
REVIEW 

Has the future of intelligent workstations arriveli? 
UNlX,WORI..D reviews this bright spot from Sun. 

BY lll!liCE MACKINU\ Y 

hen Bm Joy, '""' of lhe 
founders of Sun �bcro
Sl'SWms. recently spoke 

_:;....._ on the future of the 
Unix system. he talked of bit
mapped 1traph1cs. nctworkonft. ad
vanced word proce�su1�. aud. most 
importam. �omputcr systems d«
signcd for fl'll•ple. What hr said 
went over the h�ads of hall the audi
ence, and the o1her hall shook tl1eir 
heads and sa1d. ''\\�1at a Slarry-eyed 
1de:tUst!" or ''R1ght. but what docs 

tfuu have to do "'th today?" 
lnterleai asked UNIX WONLU lo 

re,iew its software on the! Sun 
Workstation. and I jumped at the 
chance to see how lhc Sun Worksta· 
tion li'•es up co Bill Joy's dreams. 
Alter worktn� wlllllmerlcaf. f chose 
10 do separate reviews •JI the Sun 
lu;rdware and lnterloaf soft war<:. 

The Sun-2 is prinmrily n "ingle· 
user workstation, providmg a SO· 
phistiC<lted user wtth a powerful 
general-purpose envtronmenL Sun 
i.s marketing ttns workstation to 
·what it likes to c�JI the k1101f'l<dg• 
:t'<Jrker. As I understand •t.. a knowl
edge wor!<er is anrone who worl<s 
-..1th diilkult mtellectual tasks, m
duding engineering, SCK'nce. techni· 
cal publhlung. arti6c1aJ mtclligence, 
and all ionns of research. 

In the past. worker$ m lMse 
areas have either purchased mtnt· 
computers 11r used mainframes, 
s""nding $50, 000 or more per re· 
searcher. Mainfr11me� provided tl1e 
re�earcher with tools and number
crunching, but the price of 
restri1:tive centrahud control and 
bafch processing W\'IS too much to 
pay. In desperatlctn, many researcb· 
e.rs tumed to minicomputers. which 
were not murh more than bare com· 
puters and which proVIded research· 
ers "'11h Uttle more than a Teletype 
and an assembler. 

It was from lMse ..atl)' mmi· 
computers that the Unix S)'Stem 
aiose. The high price and the 
"unlriendlmess" of these older sys-
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terns severely limited the nrrmber of 
researche rs able to use Utem. With 
lhe new 16- and 32-bit lllkrocom
puter s, a number of compaoies. in
cludiog Sun Microsystems. Apono. 
and V.alid Syst�ms, llave entered 
this rna rket Wtth a \(engeance. 
producing ''low-cost" rese<�rch 
luols. 

MUL TlPLE Vi-'li'l'DOWS 
t\NDMICE 

T
he first tJling you nutice when 
you see a Sun \Vorl<station is 

lhe 19-inch muoochrome display. 
cont<tining multiple windows a..id a 
mouse. Unde.meath lhe. wmd()WS IS 
Berkeley 4.2BSD Unix. extending 
the machine into a local-area net
W\><k or cooperating Sun Worksta
tions. super-mirils. ·and m;ainfrariles. 
Within the 'Vindows runs a wide se
lection of software, mdudmg some 
Of the lat�>st examples or l�ading, 
edge research :md d�velopmeot. 

The Sw1 workstation Is an inr 
pressive mrt-Ghine {rom a n  
impress1ve group of people, Sun 
Microsyst-ems WJ!S founded in early 
l982 by Vinod Khos la. Andreas Be-
chtolsheirn. Sill 1 oy. and Scoll 
McNealy. TI1e company immedi· 
ately r:Jised $4 million from a group 
of venture-capital !inns and created 
lbe frrst Sun Workst<ttkm, which 
made wav�s in both tbe business 
and academic worlds. 

