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User Summary (for people who don't read manuals): 

• Virtual requires both h.udw.ue o1.nd softw:are installation. See the 
lnsta.llation Guide at the back of this manual. 

• 

• 

• 

• 

Hold down the ESCape key at startup to dis.able Virtual's operation • 

for optimum performance, use Multifinder\w whenever possible, and 
lum off the " Ram Cache" on the control panel. 

Register your COP)' to receive update information! 

!lead the manual - you might learn some valuable tipS! 

I 
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What it is: 

Virtual™ is an operating system initializer for the Macintosh 
Operating System which allows standard applications to run on the 
Mac II using virtual memory. Virtual memory works by taking 
information which would normally be stored in KAM, and putting it 
in a file on your hard disk. This information is transparently 
retrieved from disk whenever it is required, giving the appearance 
of much more RAM than is actually installed on Lhe machine. Use of 
this product requires a Mac II, a hard disk with at least 8 Megabytes 
of space available, and the Virtual hardware and software. 
lnstallation of the hardware and software is covered in the 
ln.c;tallation Guide section of this manual. 

Certain hardware- and some specialty applk,ltions may not operate wh,Je 
running under the current version of Vu1u.,L J lardware cards which are not 
usually compatible indude any card that acts as ,ln "Alternate Bus Master" 
Thes(' cards bypass the CPU when transferring information lnto memory, writing 
to memory dm.-ctly. When thtse- cards are running iJl a virtual memory 
eMirorunent, the CPU dOt>Sn't h.we a chance to inlerecpt and tran.'ilate the CMd's 
information to 1he proper virtual mem<>ry address, 

Sped,tlty software v.'hkh may not be compatible includes luw•level debuggers or 
disac;semblen., and program,; whkh bypass the Device Manager and perform 
operations dittet1y on the hardware. For example, ~facs13ug 6.0 docs not work 
under the currtnt rele-asc of Virtual. This usuaUy only affocts sofhvMe 
developers 

Finally, 'iOll'<" SCSI devices which do du«:t SCSI input or Otttput may not be ' 
compatible. ThL'i may include some tape drivE$ Jt\d image scanners. 

All of these polential conflicts are bt:-ing worked upon for future re-leases. (f you 
have any problems, please let us know. 
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Tips on using Virtual ™: 

Virtual expands your memory to the 8 Megabyte maximum amount 
I allowed under the \,facintosh Operating System. For installation 

instructions, refer to the Installation Guide at the back of this 
manual. While using Virtual, keep in mind the following tips: 

• Escape key at startup 
Evc-n after the Virtual software is installed, d ic,abling Virtual's. operation 
is easy: Just hold down the escape key (ESC) at ::.t3rtup. U )'OU d("('.ide for 

' some reason that you don't normally want Virtual to load during the­
boot process, you can remo\'l' it from the Sys.km Folder or 'hjde' it in a 
s.ub-foldcr w1thm the System Folder. If~ besl J\ot to try to rename the 
progr3m 

You un u~ the eS<"ape kty trick whene\•er you suspect th.at there is. a 
problem running a p,uticulilr .ipplit".ttion unt.ll'r vutual memory - it's 
easy to try running it with Virtual disabled. AJso rcmcmhl'r to check on 
the applic.,tion·s f.'Ompahb1hl>' with Multiflnder. 

When you hold down the escape key, you may often <lbO v.-Mt to bypass 
the lo.1dmg of Mull!Findtr, and ~tart up with the Findei"" instead. 'f o do 
this, hold down the command key during system startup 

Use MultiFindt-.t whtnev-er pos.siblt-
MultiFinder and Virtual seem made for each other, and most users will 
find that Multifinder helps them get the most out of their expanded 
workspacl' Withoul MultiFiuder, some applkalions aC'tually exhibit 
degtaded performan~ due to inefficient use of very large ml'mOry 
partitions, so avoidmg the use of Finder c,,n 1mpro\•e responsiven~s a-. 
weU ,,s U\o-eJse utility . 

• Oon't quit things (until you have to) 
Ille first in,;tin,ct of <llmost all new u:;crs of MultiFindcr when they have 
finished with a program 1s to quit; ,ln automatk, almost kn~jerk 
reaction for the "command.-Q" key. B)' not quiUll\g an application when 
you fi.msh, not only is ii quickly available in the future. but (more 
importantJy) you do not fragment memory Thl' tl'ndency {oi: memory to 
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become fragmented and Jes!> useable is one of the mc,<;t frustrating 
a!>pt:cts of the current release of the Mac's system software. So unless 
you are absolutely sure you won't be needing the p rogram again, JUSt 
switch back to MultiFinder (by selecting it under thi;s Apple menu) 
u,ste.,-ct of quitth\g, and start t•p your nc:xt ,1pphcation 

• Tum off the RM1 Cache on the control panel 
Any use of the RAM Cache actu,1lly slows down the machine when 
Virtual is enabled. The RAM cache works by storing frt-'qucntly uS('(( disk 
sectors in RAM memory. 'With Virtua1, l{AM memory is stort>d o n the 
dt!>k. By using both, disk sectors are stored twice on the disk, slowing 
down operation. If you have a third-party d isk cache pr0gr,1tn, US(> it 
only if tt ha!> a modem which 1t will cache Roppy disk accesses only. 

• To Re-install 
If you te(eive ,1n t1pd,11e for Vutual, or 1f the software seem!> to h,we been 
corrupted by a virus or crash, you can easiJy re-install Virtl.lal from the 
distribution d is k: Restart the machine without Virtual running (by 
holdh,g down the escape key when booting) and then d rag Vutua)':; tcOn 

to the trash. lmmediately put in the Virtual d istribution diskette. copy 
Virh1al from the floppy uHo the Sy!>tCm Folder and l't'Start the machine. 
(II you do other things after diSClrdu,g Virtual and before restarting, the 
contiguous block of space o n the dic;k which h.as been creatt"d and set 
aslde by Virtual mJght gel chopped up into smaller pk'C\"S and the nell'.t 
time the :;oftwarc tries to !>tart up. it may not be able to find a single block 
large enough remaining on the disk. If th(" program oomes up with the 
"Xot lo,1ded" icon Mter re--u\St3ll.lt1on, then there 1s probably not 
enough <ontiguouc; Call in one pie«>) Sp.1('(' av.,ilable. To rc-move the disk 
fragmentation, N>fer again to the Installation Guide of this 0:\3nu,1I.) At 
the ne'(t restart, the new copy of Virtual will be installed. 

• Hudw.uc add-on~ which may not work with Virtual 
A.,; mentioned above, some hardware may nol currently oper.:ile while 
running under virtual memory. This mcludes ,;Jot cards which act as 
Alterl\ate Bus Masters and write information dtrectly mto motherboard 
memot}', lhus bypassing the CPU and the virtual memory address 
translation proce,c;. Other potentfal hardware u,oom1x1t1bilit.ies e~mples 
indude programs which do duut calls to hardware devices and bypass 
the Mal'.;'s Devi~ ManagE"I'. This m~y in<h•de some SCSI scani,erS, tape 
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dm'l':S, or olher SC...~I devices. 1f you have a device whkh will not operate 
under \·Lrtual memory. read the Commonly Asked Questionc; section to 
lc.lrr\ tricks which might be of some hdp 

Cautions 
Programs whu:h depend upon N,>al-time response may not work as 
dc~ued u\ tl virtual memory em•ironmcnt. The most common ex,,mplc:-.. 
arc sound and animated video programs whjch may "stutter" as disk 
aC'~'("S are perfonned from v1rtu<1l memory. keal-hml.' f('('db.:ick or 
control system:,, depcndJ•H upon guarilnteed-muumum or very fast 
rcsponM' ti.mes should alc;o not be run ln ,:1 Virtu,11 e1wimnment. 

