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LGEF Disk Throwghewt Ansluesis Fage 2

A lardge rumber of jssues combine Lo make bthis =roblem oo Lo, Thew aro
»hodiscussed belows zfter which sltermstetive solutiorns sre identified
e bihen descoribed.

Froblem Tescoristian

Réd disks will serve as imase odsts buffers im Lthe THM TIPSy the TH
: the MSE ROCFy z2nd the TM HDTA to COT srocesses, I TM IFC, dats in
Banag  Interlesved be Line formst (BIL) will be reszd from A-~Tarezs stored
disgk in ;Dme imtermedizte formatr, and resd ou i Bamd Seguenhtizl

BEQAY format Im TM FGF» datz will be resd from P~Tares in B30 formshs
shorad on mla? ire BEQy and rezd off of dizk in BSO, M58 RICF  amd TH
HOTa  to CCT are believed to bz rerformsnce sub-sets of the IFC and EGR
processese snd are not snaluszed here in detsil, (It snouwld be noted

that  the THM HOTA to CCT erocess also recuires s BIL to BSO reformatiing
areration: slthoush st 2 lower dsts rate than the TM  IFC srocess
reauires, ) The reformsbibicng  reavired in the IPC c2se causes the mador
difficultwy while in the FOF cases the reauired datz razte is the srimarw
chgllenge,. lueg to the fact that the rrocessing strings sobt 23 backus
for esch  obther (see Lthe section on relisbility below)s similar Aisk
configurations must =erform hoth rrocesses.

Tmage Datz Maesing Roubine

The lawoutb DF image datas on disk, as well s the blocking factorsy  maw
change if  the disk mediz or the dats formats sre modified durins bhe
vevelorment of the IGF, Im order to mimimize the imsract of  a;w  such
cnangesy 3 single routine should be used to mar blocks of imsse dats far
7 diven band Lo shesicsl locatioms on 2n MEBA smd 2 disk,  In sddition +o
Lhiis  maering functiom, fazultye culinders mey be bhurassed hw storins =
T#ood owlinder’ mar on each disk  and losdinsg it imto  the VAY =t

s licetion startur  time. Fecesuse 2 double-cuwlinder seek tzkes roushlw
the same bime 22 23 zingle cwlinder seeks simgle bad culinders om oz 0 sock
snould ot srevent  itse  usse. It should be moted that bursts of bed
culinders could cause lons seeks bpetween ‘addzcent’ logics! cwlinders

ard ocowld  endanger  the zerlication’s timelirnes # limitation om the
rmier of seauentizl bad culinders should be impased  in hhe sragsrsm
Wi oh crestes the ‘zood cuwlinder’ mar.

Another  function whioch  bhe massring  routine ocouwld errovide iz to hels
surnchronize the disk read znd write esrocessas, If the routime s
informed =as to whether 2z marring recuest is for 2 read or 2 writer it
could determine the ‘mhesing’  between resds  and writes which wers
purrantls beinsg parformed, I+ the resd erocess were asdvancing too
rerlaly (Ferhers arProaching 2 roint where interference with +the write
sy a2 was  likelwdl: the mspring rrocedurs could refuse to return
cortrol to the resd srocess until sufficient writes were sccomelished
et the dnterferernce was rno lonser z sroblem. Imelimentation of the
routine im this manner could turm out to ba rion=trivial: 23 it will nave
to be re-smbrant and to communicates Bmomg its currermt zctivations.

T anwg eventy if the routine wers Lo mot only mas the hlocks
bt ds=sue the QI0‘s ditseldyr it could serve 33 2 simple an
interface bhetusen any user >rocszss and the FAA disks,
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MECTAMECO Starting/Storsing

There are Ltwo scenarions for the three mador eerocesses of Lthe IGF, ome of

o

wivict reauires that bhe MECT arnd NECO datz rates for 21)l  Frrocssses
lacked tosether (Lo z2n unzprecified desree)y zrnd the other which recuir
Lhat either dineut or outewd tares e hslied temporarils whenever bne
srocessing deviates from senchronizstion. The Fformer dimelies  tisnble
courled B=¢ A~y and F-Tarpe formatsy while the lztter iz more flexwible in
this regarge a2t the edpense of additiomnzl loor control software.

Faor IFCs ane  could design the srocess with an outrut rete which was
Faster than bthsat necessare Lo keer ur witn the ineugt. This could be
el 2imely bo pe conservativer or Lo zllow the P-Tare to be stopped ab
Lhe #nd of 3 sceme for a2n arbitrare reriod to 2llow  the  insuats a6

outruts to  re-swnchronize. I editing mode {zoe halowls: ane oould
require thnst either tare he stopred whenever it was wazitimg for  the
ohher Frocess. This wowuld simelifge  the ouffering strztediesys whicoh

would otherwise requirs that disk resd/write rhssing bhe meintsined vis
uffer zllocstion stratedsies and F-Tare rreamble~fill. I the rzsts
Lhiere was some hesitsncow Lo maniruglste the tares in this  fashione Dot
that aeresrs o be less of 2 concern now (reference conversations witn
ick Ksiser» Bob Movsse: znd Bob Farrelll.

IR —— General

The A-Tare contzins dats other tham ixel datzes much of which must e

carried sround durinsg the errocessing of the imzsers, When 2lk of the
euhry datsz iz tzkern into accounts 4300 butes =2re recuired hwe ezceh  line

of imade datz (reference 14R0-LEN-TMS-MEMO-040 b John Mcoketh?. The BIL
srene size is A000 linesy =0 thne zmournt of datz for 2 sinsle band is
H000 linss/band ¥ L3200 butes line

or 27.8 Megz-Buwtes (MEB)Y, Since there are seven bhands rer soener Lhe
Lotal storsss reovirved for 2 BIL scemne is 284,46 HME, Hote that =zlLnoush
the thermal band (band &) contzins 1714 of the dataz of the other Dands
Wihsr downlinkad from the sescscrafty it dis rerlicasted durding  the RIOICE
srooessy and is 33 lardge zs the other bands on the A-Tare.

e dats o the A-Tare is intervsl dsatz.: thst is swath datz which has
mot =et been Framed to produce scenes. The frzming FTOC2SD AR N i T A=
geoomrlizhed during IFCy czuses grerrovimstelws 5 percent of the data feom
e soene to zlso be used 1n the following scene. This behasviour is
rmed ‘overlarring’,  When overlzering is combined with the bpsng and
soerne  sizes defimed abover the BEQ sizes become I9.7 MBEApand and 277.8
Mbr’;':f" (=Y

The IFL srocess will run a3t 1/146  res time rnominmnallwe: orp 424
""" undmﬁaceneq This imrliss =a disk write dzatzs rate of 244,484 MRA4A24
wnﬁuudas or &24,1 KBE/second sveradge thorousihruet  for the RBIL  case.

Eond

milarluy the PREQ rate is 277.8 MR/424 seconds: or &55.2 KE/secons
These rerformance numoers are the desidgn limit for IFC, with 20

additiconsl throusheut Lo Dbe added 23 safetw marsin. CIF ome dwera
s conservative se one wouwld likes the problem could become wunzoly

Tre oobttom lime iz that the conservestive rates which we recuirse are
KESseconcds for BIL arnag 788 ER/second Ffor BSG,
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IFC ~— Regd Write Interferencs

Most  IFD  disk dsts lzwouts srorosed bto date take Lhe BIL Format of
A-Tare and Dring it closer to the BSA format of the F-Tarse bwy cres
arodntermediate “hand interleaved hw block’ formst, Wnerm Lthe blocks 3
sotually disk cwlinderss the Band Interleasved bw Culinder (BICY format
results, These formats reauire that 21)1 of the mazs storage ares on
Whieh & scene lies be scsmmed im poth the write 2rd resd modeszs with the
read mode  reading roushls  seven times faster (bwe skisring &/7 of Lhe

clatald .

Ore could resrresent this srarhicsllwy with scene dazts storzsge =2reas  of
orne sxis and bime on srnothery s#s in the followinsg dissrams. Notioce Lne
five sercent overlas aress in each disgrsm.
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'i_:TtmE

HMere one can see the mass storase acoess gattern For odisk bDeffers  with
hoth two 2rnd three scenes per Duffer, The bursts of seven short Lanhed
limes rerresent  the zcecess of esch of the seven bdands Faor resding: snd
the one long thick line rerresents the write zccess. Zirmce the storszdEe
rattern  rerests whnen  the buffer iz Ffilled (after two scenes for bthe
Firet dizgramy znd three for the secondls the disgrams need only  show
Ehree or an scenes for the two-scerns huffer oz gnd five or =0 for for
e three—-scene bhuffer csse,

”.i

t.-‘&
l'[i et

T+ ope  is wsing & dizk medium which is being run 2t close to its rated
Lhrowsheet ratzy one cannot tolerste zdditiomnal sesk  times otner  thnan
thgse zocountad  for dn either the rezd or thne write scenzrios. This
imerlies that a3 given drive cammot be wused both for reszding and  wribting
gdatz =t the szme time: which im turn imelies that there is a fixed

‘winciow’ within which writing can tzke slzeoe., (In the FGF rrocess: (SRt
BIL to BSQ reformattinsg is mot serformeds ang this is mot 33 sigmificant
o oEvroDlem.) fiz BN ewameles this window is indicated om bthe second
dizgram zbove,. When one choses 3 srecific write ‘ratih’ within the
W 3 e g puffesr wtilizstion scemnario hnas  been defineds with =
rean/urite Fhssing delsw which characterizes that serrozach.

asracific writing rettern hes been chosern: one must zllocaste soenes
3 E b disk drives in order to determine i z2 gsiven drive wil
for both reading snd writing 2t snw time during the sroocess, A5
Pllustrationy consider & three scens buffer divided zmong three devices
e osiven below |
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IGF Disk Throudgherut Analgesis 16
disk datsz Formats, MBA wtilizstionme amd drive csescity, Trims o of
two- znd three-soene buffer diagramsy such 33 those zbhoves indicste that

Luwg-scense  bDuffers will mot work 2t 211 amd thast bhres-scerns ouffers
wWwill work ez2sils onlw for configurations where fFive or more drives sre
svailahle,

Tt shouwld be rnoted that 311 of the zbove cornsiders 2 bwffer with three
seanes 2llocsted in 3 fixed fsshiom., Using the same buffer storssge ss
circular uffer hss  not been considered duye  to the comerlexite of
imsuring  that resd/write interference will rnot occur when wusing such o
flewible buffer stratedw.

&

IFC == Editing

cene @diting consists of processing to F-Tare onle 8 sub-set of bLhe
ur-framed  scemes  on o 3n A-Tarey and skisring over the other A-tare cdats
#h hign seeed. Suprose thst we wish to seometrically correct sceres 1L
#rnot 4 of an imterval,. Normzsllsy the overlarred dats ares bhetwesn scenes
ane and two is obtzined from the start of scerne two withowt zrny srecizl
considerstions, During editing: tnat extrz dsts must be rezd a3 &
aracial caser wsing esrt of the buffer 2rez for the second scene. I
prder to maintzin 3 fixed~length angd  -eosition buffering  schemey the
starh of scemne  four must be located in the third bwffer: srovidinsg
further Jdustification for the choice of thres-scerme disk buffers, It
showlod be noted thnst the sustem comtrol timicmg of the editing scermario

ie comelew and has not oeen deslt with here in detsil,

IPC -— Arnmotation Data

e Lo the trirlication of zrnnotation datz mador Frames om bhe  A-Tass,
srmotation dats will come off of the A-Taerse 3t ome third the rate of

o

imase  dataos gnc s0 must be sent to the znnotztion diskis) st
aerrovimatels 210 KR/second. It is rezd off of the disks at the start

of gemometric correction of sach scerney and sent to the FFFy bt this is
arn  dnfreauent orergbtion which could be handled 2t a3 low data rate if
somne VAX buffer room were dedicated to this oreration. For the purroses
of the study. the anmotsztion dsts will be trested &3 a2 throusnheot
Froblem  whern coming from A~Tarey but mot 3s guch whern heinsg tramsmitted
to the FFF.