Two of the four en-founders are 
experienced in electnc.al CAD;C'.AM 

• 

and mi<:r o com.pu te·rs and h·ave 
M.B.A.'s from Stanfo rd. The other 
two are Ph.  D. candida If"S from tiC 
Berkel ey and Stanford. Stor

i
es 

obout Bill Joy abound. The nne I like 
best ls how he pe.roonally did the 
first Berkeley wftware d.ist:riburion 
long before DARPA realized th:lt the 
UniX �Ys.t�m could be a valuabte re
search Loot 

The Sun Work'Stat.ion use.s the 
Multibus (mF.F.-796) for e.xtemal pe
ripherals and a high-speed 32-bit 

proprietary bus for memory a..1d the 
bit-mapped graphic display (see Fig
ure 1 ). The cenrn� pr<>eessor is an 
M68010 running, at It) MHz with� 
proprietary vittual memot'Y manage
ment ltnit. Eac.h workstation call 
support from l to 4 Mb�tes of real 
memory an.d 16. Mbyte� of l'lrtuaJ 
�mory per vroce�s.. 

The real memory is high-speed 
(150-nanostkllnd) 64K dynamic 
memory chips. Tilis allows the cen
tral processor to run at a t\11J 10 MHz 
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UTILITY COMM!\ND COMPLETENESS 
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wir.h no wail states and wi thout I �c 
�o mpll'x ity or exponsc of memory 
eathing. The Ill' 200 has a J 6-Kbyte 
cache to allow the processor t.o 
nch1eve the �""'� perfonnapce (see 
UNIXiii'OHLO Vt>L 1. N'o. 1). 

The processor alst, suppom 
·dinwt Virlufll J.ttetnmy I.IJ.'trss· so that 3 
per.pheral  can access a byte 
anywhet·e '" v1rtual mt!nwry. u'!tm� 
the �·m� n\apping and protecnon ns 
any pri lcess In the �y�lem, The vir
tual memory managerneul. unit uses 
botb segmeiJI aJ'ld pa!(e l:ran•lation. 

The Sun is faster than 
the Apollo in most ways, 
but the Apollo eats 
Boating-point operations 
for breakfast. 

Segment l'l'nnslati(ln allows tb.- op.:,r
ating system and compiler.» 1 o or
ganir.-e memory inw usefu1 struc 
Lures and shapes. Page translau<>n 
improves h0rdware �f1idency. 
allowing r.lli' opt!l'3ting system 10 
easily page in an� out virtual 
memt)l}'. 

Berkeley ·I.�BSO Untx sup· 
P<>rt� the!<t! features·, a(lowiug user� 
w write and run " program 1h.1t 
could uSE' a full 16-Mhyte rnemm·y 
on tbe M68tll0. 

PERIPHERALS 

T
he Multibus h;mdi<'S all in
putloutput. Among the periph· 

erals supp<>rted are Ethemet . an 
$Mr> hard di$k, an SCSI bus adapter 
haodlmg both a hard disk and 114-
irlch canndg.:: tape, i1 9-trdck 11�
lru:h l:lpe dtiv�. and ;J Jloatit1g-poim 
accelerator. The central proo·essor 
supports >wo RS·4ZJ s.ena! lines. and 
til� �C�I adapter ;upports four 
RS-42.3 serial linh. RS-42:3 1S. a new 
standard �erial interfacE rhat ls 
compatible with tho older. Si()w£'r 
RS-232. but It will allow the- upward 
movement to "5-44!1 (wh1cb -.,u •I· 
lvw s�ri.aJ conm�wiituLiom; at !ipeeds 
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up ro I million bits per seconrl). 
111t! I<S44W �i.:uu.L:.rd maximum 

rate is 50 time� ias�cr thnn tl�t •�f 
the Rs-2:·l2. There are a lot or ad
vantages to the Rs-44� imerfa�c. 
but the rnajur di�a<,lvanlat;e "' the 
large pt)(•l of existing R�-23� krmi
nal' and tomput,<rS, 'llies� serial 
lines. c-att be used •s termin�lls-. "ith 
the ·works�ation actin� .as a· tradl
uona l supermicro. The benrhmarks 
shvw that, Sun �nuld £upport tetmi
mtls on all six olF these lint'S wilht)m 
prr,dm:;.ing tman:eptiible $lmvnes5; 
none of the benchmarks show"d any 
evJdeoce ol thn1shmg. 

the Sun workstation is 
more than just a pretty 
toy (like the Macintosh). 