Prog;r.uns which seen, to have problems 
Specialty apphcahons bkc low level debuggers may not operate under 
the curft'nt release of Virtual. Some dcbugg('r:,, lak(' over low-le\'d 
S)'!,;tem ,1ec1or<. in a way which make:-.. opeu1tion in a virtual memory 
environment very tricky ConnOOtX will be working to expand the areas 
of comp.Uibilily with future releases. 

Some program.s :,ccm to be slow {e-;pecially at :-..t.trh•P or when 
performing '-'Ome particular function) wh1lc running under virtual 
men.,or>•· A common problem is th,'\l when they are given,, huge block 
o( memory, some pn:,grams grab ,md initialize the bl(l(k. When running 
in RAM, thJ!i. pTOCes.<; takes just a few tenth:,, of a :;e('()nd, but running 
under virtual memory, wc have to go through and wntc u\iliali1..ation 
\';tlu~ to l.uge blocks of the hard dbk Thi,;, process can takl' m\1Ch 
longer (m<.1rt th,rn 30 tweonds). l"his is another w,1)' m which t\foltifindcr 
can sometimes be of Mgni.f1Cant hdp- try nmning the apphcaHM under 
MuhiFindcr .,fcer reducing th(' si7E' of the memory p3rtition allocated to 
the program (when poc;sible, reduce it to an .amount less than the amount 
of RA\.i actually in your machine) Sec the st"C'tion on Mu)hfi.t\deJ Tips 
for how to set thi::, v,lh1e. This can increase performance dramatically. 

• 1'hrashing situ:ition'I 
Vel)' occasionall>•· you may find yourself in a thra:,hmg situation where 
the disk seem:, to be doing non·slop accesses, and your Macintosh i.s 
unresporu.1ve (,tlthough th(' cursor will std) move on the screen). This 
proct."S~ can oontinue for some time (a mmutc Ot more) before thmg:, calol 
down. I{ at all pos:,ible, 1b bt.-st not to iJ,1errupt the M,,c m th.is state, but 
let it work 1l out. If the thrashing seem.s pcrs1:,ten1, try reducing the sttt 
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of the partition allocated to the progr.:mt in \1u1lifinder. Some prog.rams 
seem to generate c;uch c;ituations more often th,,n others, and often it is 
JU~t .i pa.rticufor operation in that application . 

• 
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Tips on using Multifinder: 

The follo,ving is intended to ~ummarize and complemt'.!nt the 
'\,lultiFinder User's Guide shipped with your \,facintosh. If you 
are a nei.v \.1ultifinder user, you may want to first review that 
booklet to become familiarized with the nrw features available to 
you through Mu Iii Finder. 

• To start usingMultifinder 
The t;>asiest way is to use the "Set Startup ... "' fc,1ture undt•r the 
'Special'· menu 1n the Finder. You ma)' .llso sd1;.•(l tht> applications you 
w<1nt to hJVt." loaded upon rcst.irt <h1gh1ii;h1 them before ~de<ting ~t 
5<.artup). If the apphcahOrb you WJnt to start .uc ttot ,lll in the ,;amc 
to!dc-r (and so C<lnnot ,,LI be '-ele<.:tt>d at once), you may either drag them 
to the 9me folder, or ,ltter starting MultJFllldt>r, go through and stJrl the 
apphc.1.t10ns on._o b\' u,u,.. ~t Stal'tup wiJl then kt \'0\1 choo,e to bring up 
,111 of the running applicahons afkr ft_•.,Mrt. 

Another way to start t\-lulhfmdt'r is 10 open your Sy:::.tc:m Folder (best 
dom.· with the optio1\ kev down), and double,lick the \.1ultiFinder icon 
whik holding down the- option and command key"-

• Comm:md kty to bypa-t'i the use of Multifindtr at slartup 
It vou h,w<.• \lult1Fu1der 'i("lt"C'ted at restart, but w<lnt to start up in the 
Findl•r instead, hold down the rnmm.1nd key (and thi.' conun.,nd key 
onlv) ht-fore MulllFinder is loaded m thi.' boot procec;,;. This tnck 1s 

t!'5>~ially helptul when you h<wi.' a nuinber of .1pplications !;Ct for startup 
which you want to bypass lo,,Jlllg, or if you have d1s..1bl('d the use of 
Virtual. and don't h.ive t•nough mt0 mory to load tn31l)' application:::. 
Oiherwi-.e. 

• How to allocate space under MultiFindtr 
After you arc up Md running under MulhFmder, the look of thi.' "G('l 
Info" box (which ,,ppe.1rs .11t.-r you have sc]ecied .an application ;md 
dl0:i,E,>O "Get Info" under the !='inder's File menu) h.1s two new fields. The 
edit.,ble box {Application Memory Siz,e) lets you sclc:ct how much of 
memory you wol1ld )jke, to ,1lloc,,te to this parhcul.lr <lpplication when it 
1s nurning under Mulhftndcr. 

7 
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\Ve h<Wt.> found it to be a good tdc.i to i.n1..rtase the parhtion that Findf;'r 
itself receives wht.·n runnil\g u1lder MulhFind('r. U.:;e ;'Gf't Info'• on the 
F.i.t\der ;,nd increM;e the Finder's Application Memory Su.e from 160K lo 
at lea.st 320K (and prderably 512K). This t>nhanrM: tile duplication, 
cop~11ng, 1:/C 

It ic; also a good tdca to set J.uger size partilion'I for many other 
applications ,,s wdJ A vaJue too smilll c.1n limit the utility of thl.' 
apphc,HiOJl~ while too high a \'a)ue might force C)(CC~sive M•d 
unnecec;sary virtual mcmor}' ,1Cb\'ity. Expc·rime!H IO rind tht> best c;etting 
for you. It takes some time to break the old mind-:;ct of coru;er\·tng 
memory and to adopt one of coru;erv1ng your time .;ind effort. 

• Oon't quit progr,1ms (until you have to) 
l'o avoid memory fragmcnt.1tion .'IS mentioned above. don't quit 
progr<1ms u"td you Hnd your,;;elf getting low on memory Who know~? 
Maybe you'll nNd the apph~hon fatl'r m the d~1y (or the Wl"l"k!). Many 
applkationc, will let you close all thelr windows, .,nd c.H1 I~ ,,lmo-.1 
tram,parent untd nffited. Starting up an application is often one of thl' 
.most time-«:m.:;uming tasks in\'ol\'ed ln usmg it, ,ind 11ot quitting will 
keep the number of st.1rts n,qui.red to a minimum. 

