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AIÄPTIHG MASS STORAGE ÄUirMEHT 

TOR THE 

HAlfBLIIG OF A DATA BASE 

Robert L. Patrick* 

ABSTRACT 

The introduction elaborate■ the title of the oral 
paper, and liate the hardware that is available 
for aase storage, describing its characteristics. 
Definitions of a few necessary terns are presented, 
and operations on files are listed and discussed. 
A discussion of the important basic system considera¬ 
tions of I/O balance, timing, and available design 
strategies follows. 

System-analysis criteria are supplied so that the 
designer, once he has defined his task and chosen 
his strategy, may proceed to design within the 
constraints chosen. Several additional considera¬ 
tions are also given. 

Following a sugary of the material a startling 
time-comparison from a recent technical paper is 
presented. 

*Mr. Patrick, Computer Specialist Consultant, has been activ» 
problems of computer applications in the analysis and deslía 
information-handling systems. 

in resolving 
of large-scale 
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IHTROEUCTTON 

In titling thi« report "Adapting Mass Storage Equipment for the Handling of a 
Data Base," X don't mean hardware adaptations, but "software." I suggest we 
adapt the devices that are commercially available to our problema. There 
are people who are working so far out in front that they can set specifica¬ 
tions on the hardware they require, and get it built in time. There are 
other times when specifications are aet for brand new hardware and it doesn't 
quite materialize, or something goes wrong, arid it costs I EM 17 million 
dollars. Clearly, most of us are going to have to live with generally 
available commercial products. 

First, one more point of clarification; This is a state-of-the-art talk, 
but let me modify it by inserting an adjective; This is a state-of-the-art 
practice. What sosie talk about as state-of-the-art Is everyday labor, others 
mean things that we think we can do and are trying to demonstrate in the lab. 

Let us not think that we're building large data bases all by ourselves; no 
matter how elating this concept, it's not true. There are several excellent, 
popular efforts going on, and some of them predate our work by 5 or 6 years. 
As an example, the business-data processing field processes large files and 
works with a data base. Wor let us think that we're alone in working with 
hu#i flits. I recently attpnded a meeting sponsored by the Library of 
Congress and the Rational Science Foundation. We discussed, among other 
things, the Rational Union Catalog, an index file. It is a large data base, 
containing 1¾ million cards. This building would Just about hold the National 
Union Catalog. 

In addition, the County of Les Angeles computes our tax billing for 6 million 
parcels of property cm their D-1000 computer. They "goofed" a time or two, 
but solved their problems. As another example, Title Insurance in Los 
Angeles has about 6 million legal descriptions on parcels of property. Every 
time one of us buys or sells a piece of property in Los Angeles, ‘die trans¬ 
action is processed against that file, on an H-800. 

(Rote: I will often use IEM as an example, not because I recommend IBM 
.pmsnt, but because I am Anillar with it.) 

As I said, I will restrict myself to the state-of-the-art—in the field, if 
you will. Figure 1 shows the three mejor types of hardware available: 
Magnetic tape, an artist's schematic of magnetic drum, and a magnetic disc. 
(Unfortunately, I know of no useful, associative memories now operating.) 
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Let's start with magpetlc tape, for example, an IBM 729 Mod IV tape, which 
passes tape under heads at 112.5 inches per second. It uses six channels, 
plus parity, to make up a frame or a character; reads and writes 62.5 thousand 
characters per second; and starts in 7*3 milliseconds. You don't need to 
worry about the stop time because that is’"free" (the computer is released). 
It has 556 characters per Inch. If you had a 1668-character record, you would 
be using the tara at 80* efficiency. At this efficiency, the 2000-foot spool 
of tape would hold 10 million characters, and could be read in less than 4 
minutes. 