'rh.; ">Mll hard-disk cnnU't>ll!!l' 
�:an suppon, di-.s.ks iii thre(• �izes: 65 
Mbyre, 13CI Mb)•te. nml :!&! .lilb)'te. 
The SCSI adaprer sttppons 01�y a �2-
Mbyte disk. ll1e �t-�1 IS slow, v.ith 
:m ;tver.sge ncit'�.ss tim� ot 41, :l mil
liS<!�onds (rnst and a maxmmm data 
tmn,{er rnte uf5 Nlbill'scc. The SM!.> 
illsk is· much rastt:r, having an access 
tlnlC ()f 2$.3rns ilCid i1 ID�lXimum dal::l 
transfer 1'al� nf l5 Mbi�s<:<·. �Mil 
iHsJ" t..flntrullert-- s.upport vcty 
efficient direc1 memory al;t.cso. fur
ther rerluemg the d<m1ands on t.ht! 
proce.ssor alld operaung system. 

·nw Sun Workstation alse> s up· 
[IOTIS u "&k-1��' mod�" 111 wlut�h all 
disk 110 gil<'.$ thmugh l�thernet. We 
V.·ere nble tu benchmark :1 diak-less 
wl:Jrkst.ation. ami the <ilsk-less sys
tem showed only W to ��� pcn;�nl 
t<'ductinn •lf ;J«rfonYiiltiC�! ln inrt. a 
flisk-le5$ �ystem UOillg l,fl :1n "&UJfiJr 
server is (aster lha11 n dir�.ct St.'St 
hard disk. 

e�mpanng the :Sun Worksta
lion to the Apnllo, we 'l<'e th:1t th!' 
Sw1 IS faster ln rno:lt l'espccts, but 
I he i\pollcl e•ts nl;ating-pnint (lpera· 
lions (or breakfast (s..c LINLXIWOKW 
Vol. I. No. I). Even when the Sun JS 
augmente.d with a tloating-poillt ac� 
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c�ter:at()t, it docs nnl" touch 1he 
Apollo'!j nt\11/ tlmtllng·pc)ult $petl{'!. 
Sw1 i'ftcros�·stems use� the �1\1' 
lh'l�tti ns•fH)i nt ac(:'tleraLur. l 
u.:ootlunarkcd the Sun Wurk5<ai i<.•tt 
with and withtlut the Hoatmg�poim 

a�celerawr. 
'l'h� ti,oaung-.pmnt ac-c�tt:rator 

i.mprovt'd lloatut�·POilll ope.:rar,inns 
rm th� iiun b)' ol5 mu..:b as 40U per
�:cnl. bul ev�u will I th�s� improve· 
orentsr the tlcinting-point oper;:�tkms 
on the AJx>llO are- fr<mt :J tO 11 wnes 
fast�r thao nn the Sun. Even the 

s-hort nnd long opt"ration·!\ ;1re ft�s-tr;r 
on the Apollo. Sun 1s .faster ln both 
memqry t·o (about 2 drnes f�st<'rl 
;Jnd di:5k uu (aOOut 2 lO �J Lime� 
iaster), m1d iu mo�t other �per.t1;· 
the Sun outperformed the ApoU(). 

NETWORKJN(j 

T
he Sun Work�iatlo n supJJQt'ts 
t'�·ICI• nctvmrking over Ether

net at 10 million bit� p.-r secC>nd be
cause it S"'!>POiis Unix 4.:1. Unix ·I.� 
provides the b�st networkmg. env1· 



ronmenl in the Umx world. wtth 
remme lng-•n. remote shell�. •nd a 
whol� set tJf remote utilities. Sw1 ts 
workml( on the next step. the 
reol<lte tile system. This will allow a 
person to r 01ou n t a relll()te file 
system omo the local file system. 

"IN• copalnln� was planned lor 
the Berkelc) 4.2 rclea.<e, but BtU 
Joy did not have the time to wnte 
th� code. I was told that Sun has 
flrnshed the \'Ode ilnd thai all that 
net�ds 1<> be done is 1<> iutegrate tb� 
cooe intn (he kemel. A number of 
other leading-edge •"Ompuler mnnu· 
facturers nrc rushing to produce tlus 
remote tile system. AT&T plans tlus 
capability for a lutun> Unix Vl or VII 
n.., unly qtlesbon now "' who w.U 
produce a good, deeply mtej!l'lltt-d 
network Ctle sy•tem. 