Im the =zst» the smnotation datsz was rlaced onm 23 serzarate  RAA  oisko
simce  the use of the imssie dsts disks for this rurrose could cause
interferance while reading the imade dals. The fazct thnzat the znnotation
dats rate iz somewnat low is mot sufficiemt to permit the uszse of the
image disksy since bthe seeking zcocbtivite which would result would reduecs
bLie imasie dets read razte below gocestable levels., It arprezrs that =2
zerzrate disk drive  is  reauired for the snnotation datsy althoush it
could be =laced on sm o imade disk MEBA if it were used a3t & lower
than the imsde dstz. In Dhoth the FRMOZ znid RFOSE  solutions
el e it dis sssumed thast the smnotztion datzs is writtern to
drive anoazn MBA which is zlso wsed for imsse dastz» and thast

cdats is both resd snd written a3t 5 low sricritw.

[~
3T
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P

The FGF scensrio zlso  runs st 1714 resl  timer but the Laser
Fecorder’s (LER‘s! dats format csuses some dataz bursting which make
thesze date rates higher than durding IFC,.  aAn sdditionzal contributor
the higher dsts rates in FGF is thast the lins lengths have inoressed
2100 butes (reference urdate to [4RO-LED-TIMS-HEHO-110 ow Jonn MoBath?.
The LER mormslls rums st 2 figed number of owtrot  lines rer mingbes
whathner imase dastz 13 beins created or nots Thizse, combined with the
grrrodimatels 24 rercent of the LER outeut which dis not  imase dstao
maans bhst the dats rate during imsge cresztion is prosortionslls higher,
Fvaern uwsing fsst forwarding during the inter-imzse srzcesy the dsts rate
cirins dmadge dgerneration is BE2.,2 KBE/second (szme reference).

After adding a2 20 rercent safety factors we dget 1022.4 KEsecond. 1t
ahould De noted that only two scoones are reguired for the PGP rrocesse

making 1t rossiole to use Ffewer drives on string three.
Sohecdula

There zre two schedule milestones which involve the diskse: tLhose bDheins
the start of IFC and FGF software intesratiorns asnd the Orerztionsl
Fezdiness Test (ORT) zat Goddard, It is conceivable that =3 temrorarw
cital configuration could be designed which would get the errodect thorousEnh
software intedgration with degraded bthrougneots ot would  then bDe
rarlaced by 2 finsl configurstion Just srior to ORT: the software imeact
of this zeerozoh cowld be sigrnificamt if rmnot =lazmmed for ocazredullw.
ITmitizgl s=software integration idis scheduled to start a2s esrle ss 1780,
#lthonsh it dis nmot clear that the software zssocizted with Lhe Rad disks
will be integrated s early a3s thsty 3 temrorzry disk solution would
Mave to ne be =zavailsble inm the 1/80 to 3780 time frazme. Since ORT is
sohechiled for 31l of 2Cy the Ffimzl disk configuration should be  in
slace Dw FSR0 2t the latests im arder +to sllow Ffinzl softusre
imtegratian,

Current TEC delivere schedules indicate severn month delasws  in delivers
For  BMOZ2 znd RFPO4A drivesy imelwing thzt drives ordered in 2779 would be
deliversen i 4780, This imeplies thaet temrorzrwe solutioms will f=2il  due
Lo schedule unless some deliverw relief is fsiven bw DEC.

Mass Bus Adserltors (MBA s)

The rnumber of MEA’s available for accessing Lthe RAA disks in the
heaseline confisuration is two., It azrrears  that there i1is 7 rhuwsicsl
Limitation on the VAX which rermits only 3 totzsl of esighnt MEA and UEA
interfaces, In anw event: no one with whom I was zbhle to e ‘
arvocsated  the zddition of more HEBEA‘s: even if there wers 3 waw Lo
connect them. Since & dedicsted MEA is rseuirsd for eacn of the MECT:
MECD,  ana FFFy and & single UEA  is recuired for the miscellzansous
raricrnersls on bhe swstemr, onlw Ffour MBA's remazin to be zllocsted o the
cldsles Im order +to dnsure  that debussincg zcbivities cEuse rio
interference withn the arrlicatiorn: the swstem diski(s) snould have thneir
aur dedicated MBEA. This lesves st most three MEA‘s for wse withn the FAA
i, g Lhe third MEA would omle be zvasilzole bw ‘steslinzg’ it from
drivas It iz exrected thast the Ltare drive: which will rmot oDe
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i ouse during the IFC processy could be made Lo share an MBA  with  bhe
NGO, The conclusion which is resched here is thaet althoush twe MBEa‘ s
will be availahles anc  three cowld bhe obtsirned with  some minor
i FFicultyy four wWill NOT be zvailasble. This conclusion is inm camtraast
o some  srevious  scenasrios which were more ostimistic =zbout  MER
svailabillits.

GBI0 =

OI0’s  enter into this snalusis in two manmerse zs CPU overhesd inducer

by bhe Q10 csllsy and as the letercw (or turm-around time) hbetwesern  1/0
comerletions sand the initistiorn of the rnext I0 in the ousues.

IA70 far  the VAX is somewhast more comelex tham for comewbters where
virtual sssing does not ocour, Srecificzallss escn time an I70  dis
reaesteds the easzstem. must check znd insure that 211 eages in the I/0
puffers are in ehwsical memory (not ouwt an disk)s =nd that  thew s3re
locked in memorse so that thew asre not raged out during 10, Althoush it
s anticirsted  thaet the seelication tasks will be locked im memorw
ridring rrocessings bthe normal VNS rrocedure would be to check for sage
lock during  ezch  I/0y on a2 rer rzse hasis. Thizs imelies thzt lsrge
705 would reaquire some more setur time tham short I/07z (althoush  the
getur time rer bwlte would decresse with larger I/707¢),  After 170, the
rormsl rrocedure would bDe to unlock the rases which were locked for  the
70,

I denerals I/0 recuests require three +time reriods in order to
comeleteary those of auveuing: Lurn-arounds 2rd de-aueutins. Puedros

involves the radge checking described zbover a3 well zs the insertion of
tive reausst in the aperroprizte cueve (one rer MEAZUEBA) zccording to Lashk
ariority. Turm—around involves the zccession of comerletion codes from
e MBAZUEA  for the erevious 170 z2nd the setur (including lozding of
mareing redgisters) and initistiorn for the rmnext I/0. De-quewing involves
Lhe (rossible) unlocking of I/0  locked rsges znd the  retur;mins  of
comnslation codes to the cslling srocess.

Total time for these three phases is #given bw
1+2 4+ (0,050 X pziges) milliseconds
whigrse ‘rages’ ig  the rnumber of razges to be tranemitted hwe the 170

(referance L14RO-LESI-GE-MEMD-047 FRev R bw Fhil Miller). The w1e)
microsecond  sage time is  esrimasrile taken us in locking and unlocking
sagedsys zlthoudgn there ig some time zllocsted to setiinmg ur  the mareindg
registers in the MBA's  zncd UBA s, The turn—-azrownd timer which iz =

comsonent of the azbovey is dgiven bw

200 + (2 ¥ rages) microseconds
Wwhere “rafes’ 19 3% zbove (sazme reference), The rer gsasge time here  is
purely MEA marring register time,

Tt 15  rossible to Zdam’ I/0 orerationss by doinzg 211 of the aueuwing
orarations before the I/0 comrlete is erncountersd be the swshems i
serforming 211 of the de-aueuing crerstions after the next 170 has been
initiated. This would sllow the time between I/0 comrletions and  bLhe
mext  dnitistion to be simelw the turn-zround timer not the totzl 010
Ldme . ;
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T adodition: it should be rossible Lo modifwe Lhe stzrndard sestem drivers
in order to reduce the ragfe lockinmg/unlocking time durinmg  the IFCAFGE
grrlicationsy 23 the entire serlicastion will Qe locked inm memors in anw
caae,  This mew turn ouwl  to bhe  dimrortsote gz the totzl CPU Lime
dedicsted Lo QIO =rocessing in the simelest IFC csse iz sbout 30 sercent
tepe ArFendix T, Thig loading reduces to around 18 rpercent when 211
radge locking/unlocking is removed.

The wurshot of 211 of this dis that smzgll QI0‘s reguire aboul 300
microseconds of turn-zround timesr while lzrdge BI0‘s require zbooult 1000
microseconds,. These times reflect the best csse time if no obthsr 1.0
rrocessing is  rending whern the I/0 comerlete interrust occurs,. Durinsg
IFCy the highest priority I/70 orerations will be on the NSCIL  amd  NECO
since thew cannot  recover from  datzs overruns, (A parallel situstion
oeeurs in FGFr with the LBER  reslzocing  the NECO.) IFf two HMBA‘=z are
Medicated +to  the image dastar» there could be s msnw &8s three 17073 to
turn srouncd before s given RAA disk I/0 is rrocessed. This proolem maw
he significants simce NSCI I/0 initiste rates will be om the order of

100 /aecond (one rer lined. Beczuse of thiss we Will bhe wzing 2
milliseconds ss the turmn-around design times to tske 170 cueuwins affects
itk conzsideration. (It should be rnoted that 2t 3 millizecondsy we

start having some disk formst eroblems =znd rerformznce  degradation.)
Thig time will be takern into acecount when lawing dstz owt om disk: so0
thast dizk rotations are not missed due to turn-zround delauws.

QIO Chainins

Since some of the AI0 comrutations refer to entering the recuests in bLhe
pusues themselvesr chaining of related QI0 receuests (i.g.: having one
A10 embtre  c2use multisle I/0 dnitiztions) midgnt save some CPU time.
This could hels the NECIy which will be doing scatter writes into
different buffers inm memory for ezch linme resd. It also couwld hels Lhe
Leksy since ortimal disk wutilization maw involve filling cwlinders with
data, fAgs the cuwlinder sizes onn the disks under consideration  zre
greater  than &4 KE: this would recuire more tharm one 1/0 indtiation rer
el dmde .

Blocking Facltors

Clearly 35 the mumber of lines of date rer disk block (rer QL0
decressesy  the tohtal rnumber of QI0's increasesy sotentiszlle choking the
CRFU witn RIO overhesd comrutations. Use of +the lardgest bhlock sizes
whiich ortimize storzge ntilizstion is to be erncouraded.

