,un. "'1>1"" .. 1" .·. 
ru"' I '.''' '''~ H.d, .. ~ ::iUII l\" \"I'u")"hh·m~ h,t " "'~ 
A""II" C,,",!'ulc .. I",· I,;.,·.· ,·m"I"., •. t!" :!,,,:j .... 
h .. " "·,, ,'. ,1 ''' '''' '' '''''''''''1",1<, ''''''1·_'''' '' 
mtlud u'j: I'y .... ,,"d '1" ''' ''''''''1:' Cut). ;,,0:1 ~ .. 
'IU' "I t ·,,1I1l'u tt ·r S.I ~ I . · "' ", I II, 

1I, ·."u~,· II" d'·~'I:1I •• f ,I ,,· UIIU """":"'r 
~}"I "'" h ~"n;CI,· .. t1~ Ilt· ."I.I,· . .. uri, ""mn' wn.· 
fal,,," 1" ... ],111" h.,\,· , ..... " "rld, ·,1 . 1.' ", .... p .' 

'i'''''''''''''I" 1"·,,,"1t' "PI>.If\'''1. j' ''".1 ,.r H' 
ud"I'I:.I"I,I)' I,,·, '" II ... 1;,,\ lb." ''''''' '.' " .. 
10 .• ",·,·" ,, ·"1, 10:"·,, :. 11,·.,,], I .• "·" n""k I. tI " 
],.<'". "1"'I·,, .. n;: ~\.<"'''' " ;·1'1,,·1 F. ·" " IK· ... UI.: 
M·,,"·'''' ,·"uld .'cc"""","',, .,· I h.· IIIll'r ... , n .• ·" ' · 
, 1, .. 1 111l1~ I"" l"k,·11 ,,11 dun",: II .. · 1 .• -, ft<, 
~.·. l r,..""J ~ "II rd .II",i .. " lu,'u." ... ·nI.,I'I .. ~II· 
I,, ·,. ""d IIttnh"I.·,; 

I r I I " ,~·" ,,1'''/1'''''''''1:.' , .. '" I .,· ",·.·Il· .. n" 
AT.~T II )." II" ·,, b: ... · "II .• , ,. ",·,·d~ •.. 11 .. ,1., 
I ' ''' .' I h.· ,; ,;I u~l , ~ ·,.1 ... ,,1., rtl II,·." ",.~ ('1 "., .,:" .• 
~.\',I.·", '1'10, ·,..· arc· 1Il .... y ,,·."11" ,d,., .i. :· >I, 
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. ...;" n d · .. ,,,,, ,1." " lll h· ~ .h .... ~ ~,I, ·.""'· 
I , til 'NFS , I .. , . .IIt1'..r, .. ,II) ,," IU',' .... .1 \llIl. 
",h.d. ",."1, , k"1 ".· 1 . "h"".', '''''Ill .. I .. I ~ I, . ,I. 
l.ro,v"I"I,: ,1"'1"11>1111 ,' ,,,,,,,,,~ '0) li k .• hy .11.(1'1[,' 
UUIl': ') ,1<'", c.,II" NFS u,,~ ,1.,ld" ... ,,·rH· ' .' 
IlloIl.lo '1<.11""'11111 n .... " rol tn,·k",,:. "·"".1,,, ,,",,v, ..... 
."~,, ........ r ,h",tI .. u,d ""'~'''''' .• }·,,,:h,,,,,, ,.,II;)j , 
~k"" ,Ill.' """I t;.,.II11ul,n ... '",", ''''''''''UlI<."U''1I 

,\ r&T", SU".""." .,,,,wurk. us",r "''''rf .• c" r,,· 
II.·..!,; ., rn .• !urlll': 11\ ,'"""mtru,."HII1.' t",,·h · 
tIlt l u~' ", Ih .. , h .•.• "v .. lv , ,j .-I",'" ., ::1> .... 1. :-il"·."",, 
I If"vIJ,,~ .'11 " ...... " ('IHI ~, I " I'I'''l.I~ h I,' L' rc ,, ·,1 
.. nlnnt',nl ".' t""'~ (hro"'llh th" k,·rno.:l .Ilc'{ wv,.k 
1l1t..'rf.h"", ,\11 ""'J'" ndwl>,.k I'''''''..::ut ~ .,r.~ jI'" 

1l'~'II":" t ,,,1 "",j,' r ,h" Il,'W ;\'1'&'1' rd"as". Il\' 

dUUIlIK !"iNA. Tn'll' .11101 XNS ·flII ... w,lI er· 
("cll,,,lv 1I •• rruW Ih~' c"mUlun,,·;,th"''' K"P he· 
Iw,..,,, 111M .11101 Xr&'r 

Th" neW ro.:lc"':'e uf S),t",,, V WIll.,\"" mc"r' 
pur.lI" Ih" 1<"111, ,10.1 F'le Sy .• ('>m IRFS, ..... hlCh 
~rU\·,u"" lra,, ~p. lrent .I ~~"~" ,,, "'n\"t,'lil,'~ ,Uld 
u"v\~e .. u~"'~ ~t.IIct"1l1 ,;o: rv~'n .lIld eXI,,"S\\'e 
, u~po,.t ( .. ,. "d ..... urk .loJlllllli~tr.llh)\l. Ili:.lnhut· 
~d '''t~rprn ... ·~ ... ~,,, t1ntu,,i~.It,,,n I~ 1101 (r:O" ' llar' 
em. h" ..... ,,"'·r .. ",,1 1I't' ,en k" .. us..:J rur murt.' 
p""",,,,, nstlrd luck"'1l .. ntl "ynd'rnlll~allun 
OI .. y nll( (unlt"''' III .1 ul .• lnhuteoJ m.i<le. !iy<' 
h'III \' ;1 ",II ",dude l:.~I"''"'IVt.' ~upp<J rt fot 
n.·( · ... "rk ."I"'I"'~t r .• t"'" 

Venture"""" n""'''ul~,1 :-iy.~t"m.i ,\rdll\"c' 
\UrIlIDSAI '.i "1111",, 11 0.1,1 In "s Vemx '11",r.,tll'II" 
"yskm .. , IJ", .~ :-)) .• 1,·". V d,'rll .IIIVe. ,,,,0.1 ~" II' 
~ . "t~ "f ... 11 ~lrl hu\,·,[ Iii,· .• > ,,., '" 1 UFSl. dl ~ lrlb· 
ut" u '''lcrpn....:e''~ ~.m"'HII\It.',"I"ns d)II'C, .• ",1 
di~lnbuk<1 e~''':lllh," tDI::XF.t..:1. St..te "erv"u 
provide d .slnllulcJ lik dt.'vk" .Inu ,nlcr· 
p ro.:!!S;I eUllllnUIU~.lli"n.:l (le,e"", DSA is \'" ry 
close t.l A T& 1:'1 RFS on (;,p ... llll,ty. In .. udlllull. 
V"nt",com h..l~ J"vcluped the OSA 10.1 work 
wtlhill the Ctln.>tr:llnt.~ Qr a Itj·bit ..In·hil ... <i:lllre. 
n .. mdy Ih" Imd C .... p. proceS:iOrs us ... ..! on 10M 
Per:;ltn .. 1 Cnmpu\er". 

W,lh DSA. Unix i~t.'u rre,,'ly the ~rv"r uper· 
:ltin!: sy"t"m, hUI V"nlurCum p r"p"~e~ I,) im· 
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:-;"''1"cnC" "l'l'tu.'ch •.• 
llli"Il",1 to it.~ r,.uIH"I"r:lllt .,rd", 

kdur~ anu ,hl'rel'"'' I""'\c'd to ii~~~~~~;~!~~~~~~~~~~~~:=~====~-_ Ih,'I'''·.~'''m . IIU .... · ~vl·r . "~ .,I"n' 
u, .. ds·" lr buth "1Io:t."IIII{ sy"'· 
Icfn~ .• nd nelwurk" "v .. tve. 
th" kernel IIIlcrn:ols "p. 
pl"llJch wtllll,ue.,sittl:· 
I~' be tho.' rOUnJ.,II"" 
fi,r ,[",d"I",", •• I. 

13..' .. ""."'e.'t"lh" ...... k· ;~~~;~~~~;~~;~~~:~~~~~~~~~~~~~~~!~~ "b· ltk" 1' .. ,.,;~.Jllr.,~ .,1' 
1>1.0\1' . ,;"".,,,,1 h..rdw,,,,, ven' 
,Iurs h"v ... ["11,, .... ·0.10.1 (;~\"~ I"au ,UlU ha ve 
llnpl"mcnlcd th .... MAP II"J ... r ·1 ;!b",l. Th~ I",~ic 
hcnelit uf M.-\\-' ,~ that II .. 1I .. w~ rllr het" ,.), ~y.<lem kernel In 
!l"nuu" m .. chlll!!" .,nJ npcr.,tllllC .>ysl~m3 ,'.11l1· UnIX, sy~l ... m ~ .. tlI4 ~n .. ble u~r 
mume ... tin!! o",t .1 network. II pl .. n'~ much pro..."".->C~ lu rn :IIlipul."e the rC':iUurCe~, 
morl.' e",vha~i.:l on !lnW·cril;,al "clwurk inler· Hll(h·I~' d ""t Y'C"s .1<" Iht.' "t,I,t,,,J runninl: 
1\cttOn~. :md Ie:,,. un ,b",' IIIt .. ractiun u"u ... r th" uper .. ! illl( ~y~tcm, :tnd ar" budt un 