\Nht>n you are looking to free up ., block of m<'J1\0r)' to st,ut another 
program, l"h('ck the "About the Finder ... "" selection under tht.> Appll' 
menu when running thl· Fmder. 'lot only do you have to dear out 
enough <;pace to load the new program fos spct:1fo .. -d m its "Get lnro" 
bo)(), but thi.! bJocks which yo~1 empty mu-.t be next to each other. About 
the Finder shows the current size allocated to each blcx-k, but al-.o 
di-.plays the programs order next to each other m memory. 

• Somt prog.r-ams mu<\I be loaded in special areas. 
The most notonous ex.ample here ic; Microsoft Exce1r-.c, which must run I 
in the lowest 1 :Ytegabyte of memory Multifmder kJ,o,.,·s Jbout -.ome of 
these cxcephons, and tnes to l'("(;t'rve th~e zones until they are rt.'((mrcd, 
but somebmes you <,ln h.ave lot'- of memory a\'ailable and shll not be 
able lo load a program. If you use Excel, you may w,mt to starl it firsl 
(even if you don't need it right away) 1ust to h,h't il r.:-serve its place. 
{Updated vcn;1on~ of Ex~l which .,ddre<;s thi<1 problem are .said to be 
forthcoming). 
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• 
• t.:s, the Apple menu to swit<h b-etvi.·een applications 

When you h;.,ve ., lot of apphtatlon:, open. it i.s often much fa:,tcr to :,hift 
h> 3JlOther application by selecting it from under the Apple menu as 
opposed to cydlng through all open applications by dicking on the icon 
i,, the upper right corner of the <:.(l'ffO, Suitcase™ can make this pl'OC'e'is 
even ca.:;1cr by :,uppn.~sing the desk accessories listings when the option 
ke1, b depre:.sed before the Apple menu is selet:ted 

• Use (unction keys whenever possible. 
Function keys and command-key equivalents can really speed and ease 
the ta:,1.. of getting around when Job of window:, .ue open. For ell.ample, 
if you are in the finder and the de-.ktop is hidden by a large window 
,...-h,ch prevent<i vou from click.Ing on a Aoppy disk you 1us1 mse.rtOO, tty 
JUSI hitting the command-O key (thic; will open the last item selected, 
which should be the dLSk you rust insert<..-d). Similarly, if you can't drag a 
diskette to the trash, try option-<omm.:md-E to atwmplbh the same end. 
rhere are lots of shortcuts like this, and many more can be programmed 
or ,lssigned u~mg some third-~trty funcaon•kcy softw,tre. 

• When possible, avoid arbitrary moving and resiz:ing of windows. 
Every hme you move or n.~u:c .i w-i.ndow and expose other .,pphcations 
running underneath, all of th(' windows newly t,>xposed hJVt> to be 
updated. Usually thls is no big deal, but sometimes (e,;pecially when you 
are ru.n.nmg lob of 3pphcations at the :;amc t:Lmd under virtual m<.'mory, 
each application must swap itself in, update any small window zone Jus-t 
\'xpo...ed, ;lJld <;wap ils.,>lf back out again. - the ptO<:t't,,-S l>e«lmes t:i.me­
c.:onsummg Aftt.•r "' ltttlt- practice, it is easy to learn how to set up your, 
windows on the c;creen to minimizt> this problem. Use lilrgt> windows to 
hide k~s frt-qumtly uS4..-d ,1pphcations in the back. Try to keep the right 
edge of your ma,n dJsplay dear to have acccs:, to your disks and the trash 
when doing Finder operations. Use function keys or the Apple menu to 
switch between applications. 

9 
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How Virtual Memory works: 

This section is only for thos(' who have some idle curiosity of how 
their new virtual memory software works. An und('rstanding of 
these concepts is in no way nl'Cessary to enjoy the benefit,;; of virtual 
memory. 

Virtual memory h,,'lc; bttn u'i4,'d for many ye.us on mamfram(' and 
minicomputers, but Virtual on the Macintosh really represents the rirst 
time virtual memory has ~n avaifable to any program runmng on a 
popular persona) comput<.·r operating system. 

General Concept 
'When we want to expand the working memory space of a computer {to 
add more -.1orage lixalion~ ,ll whkh th(' computer can address valu<.~ to 
bi: n.-ad or written with values) we haYe a hide choke of what kind of 
storage to add. There are lots of diftewnt ways 10 SIOrt' mformahol\, all 
the w,ly from vel)' fast c;tatk RA\1, to ORAM, to hard disks, to flopp)' 
disks, to tape storage, to writing thing.c, down on a piece of paper, and 
theu the user L.lter Mvu,g to type ,t back m. 

Nonn.-\lly a disti.nction is made betv.·een directly addres.c,;ibh, .. location-., 
like RAM memory, ,:rnd lnpul/Output {1/0) devict's, hkc disk dnvcs. 
Virlu.ll memory works b}' blurnng this distinction. Instead of adding 
el(pensive DRA~i to expand memory, we can allocate some parl of an 
alternate storage device - create t' file on tl,c hard dtsk - and use that 
ftlc to store the information in our expanded memory space. 

l-1t~r, when the rompukr lS running. special hardware (provided by the 
PMMU or the CPLl's MMU) dt"h><'I'> every ?ICCe:h to any ICX;,lhOn lJl this 
expand«! \•U'tu,1I mtmory SJ:Xtl"e-. Fan.I 1t chc..-cks to see if the information 
ll:> ,,tread)' stored somewhere in real URAM memory. If so, the prorx-r 
C'Urrent address of that il\formatton (caUcd the physical address) is 
applied to the mE>mory hardware, and the memory rcspundl:> with the 
appropnate value requested. Note: the ph)•sical address (where the 
r~u<.~tcd mforrnation actually rcstdes) may not be the c,ame value as the 
'logical' addrec.s (which i'l where the CPU thought the infonnation had 
been ,;,tored) This rcprcsentl:> .i translation of addres..-c;es, ,lnd is called 
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, 
"remappll\g'' an address from one lcxatton lo anolher T.:ab1es ac«>ssible 
to the M\.lU keep tra-ck of the latt'St tl'anslation valuE."S; n large fraction of 
thP time, the Mt\•IC can perform this address translation lookup for th(' 
CPU in Jes., th.1n one•h<1lf <lod. cycle, whkh mPans that there will be no 
delay caused by the translation process. 

Sometimes the requested l0<atiol\ is not anywhere in the semiconductor 
memory, but ic; instead stcm!'d out on the hard disk. If this lS the case, the 
pl'()(esc;or s.1ves its state on the siack, and looh for ,1 .t.om• of tnl'm0ry 
which 1t doesn't think wdJ be needed for a while (perhaps one that 
hJ.-.n't be-en getting much use). It takes the information from th.at zone 
and wnt<.~ 1t out to the hard disk, :,0 ii c.i.n use the spact> juc;t vacated to 
read in the information whkh ic, stored out on disk. Aft(>r the requt'Sted 
information h.a5 l:>et>n retrie\fed from the dlSk, the addre-5s translation 
tables arc altered :ii() that the infonnahon appears to be at the 'logical' 
addre~s whtrt> the CPU originally sought it. [he processor 1:, thi..'n free to 
restore ih state from the st,1ck and n~umc ..:·~«utlon ju,;I where it left off. 
When it tries to access that information again, th.ls hmc the u,form;;itton 
will be 111 DRAM. 