]

lee of QI0 chziming to i1l cuwlinders sounds sood on the basis of
mavimizing disk throwgheut, but it can backfire if the recuisite VaAX
memors huffer sgace incresses dramaticallw,. Az an exsmrles Fillinmg each
~alirder on an KFO4 with & band imrlies buffer serzcs for
4 bloacks/culinder K 28 lines/block X 4300 bwtes/line % 7 bands

ar 1.4 HBE of bhuffer, Since one wonld need to double buffer the dat
this areroach would reauire zlmost 3 MB of bpuffer for this 150 g2
alonmes and is clesrly imrracticsl.

&

-
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Nisl Data Formabs

fince the disk dats formaztting sroblem for FGF is much less comslew Lhan
that of  IFCy it will be dealt with laters im the discussicons of
individuzsl solution. Althoush the formats of the IFC datsz to  znd

the disks are fixed (BIL and BSQs resrectiveluy)s the formzt of +the b :
or the disk is rot. Clearlwy as the BESO datz rate iz larder: orme should
sttemsrt to ortimize the datz lswout on disk for that czse. Howeve &
‘retural f lawoul om disk would simelifwe the aeelication 2nd  the
debudging #rocess. These two criteriz tend to trade off szzinst esch
other.

The limitation +that VAX I/0 block lengths be less tham 44 KB imelies
that multisle blocks must he written to fill =2 c=linder. The 170
turrn-zround  times diven azbove indicate that blocks which are to be resd
ar o written consecutively should mot be adizcermt on the disks but  should
e serzrsted by enoush sectors to zllow for this latercwe without missins
2 disk revoluticn. Im addition: sirnce seeks require significanmt time to
comEletas inter-cwlinder datz lawouts should be skewed by some amounts
gdgain to avold drosring 2 revolution. Imter~cwlinder write sztterns
tiffer from dinter-cwlinder read eatterns in IPC, 2rd the dats lawout
Wwill mecesssrile trade off rezd rates versus write rates, Sinmce the
G aet data lawout on  disk is subdect not only to  the zbove
considerationsy but also to the rhusiczl srorerties of the drivess esch
drive must be analuyzed serarstelw in order to ortimize throushesot,
frrendix II fives some tables which charzcterize ezch drive zccording to
its basic rrorertiess and Aprendices II1 arnd IV dive dats sackins
dernzities for esch drivesbhlocking-fsctor/latercy combinztions for IBC
#rct for FGFy respectivelw,

Thermal De-reslication

The thermal band actuslly contains onmlw 1/14 of the datz of the other
Dandsy  but is ‘rerlicsted’ ur to the dats auantities of the other bamds
chiring the RICF srocess, It must be de-rerlicated on its waw to the FFR
i order thst correct ressmeling take rslace in the GCO» 51D
de-rerlicating it earlier (i.e.r on its waw to the diskss irmstesnd of
From the disks) would 4o rno harm. Im fzcts the reduction of scerne eipze
From 64,4 ME to 2346.3 ME would hels sreatluy in the RMOZ czse (the
de~raxlication in this cszse i¢ bw limes: s0 the reduction is  from 7
bands to + 20 ‘banda’ ), Using an ortimzl rFacking densitw for RMOIZ’s of
$2.29 rercent of the disk (to be derived later im this resort)s it takes
4420 RMO3 racks to hold s normal scener while it takes 3.8 racks to hol
# de-rerlicated scemne. This could save =% manw as three disk drives i
the lomg  runey while comrlicating the format of the dats on disks sirce
band six isn’t slwass there. The use of de-rerlicated dats zlso reduces
the dizk write dats rate to 557.2 KBE/secomd (442,484 KE/second with 20
rercent marginls giving us more margin while running this srocess, Wher
resding the dats, the thermzl barnd’s data rate then drors to 14832.8
FERAzecand,

Thes2 rates sre low enoush thst storade of +the de-rerlicated thermal
nand on o2 sersrste drive was comsidereds due to ‘nicer’ dats formats for
Live remaining bands. It was not retzined becsuse contentiorn still
#rislts on the thermal band between reading armd writing for  IFCy  =zmd o
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single drive was hard sressed Lo rerform zdecuatelwy during the conflict
P Tl O
Buffer Lengths and Disk Ervors

Givern hthe high dats rates and constant use which will be exrected of the
IGF RAA diskss it is not surrrising thst soft disk errors sre likelw  to
geeur roushlsy  once rer daw (unsble to re—-locste reference’. Eecause of
Lihigs it would be d@ood if the finmsl cornfisuratiorn were zble to sustain
small mumbers of re-tries without causing swstem fzilure, A number of
aresss including disk formasttinsgs can incresse our abilite to  rrovide
tivis carabilitzy but the =rimsry method iz that of incressed disk
gt Fers dn VAKX memord. If re-tries are incorrorated into  the swstem
deeigny  sustem rerformance ohnsnges due to re-tries shouwld be monitoreds
ard therefors the re-tries should be logged in come safe (l.2.9
rron-interfering) fsshion.

MEA Utilizstion Arrroaches

Frevious thimking used ore MBA to write to diskss snd the other to resd
from them. FBw using suitably large medisy ome could det all of the data
ar less  than eignt drives  (zn MEA/controller limitation). Eiw
dugl-srorting 211 of the drives to hoth MEA’s: one could access anwe #iven
sortion  of the dats for resdins OFR for writing, s long 23 2 drive waes
rever accessed for both. The fact that larsge caracitwy high sreed medisz
sre not availsble at the time of this writing mzkes the above assrozch
imerscticzly sinmce  2ither the data won’t fit om eignt drives (RMO3)Y or
tihe data rates with 2 MBA‘s sre too  low  (RFO&). In =zdditiorns the
dual=-rorting  scheme worn't work 32 simplwe when more than eifsht drives or
mors bhan 2 MBA’s are emmlowed.

Variztions on the duzl-srorting techrniaue have been prorosedr Dot Lhew
tand to be more difficult to analures less flewibler mot a3 easw Lo
eweands and have s comelex erztternm of inter—drive interference dus Lo
mssing lazgouts which are not  sernersl surrose.  Some solutions have
reauired rarid switching between the two rorts on 2 dusl-rorted drives
anel an examele of such & confisgurstion is included zs zn z2liternate BPOS
confisuration.

Felizbilitw

Auepilshility models for the 1GF zsre Just now being denersted., and it was
mot clesr how to evazluaste the alternative solutioms om this coriterion,
The assrozch  taken for IPC was to srecify eroush disks on strinsgs one
are bwo so that either could serform the srocess if the other atring
were to lose & dishk. For FGFs enoush disks were specifisd om string
three to rerform the process unless 3 drive failed, at which soint it
would be rerformed bz whichever string out of orne zrnd two wE:s not being
paed bw IFC.  Sinrce the PGP proceses only rneeds two scenes worth of disks
Lhis arrrozch arrears Lo casuse no rroblems if onlw single  fzilures are
ander constideration.

Frirma--Forsirs

T discussions with  Rob Novas  znd Dick  Kaisers the ooncest of
fedimdg-ronsing’ bhe MBA‘: was  invented, This method srovides thals
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rather than dedicating & single MBA for disk writes zmd zrnother For odiak
readsy Doth are  useds more ar  less evenlws for both srocesses.  One
wotlad write 2l bands of 211 sceres to zll MBA‘s, Im thiz wawy Lhe
overlass constraint on MBA wtilizstion would disspreary since the sattern
aof  MBEA  wtilizstion while reading disks durinsg overlsr would not Aiffer
from that during the other shases of readingr excert a3z Lo which drive
Was bheing referenced. Mote that this scheme does NOT zmeliorate the
reauiremant that drives bhe dedicated to resdicmg or writinzg for &  =iven
Lime reriod.

The zcheme would work 233 follows. The disk write srocess wouwld
aecumulste lines of imasserw umtil it was resdwe to write blocks for =11
severn bends,  at which time it would issue seven QI0‘s, Thoze for hands
le 3 &y 3nd 7 would be issued Lo MBA 1r 3nd those for bands 25 4y and &
would be issued to MEA 2. The next times, the RI0z for the even hands
would be  dssued to MBA 1y and those for the odd bands to MEA 2. The
following dizdgram illuystrates this QI0 issue sequercer, where ‘Bi  BLJY
mezns oand ‘17 and block U7,

ME& 1 MEA 2
Bl RL1 B2 BL.L
B3 BLI1 E4 REL.L
BY BL1 Bé&ORBLL
BE? BL1 Bl RL.2
B2 BL2 B3 BLZ
B4 BL2 BI BL2 -
Bs BLZ B7 RL2
Bl RL3 B2 BL3
@t ate

Because the bursts of QI0‘s would be issued auite rasidlwey it is likelw
that 21l of the writes would be aueued secuertizlles arma imter-QI0
laterncies would be small ernoush not to dror 2 revolution, FResdinsg would
rroceed Dy issuing 2 series of reazds on sltermating MEA‘s for data from
the sasme bhands with 2 similar clusterins effect tsking slacer minimizins
lost rotationzl lzterncies. #As the resds sre for 2 different s2ir  of
cdrives  bthan are the writes, we camn mix resd z2nd write QI0’s on esch MEA
ss long ss reasd bursts are rot zllowed to rre-emet writing to the roint
thet bhuffer overflow occurs (or viza-verss). It should be rmoted that if
2 eing-=ong @rProsch is ohosen =5 bhaseliner that zepproasch should be
simulzted inm order to be certainm thst the aqueues which cam form =zt
various rarts  of the swstem can be comfortshle zccomodated. Alzos mote
that should & barnd be stored more heavilw on one MEA +than on the
aotherisls Lhe througheut in read mode would become unsatizsfactoru.

The weskness with Lhis scheme is thatr 55 one switeohes from ome MBEA Lo
srothery one switches from ome drive to  znothers grd  the relastive
rositions of  the rlztters on the two drives are unkrowrs introducins =
rossible rotational latencw, I¥ ome canm determine thsat the additionzl
latency is nmot significant from & throusheot standeointy then the
ing-song btechniaue should work., It is for this rezsom that RIC formst
is  recommended for the RMOZy sirmce it will mamimize the smourt of time
zpant bransmitting datas bhetween seeks,
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There are 3 nunber of bernefits of  this  techniocuwe over dedicsted MEA
techniaues. Addition of 3 third MBEA cam increase RAA disk throusheal bhw
a FTactor of 1.5 wWith little modificstion to the dats lawouwt schemes.
The lawout of datas on the disksy and thus the dsts zacocess  slsorithmss
are  simeler esrecizslle so when comeared with other: mop-summetric I-MBA
confizgurations, More drives can be zdded to the MBA‘s (ur to z limit of
eiaht Fer MEA)y providing some flexibilits, Desisn raraneters for  this
ftechniaue a2re Lhe number of bands rer MBA and the numnber of MBA s,

Tdentificstion of Solutions

There are onlw btwo  ‘ressonable’  disk drives which sre current DEC
sroductsy the RMO3  =znd  the RFO&. There arerears to be onlw  one
configuration of RMO2‘s which cozn be considered seriousley while there
are two RFO4S comfisurations which bear considerstion. A sectionm on &
sraliminary RMOS solutiom iz  rrovided for comearison of the RMOZE and
FFO& solutioms with & 300 ME disk configuration.
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RPO& Solutions
Niglk Dzsts Format and Ferformancs - IFG