I was \'erv pleased to see the 
d�plh ot lnlegr.tlmn ol the network 
vn th� Stm Well kstatirm The laser 
llrmtt:r I was LlSin� ,.,·;,s •m lth own 
wnrkst�tion shared by c•ver I(�J dlf. 
lerent Sun Workstntions. Ttw list (I( 
maclunet on the different net works 
at �n world headquaners contamcd 
over :J(J() ""clunes. 

The <llher ad\'111\tage ui �-2 
net worktnl! is compatl.bilit v w1th 
other ·1. 2 ma�.hmes rncludinR v,\.�. 
the tntcreslinll new PyraJrud lll>t 
machine. and soon lhe J�M J()81 
mainfram�. When Sun lin ish�s th� 
rcm<Jtc tile sy•tem, they plan w give 
the software to these other noncum
pebuve mad11ne� Soon we wtll sec 
tho; reab;allJ<Kl ol the dream of a net 
work of workstatJOII!o and OO<"k· 
suound number-crunther;. 

WlNDOWs AND GRAPHICS 

T
here t$ more lo good .w.wlncs 
WHJUSt a lar�e blt-mapped di� 

r>lay and laser printer,;: these arc 
JUS! th" raw materuds Llt•L good 
�!fuphk:; 11re huilt upon. 'ro haw 
good 1(11lphics requires ,uftw;.rr, 
Jots nf �ftware, much nMJfc than a 
lo" -level �uhrnutme librarY. The 
�un Workstaoon proVIdes a lm of 
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software, �nd th� indcpendel\1 �nft· 
wnr� provides tools. TIH.' lmcrl•,•l 
Oflice l'ub!ishin't! System software 
prnv1des very pretty Wllrd· 
pPJCeo;smg and very nd<nnced 
�oraphi< presentati<Kt HKJb. 11"'-'lt,l i.� 
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MctaFCUlt l�')J<1sell inA :�ll<"•ws very 
advanced rype�etllllj( <11 todmit'al 
und foreign languaK<l cumposition. 
There arc al•o a <lUmber of diffcrem 
"\1 i '�A.\t' \.o ,o\E sollw3U! systems Wlth 
extensivt graphks and wrndows. 
Sun pro\'ides th"w tturd-p.1ny soil
ware develope� extcns"" tc.IOI£ tu 
de•·eklp l{mphtc and 11.indo.-. soit-



ware. The content of these tools 
raises blO<Xly dt'bates between en· 
thuslas.ts of different aprroacbt�s. I 
have always beU.cve<l t.liat !1J"aphics 
tools should insulate the program
mer from the mess.y hardware 
de taU.:<. 

The tools are fairly high level 
witb, very ·few hardw�re dewils 
showi ng lhrou�h. What most im
pres��O me- w;ts the easf! with which 

l(raph>cs destgned for t h e  large 
re•olution displ�)' cnuld be displayed 

Sun is mar.keting this 
workstation to what 
it likes to caD the 
knowled,ge worker. 

on lh� me<lium-resolutton color dis
play. Tile window tools nre �lso 
fairly high level. TI1e dnve-l�s> 
worksbtiun I reviewed h•d bt.1fh 
mono,hrome and colur ulspiays. 
john Gage of Sun Mtcrosystems 
demonsuated the abtbly to move 
from one display to the otlt�r as if 
they were on• screen. Hv could 
open a window on the left screen 
and then move the mouse l:o the 
nght anc( open a wmd0w in d10. right 
�creen. 

UTILITIES .'\t'ID OTHER 
SOFTWARE 

As yo� can see from u,� hst of 
Lhit·d-pru;y $OftWllre. the Sun 

Wi)l'k�tati�ul is more than ju:;i. ,1 

pretty loy '(like the Macintosll). 
There is a full set or 4.2 Uni1 
ulilittes, mclud1ng' r·cp. rda �e. 
rdump. rtogln. rsh. rnews, 
rrestoTFJ, rt.a r, rupt 1.me, and 
rwho. rta.r was ust'j] to downl9ad 
the Aim benchmarks from a tape 
d.ove on a remote machine. cr�atinl! 
tile> ond directories on the lo<:al rna· 
ch01e. M(JSI of Lhe System Ill �OOl
mand$·were missing. 