Given a ::.uffk1ently fast hard disk, and sufficiently intelligent virtual 
memory managemE"nt softv.·aw (to minimize the number .ind fr1.-quency 
of swaps necessary) v1rtu.,I memory J)l.'rform..,nce ca,, appr(Mch that of 
OKA \1 for m.rny t}'pes of appliC'..ations. This i__c; because the "ast ma,onty 
of opcratiou:. the l-Otl\pl1ter performs ate '-equfnlial in nature, and 
accesses to memory don't Jump around in;, totally atbltrary ,uanner, bul 
K'nd lo prog.r~s ,irros.~ zonM or dumps of memory. In the wor..t case, if 
every access to memory re5uJted m an acce:,s to the disk file, the 
computer would prOC<.'<'d ,ll a snail's p,,1ce; more than.,_ thousand time-; 
slowt'r than norm,\) However, for the vast majority of real.world 
applications, this situation simply never occurs. 

A Page swap 
One -.tandard method of minimizing the overhead of :.w,1ppmg locatio1,s 
in from external storage is to group a whole bunch of locations together 
mto a unit called a "page," After all, 1f we JUSt requested an ae<es'i to a 
particular IOC;)liOn, then' is a good chance we will need to acces-. the 
location right after it in the near future. And besides, when we 1tad from 
the disk it's Jot:, fost<'r to read;, bunch of roru;l'<:'uhve localion"I than it i<i 
to retrieve infonnation a byte here and a byte there. The term "Page 
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Swap" then rders to the action of wntmg one page out to disk to fn~ up 
space m order lo tt",ld another page back mto memory. Common page 
sJ.lb ,ue 2%, 512, 1 K, 2K, 4K, and SK blocks. 

O"m;1nd P.tging 1 
there arc sev('ri.ll mt"lhods of deciding when 1s the bt"::it time to swap a 
p.1g(': One o( the most obvious, (and a method often having cxt.·dlent 
performance) is to ~wap a page 01dy when ii is needed, or required. This 
is c.alled Demand Pagmg, ~ince the p..,ge is retrieved on demand 

An ,,tternative approach is the "Working 5(-t'' theory. Here. the J><lgt> 
management softv,1are ,lUtmpts to figure out what pdg:t•s Me Ukt>l)• to be 
t1Sed in the near future. and sw.ipl:> those pages in before they an.• nt«tro. 
For example, if )'Ou jusl shifted under MultiFmder to a dilferent 
apphcation than the on-e you were just u:.mg, th(' ::,c:,ftware might swap m 
,lll of lhal application, rather tlwn JU:i.l the p.,ges which were needed on 
demand. Th1s can have both positive and negative c-fft.-cts· ,f you just 
popped into the application to do .1 quick copy, you could find your~lf 
waitmt; to swap In a lot of pages you are never going to use. It i<i easy for 
the software to "out:i.marf' ll:,.elf. On the other hand, whdc runmng that 
applu:ation, >'Ou may not have to wait for .,ny further page swap:. to 
ocn.i.r. 

Virtt1a1 uses the Demand Paging ,,ppr<Mch, whic:h mNll-'i that it wd) 
effecth'ely lo.1d up only those sections of an applkahon that you use. 
The fi1"it time you u:.c a new fun<:ti.on or pull down a menu, there may be,> 
a bnef J:\lUse while code for that function ls lwded. But thereafter, an)' 
subsequent use should find the rode already loadl.xl ,H\d ready for 
exect1Uon JI will keep just those scchon:. of those program., you most 
need and uc;e in memory. 

pseudo LRU :algorithm 
ro do this, thl' $OftwMe US("'I what has been called a psctido l.east4 I 
Rerenlly4 Uc;ed funchon. Every time you use any memory locahon 0l'l ~ 

any page, ('xtr.l hardwar(> on the J'MMU chip rcmcmbcn; that page has 
been a«essed. In addition, if the location 1~ modified, lhat information 1:. 

slored as WE."11. (The ama:ang thmg 1s th,lt ,lll of this information can be 
continually updated with virlually no degradation in perform,1nce!) 
When it comes t.Une to do a page swap, the computt.•r look. through all 
the pages, and just :.ekrts th<' 0tl(' whi.(~\ h.asn'I been used in the longest 
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tilne - the Least Recently Used page. As tt.n\e goes on, all of the 
frequently u,;ed information stayi. in memory, while infrequently used 
informatmn spends most of its hmc on the dbk. 

We can speed thmgs up even more by takmg mto a('('()unt whether a 
page h;,lS bttn changed at all while ii has been in memory. H no 
infomtation on the page has been changed, we can Silve ourselvec; some 
time by not bothering to write that page out to disk - the information 
already stored on the disk i.s the same as thal in memory. Slnce the time 
to do a disk write i<i almost half of what it takes to do a page sw<lP, we 
c.'ln in('reacie our page swap pcrform•mcc by nearly a f,tctor of two if we 
preforcntially select p.:iges which have not been modified. Thu, is the 
r('ac;on th.at the Virtual file occupleS a full 8 Megabytes on the disk, 
m::,tead of rust the amount needed to supplement the memory ln }'Our 
macMne up to 8 Megabytes - the :,pace l!> us(-d to store the image of 
every page in memory, m case that page .remains unchanged. 

From :.not her viewpoint 
1f aU of this seems conftLc;ing, an alternative vlcwpoint on the whole 
virtual memorv prOC\'&; is to i.m.agine that the entire memory sp.,cc of the 
computer hao; bl,>en moved from RAM out to the hard disk. Then a very 
fa.c;.t, intelligent h.ardv.3re disk cache is -.et up in memory acct.'Ssib1e to the 
CPU, so th.at frequenlly used disk sectorc; (pages) are the only ones ktpt 
u, RAM. The net effect of this process would be very <lose to the 
impleml.'nta.tion of viJ1ua1 memory. 

13 
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For Developers: 

Although Virtual is transparent for many applications, others 
require an intimate knowledge of the machine's memory map for 
either performa"ce or alternate bus master use. Connectix is VC'ry 

interested in supporting other third party developers with the c.1lls 
and documentation required to support ~uch applications in a 
virtual memory environment. 

Guaranteed zone of resident, 1:1 page m-1pping. 
For apphcalion.s which do not require large blocks of reserved memory, 
the firc;t 641< of memory are guaranteed to havt: a l: l logka1·1o-physical 
mapping. The problem now is 10 somehow get hold of memory down 
this far in lhe syslem zone. Once a beach-head has been established, any 
transfer out of this memory which is pt'rfonnl-cl by the CPU Is of course 
.'Ible to support tra,,slation to the full virtual address space Jn th,::. 
manner, a rotatint'i buffer :;c:h('mt wall aUow <:ontln~1ous transfers from 
a slot r.ard into memory. 