All of these .,ppru:och,,~ ;,r" ba~,...t lu ... l .. rl:O! top.:.f Ihe h .• ~ ,~ k ... rnd .;crVIC"_ U,"~ "ld'li,·" 
extcnt on (h" Inlern:!t;on,,! Sl.:1nJ:I'us Qrll.I!II· cnable "s,'n lu t:.~e,·"'1c sh,, 11 "'.IInrn.",us. cupy 
1.1tIUn nctw"rkmll moo.ld. Thc ",,00,,1 Lr~ .. k~ lile~ .. m,[ line·pr;IlI ti les. 
th o.' nclw"rklll!: prohl"m u ....... n inlU S"Ven 11.1'· A nel· ... ·"rk .'p"r"'tn!! s}'~lcm mu~1 ..11:.0 
fer"nt I.ly"r" ,.r '~\lC.:i that mu:.t be .,,[ur c~St.'u. work w,lh "th". "per .lUIIIl" ~yslcms Willi" 
bell'lIlnin!! ..... ,Ih the phy~i(..l l h ... dw .. r~ ..Iud U"i~ m,IY h"cum" Ih" best nel ...... "k (, pcr .. t· 
d.Ila·lmk byers: th" nt.'lw .. rk. tr:ln~pu rt , .lIld ing s)·"'l:'nl. It n~ ... .J nul ~ Ih" only "per.l l· 
sc"".vn laY"N, ..... h,ch r..tat" ," Ih" 1I.,s le com· Ing ~y,.,,,m un the ""' .... urk . 
mUIII("I;,ltb ,,"pp'lrkd by Ihe "pcr.,III'': ~}~- "'·anety .. r "",,'r;,'m,; "y'{('IIl.i , hlluh.[ 
lern k~rnd: anu th" I'r"""nl .• lIl)n .",0.1 "I'pl,,;: .. • "ha ..... r .... """r~"\: .• Tl",. . h..lrlnK m.,y IIUt 
I"m I .• y~n. wh,d. IncluJ" k(~'ncl ,,"h .• "~e· be L"d"~..:I,,.n .• 1. "" there must be a 
m .... "t~ and ul,I'\ll·~ f,)r di.~lrlhuled WrVI,." ... , d,stmcttoll belween ..I dh:nt ul'",. ... t· 
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i 

Th~ I.sO ardllk~tur,' prlls .. nt,. .. ;:",,,,1 u"II " ,,, III!: syslelll 're~ ".hnl:" lin ... ""rkst:,· 
(or .... va!uatin!: eummerda lly ulTered proKlu~b, linn ur I'C ... nd a ~ .. t\·er "p,·r;." n,.; 

'1'0 "v.l[u ... le a ndwurk. both rewurc,,~ .lIld syslelll (t estdm!: dn Ih" h""t IIIln., 
:;.crViCd lIlust fi(~t 0.... tlcs.:rtbt.:d. cumpu!i." ur lIl..linrr .• m,,!. 

A f ..... " ur".., I,. ... n uloJed ~"dl .• ~ .• lile. ,[""'''''' rOwin!: lu Ih" 'nh"rcnt ' '''''I'I<-x· 
lIle",;.,;:C. u" . .., tna,.,hore . A ""rvw" 1II.''''IIlII.,'es Ity int.....uu,,,d hy lIlur .. Ih;", 'mc "p. 
a rc ..... "'''..,. Fur ,·X.lIll l.le , "..".t.Uru·~ ~m h .,~ liIe~ "fattn~ :<.~~ I,·m. the "nly ..1, .. 111 "1"'''' 
.Ift! ",anip"I.,t, .. 1 lIy so:rvil"" .~M"h a~ Iii" I') In a1infl ">",,telll oI"...:u.';"" u 's um, . 1,(; 
net"'ork",,.;. r",.""",,~ :"" n"l adu;olly < h~ln lo· uns,~ ""I t.·'IU " .,["rt~1 .. n t he .• ~. 
111"01. bec""."", th"y have .Jh)si~,tI 1.,.,.IW",.i "n ""IIII'liun 11 .. ,1 1'1' nos "!'l'llr ; ,""n~ 
Ih" ".·'wurk . In .• '".,,1. "~""ss l<1 r, ·".,(It',·" . ., 1,< ..... .11 "ttl .1.' a t,'.< k ,IIH,""r Ull i ~ II~"'I! 
" .~I.·"ueu. ~n . ,[1.. lnll,,\e<l ~" r v ;n's I" III.,ny II,·W !J1lI .\ ". I,,·.,vule Ihl' ",., ...... ,I·k "'rv"·, ·~ I 
II""", ",,0.1 1""K·e ... ,"'''.... Ik".,u.~ IJn l~ I.' .• "",hl".~"r "1,,'r.,I· 

,\ n.'l .... vrk "PCI"II"'''; "y .• I"", "" h' 10.,,' 0.1 ~"r' "'K "y ~ 1I'1II Ih,.l ,~ ''''. ,,1.,11 10.1 Utt 111.".'1 
1,L1 n ru"uam""t .• 1 .:!l.it .• l"I .. rlslic". Itm""l h .. vc ,[IlT.., .. ,,'ll IV ,,,·,, "I' ha ... [ ..... , .. \.'. ,\ [,,,1.1.1 
,.;"neral",,,II.u,,,,r '..1I",lnlll""". ,"111':0.1 tldw""k, ... It",· "f th" ' IU"["''':I " ... ..,,[c·d III :t 
in;: •.• loy ""'"r" muit''' .... r Multll''''''' .IIK'r" I' .... Iwurkltl" .,t ... ·r.'unK .·W,ll:m. [t"" .·,·.,r, 
ifill "y"I"'m~ h.l\"e .Ilreaoly """"',111 ... I'r., II.·",~ \"",,,1"'":1 h"v,· 1..,0.1 I .. "",I", II ·."t.-",r~ un 
,.r ' ''·I:.lIIil..1I1l Ilruul'~ .,r u ..... , .. ~. ,II .• n,'/llnfl ,I,,· tl ... ,r Un •. \ vcr~ .. 'n" Ih.lt dr~cll ' dy Il'l ,I. , .. · 
VIC"~ ..... ,1 '·~I ... I>II ~ I"ttll p •. , 1fI1~~"'" .• ",1 t"'''tc~· .• illl.luf "llo1r"I'''1I .,y" I"IfI~ ",.,,'11. '''II"II,e r un 
II"" !lr n·",,, ,rt.:,,~ (r .. ,,, "","'th"fll.~U ,'(C,, <~. " IIo:1wurk 

,\ ndw'lI'k "I",r"tmK ~y~l eU\ ",,,,,, .11 .;., r~',,"le IJcd.ltIIll what ,;,.'rv,,'.·~ tu oI' ... lnl,,,t,, "lI ,. 

.. " tII.llly ",.Idlln,,~ t:Olher ,1. .111 " ."'fl!e ':"'Il' nt."! ..... lIrk W,II .• 11",,<'1 Ihe .'1'p, ,,· .• hlllty .'Ilol 
puler "rdll,,,dur,, Th" "1,,.,1 .• y,I"1II ",,,,,I ," ... kd:ollll,ly" .. ",., ..... "rk "1"'(:""'1( »,lc·"I .•. 
<'Ir~""'l iv"'y "'''111,,,,lc ,,,.,ch,"e I~,,,,,,I . ,, · ,,, .,,. V""J"r~ "', ' y ""'''''nl r" le "IK'" ,1, ,,ttl l>llI'''11 
Th.,,,,, ho",,,.bnc,, '"'' "v.·rl~""e I,y h. ' VIIIK Ih" .,.Iher h'Kh·lcyd ... 'n ln· ~, .,,,,h .1.' ,,,( . 
""tv ICC .. lh.II ,";111111111:010.1 ., '~'''Ill .. t ·I'U·J I'\.'. """.11 e,,,,,I.,,, .. ,, ,,".1 f,le Ir.""fer .• If hi .... · 
'''IUn:""I", lr. , n.~p .• n·nlly I·~le , ,,k.llu "HlI"IHI· le\'t.:i "'",f"" ..... Ilk.., lit ... ;" .Ielil"·" Ity til" 
1.11 0.1 Ih" ..... ur .. K""'II, ~Y~I"m l'all III'O·,f,lce. 

Th""" ,.:r .... . cl·~ ""'y ht.! oI"""nh",1 a,l "Ilh~r noree oIlllet"nl "l'l'r",,~h"a .,r" ~"r' 
I.IW 1~'v"1 II r *"lIh Ie'd. 1 ~,w·I.,vcl ~"rVI':"~ .11 0.1 r"" lly 1":' ''11 " ~,,,I r;.r ""1"'''1'11. ... c,,~~ 
Iii" ~y~I.:m c.llI. Ilru~,,!o-J lIy Iht.' " , ... ·1' •• \1""· t<-'"nlln"e.1 "n 1'.llIu I'I .~I 



UNIX 

Making Unix A Standard For Networking 
(Continued from Page P9! 

At one end of the spectrum 
the uti li tie:; distribution schcm~ 
is very similar to the batch
proces.sing method of execut
ing a remote command. The 
system-ca ll scheme do!:::; not 
requi re new util ities, bu t de
pends on the operating sys
tem, which executes a sys
tem call Lo manipu late re
mOle resources. At the olh· 
er cnd of the s~trum, the 
kernel interna Is approach is 
much closer to t rue interac
ti ve proces:; ing. 

Historically, specia l utili
t ies have been emp loyed to 
distribute h igh-level services. 
Recently. vendors have mod i
fied the operating system ker
nel to dist r ibute low-level 
St!rvices provided by the sys
tem calls. 