The only us�ful System Ul 
comrnand md�ded 1s cpio. Missing 
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V �rsion 7 commilnds tin" DuJmp<>r· 
tam. eNcepl fvr dW!lpdir (which 
has belen replnced by the ""i. opti on 
or restor) and le·a rn. r was 
"urpnsed th�t some Berkeley 4. 1 
c<�mm�nds were nuS.$illJ!, but tl]e 
nlissing command� were o( vt!rr 
little importance. I like ilie see and 
num commands . but these are ,.e<y 
easy to duphc;ue 

Tht· ii·st or additi<Jns inchJde• o 
l<�rge number nf usE�(ul d•mmands. 
The Sun indudes C. FORTilAN 
! f77 J. and P�sc?.l. Thlrd-p;�rty '""' 

j,>uage:s Uldude ,\Pl, LISP (FR,\.''Z 
u:;l'). MAJN!;AIL. 1/'Nin l. KMICOIJOL, 

There is more to good 
graphics than just a large 
bit-mapped displav and 

• 
• 

laser pnnters. 

and Tdesoft-Ad3. Sun <1lS<) 1�;:; an 
aggres sive I bird-pari)' ><>llware prtJ· 
b�""' aud 11·ill extend its sr)fiwruc 
bal>e ev<:n runhe.r. 

In the Sun Workstahon r Call 
.sec the future BiliJoy described. hut 
much work wtU bav-t:: U) � don" 
�efort:! we �an rearh 1 hi$ futllre. 1'he 
svstem is. much more integr.ttecl . . 
lh�o its .P.rr:deces�m>. �ut ir i:' still 
very frrJgmenLed. M;tjor. work m�t!d� 
to be done colll\ccting the Sun to 
glher sy:stems. 'l'h� .:o�t J$·still very 
high-r wvn't hiM) a Suu Worlm•-
1 ion on my desk for � number oi 
years.. H tile prit·e oi • dri1•e-les:; 
workstatlon dtopped w $-'\, 000 or 
less. Lhen we would see. ;1 re.al be·g�.n· 
IUUg t•f th,. Intelligent WOtkstatl(>ll. 

I dun't belti:l'e th;H :iun 
Mi<rOl;ystems has the resources !TJ 
(und the te�.:el of rt-!�t�.arch ;mel de vel· 
oprnent ne�essary to r.eaeh thls 
f uture, AT&-'1 ha� the resources. but 
doe.s it tmv� tht nr:c((ed guts and 
insight. l get the fe.ding tllal ,\T&T i:; 
just tlitting around. and !I<M has to.>e.l 
IruUlj' ir-{mS m too many fires_ In tb15 
class o! rnadl!lle$. IBM has ah''"v" 
been a follnw�r. no.t 11 leader. Slln 
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1wpcs thai coonera�ion among a 
number nf noncornpd.ing l'omp(lni e-� 

and govNnmcnt resear�h�rs will 
forge thl� future. 

This is wh) Sun IS \vilhu� w 
bc�mie out lt� Jt!Wt:l-lt-s remo-te 61t,t 
syst�m-b<..causc in �.xchange th.c 
chmp�tn>' w o uld r'ecci-ve lmportnnl 
resP.arcfl that It cauMt afford to do. 
LJARPA couJd ..:hangc this, however. 
by getting back into the fundnlR of 
Unix srst�m research on a large 
!\t;;il.t!. • 
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�d. 4.�0 
Qk. .;,omlf tn1•sln� 
Poow. 11111"Y missitl!( 
l;:xP,ellenL 
�any rvr-�tttwork.ona -w'fudnw!i 
&xt�ti<ibt, 8JUireSL\'.e thftd pony, 
nc),ni! 
ildb 

lirw:c- M:td<lnlil)' �tudlt:tl mmputt:r ·sci· 
(;ncu, �l(:.ctrir:al cn,¢n1-�l'in�. and n·,ath at 
P<.: Berkeley. HI! ts 11.0w <,�.$cOlur p�enncr 
In NfW ATE1...H Systena. lnt., J software 
development and consutting finn. He is 
<.."\siTentl;� working w� l.fSIX'\\1QkLD 
(\·laJ�at.inc fn dcvdopin� 1t" conlpllli:.r 
racilities. His·la$1 arti�.:l� foJ the m;:��
zine. o re\iew of Honerw�u·� Scol)!ion, 
appeort!<l m VoL 1. No. :L 