Other C".llls. 
Such transfers are not always possible to <."S t,1blish u, a OMA 
c1wironme1u Co1mecOx has a set of propoS4."d memory management 
calls which will allow smoother operation in a \'irtual memory 
environment. These calls serve to; 

1) c~tabJish whethet virt11al memory (any no1Hmity memory 
mapping) techniques are in use 

2} Octcrmmc Page S12e 
3) Communi<'ate the logkaJ-to·physical address translation 
4) Lock and unl(l(.'.k 7.ones of pages for performing transfer:. 
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More i.n.forn,ation 
Such standards should not be created in a vacuum, and so we look 
forward to he.1.nng from d('vC-lopcr.,, both to d1stribt1le lhis information 
and to receive input on extensions and exceptions. Please addrc:i.s all 
correspondence to: 

Conm .. -ctix Corporation 
125 Co1t:,tj1ution Dnve 
'-tenlo Park, CA 94025 

'rel: (415) 324-0727 
Fax: (415) 324•2958 

15 
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Commonly Asked Questions: 

• Can t set Virtuail to tmulate ltiS than 8 Mc:gaibytes of virtual Memory? 
No. A design decision was made that the problems of cre.:iting and 
uncreahng contiguous blocks of disk storage every time a different 
amount of virtual memory was dt'Sin:d, versus the s1mplkity and 
tranc;parency of operations with a fo:cd 8 megabyte s1a leaned hcavlly 
toward filling the operating ,;ystem to its Ii.mil \\fe thin.k you'll ag.ree 
(especialJy aftec some use} th,lt too much memory is far superior to too 
httlc. 

• l\Thy only 8 Megabytes? 
8 Megabyt('S tS th(' maximum amount t;ur~ntly T("('(lgui7ed by the 
Macintosh Operating System, so Virtual fills your memory to the 
maximum currently allowed. Although the Motorofo 68000 family vses 
32 bit addressing. in the current operating system release Apple uses 
onl>• the )o\v('r 24 blb, for address information. Thi<i means that under 
the Macintosh Oper.1ting .system, 224 addresses C3Jl be used, which is 
equivalent to 16 Megabyt~. Of these 16, 8 are dedicated to system RAM, 
one megabyte i-. dedicated to each of the six slots, ,lnd the rest LS 

OCC'l.1p1ed by ROM and motherboard J/0 addresses. (A Mac II running 
A/UX'M can addN$S the full 32-bits, but this is another operating system 
not much like the Mac's}. Apple is rumor("(! to be working on c-;y,;tem 
software which will ,;upport the full 32 bits of .,ddressi.r\g. ;>t which 1tme 
the Mac IJ' c-; <;urrent memory n,,lp would allow a full Gigabyte 0000 
Megabytt'S} of system memory. When thi.:; ()('('!)rs, using the \.1emory 
Managf."ment h.:irdwa.re you now have available, the amount of virtual 
memory poc;sible on your machine wut not so much d('ptl\d on the 
operating system, as on how much di'-k storage SP,.l Ce you can afford! 

If l have .more th.m 1 Megabyte of DRAM on my machine, will Virtual , 
take advantage of the ext-ra memo,y? 

Absolutely The more real memory, the better. Although it is possible to 
emulate 8 megabytes using 1usl th(' or1gmal one Megabyte of RA~t, a 
significant perfomw1nce advJnlage is added each time you i.J,creJse your 
DRAM memory. In particular, the fir,;t extra megabyte really helps, and 
we rerommend you have at )('aSt two megabyks ln your machme 
Vartual memory allows you to do things which were not possible in the 
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original memory available, but as you increa.se the semiconductor 
memory in your machine, you "Arill ~ a performance increase. 

• Can Virtual use the extra memory i.n.sta.lJed on ;'In expansion slot board? 
Not an this re1ea,;e. Probably not until the 32 bit System is available. 
Lnder the curK•nt OS, only I Meg;:'lbyte is alloc.ated to each slot, and 8 
meg.abytcs is the li.Olit. Using a board to reach this hmit 1S uot usually the 
most rost-eHective mute. 

• The Virtual file is 8 M('gabytts big (819'2K)! t have a 2 Meg machine, .so 
why isn't tht filt holding the virtual memory information just 6 Megs 
big (2+6=8)7 

Ptrformance. When swapping a page in memOr)' that has not been 
modified, we can speed up the page s"•ap lime by a factor of two if we 
can count on there still bc-U,g a dlsk image of the unmodified pagt. This 
requires that we be .:ible to store the image of all pages in the virtual 
memory -.pace, regardless of whether it ls i.n RAM. (See the section on 
I low Virtu.'11 Memory works for a more complete explanation) 

• When l turn on the ntac.hine, it looks li.ke it Cl st.1.rtin.g nornHtlly, but then 
it resets itseJJ halfway thtou.gh the st.art sequence. What is happening? 

This "stutter-start·· is absolutely normal. Right after V1r1ual expands the 
mtmory space, it has to move a bunch of code op to the new top of 
memory (some importanl code wants to be loaded at the uppermost 
memory addresses). This lets all of the memory in the mac;hine be 
treated .'IS oue big block after a ,;tartup. instead of being broken up mto 
pieces. The ::,tutt('T t.lkCS pfoce as these rode segments are reset into their 
new locations. 

I havl." l hard drives. Cal\ I move Virtual o(f my boot drive? 
'fol with this relea,;e. This is one of the plannl-d upgrades - allowi1\g 
virtual memor)' stornge on any remote storc1ge device. for Ethernet 
user$, this means that virtual memory files could be stored on a remote 
!;4.'n•t.-r, One mo.rt good re-Jtson to send in your registration card! 

• Virtual see.ms much slowt'r on my m:u:·h i.ne than on my friend's machine. 
~'hat am I doing wrong? 

Virtual's performan~ is heavily dependant upon the actt<sS .'lud lr.l.nsfer 
speeds of your hard disk drive. ThOM> of you ,'lfho 1t\8de the investment 
ma fa$1, high ca}X'city drive should (ind that your investment has paid 

17 
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off well. The amount of real memory L-. also of ('ritical imponan«', and 
the more the better. 

• I still get "Not Enough Memory" errors when I try to start applic.itions, 
even wilh 8 Megabytes of memory! Whal gi\•es7 

Not unlike d isk space, memor>• becomes fo.,gmcntcd The current 
operating system 1s not able to relocate entire applk,.'llions lo coalesce free 
t-pace in memory. After enough time, the zones get broken down into 
smaller and smaller pieces. Al :;Omc pomt, it i.s usuaUy best to restart the 
machine, which will dear the mtmory fragment.lhon problem. 

How much d ete.'i my lll3Chine slow down wh('n usi.ng virtual memol)'7 
There is no fixed answer to this question. lhere ic; u,;ually very tittle 
perform.anCE" degradatio1, until you start 10 use (man .1ct1ve application) 
,1Lmost a.s much memory as i.'i installed in your m,,ch.in.e. As ~n Js you 
st,trt actu,l.Ll)' usmg more memory than ic; installed, the number of page 
swaps requirt"d Sl31'lS dimbtng quickly, and the performance decreac;es. 
How r.1p1dl)• this occurs is very dependant on th(' p.'lrticul-1r apphc.Uion 
you are running. Theory .;an giv(' us a worst·caM" ,lnswer (more than 
1000 liM('$ slowi:t) but i.rl ,my real world practice, this situation never 
occurs. The only real an,;wer to the queslion is to lry it ,lnd :,('t' 11 the 
perforrn.ance decrease on any particular application warr.ints temporarily 
running without virtual memory. 