High-level fut ilities) dist ri 
but ion of services has the dis-

advantage of introduc ing new 
utili t ies (such as Arpanet's 
TelNctJ or li brary functions 
that do not allow applications 
La transpurently usc the under
ly ing nClworkin~. But since 
this approach is a s tel) re
moved from the system ca ll 
interface, it can easily glos!> 
over the d iffe rences in under· 
lying: opt: rating system!>. How
ever, it forces applica t ions to 
adopt it convention that is not 
nat ive to anyone type of opel'· 
ating syste m. 

Furthermore, the utilities 
scheme operates at a mach ine
lo-machine level , calling fur 
the operator to physica lly r(.'C
ogni,£: wh ich machine the 
uti lity mu st run on. This 
method is not transpare nt to 
appl ications programs and, 
therefore, pt:rpctuatcs the strug· 
gle with machi ne boundar ies 
und requirt!s new utilities to 
activate network processes. 
Remote utilities require re
mote se rver!>, which cou ld 
have a tendency to prolifer
ate and become unwi eldy to 
manage. S ince operating sys
tem services are bypas. .. ed , 
neW security fea tures must 
be ... dded . 

The utilities scheme is the 
least interactive of the up
pru<lches, and as a result, 
tra nsaction processi ng is dilli
cu lt. But th is HJlpl"Oach has 
hbitorica lly been importao· . 

the development of m:twurk 
operating systems and is cur
re ntly used whC!n it is not pos
siblc or desi rabll! to modify 
thc client ami sel"\'er operat· 
ing system. 

Un like the high-IeVid di s t ri · 
bution of s(:fvices, the system 
ca ll scheme can be made 
transpa rent to the applica
tions. l3ina .·y code compa tibil
ity is maintained so existing 
utilities can usc the nctwork 
without recompila l ion. Si nce 
the ex isti ng utilities define 
the high-level serviccs run 
ning on a computer, these 
services become dis tribUted 
as well. The app li ca ti ons 
ma ke system calls to manipu
late resou rces, which, be
cause of modilications to the 
clie nt upe rat ing system, ca n 
reside loca lly or on arc· 
mote machine. 

Using th is method, trans
action processi ng is poss.· 
ble and the operating system 
mai ntains security . More re
cent network opera ting sys
tems usc this approach, but 
they diner in the extent 
to which resources a rc dis
t r ibu ted. 

The kernel internals scheme 
provides the most eJ..·gant 
method, and is increasing ly 
used in fault-to leran t com put
Cl'S to main tain paralle l pro
cessirw. Th i~ method , refe rr·ed 
to ns a "di stributed operulinl:r 

system" father th ... n a net
work operating: system. h..l:> 
all the advantages of the 
system call ,>c hem\,:. and II 

also allows fvr dyn~imH; lv;..d 
bala ncing a nd new pn:.ec=vr,> 
to be added to improvl: pel'. 
formancc. 

However, the be nefi ts til' 
these di str ib uted opo.:ra l ing 
sysLf:ms cannot be ea,;ily l-X

tended to hClcnJg'cneuus up· 
crating syste m,; i.lnd comput
en;. Partin!::" them to nt:w envi· 
ronments is impractica l. and 
no s tandards exist on the;:)", 
systems to refleCt a cun::.cn,;u.s 
about impk·ml.'nlions. 

The hi,;lory of cumpu ling 
has been ch;.lraCter i ,~·d by 
!::"encral·purposc Illi.lchinc,; vf
fe ring gl.'neral·purpoSt: ;:;u lu · 
t ions. 

Howcvl-r, during lhe- Ia."t 
several years. the popularity 
of PCs haS fost~red a new Il:vcl 
of speciaJiwlion in computcr 
solutions. 

The next era of comput
ing will take place as li.lrgt:r 
centra li,ed computing enVL· 
ronments a re merged with 
the,;c innovat ive oJrcl"ing's on 
personal computer wurkSta· 
t ions. This will oct:u r i.I ~ 
machine buund.Jries a rc re
moved a nd applic;)tions a rc no 
longer tied LO a .single com· 
puter. And Unix may provide 
the k~y lO un locking- thvsl· 
boundaries. l. 



Networking 
Terminology 
~Cont;nucd from Page P91 
Helcro~en ous machine 
lypes - Machin(>s b::a ~d 
on different CPUs andlor a r
chitectures. 

OSI Modcl - The Rcfctf'ncc Server procc~scs - Pro
Model of Open Systems In- ccs...<tCs that prov ide !;crviccs 
t('reonnection. developed by through the network to eli· 
the In tcrn <ltionai Standards cnl proccssei'. 
Organization fo r describing 

Heterogen ous OS types - ' protocols used to connect sys
Operating systems that dir· terns together. 

Server operating system 
- The operating system un
der which a s-pecific server 
process operates. 

fe r in the services pro\· jdcd 
to user procCS!;eS. 

Homogen eous m achine 
lypes - Machines that Me 
very si milar in archilcctun ... . 

Inlc rprocess communica 
tion - A faci li ty provided by 
:10 operating system a ll ow
ing procE'!'SCs to exchange 
messages and to synchronize. 

P rocesses - The .. un-lime 
entity provided by an opcrat
in.c: ~ystcm to execute an ap
pli ca tions prOgTlIm. 

Re mo te File System 
Kernel enh,tOcement.s pro

State servers - A type of 
server that maintains infor
m<ltion about it~ client be
tween requests from il.::: client. 

vided in AT&T rel ea!;c V.:3. State le ss serve r s - A type 
e nub l ing applications to ofservcr that operates with
lr.msptlrently acce~~ remote out any state information. 
files and devices. Requests from clients a rc in

dependent of each other. 
Network File System _ . Re mote Procedure Call 
Kernel enhanceme nts to Protf)cols defined and imple- System V Interfa ce De lini -
4.2bsd, provided hy Sun Mi- m~nted by Sun Micro~y~- tion - The basic operatin~ 
crosystems, ('nabH ng app li- terns thnl permit proct'dures system interface on which 
cations to transparentl:,-, ac- to be directt'd to special serv- Unix npplication software 
cess remote files. ing proces.,'<es on remote rna- can a lways depend. 

----- chi nes for execu tion . 
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PACID SrlJTOi I t{j cmCEPTS 
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ffR',llOO VI RML rAll 

STATISTICAL MULTIPLEXING -USED TO SHARE LI NES 
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OlE/OCE Eleclricallnle ri.ce 
( .... , ... ,) 

• X. 21 o r RS 232C complltlb le 

• Independent 01 othe r level 

Ol F-/DCE Frame Lev.llnler1;3ce 

• link access prOc ~durt!S - lAPJI •• "'·"''''/r· · [o.rr •• 

• Ooes not know ~bou t vinua l ca lls 

DT F-IDCE Packe t Lev", 1 Procedures 
FC"' '''' ~TS 'It tl'( . TJ~ 1I= a. C1 wJ C'-A" j J: 'TU" "1 . tUAL C. J, LL t 

• Vir1 ual call prOCe dures 
(Se'!- lJ p , Mair.l",i r" F lo w conl rol. Clear: 

• Ma y be end-to- nd [DlE lDl Ej 
\... • \,I 'r ,,", or Iu. UoI''' ''' r 

X. 2S INTERF ACE 

"aekel -- - - - - -
--- -- - -Le .... l • • 

Proc~uras • -- --- - -
I I 

Frame I 
Leyel - - - - - --

F' rDc edures I - - I I 
Iy f\ch ronous 

" lIy,i;A1 CIrcui t 
Ltyel I '-- ~ 

OlE iuser) I 

--

--

At. t1'.vOWL (C>(; c.: H£ ..... r c ... ,... ME F " CM 
FUHt (L~.1. ') -, _ .. L ; N~ r .~""D n:: 

"'ckel 
Leyel 

P'ocedur~!l.j 

1 
Fr.me 
L .... e l 

~rocedurel .. -.- , 
I'hyslc:.al 

Lflve' 
-- ... -

DeE (Ilvde) 
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I V/ Ie 11 '(/,\ / )({I 'lI lp,. I'/ I'", '{ i. iIJ 1II II/IulIlI)'<.'or 
to corn' 11.\ 11<'111 '( II/..' sl [l llo/s. ;\'11/1 ', (/1 (I d lsI . , , 
0/ $. ~( )( ) I II II/ lUll lilliS, ,\' /Ie' is l'I (I I I II,!!, /(Jus(' 
jiv/I/ , \ n '. r !)IICC (/ lid) i )/' (/ If. iJll d ( 11'11/111 /(' . 

tic.? Ilcll'cl/I ' Mort' lilce: it rei 'U/II I illll . 

Here comes 
Ku-band 

ftJllhrlln ... ,'" 
=:-- ._ .. ---.... -.-~,.,. 