Givern a3 design coriteriomn of 2 millisecornds for 170 latercwr we fimd that
for the RFO&y this corresronds to 2.6 sectorsy or I sectors,. Lookins at
Arrendix I1Is, we find ortimal racking dermsitey of 94,20 rercent with
hlocks which are eight lines longy and four blocks rer culimder. With
tinis wtilization factory each RF0& holds 164.3 MEBs or 0,47 zceres (o
L+61 drives/scena). Marring the blocks and ‘dsr’ sectors onto the
cwlindery we find the following ssttern ¢

S E L RE
TRACK 2 IO S O SR O R (e
L. 23 45 46 2B 9 0122345 47889 0 2
i SIS I A P L O (U S R U (L [ (R A O T
2 7N O A (s O VA (A A o O U e O EO T T L, A ¢
3 O O T R O O (R S R O (R [ L (R ([
4 1.4 & 2% 3 L3 & 14111t 1 11 ¥F 14194
7 Ll &8 &2 1 44 1 11 g d:@ 2 92 22 3 545 5
& 202 2 202 2 9lg am s g @Gr a9 O 8 8o
7 o 2 228 222 230 290 00 na a9 980
2 e s Bl e LRl = Al e e T R R I T -
? a2 222 2 22 3 3 8 aa o n 0 oon o
10 22248938868 % 5885585832 3IITF3F
11 48 3 323 F L33 I T IZIIIFT LR =
1.2 23333 F B3R Fg T IO T mn ka7
13 5 3 3333233233333 332%233F 33
13 ELCRUOR C i  R r ( sile Al O  S l ( le (R
1% 33 323 848 3 44 444444443444
14 4 4 4 4 4 4 4 4 4 444 4 44444444 4
17 4 4 4 4 4 4 4 4 4 4 4 4 4 444 4 4 4 44 4
18 4 4 4 4 4 4 4 4 4 4 4.4 4 4 4 4 4 4 4 4 4 4
1% 4 4 4 4 4 4 4 4 4 4 444 4 4 44 4 4 g 5 8

wiere ‘1Y throush 47 raesresent the regesctive dats hlookass -84
rerresents  I/0  turm—around dar  sectorsy ang ‘37 rerresents seel sae
sectors,

With 2 seek time of 7 milliseconds for 2 single couwlinder seeks Lhe
@aivalent rumber of sectors is 9.2y or 10 sectors. Adding the rormal
170 laterncy durstion of 3 sectors to this mesns that we reauire 132
gsectore between dats on inter-szector transfers.

We will allocste +two bands to esch culinder (two blocks rFer band)e in
order Lo keer the VAX bhuffer zires reszsornzble. SZimce  raw RFO4A  datlsas
rates are too low for either IFC or FGFs we will use 2 thres MEA
Fing-rond arrroachr with aererroximately two bands written to ezch aotive
ctisl . The diagram below shows the locstion of blocks for each band on
each MBA znd cwlinder. Notice that there are four blocks =er MEA,  =and
that the band dats rotates sround the MEA‘z in order to distribute the
resd aocesses everlwd thils ratitern rerezts everw 7 culinders,
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Sirce seauentizl blocks are sersced fa2r  enough  assrt  thet  rotational
misses #2re not likelw to cccurs writing dats to the disk will cause full
cwlinder writes. The seek sectors zre rlaced between blocks 2 and 3 for
ressons which will he swslained inm the next sarssrasrh,.  Becszuse of tniss
bhlocks should be written to cwlinders in the secuence (2:24:1:2ss@ek)y in
prder to minimize time wasted during seeks, This srobzsbls will resalt
i oa ewlinder-write-and-seek time of 19 revolutiomsy bDuty assuming &
miss (worst case)r we fimd that the sffective throusherut rate for s
airngle MEA will bhe
(4 hlk ¥ 8 1lisblk ¥ 6300 bu/lidy / (20 revs ¥ Q.014444 sec/rewv)

or 404,88 RKBE/second, Using the third MEA ome half of the time will cause
ar affective increase inm write throusheut to 207.2 KB/second, meetins
tLhe recuirements.

Whan reading dazt2y we will he reading two blocks from each cwlinder on &
ravhicular drive. We will sssume that bDlocks 1 srnd 2 will be read
Logethery arnd 2 and 4 will be rezd together. Looking =2t the lswoul of
hlocks om the MEA’s abover Wwe see that we must read blocks 1 and 20 seaek
@ culinders rezd blocks 3 and 4» and then do 2 lomg (7 cuwlinder) seek.,
Tt is imeortant that the reasding of blocks 2 asnd 4 follow onto  the
reading of 1 =znd 2 withowt =3 rotstionsl delswy since drorring a
revolution is less likelw then thasn during the long seek. RBecause of
thisr  the extras sectors in the cwlinder have been rositiored in between
hlocks 2 and 3, This results in four blocks resd in 19 rotations slus =
missed rotationy or 20 rotations total: zmielding
(4 bllk/oel % B lisblk % 43200 bw/li) / (20 revs ¥ 0.01444 sec/rev)

or 604,88 KRE/second,. Using the third MBA to full advantazse results in oa
resd dats rete of 707.2 KB/secondr meeting the recuirements.

Hisk Ists Formst and Ferformance -- FGF

Adain Siven the 2 millisecornd 1/0 laterncws wsing Arrendix IV we
et storage ortimizastion eroduces a blockinsg faoctor of 7 z uwtilizasbtion
Ffactor of 22,89 eercent, zand four blocks rer cozlinder. The lzwoult {for
Lhis data formst is similar to that for IFCs and is zs follows @
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5 EET OB

TRACK 1o 82 L 4ol d 4 1 3 22 S

1 23458467 8901234547809 01 2

1. sl S R B T T e R R O I R RS

o 1. 2 3 4 3% 14 4 4 4 4 L d 4d a8 ¥

3 Sl S L TS R L O [ R T - T R (O O B A

4 Loado il A 4 Ao F 4 3 Ll i g

o 1441 1112 %1 i1ses=sg2223%0 2095

& 2RE 2R Q2RI RR220 2090090

7 &RE a2 29 2 2 5 ma a6 oaa 8 m s

8 2R E B2 g2 2o ama n aca s an oy

V4 il i e i s L e n e e B« Ge ) s B - N T

310 28 d 5233 3322333333333 233

1 - S S e i L T Qe (e 0 G (s o A R Ol e e B G ¢

12 33 Z 3BT 3 E3ZXTZ2TELIIZI 3T T3

L3 333 3333333338333 35333832323

14 3333333332 3F 233 3T a8 a4 4444

1L 4 4 4 4 4 4 4 44444444 4444444

14 4 4 4 4 4 4 4 4 4 4 4444 444 44444

17 4 4 4 4 4 4 4 4 4 4 4 4 4 4 444444 4 4

18 4 4 4 4 4 4 4 4 44 4 4 44 44 4 4 444 4

19 444442429325 58555588 6688665355 68
wnere the szmbols are the same 23 for the IFC osse. fe  there Qs no
reformatting  during  this esrocessy datz can simele be writhten as
seguentizl blocks of lires» znd read in the ssme fashiorn. This- makes

the rlacement of the seek sectors inm the middle of the culimder
UMNMeCcessary,

fs in the IFC caser the inter-culinder sector zar should pe 13 sectars.
Hareilw, the gar nas increassed, imsuring cwlinder resde without misains
& rotation. The resulting effective data rztes for poth resds  aod
writes (no reformztting for FGFY is
(4 blk/cel X 7 li/Zblk % 7100 bu/li) /7 (19 reve ¥ 0.0146466 sec/rev)

or $27.8 KE/second. Whern wsing three MBEA s, thiz would effectivelw
increase to 941.7 KB/secr diving reasonable margin for the srocess while
rot exactly meeting our 20 sercent mardin gosl.

Confisuration

We sre forced to uwuse thres MEA s in ping-rong fashion in order  bo
incresse the RF04&’s basically low data rate. lue Lo srduments dgiven in
tLhe “IFC -- Disk Scene Buffer FPhasing’ sectiorn zbover there seems +to  he
ro simele waw to avoid having three drives ser MBA, wieldins = totzl of
nine drives. An additionsl drive is reauired for the snnotation dats,

The  third string only  reauires storzge for two sceness ang therefore
reauilres onlw six drives,

The resulting confisurztion is given bhelow
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Vostring | --MBA--RFO&~-RFO&-~-RF 04

o oone V== MEA~~RFQ4&~~RFO&~~RF0O&

PoouAax | ==MEA~~RF0&-~RFO&~~RFO&-~RF0&

iostring | --MRBA==-RFQO&~~RF0&~-RF Q&

! two | ~=MEA~~RFOS~~RFO0A--RFO&

Poovax e MEA = ~RFPQ&~~RFO&~—RF O &~=RF 04

ostring | --MBA--RFO&=~RF0O4&

i three | ==MHA~-RFO&-—~RF0&

v VAax | =—MBA-~RFO&--RF0O& -

1} 1
i

[ TS |
Buffer Sizes

Far TFCy VAX buffer reauirements for the NSCI-to-disk tramnsfer will be
2 blks % 8 1li/blk %X 6300 bu/li % 7 bands X 2 buffers

ar 1411 KB, For the disk-to-FFF transfer,» thew will be
16 limes X &300 bhw/line ¥ 2 buffers

or 202 KE.

Faor FGFsy both the read znd write buffer sizes will be

3 blocks ¥ 7 limes/block X 7100 puwtes/limne % 2 buffers
or 298 KB.

Sohedule

The auoted DEC deliverge for RFO&'s nmow is 7 months. I+ an order is

wlaced for the drives during Sesrtemberr deliverw is auoted in 4720,
Witk & little sressure on [NECy deliverw of enoush disks for one string
ool he sccomrlished &t sn esrlier times meeting the softuare
intedgration desdline.

Software Imract

Software imesct of this confisuration is sropztbly minimal, gsiven thaet =

sinsHle ‘maprings’ rogtine  is  uwused bhe a2ll serlicstions rFrogrvams Lo
determine wnhnere (MBA/disk/track/sector) esoch dets limne is stored,
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Facility Imract

The bzseline facilities configuration is for § RMOS‘z, but  wibthout  fhe
vdouinle footerint taker into zccount. Flacing tern RFO0Ss where five were
#lanmed  for will rnot be rossible =2t the Lamham fzcilites at lesst mot
for 811l three stringe simultsrneousle. The Goddard fzeilitwe will be able

ta hold the drives if s rartition is moveds ot FOWRT arid
alir-conditioninsg may still be =3 eroblemrs 35 these Fisures will

eegantizlle double for the disk sub-suestem (reference conversastions with
Charlie Gredan). It should be roted that =am RMOS solutiorm would be
rouwghly ss  larder and would suffer from the same sracial Froblems at
both fzeilities. Seen in this lights the RF04 facilitwe rroblems mss not
e s0 severe a5 to erevent its use as & backur confizurations or even a8
the finsl configuration.

Altermate RFOS Solution

A altermate RPOS configurstion has beern eroposed By Dick Eaiser s
certainly being rFhusically smallery and thus less costlys and rerhars
heing feasibhle to imslement . He undertook & short study to better
understand this configurations the results of whiech are discussed below.