• After I have loaded s-ome progr.,,ru, even if I later quit them, and J go to 
the Control l\mcl to shift monitor display characteri<Hi('S, my 01..1chlnc 
crashes frequently. How c.an I ave>id this? 

Some of the desk a«essorv mtmorv chc..-cks are not as robuc;t ac. those for 
.ipplicahons, and control 'panel de~·kes s.omehmes run out of memory. 
Th1~ usually results in .1 machine crash. Try setting your monitor and 
colot characttristks otUy when you have lots of free memory available. 

• I've got :in hnage sc-1nncr for a backup tape drive) lo\'hich almost alw:iys 
crashes while running under \'irtual memor)'. How c.:i.n I make it u~ful? 

Tiu,• e-.:isiest ,utd suresl way to gc..'1 1t to work is by disabling thf use of 
virtual memory by holding down the ESC key at restart. If you have 
time to explore them, some ahemJI(' methods may ,,bo work: lf possible, 
try reducing the size of the partitioo the prog.r;:un request:, under 
MultiFinder to a value :;omcwhat less than half of the ram installed in 
your machine. You can also try to do a,, operation which will force the 
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1oadi.ng of the required pages into memory, like reading in an old 
scanned lmage from disk and closing ii befow scarutlng a new one. A,.;, 
hmc goes on. patche., to Virtual and to the drivers or such devices may 
become available to case ll\<:'Ompatibility problems. 

19 
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Installation Guide 
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Installation Summary 
(tor people who don·t read manuals): 

• Virtual requires both hardware and software inst.tllation. 

• We recommend that the hardware installation be done by a certified 
Apple technician. 00 NOT TRY TO INSTALL THE HAROWARb If 
YOU ARE A NOVTCE1 Connectix is not rclloponsiblc for .riny da.m,1gc 
done to the product or the machine caused by improper installation! 

• Software installation is simple. Just drop the Virtual program into 
your System Folder, and then restart the machine. 

Register your copy to receive update information! 

Read the manual -you might le.am some v.11luable tips! 

1 
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Hardware Installation: 

If you have an A/UX m.adti.n~. a ~fac Ilx or any 68030 Mac:in1osh, aU of 
the required hardware i!-i already incorporated into your machine and 
you can skip thi.s s<..-chon. t 

w, re-commend lhat the hardware installatiot1 be performed by a 
certified Apple technician. I hE:"'-e t('('hni('ian$ already have training and 
experience in the proper installation of the ~otorola 688.51 PM.MU into a 
Mac ([ The inMallalion process is easy . .;md can be done by 
appropriately tramc:d pcr:.onnel in just a few mmutci:.. It 1s only slightly 
more djJ(irolt th.an removing or adding more rnemory to your Mac n, but 
if you have never inserted a chip in a socket before, now is not the tim-t to 
/nm, - u:,lng an JC worth several hundred doll.an.. on .'I machine worlh 
beveraJ thousand! T,ll(e the extra hme aud expeno;e to have it done right. 
Your computer dealer should be glad to install this chip for a nomlna1 
<erv.-e charge. 

Do not open or play with the 68851 P~1.\.1U package untiJ it ls caUed for 
m thl' instaJlation proe('SS, It is sensitive to static electricity, and ha,; 
bttn sp«ialty p.ackagtd to avoid such damage occurring during 
shipping. As soon as you open the package, this protection will be lost, 
and My damage do1,e to the chip wiJJ be yout responc.ibility. Stay your 
curiosity until proper precautions have been taken, and prc~trations for 
inslallation made! 

t P'A'.;i"-t' Ml(' tMt if \'OU ha\'\" 11n '000 MlletlllM.h or ,1lr('M!)' hllV(' 11611&51 PMMU cltip in>l.l.lled •n 
,·our matltinc (tu,, e,,.tm~, a M.-c LI «1t1fii,;un-d fur A/UX} yvu ,hould h.n'-' purchils.ed this prodm:t 
ti\ the so(tw11re-c,r.l)' ,·1m,i<1n. If thi-: i<. not lhe ose. 1all, to vovr (X>.;il(,r brf()I"(' pmtteding! Al5<1 note 
1h11t a dilfcttnl ~·cr.,iun ol Vutual ~ n-quucd Im opc"fation oo 6tiOJO madu1)eS thiln (Of the~; 
chrd, 10 m11kr WTf' yall h11i.·r di,(' P""J'C1' V('"IOfl f(!lf )"QU' mllthinc. 

23 
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The following is included as a guide and/or review for the 
technically competent technician installing the 68851 Pl\tf\1U chip. 
Read through the enlire hardware installation process before 
beginning work. Although installation is not difficult, CONNECTIX 
CMNOT SE HELO RESPONSIBLE FOR DAMAGE TO EITHER 
THE PMMU OR YOUR MACHINE CAUSED BY IMPROPER 
INSTAITATJON! 

11te proper e1wironment 
Before you StJr'l, t,tk(' a moment to C)(aminc your clothmg and environ­
ment. This installation should not be pertormed in ,rn anc>;i •,·du•re -.tatic 
eleclJ icily is a poten.tfa.l problem Wearing a woolen sweater. or any 
clothing material commonly a-..sociatt"d with st,Hic sh«ks 1s not a good 
idea (cotton clothe~ are bei.t). You may w,mt to removt:" your shoes, 
f.'Specudly whcn working on a carpet Remember that it takes far le~ to 
kill an IC th.an it does to get even a small shock from slatic ('h4'rge. 

• Unplug the M,1chine 
Thi.<o is such a simple step, that eve-n old pr0s C.ll\ fo~et! As long ,lS the 
m,1<:hmc is p lugged mto the wall, there is the danger that full power 
could be applied lo the logic at ,i.ny hme. An arodcnt,11 drop of a screw 
might cause permanent machine dam,,ge. Se sure to unplug the 
maduue 

• Exposing the old MMU 
After o~ning the caS(', remove the ..i. screws :-.ecuring the disk•drive 
platform. We have found th.at it io;; not usually 1,«e~M)' to remove ony 
of the dlSk drive cables; if caution is exercic;ed, the en.tire pJ.'ltform may be i 
gently ~tcd upon the motherboard, leaning against the power supply or , 
video card. TI1ic; will e):po-;e the old memory m,tnagcmcnt unit (\4\lU), 
at the location a:, shown m Figure 1. The old M).4U is a large black 
square JC in a socket just in back of the main p1(1(;essor, and i" u-.ually I 
fobeled with something hke 343·0002· 1 ©APrLE'86. There i.s a ra1~d 
metal dot at the location of pint. 
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• l:xtracting the old ~MU 
One of the ~t, and certainly the mo-.1 rom.'t."ni1mt e)(traclion tools we 
have found to help remo\•(' the old MMU ts nght in,;ide your Mac: JI -
the metal Expansion CO\•er Sh;eld::. located ,ll the b,,ck of each expanston 
slot After you hft ,1 cover shield from its position, thf lowfr portion of 
the piece makes a ne.uly ideal "rlghHHiglc lever"' with which to help 
gently pry the old IC out of 1b pfostic socket. Wedge the open end of the 
"l" betw1..'t'n the JC and the socket. with about h,llf 1he width of the 
shield extE>nding beyond the socket's t..xlge (see Figures 2 and 3). Gently 
pry to hft up the corner ot the IC A{tet you fed th..- fu-:;t comer just 
st3rhng to move, switch to the neltt romer. Once each corner has st.,rtcd 
lifting, the rem,trnder of the extraction usually proceed.:; vE'ry N<iily. 
Aftc-r the old ~{ML has been removed, check to make sure that none of 
the old pins have -.tubboml)· remained in the socket. so th.at all of the 
socket's hol('S an: now clear. 