N r I' W I ' II ": If i I "" q " N In t h e lJ ~ 
h ~ ~ hT n :1" .1 I. ' !l l\' " rU.1f lfl lt 1.1 

( ih It e.; .Uld t t!dlll tl l" g ic'> " I )\.1 ,1 lid! 
Since ti ll' 1. , 1.lJ( !.)! ( ;lhk tLr ~f ' r .1n n.:J 
the cou m ry I I I 1<.); 1 Nex t Lm I m 

lIlt H ' .l lh lu' " . t h, :-: .1 11<111 .1; 111 ",111.,, <'1 

LI llo,: l ',. \~' I II t.Ikx ,I " "' '' ' PI , .m d f.r ,I\1 
1\' {U i ,h,1( 1Il1lt- d H .ll "'fd t h.l ll k ~ {\' .I 

I" ,ld IW W sai d I ~ tc,p.t .. r u CHllln: un 1l:a 

1101" .. ."q ..: m ,h;lt \\-11 1 fepl.l ll' 

1\ T , .... T ' ....... re. ,l!ld III 1 ~ rlI W .IV o.; ,> 

T hl' n.: Io'o" ... ys t.:m IS ,h., product nf .1 

\ lU I 11" 11 .,,, , 0' 11 ' '' '' - . , 'I l ,h lt l' the 
N III 11> 1" ' ''11<; \ " " 1," 11 1 \'1111 ' ( " 1\', 

u ul II I ,\ II 10 .. r. 'n ,h, 111', ' 1 1I ' \l" 

" ,II,· ''' ' ' ' '' ' ' ' 11 , , 1 II ~ ' .. I I!" "" ' 1" r 
h,,:" I •. ' 1'1' '" V ' ~ ,II 1' 1110 1 .. 1 of" ' :1' 
" '" ' I' " ''';Oil ~ I ' 1" 11.··,, , . • 1 I ,, 1, " 11 
" . 1"1'" " ",,01 ,II ..", I' · n : · ' H,· 
,I" ..... . ,\ . .. . h,,1 111 ,·1, II , , III ~ 1 '" "' "n 
.11 ,' ,,' , .h, ,, , . h .· ) l.'" Ill' .,b .. , ,, j,, ,, hy 
, ." 11.1" .1'. l '" " v ~"" ' I!" ,I ..... ,,, 1, ,,,, h . l ~ 
1,," ).: ,11 1: 111.1 Ih.I ' . 111 10 • ,11 1m : ,. 111 

I, k , ' w,t!iI ,I ". ,k, Ih·", 1, · '1 ' " "l ' O:'> 

I) ' I I" , 1,,, It I, \ ,~ " ' II "I ",I" r 1111:11 · 
' 1" '.1 d ,' !.I· ' !.I, . ... , ,, ,,, , .,,, 1'"1" " '" r," 
q ; " " "I ~ 1'~I · IlI t.l l l \· \1 1!, , 1 " , , 'tr .ll Y 
\ .u II.d :\ .111 ' hI 11 m . 

1.\ 11 l ,, 'Il . II III\" 1'01 1111.. ' " 11 11 .1> lor 
I," ,1" , ,,11 ,,11 11 ,· '\ ~I\"I '\ h ., ~ 11.:' II 'H'd 
1'1\ 1.:01) \"l' II, ,, ,, .1I w, ,,,I" II \ ,111.1 h ... , 
"" ,lI lth- lIl l y jl;U,Ir,l l1 l t"n l NIIl" h ' lt,lI Ihc 
.·",'U" . ' ~ L.,lI ;: .. " ' "11' ",' "." , 
It I I.I !-t l I1\ (" ' W Ill' th.I'· th I n ' ' llllllt h~ 

lIt o.: ~p l· lI n H·I)t;). 1 " 1' .. ".1\ 11'[: d ll ' \ 1 .1[ , 

III ' \'\\'1 nl: 2': , .1 Ih . I1 l"i W('11' .. 1 1·1 , I a · 

I h ' ll ' 11 1,' ~ V"'h· nt h.:... , · \I. ' I, jut '1" 1\ ' 
II C It' PII" h I l' ,tT ' " I tilt' l " WlIn N ile 
n.l' Uh l',u h oj", Ltr ~ J 1I · ,1q",ntk l1l': c 
" tn A l , .... 1 1 h e IIl l w ' l r~ d " "" I\ 
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nc:cto.;J the wi rc~ ro.;(Wccn 
New York ,Ind Denver n n 

Apr . .! . kd\,ln .~ In .1HilLJtt: in th.u CII)I, 
and Iffdi .If ..: " 111 othe r ..:ttks In the 
Muunt,un ')tJtCS th Jt l'\.lye ho..:c.n k d 
through L~o..:n\" ... r, entirely dcpo..: ndcnt 
on the SJtdhtc . 

The ')tJkc~ .lfe hl,l;h tn Ku ·b.mJ 
tr,lOsmlS~ I O)n hy "Jtclillc. Even no\~, 
bdliuns of .I" II.H~ Me bcinjt sp<nt wir
mg":!!!!:!'; io r cJnle tdcvlsmn . .It ,I COSt 

uf pc rh.lps S/OO po..:r hOnle . But he
c lUse the ··~·.I\''''S In the Ku -bJnJ JTC ,0 

shurt f.\f.'f! , 1',111) Ihcy CJn be CJ ll . .;ht 
.md .:;u nc cnrr.l tcu by J much ~m.llkr 
.lOtenn .! \1I5h, the S<Ht "f thmg a 
householder C.lO pu t on hiS mof, pro
viding d ..;hOlce o f r,IY channels ;10..1 
spec!.l1 pr"grJms withou t c.Jhl e. The 
pioneer ~CrvICC in Jifl.'c(·to·homc SJt
ellite tdcvbillfl- Unitcd 'iJtcl l lh~ 
CummuOIc.Hj,\nS, Inc., J venture 
h;&nkrcllkJ by PruJl'nt iJllnsUfJnce
wdl se ll ;mJ instJlI a Jish be tWlte n .\O 
inche~ Jnd.t fee t In Jumeter (depend
InK o n the hll;: .Itt<m l JIH.I suppl y JlIlhe 
. l s .~oc iJtcd dectrP!lIcs (mc\uding J 
h .lnJ ·hc1J e'Jn u olier w kt )'uu pick 
{mit u f five eh;ltlnc1s b .. ·.lIll CJ Imm tho= 
hCJ v,,· ns) .H J I' rn.c· of :S.N'l. 

RCA I' hUl lthng Ih ree hl~ly 
puwereJ Ku ·h.mJ ".lIcllI! cs, III he 
buneheJ In the ~eel)nd h .L1f ilf th" 
JeclJc. r ",.;ethc r Ihey will \lifer ·II! 
tr .lll'p,IIhll'r .. ("f .lnI1\l.1\ H 11I.11.1t ~. I I! 
l1ulh"l1 \'.11 '11. NIH. : Will uke {"Uf, 
nHJVlll1o: It .. \I~l l.Ih (0) .1 new hlrJ • . 11111 

JII the olh\·r i.He .,till .IV,lil .lhle. " We 
~ee tl'lc:v l, ion l.';ttmg 10'111 01 It up," 
'1 .1.Y' IIJrnlJ RII;e, vice pre~iclen t fnr 
viJcu/.IUJm .. ervice ~ Jt RCA Arneri· 
can C"ml11um e.ltifJn ~ . He .uXHe , IhJt 
ellisl inK pAy ·TV ~e rVICl'S like Home 
BUll O(flce wil l he .unUIlK hIS he't 
custnme rs, bee .Hue they nn 'Iwi teh 

\:.. thdr e lllslm" tIAn\mi"sioIiS to the e~· 

'\.,~"'Il'\. ...... A'( lI. I"~. 

hie "y'lh:l1l~ nnt" Ku ·h.II1J. 
.111.1 me.lI\whde scrvlce "the 10 nlll· 
li o n hOlTltts tiU [ will lI.:ver be praeH
cal fur c lbk " 

RU[ Ru;e c"u lJ he wronK. Once the 
'>I~na ll s out there to be C<lP[u lcJ hy :I 

J;o;h u n [he rouf, it i$ harJ to .~ee why 
c.lhle suhsenhcl! wou lJ wi~h to e, m
[inue PJyln~ a InlJJlcnun. Fu r the 
eJhlc ent rqHeneurs, [ho~e s.lte!hte 
bunch..:o; hJve the I"uk of som<.!one 
wruinx J mc~sJXe in th..: sky. 

A r&.T ""':": I1IS In hJvc.: :-t\les~ .. .1 
wron~ un th...: fe3s lhilHY o( Ku·bJI1!.I
I[ rdu~.:d .In IIIVlt .mon to hlJ u n the 
NHC project befure Ihe JeJI W.15 mJJe 
with C"m~.u . Now It fJCeS not only 
[he l us~ of r.:vc:oucs from [ckvl"'uln 
In[ercnnnl!!;:[J"ns hut Jho hCllthumcd 
competitio n fnr da ta tr.!nsm i S~lnn 
<:t:rv ic(:s. ThJt's bc::cJu!';c [he un ~I~ .:d 

siJehJnJs MOUnt'! a [e1evislOn ~I.IO'\J l 
un a Ku eh.lnne! offer· [he C'-Iu1v.,lcn t 
,)f hundreJs of J,It :I' '-IuJl i[y micro
wave d13nnds. " We CJn !r.lOsmi[ 
.Iny[h Lng ir' lm creJi t CJrJ information 
10 J re[Jd ~(Ure W en[ert<llnme nt to a 
home," say~ U'lCI PreslJen[ Na[hJn
iel Kwit. " It '~ J uni'-luo= opportuRity to 
!.Ike .IJvanuge of hanJwiJth. You ask 
me, ' What .He you KOlng to Jo with 
the oppnnullIty!' My Jnswe r is, 1 
don't know ye t ." 

rhc re IS. o( eO\U~l' , n"lhlug new 
,Ihou[ [he lise of s,udh[ cs to c.ury 
[d,,:vl~lCm ~h~Jl.Ils , I',IY c.IDle TV :InJ 
'>..:rvic..:,. like Ihe C lhle Ncws Nl'[' 
work .lnJ C ' 'l Pi\N Ilor C Lhic \a ll'll nc 
['uhhe i\ff.liI:\ Nnw'lrk) -He feJsihlc 
"n ly [hr"lIxh ~.I tcl ll [e dl~,ulHllinn .. f 
thnt ~i,:n .1,. EIIt,q""IH:\l r~ ,l!llLInd 

Ihe ":''' IIUlY Ilw n .Iml n:nt tlctt truc:k~ 
with ,11 .,h...:, ,h,1t ",111 ,hoOf tdevi ~llIn 

'>1",nJb li p to uldlitc:, fur hrcl.lJcJ.it 
cl/vCUKe " f live eve n ls. lIut .111 ,hu 
.Icn vuy 'k;curs III Ihe frctluency hand 
of " to (, ~ I )ph.:rtz: (..:.llI e..1 [he "C
bJnJ"I, which IS ,tl S,l u~eJ hy t~' ffe'tli
JI mh:ruwJve, .m Jwe~lImc ch Htef IIf 
t.:kplwne e.III", dJtJ [rJn! mU\"ln 
AnJ tc!evl',,''" ch.l!lIld,. 

rhe · Ku ·h.IfIJ, hy cuntu ,t. IS Ylltu-

.lily vlf",;n [erT\tfHV, .\0..1 rl'setveJ hy 
[he FCC .utJ IVnrlJ . 1 ~ l c.:mC:lI[ tolf ~.u · 

cllih! tr, II\ ~ml~~Hlno;. S,), NBC e Jn 10:1) 
where It w.mtS, when It WJnts, .mJ 
UI\CI c<ln dunp liule d i,ilie.!l .ll1hl t: u>! ' 
to me('l ' (lJofs. 

