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Magneto-optical Disk as a CD-ROM Development Tool

F. Kay Houghton and Allen L. Luettgen

~roductioq

Computer-based training (CE3T)programs are becoming more sophist icat cd.
‘l_’heyare no longer electronic papers, but are large multi-media systems whicl 1
incorporate computer-generated graphics and digital audio as well as text. “I%(I
numerous computer-generated graphics, large audio files, and complex hyper-
text structures place a great demand on the computer system’s binary storage
capacity (disk space), If the use of interactive video is prohibitive because of
cost or other restraints, a compact disk read-only memory (CD-ROM) deliw}ry
system is a viable delivery system.

Because CD-ROM is a read-only system, the development and delivery systo]t]s
must be dill’erei~t. There are several alternatives for the development systel]].
including a vmy large hard-disk and a magneto-optical disk (Irivc. Rccc]~tly a
C13Tpackage for radiation protection workers (RPTs) that w~s developed at L:w
A]amos National Laboratory LAN.) was delivered on CD-ROM. A [ilil#l(~t~-
optical drive was used for the devcloprncnt systcm,

‘lIIIS paper will disc(lss some rmsons for selecting a CD-ROM delivery syst(v])
at~d tl~c use of ~~l:~gl~(:to-optic:lldisk drive as the dmwlopme~~t syst(vn.

(lJD-ROMFor Del@?ru of CBT

.Sclcction OJa CD-ROM Dclk?q Sgstem

It) III(S IIISI livt* V(’iits tl]t) (ost 01 ;I (~1) I<OM(I(*IIv(*I.v S.YSI(lIII II:IS SIII, ttilt)ti;llly

(1(’(’[”(’;1S(’(!, S() ttlill It IS I1OW Wlttlltl tli(’ 1“(’il(’tl 01”lllo St tl”;lllllll~ (ll’~; llll.Iillloll S.
‘1’11(’1”(’;il’(’ !+l’(’l’;ll (’011s1(!(’1’;111011s”Wll(’11 (’stllll; llll)g tl)(’ (’os[ 01”!1)(’ (11’ll\’(’l”\’
Svsl(’1 11, ‘111(’ S(’1(’(’t loll 01”Itlr (1(’IIWTV I)kltlol”ll) Sllolll(l 1)(’ 1):1s(’(1 011 (’os1,
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\vlll(’11 (os(s 1(’ss [11;11)$1 ,200,” Wils (1(’[( ’1”111111(’(110 I)(’ tllr ;IJ)])I”OI) I’I; II(” ]) I; II II) I”III 11)1



the RPT-Trainer. To allow the program to run as smoothly as possible, it is
important to allow the CD-ROM to transfer data at its maximum capacity. The
faster the data can be transferred from the MS-DOS buffers to the memory, the
faster the data can be transferred from the CD-ROM. When a machine less
capable than he 80386 was used, the graphics and screen changes were jerky
and disconnected.

At this time full motion video is not available on the CD-ROM: therefore, if the
CBT is not a text only package, it is important to have the best color graphics
display. With the cost/performance ratio between Video Graphics Array (VGA)
and older color standards comparable, the use of VGA, which allows the use of
both graphics and scanned images, is recommended.

To take advantage of the digital storage ability of the CD-ROM. digital audio
should be used. A digital audio system includes the cost of the audio board and
the speakers. The audio board which we used was about $400. Other boards
and playback systems are advertised for less. Thus, the cost of digital a~]dio
boards is decreasing,

Ille selection of a CD-ROM player is dependent upon the system used. At this
time, Apple, Commodore, and IBM have different platform standards. 1( the
delivery system 1s IBM compatible based, the CD-ROM player selected shcmld
conform to the 1S0 9960 standard which was ador ted by the International
Standards Organi~stion (1S0) to define a CD-ROM directory structure. The
actual cost of the player is between $400 and $800. Thus, if the CD-ROM
player is added to the basic delivery system of a 80386 PC with a VGA monitor,
mouse and audio board, the total cost ranges from $3,000 to $4,000. ll~e
addition of a CD-ROM player has minimal impact on the delivery cost.

Selection of a CBROM Development ~stem

01 cw]rsc, Lhc selection of a development systcm depends o~~tile dcl[vcry
Systcm selected, ‘Ihc dcvclopmcnt system specifications are t~losc of tllc
delivery system with the addition of a read/wrtte medium, lkxwtisc (}lc
dcvclopmcnt of a training package is often an itcrat Ivc promxw immrpor:tt iiIg
mnny changes, the dcvclopmcnt systcm needs 10 easily accommodate t]Ir
cl~at]gcs, Ikxmusc CD-ROM is a read-w]ly device, :nuliiplc masterh~gs (i~lrii]g
Cl IT (I(w.wlopmmt would bc prohibit ivcly cxpcnsivc (approximatee]y $1,500” a
m:lstcr). ‘llwrelorc, hardware with read/write capabilities wh!ch min)(c t1](*(; I)
ROM k r(tq~]ir(xl, ‘1’hmc ;irc several diffmcnt typcs of hardware dcviccs
;~v;~il:~l)lc,itwlt]ditlg rcmovil)lc Imrd disk, Ilxcd Imrd disk and ~l~:~gt~(’to-ol)ti(t;ll”
rc[llov;ll (Iisk, I.is(t’d l.)(>loW 1S th(’ cost pm ttlcgal)~l(~(IXlt:lwi~r(*,II]c,, 1!IH!)):

Sill(’(* tll(’ (’OS1S iirc Virtlliilly t}l(’ SillIl(*, t}If (!(K’iSiO1l llltlS[ 1)(’ t);lSt’(1 011 ottl(’1”
(~ol]si(!(wltiolm.” ‘111(’ ~)(v.forlil;lilw of ttw (i(w’lopnmll syst(m] sI1(NII(IIIIiIIIi(’III(I
l)(*l-li)I”tll;IIi(’(*of 111(*(klivrry sysl(*IN(is clos(’ly as possil)lr.