25 
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• Getting to the same potential 
After the old MMU h.is beE-n tt0\0\'ed, bong the packet containmg the 
new 68851 PMMU over to the machine. Touch the bare mela) of the \.fac 
11 power supply's outer <.'l~c whHc gently holding the PMMU packet 
with your other hand. "This •,viii put you. the computer, 31,d the PMMU 
au al the same potential, so the danger of :.tatic damage will be 
minimi1:ed. Tr)• to finish the installMion before moving away from th(' 

machme. If you must move away, touch the metal case of the power 
supply again when you first return. 

• Inserting the new 68851 PM'1:tJ 
Xow you can carcfuUy cut open the static protection bag and remove the 
J>MMU. Remove th...- proterlive rubber foam from the PMt-.•n;•s legs, and 
take a moment to visually assure that none of the legs are severely bent 
out of ahgnmcnt before pro«.>t.'dmg. (If such i.-. the r-<1c;e, take gr(>at care in 
gently straightening them using a set of prcct:.ion needlenose pliers.) 
Place the JC on the socket from which the old \1MU was removed, with 
the gold atrow on the top of the ch1p pointing to the ''I'' in white 
~Jlk~n't'n on the motherboard (Pigure 4). Make sure this alignment is 
correct before proceeding! The PMMU has 132 ptns, and sv the m:;ertion 
force requir'-.-d to push it mto the socket may seem rather large as 
compared to smaller I Cs. With firm prf!:sure from d,rntly above with the 
thumb, try a gentle rocking motion unW the cMp 1s firmly !iof."at'-.-d m the 
soc:ke-t. Try not to let one side of the chip get too much further down 
than any other side. I( you are unsure of the depth o( insertion required, 
comp,lre the position to th.'11 of the main processor. Do not pound the 
rhip into place! lt is po5sibJe to crark the motherboatd if too ,nuch fon.~ 
is applied! Gentle, firm pressure should :;cat the JC until the ceramic 
body rests slightly above the -.ock,et. 

27 
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Figure 4 

Closing up 
Uly tht d1sk :,helf back onto its normal n-sting po:,1hon, and n.-sL-rore the 
4 scwws. Repla~ the meta1 slot--shjeld uSC'd for extractio1\ of the old 
MML back into its appropriate position. After the machine is doS("d 
b.1ck up, take ,1 moment to plug tt m and tc::.t for normal operation; the 
machine should boot and operate norm;illy. 

Your mach ine will n.m fine without Virtu,1JT>1.software installed 
Addition of the PMMU chip does not <IMnge the st,1nd.lrd function,,Uty 
of your Mac, and you'll be able to run applications just as before whether 
or not you m:,tall the Virtual softv.•,ue. 
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Software Installation: 

Orop Virtual into the System fo lder 
To rnstaU Vittual in yo\1r machi1,e, start up your Mitdntosh, put the 
Virtual program d ic;kettt> into the floppy d rive and copy the Virtual 
program into your System Folder. Go to the Control Panel, and make 
sure that the RAM Cache is turned off (this wiJI help increase p<-rfor-­
mancc don't use the RAM Cache whdc runnmg 1n virtual mernory.) 
The software ,,,.ill automatically in..c;tall the next time you restart your 
m.tehinc! 

Restart Machine 
When you rc~rt your n,achine, one of the icons shown below in Figure 
3 should appear on the S<"reen to let you know whether Virtual has 
successfully im,talkd. I If yvu don't sec <.•ithcr o f the icons after rest,\rt.ing, 
see the ~lion entit1ed "Troubleshooting" - you probably have more 
than one System folder on your disk., ond Virtual 1s not in the proper 
folder.) If you see the "Successful Loading" icon, you a.re already up l\nd 
mnmt1g ,\•ith vutuaJ memory and you can sl<lp the ne,ct two s«tions. If 
you see the •"f\ot loaded" icon, don't worry! Just keep following the 
di.rections. 

-$ 
Successful 

loadjng Jeon 

FiguwS 

® 
N"ot Loaded 

kon 

Virtual requires 8 Mbytes of contiguous disk ,;pace 
The first time Virtual loads, it requires 8 Megabytes o f sp.u:e (8192.K 
avadable) on the hard disk (the reason:. for th1s arc discuss,-d C'lsewhere 
m thJS manu<ll), This di.sk sp.,ce must be ro11tiguous, which me,ms not 
broken up into little pieces scattered acr06s the d i..,;k surface, but rather in 
one entire 8 Meg3bytes block, lCre.'lttng and deleti.n,g files o n a d isk 
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caus.p<; th-t' sp.,C't' on the <l1:,I.. to undergo ;m,<;:.mt'nlillion, whtc:h means th.11 
althvugh there may be nMny block"., of open space on tht>di-.k, ,111 of wluch 
add up IO,l l.lrge ,,mount of free sp.1ce a,·,,il,'lble, lhl'\' ,1rl.' not together in one 
big block Since keeping all o( lhl· wrtu,11 memory tile togetht'r in on(' plac(' 
on thediskc,rn signiftc.,ntly sp,:t..'tl uptheacces.-.,rnd r~pon~t11111:of \'1rtual 
memory, \lirhwl will n,ot inc;t,111 ibelf unk-s::, it sees ont> big. ronliguou:,. 
block ii C,'Ul fit mto. This means that t>\'E."n if \'Our h,1r<l di::,kshow<o th,11 the!'\.' 
isenoughsp..1ce (more th,111 8 IQ2K av,1ilablt>), Virti,al m.1~· not be able to find 
,, ::.mgle largeenoug,h block uni('~ thcdi.sk ttt.."'espal"'t' i-. -.11fllci1;nth lmfr.1g· 
ment~ J If your software did not autom.1ttcally ui .. -.t,111 during tht> lin.l 
rc~tart, there is probably not ,1 hig t'fll\Ugh blockaw1il.ableon yourdi-.k, ,md 
you mu-;t t1t1,frax.me11t or co,1lt-.scc the free '-p,'1((' on the d,~k. 