All th iS i, st dl .It I n early '1tJ,II;C. 
" We dnn't know exactly whJt we 
havc," .\;1y" O:ln Ozley, who he.!Js [he 
HJH1S Curp. [C:lIn In Mclbllume, FIJ . 
[h.1t lle .,i~ no;, m.lke", 1O .~ tJlIs .tnd wil l 
tn.lInt;1;n (he NBC dishes JnJ .Issuc i· 
.1f':11 decuonic".n [he net\""Hk 'o; 21" 
;1ffll1;1teJ S[;lllun,. To J:l!C, on l~' 11 
S[Jtion s l'Uvl,' heen r.:clplent<; "f Ku· 
hJnJ [ e~ t ft:cds . l.ISt mllmh I Llln, 
went IOto ClVl.'rJn ve on.an IIl St.ill ,ltlOIl 
~!;:hc Jule that CJlIs for comf'lctln~, 
tco; ung JnJ plJ cmg 1Il[Q ,lrcr.It!<'11 J 
new .\:rllunJ StJ UClO fo r <In .1£td lJte 
some where In the U S. every \",orklng 
d.lY for [he rCSI nf thiS yCJ r. 

At [hc ht:).\lOnin~. [he n<.:w ~ys [ cm 

W ill no t save money for NBC or us 
.. fhliates , Michael Sherloc k, the net· 
work's c){eCU llve vice presi d.:nt fllr 
operations JnJ technlcJI servIce!>, rl!' 
po ru th Jt .. ateilUe Jls[nhuUlln ne .'( [ 
year will cost NBC "wnsIJel.lhly 
more" tha n the $.30 million the net
wf)rk p;1iJ AT&T I:Js t year In line 
ch u g.:s. flu[ [he Cum~a [ contract 
gives NBC <I n e~rJb l t~heJ pti ee 
thmu)4h I ,}'}S, Jnd long bdore thl! J e
c.lde's end [he new sy .. tem ~h()IlIJ be ;1 
hJrgain. After :III, in IU flllOgS for [he 
Ilew long· lines rJces following thc 
hrl'Jkup \) f thtt Bell Systc m, AT&T 
as keJ [he FCC to .IPprovC .1 ·1.1 "1, in
c rCJ se In char~e s ffll Ji'(tnhlHin,ll; [de 
VIS ion ~ i~lul'(. 1\lI{h Nile ,1nt! 1[.'1 .Iifiti
ates .. ce .10 iceherg bdnw th<lt lip . 

Mn'( t lTnp'lft.ln[ tn NBC I" thc new· 
ly t.:. lp.leiolls .11,,1 f1c:uh1c cnllunllni c.l
""II' 'y~tc:m thl' Ku·h .mJ '",[c line 'll· 
fer' . All .Ix:un.,t the u n .: ,.h.mncl ,III .m 
1\ r& r I""p, the s.uclli[e provH!cS 
four ciunnd., : rhe n..-Iwork C.m feed 
not nnly whJt i5 m Jl.0 u n the .lir ntlW 
over the JlfiliJle'5 hrO<lJcHt freq uen 
cy. hut ,Iho nuteriJI to he ~tll reJ for 
,"h5C'-IU"-" [ II.~O;: 1m I"c;ll ncw , .. hOlw., 
ctc. Utllercnt rej(lon, CJn pu:k up Jlf
(erent ,iKIlJI " JccmJin" t.) IlceJ. On 
f""thAiI 'lunJ .. y. \If bA ~..-hAIl SAtur-
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When a computer and Its users interact 
at a pace that ensures that neither has to 
wait on the other, productivity soars, the 
cost of the work done on the computer 
'umbles, employees get more satisfaction 
,rom thei r work, and its Quality tends to 
improve. Few online computer systems 
are this well balanced : few executives are 
aware that such a balance is economical
ly and technically feasible. 

In fact, at one time it was thought that a 
relatively slow response, up to two 
seconds, was acceptable because the 
person was thinking about the next task . 
Research on rapid response time now 
indicates that this earlier theory is not 
borne out by the fac ts: produc tivity 
increases In more than direct proportion 
to a decrease in response time. This briel 
describes some of this research and the 
implications for increasing productivity 
and cutting costs thai are among the 
chiel challenges of business today. 

\ 
I. 

-
Wel te r J . Doherty, M8n8ge, of Systems Performance 
end TechnololJV Transler lo r the Compu ting SyStem. 
Deperlmenl allBM's Thomas J . Weaon Research 
Cenler. 

A ..... lnd J . Thadhani, Ad~i50ry Engineer 81 IBM', Gene,.1 
ProduCh O;~;s;on he8dqu8ners, S8n Jow, Celilornie. 



Background 

A transaction consists of a user 
command from a terminal and the 
system 's reply. It is the fundamental unit 
of work for online system users. JI can be 
divided into two time sequences (Figure 
1): 

User Response Time. This is the lime 
span between the moment a user 
receives a complete reply to one 
command and enters the next command. 
Peopte allen refer to this as think time. 

System Response Time. This is the 
lime span between the moment the user 
enters a command and the moment a 
complete response is displayed on the 
terminal. System response time can be 
further divided into: 
• Computer response time, the time the 

computer actually spends processing 
and servicing the user's command 

• Communication time. the transit time 
for a command to go to the computer 
and the time for the reply to come back 
When onllne systems fi rst began to 

spread throughout the business world , 
psychologists such as Robert B. Miller. 
then of IBM 'S Poughkeepsie laboratory, 
argued that two seconds was the longest 
a person should wail for a response from 
the computer . This interval became a 
challenge that designers and managers of 

Command 
Enlry 

Completll 
Synem Response 
Displayed 

t 

online syslems strove to meel. With 
those early online systems. this was not 
easy, but people comforted themselves 
with the thoughl that the user was 
thinking out the next step in the Iransac
tion stream while wailing for the computer 
to reply. Implicit was the belief thai users 
were thinking as rapidly as they could, 
uninfluenced by how tong the system 
look to respond. 

Today's online systems. easily 
performing many mi llions of instructions 
per second with memories far larger than 
the largest available with the most 
powerful of IBM 's System/360 machines, 
can now respond to hundreds of users in 
less than two seconds each. Waller J. 
Doherty. of IBM'S Thomas J. Watson 
Research Center, was one of the first to 
see the significance o f this rapid 
improvement in system capabili ty. 

He and Richard P. Kelisky, Director of 
Computing Systems lor 18M's Research 
Division, wrote about their observations in 
1979, "",each second o f system 
response degradation leads to a similar 
degradation added to the user's time for 
the following {command]. This phenome
non seems to be related to an individual's 
allention span. The traditional model of a 
person thinking after each system 

Command 
Entry 

t It 1S t 
-1 Syslem 

Rilsponse 
Time r-uw ---1 ReSpOnse 

T.me 

Figure I . ElemenlS of ;'In Onl ine rransactlOn 

response appears to be inaccurate. 
Instead, people seem to have a sequence 
of actions in mind, contained in a 
short-term mental memory buffer. 
Increases in SRT {system response time ] 
seem to disrupt the thought processes, 
and this may result in having to rethink 
the sequence of actions to be contin
ued ." 

tn a pioneering article, inspired by 
Doherty 's work, Arvind J. Thadhani, of 
18M's San Jose Laboratory, suggests that 
the number of transactions a programmer 
comptetes in an hour increases notice
ably as system response tlme faUs, and 
rises dramatically once system response 
time falls betow one second. To illustrate 
(Figure 2), with system response of three 
seconds, Thadhani found that a program
mer executes about 160 transac tions per 
hour, But, bring system response time 
down to 0.3 seconds and the number of 
transactions the programmer can execute 
in an hour jumps to 37 1, an Increase of 
106 percent. Put another way, a 
reduction o f 2.7 seconds in system 
response saves 10.3 seconds of the 
users time (Figure 3) . This seemingly 
insignificant time savmg is the spring
board for sizable increases in productivity. 
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Benefits 

The potential benefits for an organiza
tion in providing improved and ultimately 
subsecond response lime for online 
computing include substantial cost 
savmgs, improved individual productivity, 
shortened project schedules, and a better 
quality of work. These benelits are 
inherent in the computing situation; they 
do not depend on the type of work being 
done, as will be demonstrated by the 
diversity o f the environments in which 
they have been demonstrated. l et us 
look at these benefits in more detail. 