The configurstion which was studied has onmlye & dusl-rorted RFOS‘s with
Lhree MBA‘s and four drives rer MBA:s ard is shown helow

1 -
: .ﬂ.........._.{]..--....-__.,. :
: E
S () e |
: ....... D..”..“ "“""E] _____ 1

MEAL  MBAZ  MREAZ

A slternative waw of looking 2t this i iz itz ‘logicsl ’
configurationy as rerresented below

drive 4 drive 5
MEA 1===Q=---2 MEA MEA 2===0---3 MESH Scerna 1
drive 2 drive 3
MEA Foe=De——] MEA MEA 1===0---2 MEA Soene 2
crive 0 darive 1
MEA ZDew=-0---T MBEA MBEA 1-~=0--~3F MHEA Scerne 3
It is  dntended +that the =six drives be serzrated into three sairass aoo

scenes be buffered onto these s2irs, This imrlies that st snw one Limes



LTGF Disk Throushneut Anslzeis e o e

3

Lad

two drives will be being writtern to and two resd Frome with two didle.
Sinoce  there are only  three sccess raths to the drives, a Ffimed
allocation of MBA‘s to drives will mot srovide the throudgheot recuired.
One must zllocate raths to the drives duenamicallwy zrnd one must insure
that the recuests for the drives sre evenls distributed, The logical
cornfigurstion dizgram zbove is internded to show which drives are =aired
a#a scene buffers.

Tr order to ortimize throusheuty we reauire that HEA's sre sllocated and
cuwlinders are written in 8 burst of AI0s so that rotationsl delsws  sre
ot encountered witninm s cwlinder. It turms out to be bhest if three
locks sre wused Per cwlindery with 8 lirmes/block for bands 1-%5  sma 10
Lines/block for 23 combimstion of bsnd 7 amd 3 comeressed band &
(gimelifeing the dats lawout), Althoush this onlw uses 71 rercent of
tihe disksey esch drive rFair still has 247 HE of useful storadges while
omlw 237 MB sre recuired for s scene of de-rerlicated dats.

T+ we sssume that 2 cuwlinder cam be written with onlw 2 sinsle
rotational delagr therm the dats rate for anm RFOS is

(3 hlk/cgl % B lisblk % 6300 bw/liy /7 (19 revs ¥ 0.014446 secirav)
aor 404.8 KB/second. With the extrs MBA taken into sccournts this becomes
P07,2 RE/secondr clearls rroviding adecuate margin.

I+ we sssume that 3 block can he read with the ssme sindgle rotationsl
=ernaltly Lhen we det z read transfer rate of

(1l blk X 8 li/blk % &300 bu/li) / (5.7 reve X 0.01646466 sec/rev)
ar G530,3 KE/second,.  When the extrz MEA is  takern into =sccounty  tLhe
effective read rate is 795.8 KB /secondr» meeting our soazals.

The dgnamic allocstion of MBA‘s is the crux of this configurztion. TF =
read  or write request is erncountered while 3 =ath to the desired drive

iz availabley the zllocstion is trivial.

BurFosey however: that we are writing to drives 0 and 1 and rezding from
drives 4 and 9, In this czsery we could have MBA‘s 1 2 and 3 allaocsted
to drives 4y S5+ and Oy resrectiveluw, The only other drive to which dats
could be transmitted is drive 1» but the MEA’s to that drive (MBA 1 and
MEA 3) zre Lied wr, Surrose that the mext MBEA Lo become free is in facoth
MEA 2, Inm this caser rather than waiting for MEA 1 or 23 to hecome frees
we must initiate I/0 on MBaA 2 to the other drive (in thiszs case drive 0)»
in order to keer the zdgredate throughrut urp., HBw keering 2 large Luffer
ot  dats reade for transmissiony we can transmit dats whose "turn nasn’t
come et snd btramsmit the dzts which was blocked bwe the MBEA conflict zt
& later time., As lonsg as dstz to 3 dgiven drive is writtenm dim orders
this will not cause seelk delaws. It iz estimated thzat less tharm 0.5
milliseconds will be reauired to schedule 2 burst of three block
Lransmlssions,

The puffering  recudrements for this configurastion zre more severs bhan
for the othersy with trirle puffering (1.89 HMEB) beinsg  reauired at &
mirvimuamy and auadroele  buffering (2.52 MEB) rerhars DRILnsS necessanr.
Althoush it seems that trirle buffering is sufficienty it snould be
rointed  owt  that there mae not  be enowsh memors to z2llow qusdrusle
nuffering should it rrove to bhe necessary,
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Im summzrsy this techrnicue trades off cost znd  Facility sroblems e
imecreszsed comrlevity in the software. I the MEA zllocation routine is
included as #art of the Imasse lata Masring FRoutine (discussed shove)s

then the wuse of this confisurastion could be tramserarsnt to the
agrelications rrosrammernr,
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BMOZ Solutions
Oislk Dasts Formst and Performance -— IFDG

Giver & desisn criterion of 2 milliseconds for 1/0 latenocwy we find that
for the RMO3» this corresronds to 2.8y or 4 sectors, lLooking =zt
ferandix III, we Ffind ortimal  Facking demsitye of 92,29 rsercent with
hlocks which zre 6 lirnes lomg. With this wtilizstion factore easch  RMO3
Moldse 42,2 MEs or 0.235 scernes (or 4,29 drives/scens), If thermzsllus
de-rerlicated datas were to be wsedr the fisures wowld cohansge to 0,243
soenes rer  driver or 3.799 drives/soene. It is becauss of this
reduction in the rumber of drives reauiredr that thermzsl de~reslication
s susdested wuhern RMOI s are used, Marering the blocks and ‘dar’ sectors
onto the cwlinder: we find the followinsg

8 BE T QR

TRACK 1% 11 1%t14131 122828322322 2363
1 23435467 8%0 2245 6 78% 012348678 % 0l 2

1 L1t 111 131411132111 131 21412282 2 d2dd

2 L i & 4 12 i tz2a1L g il b U1t L4 x4 dobd

3 1 12 1 13211l 1Ea8a8as R 2222322232822+ 882 2

4 Do 090 29392022 22222222222223222T83

o R0 g 290 23R 222 232 FTRR2ELE dEE s s s

whare the suembols are as defined above for the RFO0EL case.

With =2 seek time of 8 milliseconds for 2 & culinder seek (estimz2ted for
reading)s the ecuivalernt number of sectors is 14 or nalf & track,
faddition of 4 sectors for I/0 turmn-around brings the totsl wus to 20, As
can bhe seen  abover the dgar  between records 1 aznd 2 is too small to
saaorh bthe seslk time, Simce only two bhlocks cam bhe written #er
culinders the rnumber of different cocwelinder formats 15 small. Mo
arivantase can he dgairned by chamdging formats on subseuent cwlindarse B0
3 Full rotational delsw renalty must be zbsorbed, Were it rossible to
reduce the block lensths so that the seek sectors were exsctle eaual to
20y the bhrougheut  might incresser althousgh the packing density would
decresse,. This altermative has not bheern fulle investidgated.

Mawimum sustzinable throusheut for this sustem would be z cwlinder read
Wwith a full rotationmal miss rrior to the rezd., Thisz is the same 3%

(2 hllk/Zexwl % & lisblk ¥ 4300 bhue/li) /7 (& revs ¥ 0.01444 sec/rav)
ar 756.0 KESsecond. Sirce thiz does not meet the IFC s=lus 20 rercent
read gozly Fring-songing on three MEA’s will be reauired in order Lo
increasse khrowgheut  to 1134 KBE/szseconds meetimsg both the resd =rnd write
raagd rementa.

We will store 3 hand rer cwlinder on each of the three scbtive drives:
wirtdling two culinders rer HMEBA evers time 3 buffer Ffills. Thea
de-rerlicated thermsl band will be written every twelwve times the other
bhufferse Filly im order that all three MBEA’s can write thermal datar and
Lhgs simelifwe the lawout of datzs onm dishk, The disgram below shows  Lhis
launubts with the band stored on esch cxlinder indicated for each MEA.
Notice that the zattern rereats starting with culinder 246y znd Lthst  the
mands  rotzte szmong the MBA‘s in order to distribute the dats when 1t is
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beins resd.

EY L il BER

O | 1 1 1 1 8 222 2232 2 .22 3

L 2345678920122 486878901323A4%478%901

MEs 1 31 437 2801 4372251437258 14822328 a9 532055

MES 2 2 5 14 37 2581437225143 72% 1,432 62% 4458327

MBS & 3 7 25 143 725143725143 72251 462738544
For disk writesy full culinders will be writters rrocucedrdg tie
Lirougheut figure calculzted 3bove. For disk readss sverwy sixbh
cwlinder will be read, Since there will be 2 rotztiormsl miss iIm a&nw

e@vernty the asdditions]l seek time (less tham 2 millisecords) will he lost
in the rotstiony again making the througheut fisure reduce to  thst
calculated above.

Dislk Dsts Format end Ferformzrnce —— FGF

Using the same 2 millisecond I/0 latercwe a8 for the IFC coses ared
looking a2t Arrendix IVy we find that ortimzl use of the RMOZ‘s  for [FGF
recuire & bDlocking factor of Sy and & utilization factor of 84,47
raroert, The reduction in effective storazge for this rerocess is not
significants, 2% onlwy two scernes need be stored on disk. The dzta lagout
is straightforward:, and is given below 2

S EC

R ~

TO

TRACK L L [ 1t 11 222 2292 2 2303292 2
P 2245678901 234547820123 485 5878906312

1 204 2 L3 & 41 3 &1t 2 td il E LYYy

2 (O T 00 B R MR TN TR O - TR PR O O T O T R A AT

3 I 13 0 1.1 a2 a5 3 3o Sae 3mn agg G 8 G G

4 w22 222222 2P 2232222302003 008 88485

& 222 222222222222 4449486865858 ¢S8s5 5868

where the sumbols are as defined sreviouslu., Sirnce onlw 17 sectors sre
avallable for seek delawsr with 20 recuireds we carn =slwaws anticisrste
cwlinder reads with rotational latencw rernaslties. Throuwsheut is then
given bw

(2 Dlk/cul %X 5 1li/Zblk ¥ 7100 bw/li) / (&6 revs ¥ 0.014866 sec/rev)
or 710 KE/second, With the third MBAs this effectivelw irmcresses to
1L06E KE/secomndy meeting the reaquiremerts. !

Buffer Sizes

Far IFCy VAX buffer recuirements for the NSCI-to-disk trazmsfer will be
2 blks % &6 1i/blk X 463200 bw/li X & bandes ¥ 2 bhuffers
mlus
G blks %k & liZblk % 4300 buw/li % 1 bamd kX 2 buffers
ar 1341 KE. For the disk-to-FFF tramsfer: thew will be
16 lines ¥ 4300 busline £ 2 huffers
or 202 Kk,
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For FGF: both the resd and write buffer sizes will bhe
3 blks ¥ 5 lines/bllk X 7100 butes/lime ¥ 2 buffers
or 213 KB,

Configuration

Qirmece three MBA ring-ronging will be recuired in order to mest the PGP
reauirementsy and since storadge for three scenes must be availanle on
disl for IPCy znd since 3 de-rexlicasted scene fits on 4 RMO3 drives. ik
would seem +that four drives per MEA will be recuired. As discussed
under  YIFC  ~-- Read/Write Interferernce’ aboves this sctuslls must
inerease to  five rer MEA in order to avoid read/write interference. i A
solution with four drives rer MBA was discovered which reauires tisnt
MECT/NECD  time matchimg a2nd therefore is not  recommended,) These
additionsl drives imelw that thermal de-reslication i3z mot recuiredr z2nd
the above dats lagouts could be modifised sccordingle if desired. Qrie
more drive is  reauired for the zrnnotation data, String three recuires
ornly nine drives, since it need onlwe store two scenessr  3nd need not
gerform bthe reformatting operstion.