How direct your attention to the magnetic drum, a form of cyclic storage. 
The principal provider of this type of storage is Remington Band. A typical 
present-day device is their "FAßT-RAHD" device, which rotates every 70 milli¬ 
seconds, or 860 rpm. On a "FAST-RAHD" drum, 64 million characters can be 
stored. It's big, and It has 15I kc transfer rate (15I thousand characters 
per second transfer rate), surd 670,000 characters can fit In a cylinder In 
one setting of the head servo, before the heads have to be moved. If you 
must move the heads, then a "servo" penalty is required—30 milliseconds if 
you move them to the next track and 86 milliseconds if you move them fill 
width. A current modern-day drum is a little different from preconceived 
notions of a drum. These huge drums do not have heads fixed to the machine 
frame, but are "servo” controlled; they slide back and forth, to have less 
electronics for a big storage volume. 

on the right is a disc storage. There are many people that make these, but 
the pacesetter is the IBM I301 which they call "random access. " It rotates 
every milliseconds, or 1760 rpm. It has 56 million characters on it. How 
we car.'compare. On tape, we have 10 million characters; on the "FAST-RAHD," 
we have 64 million characters; and on the double module 13OI, we have 56 
million characters. It has a character-transfer rate of 90 kc—90 thousand 
characters per second. You can get only 224 thousand characters without 
moving the heads. If you want to move the servo to the next cylinder, It 
takes 50 milli-seconds to move one track and 180 milliseconds for the full 
swing. 

Thus, these three create a profusion of types of hardware, with similar 
abstract characteristics, but dissimilar specifics. 80 we say to ourselves, 
Voao things should we notât" With tape, the first thing you should note 
and be aware of is that it is a "serial" storage medium; this medium has a 
set of characteristics all of its own. 

First, note the start-stop time, because you don't want it to take forever 
to start. Hotice the transfer rate; the checking features that are in that 
tape; and, finally, the compatibility—and by cceqpatibility, I mean brute 
hardware compatibility. Put 7 channels on the machine and record them the 
same way. Fut 3/4 inch gaps on them. Thus, you can take a file from Machine A 
to Machine B; you can pass files up to a higher-level comsand and down. 
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NotriofBí«™”?Í¡thertdT1 0r dlBC' ‘you ^ lntereBted in a different slant. 
course, the rotation rate, because that determines how long you must 

£ ^llhetîeVTr "T?0 thJ- ^ y0U Bome Information of? LtTsc 
tra^fer^r.e h^ î,ma , ‘ ^ tC y0U' 1V* cyclic- ^»«rve also the 
Wnîî +hl ^ long dos6 11 t&ke yo^ to get a block after you request it. 
anî^irtîÏÏ i®1*!0 tlme.h0W i0ng 11 t4keB t0 110ve these heads back and forth— 
^look at the ratio of the heads times and track capad+v t0 the number of 

^TtoeIL%t0re,d' 5e^UB<ï 16 uie ««»Bure of the probability that you'll 
. have^to stand a head servo movement while ycu are reading a lengthy block of 

eïaaïne the rel:&bimy statistics on the machine because there is no 
means of checking. There's only one head. With magnetic tape (with our read- 

víí arrasL^riî? voíydUl- ^ ^ nnlah Wlting a Plece of “^«tic tapí, 
broi^rívHw tw Í don t get a parity error and if the hardware is working 

S r corre::tly written. The only way to check a disc 
* ~ ^11 ^voi-utlon, and then read it back. This is a severe penalty 

but it is the current state of the-art ocvcre penalty, 

!¡¡r>,'!írí?C'Ur'rS tong *ny 01:' fUe ^ “i old cooputer and aay, 'VoVo 
S 11118 tB 0ftt,ri very clumfly> *nd results in poor performance 

thi n^ÍC cí“nel ^01 cctm'c’-s th' physically rotating mchanlLl d^lce’ 

ín-t^^rrgfrõ/^ worth 

harr^rr^;-!^ you couid **doing ^hov ci0« ^ 

* TT! Uuttl® “t®*- I»«" * on PI gire 2 la the familiar 
3-draver file, from which we removed the coffee cup and the old nottad to««* 