Substantial Cost Savings 

Saving a lew seconds 01 a person's 
time here and there may seem to be of 
little matter, but these seconds accumu
late rapidly and build quickly to represent 
large doltar amounts, large enough to 
more than justify the cost of installing a 
larger processor if one is needed 10 
provide more rapid system response. The 
National Institutes of Health (NtH) 
provides an outstanding illustration. 

In 1979 their installed system was 
designed to ofter 300 simultaneous users 
word processing, programming, comput
ing. and remote job entry capabilities, 
with the response to 80 percent of the 
transactions being processed in .5 
seconds or less. Terminal work sessions, 
called tasks throughout this brief, 
averaged 95,000 per month . At its 
design level, the system had functioned 
to Ihe satisfaction of its users, but 
increasing demand was threatening its 
ability to continue providing an accepta
ble level of service (Figure 4). The 
number 01 simullaneous users had grown 
to almost 400 and was projected to be 
500 in 18 months . With 390 users, the 
computer response time had deteriorated 
to an average of 4 seconds and the time 
to complete an average task had 
increased 50%, from 32 minutes to 48 
minutes (Figure 5). To solve this problem, 
Joseph O. Naughton, Chief of the NIH 

Computer Center. proposed to upgrade 
the processor. He had observed that 
system deterioration was causing the 
NIH 's users to spend an additional 
22,500 hours at their terminals each 
month, yet Ihey were accomplishing the 
same number o f tasks. The system and 
user cosllor Ihis time were esl lmated at 
$900,000 monlhly (Figure 6), 15 Umes 
the incremental cost of a new processor 
capable ot providing subsecond response 

time to 500 simultaneous users. For Ihe 
National Institutes of Health, Ihe cost 01 
upgrading their processor was more than 
justified by the savings in user lime and 
the restorat ion o f their low task costs, 
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Improved Individual Producti vity 

Improved individual productivity is 
perhaps the most significant benefit to be 
obtained from rapid response time , After 
the publication of Thadhani's findings, a 
number of IBM projects sprang up to 
confirm his and Doherty's work and 
determine what effect improved and 
subsecond response would have on 
individual productivity, One such study 
involved the System Products Division 
(SPD), Among other online applications, 
SPD laboratories provide high·function 
graphics to assist their engineers in the 
physical design of boards, cards and 
chips, aU components in loday's 
computers. The engineers use display 
terminals specifically designed for the 
high transaction rates necessary to 
manipulate graphic images. 

The SPD study measured 75 work 
sessions of 15 engineers at graphic 
display terminals as they performed 
various physical design tasks. Their 
transaction rate data confirmed 
Thadhani's curve, (Figure 7). Indeed, il 
showed considerably more. All users 
benefited from subsecand response time. 
In addition, an average, experienced 
engineer working with subsecond 
response was as productive as an expert 
with slower response. A novice's 
performance became as good as the 
experienced professional and the 
productivity of the expert was dramatical· 
Iyenhanced. 

SPD conducted an additional series of 
tests at different laboratories to see 
whether the actual elapsed time to do a 
particular task would decrease with 
subsecond response time and increased 
transaction rates. For these tests, a 
group of engineers were acquainted wi th 
a card wiring task and then asked to 
perform it under conditions that made 
system response time the dominant 
variable. SPD correlated the elapsed time 
each engineer needed to wire the card 
with the system response time being 
provided during the session. 

The findings from the four laboratories 
all showed significant reductions in the 
time to perform the card wiring task 
(Figure 8). In laboratory A, task time was 
reduced by 4.5 minutes for every 0.1 
second reduction in system response 
time. Card wiring time went from 82 
minules to 66 minutes, an improvement 
o f 20%, as response time decreased from 
.6 seconds to .25 seconds. In laboratory 
D, task time was reduced 3.6 minutes for 
every 0.1 second improvement in system 
response time. Correspondingly, card 
wiring time went from 36 to 23.5 minutes 

for a productivity gain of 35 percent 
when system response time was brought 
down from 0.6 second to 0.25 seconds. 
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Shortened Project Schedules 

Management at IBM 's program 
development facili ty in Portsmouth, 
England . saw the potenlial in Doherty'S 
and Thadhani 's work . In order to make 
their own test, they provided each 
programmer in an upcoming project with 
individual terminals and subsecond 
system response . The people in this 
facility measure. as a mailer of accepled 
practice, the output of individual 
programmers and programming groups 
and have, over the years, developed 
rather accurate techniques for estimating 
the time and resources that a project 
requires. Therefore. any substantial 
devialion from one 01 their estimates can 
be considered a true variance and valid 
comparisons of group performance are 
possible . 

Most of the facility's terminals operate 
over a communication network using 
comparatively low-speed data communi
cations. rather than through high-speed 
lines that are connected directly 10 the 
system. Each terminal in the tesl project 
was connected to the system by 
high-speed local communication lines. 
This change brought system response 
time for the project team down from the 
2.3 seconds Ihat was common through
out the facility to 0.84 seconds. 

Based on the expected number of 
function points in the program, a measure 
that considers bolh the size and 
complexity of the program. il was 
estimated that the project would require 
30.8 months of programmer lime, spread 
over 19 weeks. It was actually completed 
four weeks early and required only 18.7 
months of programmer time. 39 percent 
less than expected. 

The team'S productivity was also 
compared with their performance on a 
similar project six months earlier, using 
funct ion points as the basis for the 
comparison. With subsecond system 
response, the average programmer 
produced 14.4 function points per month, 
58 percent more outpulthan the 9 .1 
function points per month the average 
programmer had produced on Ihe earlier 
project. 
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Improved Qualitv 

Given a level 01 service that was much 
belter than they were accustomed to 
receiving , the programmers on this 
project explored a wider range of 
problem solutions than they would 
normally pursue and increased the scope 
of their online work. Their professional 
enthusiasm was justified by subsequent 
reports from quality assurance . Tests 
there uncovered only 3.0 trouble reports 
per hundred func tion points, compared to 
6.9 trouble reports per hundred function 
points for the team's earlier project. 

Broad Applicabili ty 

The studies described up to Ihis point 
involved scientists, engineers, and 
programmers. A tesl conducted with 
adminislrative professionals indicates that 
the same benefits can be realited wilh 
subsecond response time in data base 
applications . Component forecasters at 
IBM 's Poughkeepsie lacility make 
IreQuent reference to an online dala base 
when estimating requirements for 
electronic parts. The work involves the 
maintenance of part inventories, bills of 
materials. and timetables of production 
and delivery, all tasks similar 10 those 
handled by production planners In many 
organizations. 

Five component forecasters were 
provided subsecond response time for a 
half-day experiment during which their 
transaction rate productivity was 
measured . In their normal working 
environment they had a system response 
lime of five or more seconds and an 
average individual productivity rale o f 99 
transactions per hour. During the test 
they worked at an average of 336 
transac tions per hour, a produc tivity 
increase of 339%. 

Effect on Other Computing 

Response l ime improvements do nol 
lessen the demand for processing; they 
speed up the perlormance 01 tasks by 
compressing computing Inlo a shorler 
time span. II follows thai as more of 
these tasks can be performed in the 
course 01 a normal business day, the 
computer will have to handle a signifi
cantly increased amount of online work , 
both batch and transaction processing. if 
the momentum generated by the taster 
response is not to be 1051. 

An exampte will illustrate. Assume the 
online entry, batch COmpilation. and 
debugging of a program requIres the 
execulion o f 100 million instructions. 
Further assume that this Is aCcomplished 
In one day by an online prog rammer 
working with several-second response 
time and two-hour balch turnaround time. 
To increase productivity, provide this 
programmer with subsecond response 
and a batch turnaround time of one hour. 
Completion of the program may now be 
reduced 10 four hours. Execution 01 100 
million instructions will now be done in 
half the time . 

Data from the National Institutes of 
Health and IBM'S Portsmouth study 
support this conclusion . At NIH there was 
an average of 90 transactions and two 
batch submissions per work session. 
This did nol vary, even though work 
session length varied with Ihe computer 
response time. At Portsmouth, process
ing time as measured by the amount 
consumed per function point was 
approximately constant. Hence, daily 
processor time consumed by the 
programmers with subsecond response 
lime wenl up because each was 
prodUCing more output. 

Thus, to realize the full productivity 
benefits of improved system response 
lime, the computing cenler mu st also be 
prepared to increase all levels of service. 
This may be done by expanding the size 
ol lhe system or by distributing part 01 
Ihe online workload to smaller local 
systems. The specifics o f the solution 
depend on the organization's total 
computing environment. 



Cost / Benefit Illustration 

To bring the potential benefi ts 01 rapid 
~yslem response into perspective, 
consider an illustration. Based on the 
data Thadhani published (Figure 2), the 
average user can complete 180 transac
tions per hour at three second response 
time (Figure 9). For simplicity, then. 
assume a task that involves 180 
tral'sactions and lakes an hour to 
complete. Anyone user can complete 
eight such tasks in a day. Further , 
assume the burdened value o f the user 's 
time IS $35 per hour. These numbers will 
be held constant for the purposes of this 
illustration. 

As system response time improves, the 
time required to complete a task drops 
from the original 60 minutes to only 29.1 
minutes. Since the average user 
completes eight such tasks in a day, the 
maximum amount of time that can be 
saved is 247.2 minutes, or 4 .1 hours. In 
a month of 21 work days, the value of 
these saved minutes is $3,028. 