The resulting configurstion is given below

bosbring | -—MBA-—-RMO3--RMO3--RMO3--RMO3--RMO3

Poone j ==MBA-—-RM03--RMO3--RMO3~-RMO3~~RMO3 =
i VAaX | ——MBA-—-AMO3~—RMO3~~RMO3~~RMO3-—-RMO3~~RMO3

i string | ~--MBA--RM03~-RMO3~-RM0OI--RMO3--RMO3

P bwo f=~MEA~~RMOZ~~RMOZ~~RHO3~~RMOI-~FMG3

i UAX |~ =MEA~-RMO3-~RMOZ~~RMOZ~~RMO3-~-RMOI~~-RMO3

Postring | --MBA--RMOZ--RMO3~-RMO3

P othree | --MBA--RMO3--RMO3--RMO3

P Vax P MBA~~RMOZ~~RH03~~RMO3
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Sohedule

The wuoted DEC deliverwe for RMO3’s rmow is 7 months. If am order is
#laced for the drives during Sertembery deliverw is aquoted 1im 4780,
With =2 little eressure on DECy delivery of emoush disks for ore string
could be accomelished =zt am earlier times meeting the softuwars
intesration deasdline.

Software Inescth

Software imrsct of this configurstion is mrobably mimimals sivern bthat
wingle ‘marring’ rogtine is uwsed bw all =serlicstions =rosrams ho
determine where (MBA/disk/track/sector) each datz lirme is stored.

Facility Imeact

The baseline facilities configurztion is for 5 RMOS‘sy but without the
ciounle footrrint taken into zccount. It sprears that finding srzce  for
16 RMOI’s wrer string is essentizlly imrossible for bhoth the Larmham and
Goddard facilitios.
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FHMOS Solutions

# rough analwsis of 2 configuration for RHOS‘s is dgiven below for the
Furroses of comerarison with the other configurations: and to indicste
the snslyticzl method used to derive the configuration. The size of Lnhe
BMOS malkes the number of ressonable solutioms auite larg€e. and this
increased flexibilite makes selecting evern & mildlwe ortimized solution
auite difficult.,

Nisk Dsts Format znd Ferformance -—— IFRC

The 2 millisecond I/0 latency figure corresronds to & four zector delaw
for RMOS s, Looking in Arprendix 111, we chose 3 blocking factor of nine
Wwith & wtilizatiom Ffactor of 921.07 rercent and 3 blocks rer ocwulinder,
This results in the followinsg lavout of datz onm a3 culinder

SECTOR

TRACK O T T TR O O O T O - R 08 TR TR <

1 22454672782 012345678901234%67278990142
1 Ld 4 d s bt Lt sl R A 1A R
2 L2 a2 13 s E T P L L F A F L 1L %
% L2 d 14114 t14 22 L1 b1 Y0 L3 g
4 1t 1 111311111111 a8848 2 2228088802372
5 oo KRS B D T D e S AR Sa S A S B
& RaE 2 2R E2E 220 220 2R R 22l &322 e
7 el B SRR FR R R B e R SR e S R S e T R e
& el B -G8 it B LS T B i eyl e e e ol il AR e e (e S (8 e S s (R i S e S R
@ sl i s R R e SR B e s e v s Sy Sl S8 el e b G QR O SR S s e R e sl S
30 e B e TR B e e B B R B R R B B T e e B e e T B (e
1.4, 33333333 FIIT IR ITITITIITITIT s S Ss 4444444
12 4 4 444 44444444444 444444444444444 24
13 44 4444444444444 444449444444442434423
14 44 4444444444444 44444444444444444
15 A4 4444448855555 5%55%5588 5555555
16 SE 5555858558555 58S58 8888888858885 8¢>2
i) EES5 S5 SEES 558585858 S8 ENEE85 5858585
18 5555555588588 8888656886888 85 088y
1.2 M oW M H oM H X X X XM oM M M M XM M M M M M M M M M M O H OWH M M M M X

where the sumbols are a2 befores onlw &’ indicates that the sector 1s
mot wsed, fs with the RM0O3Z» seek laterncwy is 132 sectors: and we would
like to find 3 was to write dats to consecutive cwlinders so that we can
minimize the wasted time, After we write bDlock {five of the Ffirst
culindery  we must determine which Dlock will rmext rass under the heads
after the seek, By determining the rumber of sectors betwsen the ends
of  each block 3md the start of z3ll other blockss we cz2n zttemest to
minimize the lost Lime. Such data in the form of =2 +tsble is dHiven
tie ] oW,
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ss2 to start of block rniumber

1 @ 3 4 2
f e obn 1 12 4 23k 10 29
roofdl o u 2 30 17 4 23K 1
oo O om & i | 30 17 4 23k
m o 4 24% 11 30 17 4
5 ] 3 24% i) 30 17

It can be seen that the smallest rumbers im the matrim which are dreater
than 13 are those with stars after them. Thew resrrecsent the “hossg’
which must be takern between comsecutive culinders when lawing  out tLhe
data on  the RMOS, Taking this into accounts we find that the orden i
which data is written omto am RMOS is 2% dgiver in the followinsg table.

CYLINIDER

1 i 1 4 @4 1 3 i

1 2 % 4 § 6 7 8 % 8 1 P & 4 5 % 7
Block 1 1 7 13 17 25 26 32 38 44 50 51 57 463 69 79 78 vus
Block 2 2 8 14 20 21 27 33 32 45 A4 52 58 &4 70 71 77 sun
Block 3 3 9 135 16 22 28 34 40 41 47 53 59 65 66 72 78 ...
Bloclk 4 4 10 11 17 23 29 30 34 42 48 54 460 61 67 73 79 e
Block & 9 6 12 18 24 20 31 37 43 49 55 56 62 48 74 80 ..,

If we use the zbove rattern to write band datz to esch disks with one
ixlock  of data rer bard and no thermal de-reslications we obtsin the
following rattern of bands on the disk., Note that the sattern rereats
after culinder 21.

EYLINDEIR

=R i 4 4 4 3 3 3 2 2. 2

i 2 3 A 8 &8 7 8 9% 8§ 1 =2 4 O & ¥ 8 2 4 4

Block 4 1 7 & 5 4 § 4 3 2 1 2 1 7 % 5 46 5 4 3 =2 =z
Block 22 1 7 &6 7 6 5 4 3 4 3 2 1 7 1 7 & 5 &4 5 4
Block 35 2 1 2 2 7 4 8 & % 4 3 2 3 9 % 9% & ® & ®
Block. 4 4 3 4 3 2 1 7 1 7 &8 5 4 § 4 3 2 1 2 1 7 &
Block 55 6 ©§ 4 3 2 3 2 1 7 &6 7 6 5 4 3T 4 2 2 1 7

If we write one cwlinder at 2 times we lose 24 sectors (worst case)
iuring the seek interval, This resolves to = throushrut rate of

(3 Dlk/cwlX? 1i/blekX6300 bu/li) / (18.75 revsx0,014646 sec/rev)
ar 07,2 KB/secondr well within our goal.

If we read the datsr» we read ome bhlock ard then seek 2t least ore

culinder. The dats lagout shown sbhove indicates that cuite fFrecuertlw
we Wwill be attemerting to read seaquentizl blocks on  addscent euwlinderss
forcing & rotation2l lztercw. If we investigste this worst czser we

Find that the totzl number of ‘sector~times’ which it takes to read the
lock i3 111 (for the block! mlus 13 (for the seek) slus I2 (for the
missed revd)s or

(P liZbllk % 4300 bLig/1li) / (111 + 32 4+ 13) % 0.000521 sep)
ar 427.4 KE/second. Althoush this will survive during IFC it iz not
conservative, It we +take arn ‘averazse’ rotztionzl remalty of 32
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sector-timess then we Het
(2 li/blk X &300 bw/li) / (111 4 32) % 0.000%521 sec)
or 741.0 KBE/seconds somewnat better.

A datz lawout ortimized for resding would rerform betterr, amd in Fact
increazsing tne rmumber of blocks writtern =zer bhand misht hels, Orne could
cledicate cwlinders to esch banmnd (25 in the RMOZ czse) without an
incressed VAX memory buffer renaltys if one scatter—-wrote data to seven
culinders: ome block rer cuwlinder 3t 3 time. Some of the dzts lswoubls
whiich result when additiornasl blocks are writtern rer bard zre more
comeledey and nave rnot bheern investidgated fullw st this time.

Another waw to incresse read throughesut wonld be to incresse the rnumber
of  ‘das’ sectors from 4 to 8 thus incressing the valuess in the
inter—block distance table sbhove bw 4 (mod 32). This would make it
fessinle +to use seek sector distances of 14 z2nd 19y instead of 23 and
A8y reducing wasted time and chandging the lawvout of barmds om the disk.
This arerozch has not beernm fulls investigsted st this time.

lisl. Datsz Format and Ferformance -—- EGR

Usinmg the 2 millisecond turm-zround timer Asrendix IV indicztes thst &
hlocking fazeotor of 8 with five blocks rer cxlinder is ortimzsl. It turns
out that the block lenmgtnhs inm this case are identical to the IFC cases
agricd the culinder data lagout diagram meed not be rereated for this case.

Resd and write rates are the culinder ratess or =
(5 blks/cwl ¥ 8 lisblk % 7100 hw/l1i) / (19 revs X 0.014464 sec/rewv)
nr B8%24.8 KE/seconds which is marginsl.

Byffaer Sices

For TFRC write tmffersy we det

1 blk % 2 li/blk ¥ 6300 bu/li ¥ 2 buffers
or 113 KB+ For IFC read bufferss we det

2 blocks ¥ 2 lines/block ¥ 4300 bwtes/line X%
or 227 KR.

3

P twffers are
2 blocks ¥ 8 linezs/block % 7100 bwtes/line % 2 bhuffers
or 227 KR,

Confiduration
The RMOS‘s csn pe nung from two MEBEA‘s with 211 drives dusl-rorted to
allow zccess from either MEBEA. One MBEA will be dedicated to rezding  =and

the other to writinsg: with the dual-rort feature bheing uwsed to zllocate
drives to sacnhn functiorn.
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Tradeoff Matrix

RMO3 RFQ& RMO5
lererlicate Thermal wes rne rno
Thermal on RAA disk HES wes WEE
Annotation on RAA disk no o e
Armotation on RAA MEA  wes WES HEE
Num drivesy Strins 1 14 10 o
Mitm drives: String 2 14 10 o
Num drivesy String 3 9 & &
Number of srare drives 0 Q Q
ITFC blocking factor & a8 o
ITFPC blocks/culinder 2 4 5
IFC blocks/band 2 2 1
IFC bands/owul i 2 i)
IFC write rate 1134 207.2 07,2 KB/ secomnd
IFC read rate 11324 Q07,2 761 KE/secaond
IFC write buffer 1341 1411 11% KE
IFC read huffer 20D 202 227 KR
FGF blocking factor o 7 8
FGEF resd/write rate 10835 41,7 896.8 KEBAsecomrnd
FGF buffers (each) 213 298 237 KE -
Number of MBA’s it 3 3
Faeilite imract extreme zisnif signif
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Uax CFU Lozding Due to QID Compuwte Time During IFRC

From To QAI0‘s Block lLensth Lergth Fadge QIo Qro  Qaro QLo
#ar Factor Ewtes Fzges Lock Loclk Lock Some HNone
HEE Time Unit Totzl Totzl Total

(ms ) (ms) (ms) (ms) Cms 2

HSCI  VAX e& 1 &300 13 0,65 1485 177,46 73.% 73.%

UK NISK 14 & 37800 74 3.7 4,9 78.4 78.4 20.8

NIsKk  VaX 47 & 378600 74 2,7 4,9 83:.3 B3.3 22.1

VaX FFF 17 & 37800 7 S 7 4,79 B s 2wl

FFF VAaX ke 2 43900 125 625 7+45 89,4 15,48 15,46

YA NSCO 18 & 42600 84 4,2 S.4 @7vd 234 2E. A4

TOTAL GOBL.R 2948.7 177.9

Notes:

Colummn 1 1 dats source.,

Column 2 ! dats destination.