Unfra&menting a hard disk 
Thi'rl" are<.everal \\·,\V) th,,t we can get ,1II of the frt'"(! "P<l:l't'on a<l1"k together 
mtoonc big block. ~..,vE'r,,I <ommemal disk utility progr,,nl"i(m<>",t not,1bly 
Disk Expre~ .. N by AISoft) have ..-asy to uc;e .rnd wen dlx1.1mcntt-d feat\lres 
fot N:moving d1sk fr.igmentation. C.t"ll11lp; rid of ,such fra~mcnt,,hon c.,n 
have the side benehtof .. ~ing up dL<;k accesses. ,1nd you m,,y even ~,;__•m 
h"> have J f,hl('r, more l'l'Sponsive h.ud di-.k dri"e.lfterw.ird~. If you do not 
have such,, utililv. lher-ei~ l11c "bn1tc+force" mE'thod. back up thecontcnb 
of your hard disk in ., file-by-file m,lnnc-r (not the .. imag,~ ('()pV," po-. ... ible 
with S()me, b..1lkt1p programs or devices), ('1,1-.e or a•format the entire hard 
d1.)k, and then resh">re lht· fil~ to tht• h,1rd disk trom b.,cl.u1) - the lll"Nly 

reston~d Iii("; will 1(,-.1\'l.',1II of the volume's rr,-,~..,r,l(t' m (Ille Mock at the end. 
Once your dbk j::, unfragmented, rt"it,1r1 1he n1mputcr and \'irt1,al ,;houkt 
load succe,;stully 

Keep the original di.skcttc! 
It will hl~difficult to -.ave the \'Jrtual file fmm tht> h,,rd d1 .. k,1ftcnt 1s m::,talled 
b('('.ausc of the file's larg,~ (R192+K) e,panded size. Kt~ep youi ongin,,J 
floppy in., S("(Ol't' locatfon as a backup (you m.,~· \.,·;mt to mow the write• 
prote<t plashc slider on the di.:;kt>Ue Iv llll' "':-.t."t•·through" ~ition, whic:h 
will lock the di~k-t'ltt' from bcmg altered until vou mO\t' the ~tu.fer back). 
This dtskette i'i not COJ)}" pl'◊ktkd; wE."re tru,;ting your hono, lo m,lkc- no 
C'OpK':!; other than for your own ,1rc.:h1\·.il purposes. 
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Se.nd in the registration c-.ud to tt('('ivt' information on software updates! 
We can't send you update information on new c;oftware releases il we 
don't know where )'OU are! Apple may eventually update the operating 
"'YSh.•m 10 work with fuU 32-bit addressing, at whkh polnt we can re)C;)Sl' 
a version of Virtual which will allow up to a full Gigabyte (1000 
Megabytes} of vi.rtt1al mtmory capability (or at Jt.v1st as much hard disk 
space as you <;an afford)! Additiom,Uy, bug fixes or significant feature 
enhancements may prompt an upd.llcd version prior to that time. Take 
JU~ a moment now to fill QUI the registration card, to keep on the cutting 
edge of t('(hnology in personal computers. 
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Installation Troubleshooting 

Hardware Installation Probtem'i: 1 
A complete treatment of all the potential problems mcurrcd while 
inst,llling the PM.MU is beyol\d the srope of thi!> manu,ll. Again, let us 
recommend that e\'en though the inst,,Ualion process c-an be very easy, 
since expen.,;ive hardware i~ involved, you should have a qualified 
techmct.an perform the hardware installation. 

If operation is intcnnittant, make sure that the PMMU is ful)y watl'd in 
its socke1 (compare .:ag,lin to the m.:ii.tl proc-essor). Ch«k th<'tl none of the 
disk d ri \fe cables have worked loose during installation or transport. 

Softv.•,ue lnstallation Problems: 
Most softwMe installation problems can be traced to one of the following 
pro~lcm,· 

The $0{twarc is not resident in the .. bll-SSed" System Folder. 
H you have copied Virtual into the System Folder on your hard disk, and 
neither of the icons shown in figure 5 appears when you restart your 
.machme, the software has probably been placed u\ the wrong folder. 
Although it is not a wise idea, there can be several folders on a hard disk 
with the name "'System Folder." f.or that matter, it i-. not even necessary 
that the folder which «:mtau\S the Finder .'Ind Sy:,tem you .He usiog be 
called ''System !-'older;" many people call ii •·Sy,;tem Stuff" or "Startup" 
or some other custom name. It i.s not usually a good practlC'e to keep 
more than one Sy.stem on your hard disk, but 1t is mu<h more impor,ant 
tl\at you at least idtntify whkh System you are using. Even if there is 
more than one 'Sy:.tcm' on your dlsk (you can u:,c the desk ruxessozy 
"Find Hie" to see if there is) only one of the Systems is used during the 
boot p~s. n,e folder of this system is known as the "blessed'' folder, 
and it is normally the la,;t folder into which both a System and a Finder 
have been deposited. Recent versions of the Macintosh Finder d1:.play a 
small f\fadntosh in the iron of the blessed folder. Virtual 1:. an 1:-.tll, n.nd 
must res1de m th<- sa1ne folder as the blessed Sy:.tcm and Finder if it Is to 
be installed at startup time. 
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There is not enough oontigt1ous spa.Ce a.vail-1.ble on lhe hard disk. 
After Virtual has l>L'Cn deposited in th~ propel folder, there <itill must be 
enough room left on the hard di<ilc drh1f." for the 8 f\•fegabyte fi)(' n..'<)uirc-d 
for Virtual to operate. (When you an- running your Macintosh, the 
mformat1on stored in the expand l,"d \'irtual memory you arc using tnust 
have some place to reside, Instead of being slored in expensive 
semiconductor RAM, thls information is p la('('d into a file on the hard 
disk drive. lltis file musl be large enough to store all of the mforrnation 
whjch could ever be placed in virtual memory. Therefore, to make t\ 

space for 8 Megabytes of virtual memory, there must be al 1e.ast 8 
Megabyte:. (8192 K) of SJX'C.C avaJktble on your hard di.">k.) In this version 
of the software, there is no means of decrcasmg thjs re<.jtl.Lrement. 

If your softwa~ still displays the ")•fot•loaded'' icon after enough space 
hac; been cleared on your hard disk, re·read lhe section on 
''Unfr.1gmcnting a Ha.rd Oisk." 

Too mi ny lNlT, OJ' {011flkti.J1g r_NTTs ;.re t;,,eing loaded al startup. 
Unfortunately, not alJ INIT fik-s work together. However if your 
1Mchine boots with Virtual disabled (hold down the [SC kt.')' at rt-st.ut to 
check this) it probd.bl)' can be m,lClC to work under virtual memory. The 
full virtual memory space is not available until Virtual has been started, 
c1nd so after virtual memory has been set up. Virtual must rt."-lOad all of 
the JNITs (and debugger, af any) whach were lo..1ded before it. ln order 
to reduce this problem and speed the boot process, Virtual toes to be 
lo,Mlcd .lS soon as J>(lf-Sihle in the boot sequence. It does this simply by a 
judicious choke of name: Sin«- INJTs arc 10..1.dcd m .,lph.lbellcal order, 
the program is named _ Virtual ('space·virtual). Some other program:. 
pull the same trick, and may get loaded before Virtual, but so Joug as 
they do not gr<\b exccssi\'e amounts of memory thjs should Ml be a 
problem. U you suspect the loodiug order ,nay be at issue, try renaming 
the files to change the order. 

Then- could .1lso potentially be problems in the loading of debuggers 
and/or disassemblers, not all of whil';h (tlrrentty run under Virtual. If 
you have a third party debugger (usually renamed as MacsBug) or 
disassembler, try draggmg them out of your System Folder. 



, 

34 

VIRTUAL TM 

La:.tly, remember to make sure the "RAM Cache" has been tu med off on 
the Control rant!, a:ncl that uothing is leaning on your ESC ke-y during 
reboot 
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