The number 01 simultaneous users an 
online system supports varies from 
organization to organization as does the 
amount 01 improvement in response time 

'ch is needed. But, in aU cases in this 
..>Iralion (Figure 10), the financial 

incentive for bringing system response 
time from three seconds into the 
subsecond range is substantial , ranging 
from 5150,000 per month when only 50 
people use a system at anyone time to 
5908,000 when 300 people use Ihe 
system simultaneously. 

Conclusion 

Rapid system response time, ullimatelv 
reaching subsecond values and imple
mented with adequate system support, 
offers the promise o f substanl ial 
Improvements in user productivity . tBM 
and others have verified this and 
demonstrated that lower unit job costs 
ca n result . Other organizations may want 
t' ' rsue studies similar to those 
r, loned in this brief and go on to 
implement subsecond system response 
for their own onli ne systems. 

System 1 H k T ime Savltd T im. Savltd 
Respo"S8 T ime T""""c:tlolll Time per Task per D.y 

(SKon(b) ~r Hour· IMinutet) (MinutK' (Minute.) 

3.0 '"0 60.0 - -

2.0 208 5 1.9 '.1 64.8 

1.0 252 42.9 17.1 136.8 

0 .6 279 31 .7 22.3 178.4 

0 .3 371 29 .1 30.9 247 .2 

"Based on Thadhani'sdata (Figure 31 

F.gure 9. Computation 01 the Time a User Saves in a Day as System Response Time Improved 
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eigure 10. Potential Monthly Savings t,om RapId System Response for Systems wilh Varying 
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4321 . 4331 4341 3031 

DOS/VSE '>1 

1< 

NO~ 370 COiiPATlBlE tWPJ IW~ 

- SERIES /l 

- 8100 

1& BIT f.11Nl 

<IBM PDP-lll 

15 MIP 

32 "'lEG 

3033 3083 3082 

~\VS 
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Vf1lS P 

DISTRIBUTED PROCESSOR 

- IB~l PERSOIML COMPUTER 

3081 3084 

) 

MVS/XA > 
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TERMINALS 3270 

3278- I I 

MAJOR PER I PHERAL FAI1 I LI ES 

1,920 CHARAC TE R CRT 

(3277 OLD MODELl 

3279 COLOR CAPAEI LITY 

3178 LO\1 COST 3278 

329~ :to,OOO CHArXTER PLAS~A DISPLAY 

ALL ATTACH TO 3274 CLUSTER COllTROLLER 

FRONT ENDS 

3705 

3725 RECENTLY ANNOUNCED 

2.5 W 1E THRUPUT OF 3705 

TWI CE THE PRICE PERFORMANCE 

I1AX 230 Ksps LI NE SPEED 

SOFTWARE FOR BOTH IS NCP (NEnIORK CONTROL PROGRAI1l 
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OPERr\TING SYSW1S 

MYS (MULTIPLE YIRTUAL SIO~) 

LARGE SYSm l 0, S, 

DATA BASE! DATA COM~i~.lN I CATI OI':S .WPLlCI\TIONS 

SUBSYSTEf1S 

JES (JOB Er\TRY SUBSYS TEi ,) 

JES2 (REWR ITTEN HASP) 

JES3 (REWRITTEN ASP) 

FOR LARGE LOOS ELY COUP LE D MULTIPROCESSOR CONFIG URATIONS 

NETWORK ING 

SNA (SYSTH'IS NEHIORK ARCHITECTURE> 

ACC ESS METHODS (VTAI'" TCAM) 

DATABAS:I DATA cm'l~~ 

IHS (INFORI';ATIOII MP,N .~S EtlE NT SYS1HD 

C I CS (CUSTOt',ER I NFO , CONTROL SYSTeM) 

T1MESHARI NG 

TSO (TI ME SHARING OPTION) 
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I Unt' t IlIn ~ ; : 

e. C1,mmU I, II ' .lt I lt n lin" l ' llnt I.d 

h. 1' 1 of 11(' ,.) ' l ' IIc1, · ( ' lInVf"1 S10n. 

c . Mt:SS.lql' q Uh.llnq / t 'ut f t· r Ing . 

d. 1: r r O T ellnt 101. 

o All of th e a bov E'. 

~ . A l lnt' splitte r and / or a n I n tt- l llg E'nt po rt s('lE'c t o r IS a: 

a . Term in a l 

b. Mod e-m . 

@ Line adapt er 

d. P r o toc o l c onvert er 

e . No ne of the abo ve. 

~. Mo dems perform the f ollOWing functions: 

a. Anal og to digital c o nversIon. 

b. Loo pba c k te st i ng. 

c . 

d . 

Mo du} a t ion. 

Dlagno stic checking. 

€) All of the abov e . 

~, Multl ple xe rs a r e used t o: 

m •• Reduce Circuit costs . 

b. Inc rease transmi ssi o n spepd . 

c . Increase transmiss io n thr ou ghp ut . 

d. No ne of the above . 

() All o f the a bove . 

5 . Co ncen tr at ors c a n be simIlar t o o r a sub-se t of: 

'- . 

•• Multipl exers . 

b. Blp l exels. 

c . Nf.> i ttHn • no r b. 

® Bo th a a nd b. 

e. Nu nf' u f th e a bo vE' . 

Ha ldwal~ enc ry pt l l,n Inv l,lVE'1 the U' f' o f 

a. f'fotoco l conV f' f , .. . 6. 

t," }' lH / ClIX. 

~ .... , .. . 
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11. 

Th~ terms data commu nicationa, telecommunication., and tele

pr ocessing a re used intercnanq •• bly by many writer. in the 

field of data communication •• 

Conn@cto( cables interconnect, or go between telepho ne c o mpany 

central (switching) o tfices . 

Single application networks simultaneo usly pr oces s the data 

from many bus iness applicati ons on an i nternati o nal scale. o n 

a multiorqanization basis. 

Special common car riers design custom telecommunications 

circuits to be implemented in terminals . 

Videotex in vo l ve s the two-way transmission between the tele

phone set in your home and many ot her o rganizati o ns outside of 

your home. 

IZ. A line-sharing device may be used to: 

-( 11/. 

f 1.1. 

f ''' . 

a . Connect the l ocal l oop to the tel e pho ne company central 

o ffi c e. 
b. Connect the front end c ommun i c ation pr ocessor to the hos t 

com put er . 

~ Con nect several terminals to a modem. 

d . Ail of the above. 

e. Non e of the above. 

The hos t computer is considered to be t he same as a r emote 

concentr oJtor . 

A tront end communication pr oc essor is the primary interface 

between the central dc1ta processing system (host computer) and 

the d ata communication network. 

The basic function ot. model1ll i s to prevent er:rors during data 

commun icat ion. 

Frequency division multiplexing is the s ame thing as time 

~ivision multiplexinq. 

I,,? Th. host computer: in your bUlinesl syste,. i. con.idered ,to be 

thea 

-. .... :>4fo-. , .~'., ._) 

1- ~t-f'.:: 

a. Remote concentrAtoc. 

b. Protocol convertec. 

~ CentrAl c o mputer. 
d. Remot •• witch. 

e. ~". of the .bove • 

• 
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~ 

clt_,oryof t.,.!n.l. > 

e ••• ~t. ,ob entry t.r~.n.l. 
b. Vld.o te ... lnal. 

@) Trln •• ctlon .t.. IIIrli nil • 

d. Intelllqtnl tttl,dn.l. 

• • 'Ttltp.lnlu tl,,,,inll . 

I~. Which on~ of the fol10win9 t. not. piece of data communication 

h.rdware: 

( .10 . 

r "zl, 

f • J:I, 

_ 1' .If. 

," -- ;IV. , 
l' "zJ . 

r ~, . 

--( J:>. 

10 Multiplexer. 
b. Modem. 

C . Terminll. 

@) Protocol. 
e. Protocol converter . 

ASCII is a f ive-level code . 

The bit positioning 

EBCDIC and ASCII. 

numbe [ i n9 6ys tem 

An eight-level code has 
'J' 

12e dH·ferent 

is identical 

combinations . 

~en-wi re pairs, wire cables. and coaxia l cables are 

\j type of t r ansmission media. 

between 

the same 

Optical fibers a r e the primary circuit in cellular radio. 

The usable bandwidth o f a voice grade circuit is 3,00 0 Hertz. 

DPSK and PSK Are identical modulation techniques. 

Pulse code modulation can be used to con ve rt an analog voice 

signal to a dig ital stream of · pulses f o r digital transmission. 

Bits and baud are always identical. 

PoLling a nd selecting perform precisely identical tasks, .... hich 

is to see if the terminal has a message read y to transmit to the 

ce n tral site. 

Echo suppre6sors are not required i n a dial-up data com

munication connection. 

31 Baseband signaling involves: 

•. Frequency modul at ion . 

® Direct electrical voltages .Jc... 1
. 

c. Pha.e modulation. 

d. ~mplitude modulatio n . 

e. None or the above. 

'Z The most commu n code o f data communication s i.1 

~ •• ASCI J. 

@ EBCDIC. 

c" BCD. 

! 
., 
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1"n. 
~,,'8. 

-{J,. 

• 
A liqn •• th..Jt ~ .. tr.Jn31utted fr o lft It. source "'Jlchin. ,n die.e, 

• 1ectclc..Jl vult.Jqes is c~llcd b..Jl. b~nd slqnal1"q. 