Columm 3 + number of QI0's requested rer secondr bssed on recuirsd dats
rate (per Dick Kziser’s unrublished throusnerut stude) znd Lhe
satimated block zize.

Columm 4 ¢ blocking factor,

Columm 3 3 block lensthy in butes.

Caolumm & 3 blochk lemgths in mages.

Columrn 7 1 the time it would take to lock the rzges of thne block 4nto
memorys st 0.050 milliseconds rer rade.

Columm 8 ¢ the total time it wowuld take to =erform & QIO for this rhase

-
L]

f Lhe =rocessings consisting of the rzse lock time from Column
7 rlus 1.2 milliseconds gereral QIO overhesad.

Column 2 § total CFU wtilizstion if =a3ge lockinz is rerformed on all
AI0’s, Multirlies the rer-QI0 time from Column 8 b2 the number
of QI0's from Columm 3.

Columm 10 3 total CFU uwtilization if radge locking is rerformed omly e
standard DEC (i.e.s» dishk) driversy znd QIO chzining is used
for dgrours of ten NSCI records. NSCI CFU time is then sgiven
ba ((246710) X 1.2 ms) + (946 X 0,465 ms).
Moted this is the IFC bsseline figure, rer Fhil Miller.

Columm 11 3 totsl CFU utilizastion if most rsge locking is eliminsted.
Mualtirlies the mumber of QI0‘s from Column 2 bw 1.3 milliseconds
For ezch QI0.
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Nisl. NOrive Characteriatics

RMO3Z RMOS RFO4 UMITS
1 SOURCE COC9762 CDCP7&8& MEM 677
2 CYLINDERS a3 823 al13
3 SURFACES 5 12 19
4 SECTORS/TRALK Iz Lo 22
5 USAEBLE TRACKS 4114 154634 154085
& USARLE SECTORS 131648 500352 3404670
7 USABLE K-BYTES 47404 2546180 174423
8 ROTATION SFPEED 3400 3400 3400 RF M
¥ AVERAGE LATENCY 8.3 8.2 8.3 ME
10 MAXIMUM SEEK 93 59 50 HE
11 AVERAGE SEEK 30 20 28 MS
12 ONE CYL. SEEK ) ) 7 MS
13X AVE SECTOR WAIT 521 o2t 738 HICROSECONDS
14 ONE €YL, SEEK 11432 11,352 F.23 SECTORS
15% MAX XFER RATE 1212 12312 204 KE/SEC
Léox AVG BURST RATE 9283040 983040 475840 HYTES/SEC
17% AVG MLT CYL RAT 819200 933888 642042 EBYTES/SEC
1&x AVG MLLT CYL RAT 1400 1824 1254 SECT/SED
19 SECTOR SIZE 312 o912 9 BYTES
20 TRACK SIZE 146384 163284 11264 EYTES
21 CYLINDER SIZE 81920 311296 2140146 RYTES
A, SECTORS/CYL 140 408 418
23 CYL. READ TIME 83.3 Ild. 6 3144 HS =
24 CYL READ RATE 12 3.16 3.14 CYLS/SECOND
il HEIGHT 40 I 47 INCHES
26 DEFTH 33 ? 32 INCHES
27 WIDTH 22 1 31 INCHES
28 FOWER DISSIFATE 1210 i 1285 WATTS
NOTES ¢

LINE 13 § THE AVERAGE TIME FOR A SECTOR TO ROTATE UNDER THE
HEADS OF THE GIVEN DISK., CALCULATED AS FOLLOWS ¢
1l 7/ (60 TRACKS/SECTOR % ? SECTORS/TRACK)

LINE 135 ¢ THE MAXIMUM DATA RATE DURING A SECTOR READ OR WRITE.
THE AVERAGE RATE IS LOWER, DUE TO INTER-SECTOR FPAUSES.
OBRTAINED FROM THE LITERATURE.

LINE 16 ¢ THE AVERAGE DATA RATE TO/FROM A DRIVE QUER A TRACK.
CALCULATED AS FOLLOWS 3
912 BYTES/SECTOR % 7 SECTORS/TRACK X 40

LINES 17 AND 18 1 THE AVERAGE TRANSFER RATE IF ONE ROTATION IS
LOST FER CYLINDER READ. CALCULATED AS FOLLOWS
(512 BYTES/SECTOR X% 7 SECTORS/TRACK % 7 SURFACES) /
(16,66666 MILLISECONDS/TRACK % (7 SURFACES + 1)

cosT «(LIST PRICES) ¢

RMO3Z SINGLE/DUAL ACCESS CONTROLLER 4 DRIVE
FMOE SINGLE/DUAL ACCESS DRIVE ONLY
KECS SINGLE/DUAL ACCESS CONTROLLER + DRIVE
RFO4& SINGLE/DUAL ACCESS DRIVE ONLY

FEHOZIA/BA
RMOIA/BA
REFO&A/BA
RFEO&HEA

F25. OR/7433 . 0K
$19,0K7421, 0K
£44,0K/7456. 6K
34, 0K/¢39, 2K

I B |

oW

a4
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FROGRAM THREUCTTY ) §

(% FROGRAM TO CALCULATE IGF UTILIZATION FACTORS OF Rad DISKS
CONST
(k RBRLOCKE FER CYLINDER FOR aALL DISKS X

RMO3GFC 16053

RMOSSFC 6085

RFOASFC = 4183

(% NUMEER OF BYTES FER LIMNE OF A-TAFE DATA X

LINLEN = 6300.03

FH

VAR
BFACT, BLENS, ESECT» RMOZ» RMOS» RFO& ! INTEGERS?
BLENEy FUTIL, RMO3FU: RMOSFU, RFO&FU 3 REALS
DEILE § TEXT?

BEGIN
REWRITEC(OFILE) S
FOR ESECT = 0 TO 7 DO RBEGINM
WRITELM(OFILE)
WRITELNC(OFILE,
* BF ELOCK ELK E FERCNT RM FPERCNT RM FERCNT RF PERCNT )
WRITELN(OFILE>»

’ ILMGTH NG M UTIL 03 UTIL 0% UTIL 0& UTIL )¢
WRITELNC(OFILES
! CEXTEY (8) Fo )i

WRITELN(OFILE) S
FOR RFACT 3= 1 TO 10 [0 BREGIN =
WRITEC(OFILEBFACTI3)
BLENE 3= BFACT % LINLEMS
WRITECQOFILE BLENERI®31) 3
BLENS 1= TRUNC{(BLENE / S12) + 0.7979%9)3
WRITE(OQFILEBLENS14) 3
WRITE(OFILE,ESECTIZ2)$
BLENE 3= BLENS + EBECTS
FUTIL = (BLEMNE % 100,03 / (BLENS ¥ S12.0)7
WRITE(OFILE FUTILIZI2)?
RMO2 1= TRUMC(RMOZESFC / BLENS)S
WRITE(OFTILE RMO313) 5§
RMOZFU 1= (RMO3 X FUTIL % RBLENS) / RMO3ZEFC:
WRITECOFILE,RMOIFUIT732) 4
RMOS = TRUNC(RMOISFC / ELENS) S
WRITE(OFILE RMOSI3) 3
RMOSFU = (RMOT % FUTIL % BLENS) / RMOISFCH
WRITE(OFILE,»RMOSFULIZ:205
RFO& i1= TRUNC(RFO&LEFC / RLENS)S
WRITE(OFILEyRFOAIZ) s
REQSEL 1= (RFO& X FUT
WRITE(OFILE RFO&FULTS
WRITELN(OFILE) S
ENII: {k FOR RBFACT %)
END: (% FOR ESECT %)
EEND .

L ¥ BLENS) / RPO&EFCH
)

I
235

B
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IGF Disk Throusheut Anzlysis «- Arrendis 111
Fad Ddsk Utilizstion Factors for IFC
BF BLOCK EBLK E FERCHNT RM FERCNT RM FERCNT RP FERCNT
LNGTH NG M UTIL 03 UTIL % UTIL 04 UTIL
(BYTE)Y () P
L +6300.0 13 0 424,465 12 +92.29 46 +73.,09 32 +94,20
2 +12600,0 25 0 +9B.44 4 +92.,29 24 497,14 14 494,20
3 +18900.0 37 0 199,77 4 +92,29 146 +97.14 11 +97.14
4 +25200.0 S50 0 +98.44 3 492,29 12 +97.14 8 +94.20
9 +31500,0 42 0 +99.23 2 +746.90 ¢ 491,07 & +88.31
6 +37800.0 74 0 +99.77 2 492,29 8 +97.1i4 5 488,31
7 +44100.,0 87 0 +992.,00 1 +53,83 4 +85,00 4 +82.47
8 +50400.0 929 0 +99.43 1 +61.52 6 +97.14 4 +94.20
? +856700,0 111 0 492.77 1 +69.21 5 +91,07 3 +79.48
10 +63000.,0 124 0 499,23 1 4+74.90 4 +80.95 3 +88.31
BF BLOCK  BLK E FERCNT RM FERCNT RM FERCNT RF FEROCNT
LNGTH LNG M UTIL 03 UTIL o5 LIRTL g SR
(BYTEY (5) P
1 +4300.0 13 1 487.89 11 +B4.59 43 487,02 29 485,37
2 +12400.0 25 1 494,465 & +92.29 23 493,09 1é& 494,720
3 +18%200,0 37 1 497,14 4 492,29 14 +97.14 11 +97,14
4 +25200,0 S0 1 +94.51 3 +92,29 11 +89.05 8 +94,20
9 +31300.0 &2 1 497,466 2 476.90 9 491,07 & +8E.31
& +37B00.0 74 1 498,44 2 492,29 8 497,14 5 488,31
7 +44100.,0 87 1 497.88 1 +532.83 4 +85,00 4 487,47
8 +50400.,0 292 1 +98.,44 1 +461.52 6 +97.14 4 494,20
¥ +5&6700.0 111 1 498,88 1 +44%9.21 5 491,07 3 479,48
10 +43000.0 124 1 498,44 1 +74,90 4 +80,9% I +88.31
Colummn 1 3 blocking factor (rumber of lirmes rer block)
Columm 2 ! block lendgth (huetes)
Columm 2 3 block lensth (sectors)
Columm 4 ! number of emprtw/gar sectors zllocsted sfter each block
Column I ¢ rercent utilization of storsge withinm 3 block (ircluding
Lhe emrtu/dar sectors)
Column 4 § riumber of blocks ser cuwlinder om z2n RMO3
Column 7 ¢ rercent wtilizatiorn of storzse within 2 ecwlinder for
arn RMO3 (and therefore» rercent utilization of the disk)
Column £ ! rumber of blocks rer culinder om an RMOS
Column 2 | rercent utilization of storasge within = cwlinder for
' an RMOS (and thereforer rercent utilization of the disk)
Column 10 3 rnumber of blocks rer culinder on an REOS
Column 11 ! rercent utilization of storasge within 3 ewlinder for
an RF04& (znd thereforer rercent utilization of the disk)