««H SCÎÏf^rV' randMi-acceaa Sîl^Â 
access mechanism that Is sometimes quite picturesque.' For low-activitv 

dliîâ.^.1.1 Uke t0 tMn11 °f- “omant mr.) ?t., «*«ll.« 
1« n«t CUIT'nC, “ lf th' ‘a «Ah, or if tí. nu. 

u ,v*“*bi' hardware. Thl. Is charactarlssd by blah 
SÍÍÜmÍ .î?d ïi* c0“t' t*1®*’ °f course, have the advantage ofbSnv 
removable, shipable, and storable, and excellent for serial files Tha J?. 8 
and drum, are valuable, comimred to tape, because althoí* thíí înerSî.^; 

^ceT^Tl^oí0!^ "T,0f they1 decrease^tbs^maxlâum ““ access ror an item of Information, when the reauirement is ^ 
Replanned. Furthermore, they are valuable when the reauirement n?í * 
th. me muet be on-line and that batching cíZt £ 
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Usually, to back up the disc, as shown in Item C, we have a magnetic tape fcr 
our "grandfather" file. In addition, we usually maintain the serial file of 
incoming transactions even though we are operating with a disc on-line. If a 
disc or a large drum on-line were constantly updated whenever a message 
in from a conmnmication system (e.g., ComLogHet), if orders to ship an item 
were automatically cut, if the amount available were decreased, and if this 
were tallied and checked against the re-order level, the disc file would be 
current at all times. To do this., you would probably keep a magentic tape 
serial file in contiguous arrival order, in parallel, to keep track of all 
the transactions processed against the file. Then, in case of failure, you 
could take a "grandfather" tape copy of the disc file, reprocess the transactions 
as a batch against it, and regenerate the file. 

I'd like to narrow the subject field a little bit more by defining "data base." 
To ms, a data base is a set of files--an ordered collection of entries, each 
of which consists of a key and some data. 

On the lower left of Figure 2 is a section of a telephone book. The key 
consists of the last name of a party listed in the telephone book. Riere are 
certain modifiers to this key, to narrow the definition. Riese are adjectives 
that do Just what your hl#i school English teacher told you they did—they 
narrow the scope of the noun. 

In the example, Leo is an adjective that narrows the set of all Markmans to 
Leo Markman, and, if there were many Leo Markmans, the middle initial would 
narrow it further; then the address; and then maybe a "Jr." This sorted file 
would be entered on last name, first name, and, perhaps, address. And the 
datum related to that entry--the telephone number--would be obtained. 

OPEHATIOBB Û» FILES 

The select operation on a file (this is my definition) is the case in which 
tha key that is related to the desired datum is known unambiguously. (See 
Plffire 3*) As an example, if you wanted the phone number of Owen M. Gruber, 
you would scan the list on the left side and find that Owen M. Gruber was a 
unique entry in that file. 

On the other hand, we perform file operations called "searches." Whan you 
"search" a file, you enter a file with a partial key, or with a key that is 
not unique--an ambiguous key. As an example, if you wished to call an old 
shipmate of yours, named Guernsey, from the »aval Academy—you called him "Cow" 
when he was in the Academy and you don't remember his first name, but you know 
be is In Los Angeles--ycu would then enter the file, scan down the Guernsey's 
to see if there were any clue to your friend's first name. You'd find I.B. Guernsey, 
a Comander, who lives in Santa Monica. With a partial key, you can search a 
sorted fils, and have some chance of achieving a hit. 
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Aa indicated earlier, we perform three major operations on files under the 
general heading of "update." We Insert; e.g,, if we wanted to put Sally Gruber 
in the Gruber’s, we’d make an insert in the list of Grubers with Sally's name. 
We also make changes; e.g., If Canander Guernsey changed his -telephone 
number and moved to Malibu, we would use his existing entry and change the 
data field associated with it. And, we can make deletions. If Nicholas Grunt 
gave up dentistry and moved away, we could then take Nicolas Grunt's entry 
out and delete him frost the files. Furthermore, we can steal a bit from 
those who have gone before us and make use of the search delimiters--the 
names Orossman-Gulld at the upper rlfgit of the page—that are conveniently 
provided. 