Asynchrono uJ tr.ln smL 9sio n i ... f o (~ of bloc;, tr<lnslftls.lon wh.r. 

an entire bl ock 1. trdns~itt.d .it on. tim •• 
Conn~ctor c.Jbles ar. used tu int.rconn.ct .. t.rmin.l and .. 

mod, .. , 

An RS449 connector cable has .. maximum cabl. 1en9th of ~O te.t. 
Th. ·clear-lo-send- siqnal is s.nt out by lh. mod.lft. 

# Diqital modems are mo re expensive than analog modems, 

A station terminal is sometimescalled a terminal pluckor vOle. 

jack. 

The terms .Jmplifiers and attenuation reI at. to each other in" 

cause-effect relationship. 

Two-wire / f ou c-wice circuits and full duplex / halt duplex are 

identical concepts. 

A T-l carr ler is used for digital transmission. 

The fr o nt end processor per for ms functions such a s message 

l ogging , error de tecti o n, protocol conversion, and so o n. 

Satellite circuits hav e a greater delay time than microwave 

circuits. 

't!. Which mode 

throughput: 

u f tran~mission will resul t in the greatest 

a. Asynchronous. 

(§) Synchronous 

c. Both ace the sama 

d. A combination ot the two. 

vs. Which of the f o llowing are connector cables: 

~ R52J2C. 

b. R5449. 

c. X.21. 

-,7~ - .. 
'If,. A 

•• 
@ 

. 0. 

<I. 

•• 
1 . -

Allot th. above. 

Non. of th. abov •• 

t@rminal box or vo ic. 

Am p lifier • 

St.t ion t.rmanal. 

Loc.J 1 l oo p . 

Dlqlt.1 IftfRtPrft. 

Sw, t.en 

j.c" Is .n. 
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H yuu .1" _lol l' tt . "an."il t In bu tt l dill'l' tion., ~lJt 

on •• ".ct'on at a tjll l" , vuur Cllcuit would br' , 

a. .~II "upl ... 

c:? .. alf lupin. 

""pin . 
d. ·Compl ... , . Non~ of tho above. 

.. ttl'."on1r 

¥8, Front .nd communication p r ocPI6o r5 usually imply th~ u~ of • • 

-
techniqu~ called : 

~ Centrel control . 

b. Interrupt . 

c . Multiplexing. 

d . Hardware enc r ypti on . 

e. Multidro p circuits . 

, .« , 

Fill-in 

4/'1, L,"At- (...olJf is the circu i t that would in t erconnect the termi n al 

a t yo ur business loc a ti on t o t he t e lephone company ce n tra l 

o f fic e . f 
Am At( .... \~l)1\ S~)~t,;'(DTS) is one of t he technologies t hat ma y 

• St> . 
overcome the bo ttlE- neck o f inte r connec ti ng your ter min a l t o the 

~~ t e le p ho n e c ompa ny cent r al office. 

'l~"~ A di.(t..\ v~ networ k p rov id es th e p ub] i c with e net wor k t ha t 

.".U" they can share (lease ) . Exampl e s of compa niE's in t h is b us ine s s 

a r e : Telene t , Tym net, Spr int. and Me l . 

( 

! 2 . 1.f\\t.(~\wI;~!;(\(l...\1 re the circuits tha t interconnect the telephon e 

company central offices in different citi~s . 

""v $3 , A [~~ ~iqht be a copper wire interconnecting two t~rminll •• 

55 

n . 

57. 

~ mi croprocesso r i. the 0,\",\ ~(,<L'\1~f ~",.f (CPU) in a micro-

. I" 
comput~ r . ,,,l 
Im.qe documf'nt G can bt' tra n 6mi~ tt'd u~ n9 aEa.cs ' d~vice. · 
r o r what does PBX .tand? £(-.\11). t.\lJ(Cc .... 

v 
{.y..s..\..6-W'it.. 

1-'~'\\;\f1'e"" inalo are onn that han a built-In tnlcroprocenor 

chip with the capability of 'belnll 'p r ollramme" an" .uc~tin9 

atored ~ro9r.~ •• 
-\-'1" Hardw.r. ey.,t..(A~ \ n voly~. 

you r ter ~j n.l a nd th p ~odf'm . an~ bptwppn th. 'I on t .nd co~u

n lcat ton procfllOI end t hr f'I (>d."" 

" .. 
'} , 

, .. 



1.0 . 

to Jinoth.f hos t computet th .. t us •• 4 dift.rent protocul • 

• The pr im.,., us e (o r a o "'''trt.'r. to c OIWblne circuit •• 

Multl pleKlnq done bV the tel~phon. comp.ny tor voic. CilIa ia 
~,)~e.- mult i plexinq (not . t4ti.t1call. and it i. tot.lly trana

parent. to the c.tller. In other words, thee. 1. nod_layal yo ur 

voic e . ~. "",-, 
A ~" ... "t"'=",lt.

v 
d escr ibes the entities of' a system and their 

attributes are represent ed by mathematical variables. 

S·lrA~\\.·\V'1 5 oS technique to dupl icat. the bet',J"ior o f the com-

munication syste~ or network. 

lor. \(t~r"~ .v.",V- ia viewed •• an elapud time incurr.d. It 

u8uoIlly is viewed aa the time between when the terminal operator 

type. the send key o!nd the return on the first c haracter to the 

"7. 

terminal. t \ 
\ I. ,,1;<-0- . ( . . 

A VbitL f'.c..o.l.- ~ ~\ is the most. common communlcatlon 

ciccuit i n use today. , 
. l.1"" 1 MHz (Megahertz) ,. 1 ~It... cycl es per second . 

One piece o f hard war e that you might find betwee n the host 

compute r dnd the front end communicatio n p r ocesso r is the Ja.-fa.. 

Oa ""c,L--
Err o r detection dnd message 10 gg in9 ~_r. two key functions 

r t .l "i""'-o'" per formed by th e -flb" <..f\ (Ol'll,w f'~fr.;t.. 

The te-1ephone c om pany central uffice is 

te rm inates. 

R:1ttt\.IJA...-\"oi~ the weakeninq in strength u t a signal a s it passes down 

a wAceo5 
~",q\;.".\1.t.i2a r. used to increase the strength ot a signal at val" iuus 

fixed points on the circuit path • 

• Tt'I', .. digital sid. ot a diqital-to-an.lo9 model'l is the side. that 
is connected tu the ~<(",", .• ,..~,-" 

~ 7/. 
I. , ,....L- . I 

Data oiqndlnqloync:h,oniution ia where the-jffl'l' .nd the rloaPM.-

.. . • 

7~. 

U. 

"'..... ~' i 

..chanq. signal. priur tu the tr.nl~t •• ion ot • mellage. 
An RSH2C ia a ","~,cI<>ll-- «1;.'" . 1 If a. S,/fl? ~~nov. 
Ch.tacter-by"char.cter tran.llll •• ion ,. call.d .. tt.-oe-
., •• 10n_ 
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7". De.crib" what -down) '1'1" l'I.twolk contro)- ... ana . 

~~ r " V\bv<lL of cf'Li... COn1"'vnl('A...f..~ • ., Um-t-..-OL.. {vrzL:hil"l.r 
Fv-", t1x h.,f (''''fo/1uL -j.. . 1(,,,l ,J ••• W o.rk;h. fA .. hoi j JC/vlc. 

<t
5 <tk. (. cr · )'(1\-k(1;~1 L~--\ro,-<.clU' M.6J""'J e~ Frtt::, ~.,., pr 

75· 'lio,", ",anv unique combination, .r~ thtrt '1'1: s-. ;_7P/':.at~/..~{r SI"';'. 

7fe . 

77. 

7~. 

7'1. 

code? )s~ s-V ;J1; ;--S-Co 

.. ' ~ ''i 
;J."~{~S 

Using the A.SCII code structure, what if> the exact 8-bi t 

c on figuration of the 1 ine c o ntrol cod e "NAK" f or an even par itV 

system . 

oO OIOIO( 

'I,t hat is the most lignificant disadvantage of using a r 
multiplexer7 A- ({'NS~l"lc- l"'-r~ ,,,- f.)(,.1< -/-; .... e.. ...... ~'( 

Ho w many pins / wires lire in the r-tS232C interface plug? ;z.r 

How many pins / wires life in the RS449 interface plugJ70 0 you know 

ho w many pins ere in th e reverse, or second a r y channel plug t hat 

might acc om pany an RS449 ? ~ YeS J 9 
fp. Can yo u draw a p ictu re of the frequencies in o rd er t o repres e n t 

full duplex t r ansmissi on on a two -wir e circuit? (o~ O'PC'K., O~ T~I~ PI4(£, 

81 . If yo u had transmissi on where you c ould tran sm I t In both 

directions s imu ltaneo us l y. what wou ld you c a ll thlS ? ..c,,(,.... cl.vf/~" 

Sl . Muckrakers Anonymous Publishint Co. has a 2.~00 bps dial-up 
1in~ using a esc protocol. Tht remote termina l~ are let for 
full duplex operation, and operate In tht Mid~'! est. The best 
choice of the remote modems listed below h : 

'63. 

a . Synchronous modem. 2.'00 bps &ell 20 I type 
b. ,,"synchronous modem, 2,1100 bps with Full Duplex capability 

on d iaJ...yp line-
c. Multispeed modem 2,1;00/" ,100 bps with Iplit chenlleJ feature 

and CelTl lnterlace. 
® Synchronous modtm. 2,"00 bps with Full Duplex capability on 

dial-up. 

"hon "'Pporllnt aynchronou. batch t.rmlne I. operatlnt at ~d. 
of J~OOBPS the be" type of multiplexer to UK Ia: 

a. STAT MUX 

b. Chlractt r InterJta..,l"d TOM 

c . Bit Int.rleand TOM 

"rUA UI'W 

• 

., 
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