WII(III s(’l($dit)g ;I d(wslol)IIN*IIlS: WI(III1lot- (:1IT for (:1). ROM d(sli\wy, III(*
l)(IIii)IIIl:IIl(’(1 01”tl)(i (’l) lU)M tlwt(ls to })(9(’ol~si(l(irwl, ‘1’11(’Slf)wt”l”;I(’(’(’ss [illl(’
:111(1tll(’ l;lr~(’r (’;l])il(’ilv ;Irr 111(’two (’[)ll(lili(~lls wlli($tl:Irt’ Illli(lll[’ li)r 111(*(’i )
1<()M.



S20WAccess Time

The performance characteristics of the training package are defined in temls 01
the CD-ROM drive performance and the operational characteristics oft he
software driver interfacing to the CD-ROM drtve.

The CD-ROM drive performance characteristics tnclude the data transfer rates
and access time. The data transfer rates of the CD-ROM are 150 KB/s
sustained and 600 KB/s burst. Access time is 0.8 seconds for a full stroke
seek. Seek time is the amount of time necessary to move the mirror of the laser
beam to the correct position on the CD-ROM. An average stroke is one-third ol’
a full stroke, thus requiring 0.5 seconds. The typical rotational speeds of CD-
ROM are 530 rpm at the innermost track with a constant ltnear velocity of 1.4
m/s and 200 rpm at the outmost track wtth a constant linear velocity of 1,2
m/s (Sony Corporation, 1988).

In comparison, a typical hard disk has an access time of about 0.015 seconds,
with a maximum track-to-track access time of 0.004 seconds. The data
transfer rate from the buffers is up to 6 MB/s (Electronic Engineering Ti:ncs,
1990). These rates are considerably faster than the CD-ROM. Thus, the hani
disk 1s not a good simulator of the completed CD-ROM product.

With an average seek time of 0.0667 seconds (Relax Technology, 1988), tile
performance of a magneto-optical disk is closer to that of the CD-ROM tlmn is
the hard disk. The data transfer rate (about 690 KB/s) of the magnc(o-optifzi]
disk is faster than the CD-ROM.

Other Considerations

1]~addition to the pcrformanm of the hard disk rnd the magneto-optical disk,
tl~crc are other considerations when selecting a CJ. ROM simulator. “l%c
capacity of the magneto-optical disk is comparable to the CD-ROM. The
mag~~cto-optical disk has two sides: each side has half the capacity 01 tl]c Cl)-
ROM, I lard discs of comparable capacity are available for about $3,000,

Limitations of the Magneto@ptical Dfsk

\V(*[IS(*(l ;I tl]il~i~(*lool)ll(~il” (iisk (irlw 10 sttl)(lliil(~(l ttl(” (; I)- I{OM, Wi]li(* 1[1
II IiII)V wii~s 1}1(’ ll)/I~II(t[() ol)ll(’{il (llsk (! I”Iv(* WilS ;III (Sx($(’ii(’l]t 11111111(01”(])(’ (~1)
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ililo Wtll)i(” lX)S t)lll’li’rs. “III(’ lllil~l l(’[()-()])ll(’ili (ilSk (i I”lV(’ Itl(’r(’;w’s til(g S1/(’ 01”
(’il(’11 I)l]lli’r [’roll] 512 i)~t(’S to /31!)2 t) Vt(’S, Iftll(’ ])ro~t”illtl 1’(’(11111”(”Sii i;ll”~(’
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Iil(’ i)roj:l”ill l). ‘ill(’ I<lrl’-’t”illli (il”l” (il(i 1101 t’(’(11111 ~’ lllilll~ 1)1111(’1”S: W(’ [11( ’!”(’[01”(’,
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Another limitation is the inabtlity to use drive assignment statements. The CD-
RC)Mdriver does not allow the use of the DOS “subst” and “assign” commands.
Therefore, it is necessary to use the magneto-optical disk drive in a single
partition mode. Another constraint is, of course, the magneto-optical disk drivr
must have the same drive letter as the CD- RONI in the deiivery system.

@mh.4siQn

The CD-ROM is a viable alternative for multimedia CBT delivery. 11s large
capacity allows the user to incorporate scanned images, large computer-
generated graphics, and digital audio in a large CBT program. However,
because it is a read-on!y device, there must be a separate delivery and
development system. To allow testing, the development system must emulate
the CD-ROM as closely as possible and yet be easy to use. The hard disk
simulation of the CD-ROM is not recommended for two reasons. First, the
performance charactertstlcs of the hard disk a~:d the CD-ROM are significantly
different. The CD-ROM h much slower than the hard disk. This makes the
package durtng development appear very different than the delivery package.
Second, the data must be transferred to a tape cartrtdge before rnast.eri~lg.
Because the magneto-optical disk drive and the CD-ROM have similar
performa~ce characteristics and storage capacity, the magneto-optical disk a
good simulator of the CD-ROM. Furthermore, a tape does not have to lw
produced before the mastering of the CD-ROM.
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