If you had a manual, 3-drawer file with a girl to access it, the alphabetic 
labels on the front of the card drawers would be search delimiters. Ibese 
labels would allow you to split the file. In the case of the telephone book, 
the search delimiter is a page high-low (here, Grossman and Guild) that tell 
yew, "Don't start your search unless what you're looking for is greater than 
Grossman and less than Guild." 

We have stolen this same technique on the magpietlc tape putting tape high-lows 
in the tape label (on the front of the tape). That way I can make sure that 
the operators hung the correct tape out of a 30-tape file. If we had a file 
on disc storage, ws would keep an inventory of the cylinders of the disc 
either in primary memory or on one of the disc tracks, using this inventory 
to avoid unnecessary positioning of the heads (a potential waste of time). 

a 

Figure 4 shows a convenient form of "Gantt" chart, which I find valuable in 
discussing input-output balance. Reading from the top down, Input T. is 
shown as the first series of horizontal bars; Compute, T is the mídale 
series; Output T is the lower series. Time is the independent X axis. 
When we start a process, we have nothing to do with the computer until we 
gst our input read in. There's no output available so both the computer and 
the output channel lie idle. 

After we lead the entire input for Item 1, we nay then do the computations 
for Block 1. We are then ready to output Block 1. The process continues 
eyclicly. 

A two-channel buffered computer, is Illustrated on this special Gantt chart, 
peraltting two processes simultaneously; e.g., Item 2 is read by the input 
unit while Item 1 is being processed and is output by the output channel 
while Item 3 is being processed. 

The maxi sum throughput for a cosquter system such as this one (the technique, 
incidentally, is general—you can apply it in both the macro and the micro 
cases) is in the case of a minimum unexploited resource. The processing for 
one cycle is seven and one-half time units. You'll see that we have one time 
unit available on the input channel, since the processing is three units and 
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“"î“- ““'P“* “»'«» one-half unit bec.u.e It's 
vouí Inh ^ A^í Unitß ^ the coniPute 18 units. If you can get 
your Job done and reduce the amount of waste space on a chart like this 
are approaching maximum throughput for the hartare you’ve got Í^tluíd 

wd shaded m^n 8 ^locations between the 70^0, a 709^, 

iê ProceB8^n8 time-the seven and one-half units shown, 
toav one of these charts to determine the natural balance of the operation 
“ aSïna^FÎtîi^ lndefnd^ review, (i work with somebody who^ capable 

is “?m8¿ JTlsrrÏLlZ l îi1 ^ 1 don,t e6" a review if Sere is too Dig a discrepancy between my work and his check T Af+j.*. 

'Z^.T/O^T ^5041°8 “4 P*010"8 =“ "*to • 
! ^c%of » Proc... to Ju.tlfy mich «n .»rcl«. If Jou 

•nd^ä Hin íí "tí * chmgc-you fu.h your contutor to the voll 
dlffSint hirtïïîo? tteoighput you wat-you mot huy .coo more or 

Stt*S*i^ll?ôFÎSrî,i‘îï‘, "“Î "‘l11” ^ CC-I“« -1-0014 ha graatar 
™tha St «íí i" of ‘Tí’ Th‘n 1--- at cour.., . .wur .¿.tlcm 

äSHS s r‘rn s: - of«\rÄÄ. 
t~ ers. s:.0^1/ 
aithi»r sniN-Sr* *et ^611 you ^ ^8 hardware. The others are ail 
either softwàre functions or combination functions affected bv both hardi«r«. 

SâS'^tBí.1í‘í*1Íl8ent pr0gr“ aMl«"- ^ «n 'ît^rlSïîr 
¿ÍSíí foí îî! î11^ 4ÎT“e th* Chrcughput of the .hoy. Similar anation, 
vrlttan for th. output .14. ara iu.t .. valuable for analj-ting th. prô?«. 

Air Force prertÎTâ^cSbinM*«!^ mim' a^tuilií/íir^thf'infSm. 

s.” TrATAVzrz^ ziix zrt t. r/--»? rr 
Z’JÎIT of ^ iTthTLûM^ r • 
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Íf?4.tÍÍ8 Ch0^C?: combine the f11« with everything under one entry name , or 
Sf j \ "k apart ^11^0 tbree 8*Parate flies (with seme overlap, I am viHing to 
admit), the average record length may be adjusted. The advantage of the' 
combined file Is, of course, that only one update program and only one lookup 
program are required Its disadvantage, obviously, is the length of the 
record. 

In the split file, let’s say that File A is telephone directory information 
and personnel information, File B Is a payroll file, and File C contains 
interests and hobbies. So,, to find a man who is a Navy commander, who has 
some computer experience, who knows something about music, and who reads 
ut does not necessarily speak Russian, I would need information from File C 

to make a selection. (These are very' valuable ways for controlling the 
record lengths.) But you ask, "How do I know when to do this?" 

We do a transaction-frequency analysis, as shown In the lower half of Figure 6. 

We/ÍIBt llBt a11 the transaction8--Transaction claB6 ^ Transactlon clasB ß 
and Transactions Class C , to infinity; determine what transactions this file 
usually supports; and do a frequency analysis, by class, of the transactions 
supported, checking to see if there are any others that are significant. In 
the case illustrated in Figure 6, Transaction Type A occurs with great fre¬ 
quency, and Type B with slightly less frequency. The set of Cs is significant 
as a S2l> not a8 individual transactions; thus, it’s clear that you might 
as well combine them because it’s not worth keeping a separate file for each. 

In this case, you split the file three ways: Types A, B, and C. Separate 
data fields for processing Types A and B will result in short record lengths 
and If the C a are combined, they can be processed whenever there is. spare 
machine time, since their volume is small. 

t 

I detected, this morning, the fact that maybe some of us were talking about 
the same things, using different nomenclature. This may be from our different 
backgrounds. As shown in Figure 7, there are alternate strategies available 
for designing a computerized system for large files. In the civil sector 
your concept is minimum dollars. Cum dollars means that you accumulate your 
expenditures for this function, in an infinite running sum. The mathematician 

lnberested in the minimum of the running integral of dollars over time. In 
the civil sector you allow step functions-we call these capital expenditures. 
You will allow then, anytime payoff can be predicted throughout the life of the 
device. You work very hard to minimize the average case to reduce total cost, 

ou give preferential treatment to the frequent cases. You place them on the 
front of the tape, or put them in the middle of the servo swing. 

Iri^ the military case--the military real-time case--you don’t have a spare 
millisecond. You are interested in the "min of the max’s." The left hand 
ordinate is the rate of the effort vs. time. In a real-time case, you must 
not run late. Often, the computer equipment is dedicated to the task. You 
can allow higher average processing if it lowers the max. You try to get ready 
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fflaytdot'that que®tlon ^ respond right now. You 
? . . getting ready several times, and maybe the question is never 

irL“™; c^e We,tIOn n0W lf “ ^ 

îitemUy^n^irJÎÎÎ ultlÆate opacity line or you're dead-perhaps even 
vcnT^i I environment, where you're minimizing the maximum, 
yZt^xTJZZ tre^nd0U6if5n«rgle8 to getting ready and improving your position, 
a^ilîbWn f?rCe admoßt equalB y°ar minimum work: force, and is also 
available all the time You work to increase your ultimate capacity or to 
decrease the effort required (raising the efficiency) or both Exploiting 
your resources to get ready for the eventuality.. exploiting 

1 had to ask the question in Figure 8 bluntly because, from time to time 

processing^nitThe UP qu«Btlon of batch processing vs, on-line 
? *' 1 Very Clear ^ crißP: ve batch because it's efficient 
íare ítE« v ^ m0re efficl<?nt than on-line, but with today's h^rd-* 
vare, it is. You can reduce the total effort, both man and machine by batching 

ïiZehtoEhlr0niMnt ^11 tolerBte deiay (and that's a big "if"), set the batch1 ^ 

emcienS eiC'sS^ ^ ^ they,Ll t0lemt^ and ™ the 
^atiS The "^PPen8:u r exaffiPle> ask for an airline reser¬ 
vation. The girl says, Sorry, the reservation's desk is busy." • They're mein™ 
ïn* *Ohfy0Ur ,t0ler“Ce °f delay by a backl0S on the girls t^t'are 2^1 
ng the queries. That raises the efficiency of those girls: they've always got 

an outstanding query and are running at full capacity. You wait/because if vou 
hang up, you don t get your information, and so you batch, to raise the efficiency. 

Even in a real-timï environment, If you're over-loaded -you have a t»rkW 

Z up Tt ? op'r*tlon8 “d : to S>i» efficiency 
1« In P° ï r'"“"b'r^ real-time, on-line operation 
IS, in present state-of-the-art, running with batches of one 

Zj. fthJ’oi,0?11 “'î*118 ln ? 16 «loro-timing of 

. ona-track etap-l. 
movement is required, re "»ximun 

The intersections are conveniently marked by vertical lines labeled B C and 
D. The independent variable is block length. Just for fun let me 
those four ordinates, reading from the bottom to the top. Tape above poilt A 
is 7 milliseconds; no movement on the I301 disc (b) Is 17 milllRemrrtßPPmi / 
movement on the dime i’ri < a ¢.-7 _< 1 n<_ , , ^ ' ®iiiiBeconds , minimum 

(D) la 197 milllaeconda (mlaf íncl'^^ ^ 
time, which Is one-half of a revolution.) These, then, are the elated times^ 
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the ^J1“8 yOU,your C0,nBÄnd ^0 the unit to the time 
aprinat diBc althi ln' Clearly' I,m unfair in comparing tape 
c^rt ia íaÍúawÍ ^ ^ d° thl8i and f°r that rea8on> 1 the 

QUESTION: Do those times cover information transfert 

^ h*V' no ‘“fon-tlon transmitted. TU. 1. 
rfrä 1° 00“ ln’ “>• el»P»«l «»» from the time 

i jr . cannand to the time the first word of memory is changed mopir 

ÍTb If your bl-k is 
îh^ th. îf ï!,T111 tr“,ftr th» flock of Infonnatlon to core memory f..ter 

f' «“^'Hl-Provlded there’, no «m movement on th. dl.e l7lt l. 
..“L*”?’ ‘i8 fJJ* J* ffstsr then di.c If minimum motion of the dl.c urn 
U.?Î?ZÎLZ°Ï?°* 10 ^ * to D, the tepe 1. f.eteí SL aise ir maximum disc am motion is required. 

£cVSrr S°zr?r13- ktXrn B’ U I"” fetter; .boy. C. 
if hv lf ^Ly minlnm *m ®otion is required; above B, disc is better 
ilmïdvT!iïîSLCÎrîUB,,tanC88 0r excell*nt Planning, the disc ama nrT already positioned before you gave the command. 

ÎSrSjrùît0't,hÎÏ‘,’,l0.Clt.1,nf‘“ r°r ÏOU' 1 reoo-end that you f.eter 

s « ■ s“— 
QUESTION. That implies that the tape is partly pre-positionedT 

“/y^'ccT^ SS'y.4: 

croeeoverT.« «y ffî ÎÎTenTTS.*.^ t0 

present state-of-the-art. By the samT+oi-n ! ter ^ di8c» 
that is random—you don't have any idea what'you are 4 me 
th.„ 1. no preferred order; yoS^^.^rL «e^f “ o"y T^key. 

.í»lflcLl t^ZZ’Zl ‘T*'110'” ln 6 un equal Li nõn.^ê' 
paSlüeT '^•^o^LíSf n*C04” ïrM,M' “d y0U ^ «“ 
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CLOSING 

The purpose of this Jalk Is to scare you a little bit-to indicate that although 
things are nice, they're not quite as nice as we’d like them to be. Figure 10 
was taken ft-om £ recent paper given at the Disc File Symposium by Herman Hess 
of ïnformatics. He shows the time to sort 60,000 l6-vord records, using the 
JM 1301. Three methods are timed: random storage, simulated tapes, and actual 

^ randon .tor«ge, he takes the key that's associated vlth this data 
"’”a “p «lecharacters In that key and does the famous "remapping" to 

nt?i\ Í * t0^e it; on the dl8C- That's what he calls random storage. He's 

thl of the devlce hy computing an address from 
he pSt^t y' storing it at that point, and remembering where 

With simulated tape, he uses the I30I to simulate 20 magnetic tapes which are 
used in the same way .. »re real m«netlc tapes. He mJs, "Ho. «i 

tape Humber i. He commands the servo to track 1 and It sits there and writes 
on that cylinder until It is full, then it inches over and writes on the next 

CfÍJnd®r’ *}c' There are 250 cylinders on the I301 disc. To simulate 20 tapes 
with them, he makes up 20 logical serial files on L2 1/2 cylinde^r eacÜ 

ySu’U ^ÍceftíL?ep^arÍ1í.S^ed Wlt? *lx^een 729 Mod IV tapes-actual timing. It fill ^ in the basic input file 
PhaIlí1í:Tr?Âd+?,C?d+and ?etting b*“48 on the information to be sorted). 
i** * tbe eternal sort itself-arrangement of items in sorted strings. 
Phase III is the merge. The total time is the next column. ^ 

lîL^UcIn'^ïs^Jîm^* t0^ tl“ “ 93 “d’ “»la« » 1301 
t«^ tí™ i. fi í tí!™ t!*7’ la® speed ratio (the rightmost column), to 
si^litêd tlri¡3 üï!! (Tape is lower by a factor of 6.) For the 
simulated tapes, where he s minimizing, servo motioa, he can shade the regular 
sort time a little bit, to a ratio of .88 (13.6 minutes) With Ictml t£*s 

^“ncT^t*0"' 0" the T090) ^-78 "lnUt'■ V'r' ««fe 
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QUESTION: But who would use randcm storage on a disc file? I don't under¬ 
stand this at all, 

ANSWER: This Is kind of--at least in his mind--the way you might think of 
using disc. 

«JESTION: Only if you hadn’t sten it intuitively would you go to this 

extent to find out you couldn't do this on disc? 

ANSWER: He probably wasn't as smart as you are. 

QUESTION: (l appreciate the remark) But, it's well known in the field. 

ANSWER: The reason he did this for the same reason I'm using Figure--to 

shock.' He picked an application that most people thought they understood 

ftixrly well (in actuality, people don't understand sorting very well) and 

people would normally say, "I have a 'random' access device. I'll use it 

as a random-access device." You remember the plot in Figure 9—if you're 

writing very short blocks, tape is much better than disc. In the top case 

here, he's writing very short blocks. Most of the time is spent waiting. 

The hardware that's'provided with the 1301 disc is a single-channel and two 
servos; there is a minimum of overlap; there is no simultaneity of transfer 
in the device at all. 

QUESTION: I think that approach is unreasonable. 

ANSWER: Well, it's unreasonable except that you must recognize that until 

you understand the process, there are some magnificant conclusions that you 

can jump to. If you don't lay your data base on the disc file, to minimize 

the servo arm motion required, quite possibly you'll run longer than you 

have been running with tape. It can be significant. 

In conclusion, performance probably won't come easily, lhe time penalties 

that we saw in Figure 10 are astounding if you do it as stupidly as possible. 
Performance requires careftil attention by a well-founded machine man. We do 

not yet know how to build this kind of "smart" into our compilers. There¬ 

fore, through software, a lot of attention, and some hand-written machine 

code, we mist adapt our equipment to the tasks «t --and. 