)
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Fad Disk Utilizzstion Factors for IFC
BF BLOCK BLK E FPERCHNT RM FERCNT RM FERCHT RF PERCHNT
LNMGTH LNG M UTIL 03 UTIL 05 UTIL 0& UTIL
(BYTE) (8) F
1 +6300,0 13 2 482,03 10 +746.90 40 +80.93 27 +7%.48
2 +12600.0 25 2 +91.15 oS +76.90 22 +8%.05 15 +BH.31
3 +18900.0 37 2 +94.45 4 +92.292 15 +91.07 10 +88,31
4 +25200.,0 50 2 +94.,465 3 492,29 11 +892.05 8 +94.20
5 +31500.0 &2 2 +946.13 2 +746.90 2 +21.07 & 488,321
& +37800.0 74 2 +97.14 2 +92.29 8 +97.14 5 +88.31
7 +44100.0 87 2 +946.78 1 +533.82 & +83.00 4 +82.42
8 +50400.0 99 2 +27.446 1 +41.52 &6 +97.14 4 +94.20
9 AaG 000 311 2 RPR.00 1 $456%.@1 B #9791 .07 3 4$729:48
10 +632000,0 124 2 +97.466 1 +746.90 4 +480.93 3 +88.31
BF BLOCK EBLK E FPERCNT EM FERCNT RM FERCNT RF FERCNT
LNGTH NG M UTIL 03 UTIL 0% UTIL 0& UTIL
(BYTE) (85) F
1 +6300.0 13 3 +746.90 10 +746.90 38 +746.90 26 +74.54
2 +124600.,0 25 3 +87.8%9 5 +746.90 21 +85.00 14 +82.42
3 +18200.0 37 3 +92.29 4 +92.29 15 +921.07 10 +88,31
4 +25200.0 50 3 +92.87 3 +92,29 11 +82.05 7 +82.42
S +31500.0 42 T +94.45 2 +746.90 @ +91.07 & +88.31
6 +37800.0 74 3 +95.88 2 492.29 7 +83.00 5 +£8,31 -
7 +44100,0 87 3 +95.70 1 +53.83 & +85,00 4 +82.42
8 +50400.0 99 3 +96.51 1 +61.52 I +80.95 4 +94.20
? +56700.0 111 3 +97.14 1 +46%.21 5 +91.07 3 +72.48
10 +43000.0 124 I +926.8%9 1 +76.90 4 480,95 3 +88.31
Columm 1 ¢ blocking factor (number of lines ser Dlock)
Column 2 ¢ block length (betes)
Column 2 3 block length (sectors)
Column 4 | rnumber of emrtw/sHzs sectors zllocated sfter each bloock
Column 5 ¢ rercent utilizstion of storage withinm & block (including
Lhe emrtw/gsr sectors)
Column & ! rnumber of blocks ser cwlinder on an RMO3Z
Column 7 3 rercent utilization of storsge within 3 cwlinder for
arn RMOZ (and therefores rercent utilizstion of the disk)
Columm B8 § rumbher of blocks rer culinder on an RMOS
Column 9§ rercent utilizztion of storsdge within 3 cwlinder for
arn RMOE {(and therefores rercent utilizstion of the disk)
Column 10 ! rumber of blocks rer culinder om an RF0S6
Column 11t rercent wtilizztion of storasge withim 2 culinder for
arn RF0& (amd therefores rercent utilization of the disk)
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Factors for IFC

ITI

Fase

BF BLOCK BLK E FERCNT RM FERCNT RM FERCNT BF PERCNT
LNGTH LNG M UTIL 03 UTIL 0% UTIL O& UTTL
(BYTE) (8 F
1 +4300,0 13 4 4+72,38 9 +49.21 35 470,83 24 470,465
2 +124600,0 25 4 484,86 5 +74.90 20 480,95 14 +82.,472
3 +18900.0 37 4 490,03 3 +49.21 14 +85.00 10 +88.,31
4 +25200.0 50 4 491,15 2 +461.52 11 489.05 7 +82.42
9 +31500.0 462 4 493,22 2 474,50 2 +91,07 & +88.31
& +37800.,0 74 4 +94.,45 2 492,29 7 +85.00 5 488,31
7 +44100.0 B7 4 +94.,45 1 453,83 & +85,00 4 +82.42
8 +50400.0 99 4 +93.57 1 +461.52 5 +80.95 4 494,20
? +56700.0 111 4 +94.30 1 +4692.21 3 491,07 I 479,48
10 +63000.0 124 4 +94,13 1 +76.90 4 +80,95 3 488,31
EF BLOCK ELK E FERCNT RM FERCNT RM FERCNT RF FERCNT
LNGTH LNG M UTIL 02 UTIL s WL 06 UTIL
(BYTE) (8) P
L $6300.,0 13 35 +46B.36 8 +461.52 33 +446.79 23 +467.71
2 +12600.0 285 § 482,03 5 474,90 20 +80.9Y 132 +74.54
3 +18%900,0 37 5 487,89 3 +49.21 14 485,00 9 +79,48
4 +253200,0 S0 I +892.49 2 461,52 11 4B9.05 7 482,42
S +31500,0 62 5 491,83 2 +74.90 9 +91.07 & +885.31
6 +37800.0 74 5 +923.45 2 492,29 7 485,00 5 +88.31 -
7 +44100,0 87 5 +93.62 1 +53.83 4 +85.00 4 +82.,42
8 +50400,0 99 5 494,465 1 +41.52 5 480,95 4 +94.,20
7 +54700,0 111 5 499,47 1 4+469.21 5 491,07 3 479,48
10 +63000,0 124 5 495.392 1 474,90 4 480,95 3 488,371
Columrn 1 ¢ blocking factor (rumber of limes ser block)
Columm 2 1 block length (butes)
Column 3 ! block lemsth (sectors)
Columm 4 3 number of emrtu/gar sectors sllocsted after each block
Column § ! rercent utilizetion of storsdge within 2 block (imcludins
the emrtye/Za3r sectars)
Columrn & 1 mumber of hlacks ser cwlinder om an RMO3Z
Column 7 ! rercent utilizastion of storsse within & cwlinder for
an RMO3 (and therefore» rercemt ubilization of bthe cisk)
Column 8 ¢ rumber of blaocks rer cwlinder orm an RMOS
Columrn 2 1 rercent ytilizastiorn of storsse within 3 cwlinder for
arn RM0OS (and thereforey rercent utilizstion of the disk)
Calumrn 10 3 rmumber of blocks rer cuwlinder on zm RFOS
Column 11 1 rercent utilization of storase within & culinder for
an RFOS (and therefores rercent ubtilization of the oisk)

38
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Ras Disk Utilizstion Factors for FGF

BF BLOCK ERLK E PERCNT RM FERCNT RM FERCNT RF FERCNT
LNGTH LNG M UTIL 03 UTIL o UTIL 06 UTIL
(BYTE)Y (8> P
1 4+7100,0 14 0 499,05 11 495,34 43 4+98.07 29 +v6.21
2 4+14200,0 28 0 499.05 5 +84,.47 21 +95.79 14 +92.89
2 421300.0 42 0 492,05 3 +78,00 14 +95.77 @ 489,87
4 +28400,0 54 0 499,05 2 +467,34 10 491,23 7 492.89
% +3%5500,0 70 0 499,05 2 +846.47 3 491,23 5 +82.74
& +A424600,0 84 0 499,05 1 +52.00 7 495,79 4 479,42
7 +49700.0 98 0 499,05 1 +40.47 & +99.79 4 +92.89
8 +54800,0 111 0 +99.924 1 +69.34 & +91,23 3T 479,42
® 4+463900,0 125 0 +99.,84 1 +78.00 4 482,11 3 +89.57
BF ELOCK BLK E PERCNT RM FERCNT RM FERCNT RF PERCNT
LNGTH LNG H UTIL 03 UTIL 05 UTIL 0& UTIL
(BYTE)Y (&%) F
1L 47100,0 14 1 +92.45 10 +846.67 40 +91.,23 27 489,97
2 +14200.,0 28 1 +95.64 5 +86,.47 20 +91.23 14 +92.8%
3 421300.0 42 1 +94.75 3 +78.00 14 +95.79 9 489,57
4 $28400,0 56 1 +97.31 2 +62.34 10 +91.23 7 +92.89
BO+AES00,0 70 1 +97.446 2 +B6.47 B +91.,23 5 +82.,94
A +424600.0 84 1 +97.89 1 452,00 7 +95.,79 4 +79.42 )
7 +492700,0 98 1 +98.,05 1 +40.47 & +95.79 4 +92.89
8 +54800,0 111 1 +922.05 1 +4%2.34 S +91.23 3 +7%.462
9 FA3900,0 125 1 499.0% 1 +78.00 4 482,11 3 +89.57
Columm 1 } blocking fzctor (number of lines rer block)
Columm 2 ! block length (bhutes)
Column 3 1 block lengtt (sectors)
Column 4 ¢ number of emptwe/gar sectors zllocated after sescn lock
Column 5 ¢ rercent uwutilization of storesde within a2 bDlock (including
the emertz/gzr sectors?
Column & ¢ number of blocks rer culinder om an RMO3
Columrn 7 ¢ rercent uwtilizastion of storadge within & cwlinder for
an RMO3 (znd thereforey rercent wutilizetion of the disk’
Columrn 8 3} rumber of blocks rer cwlinder om an RMOS
Column 9 § rercent utilization of storadge withim 2 celinoer for

ar RMO5 (and thereforer rercent uwtilizastion of the disk)?
Colummn 10 3 rmumber of blocks rer cuwlinder on an RFOG
Column 11 3 rercent utilizstion of storade within & celinder for
an RFOS (arnd thereforer rercent wtilization of the disk)
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TGF Digk Throusheut Analwsis —~— Apsrendix IV Frasie
Fad Disk Utilizstion Factors for FPOF
BF BLOCK  EBLK E PERCNT RM FERCNT RM FERCNY FRP FERCMT
LNGTH LNG M UTIL epr ol [ Er 0% UTIL Q& UL
(BYTE) (8) F
1 47100.0 14 2 +846.67 10 +86.47 38 488,47 246 +86.26
2 +14200.0 28 2 +92.45 5 +B&.67 20 +91.23 13 +84.24
3 +21300.0 42 2 494,55 3 478,00 132 488, 9? ¢ 489,57
4 +28400.0 56 2 +95.64 2 +49.34 10 +91.,2 7 +%92.8%9
S +35500.,0 70 2 +946.30 2 485,47 8 +91.hu 5 o4+82.94
H +424600,0 84 2 +9246,75% 1L +52,00 T 495.79 4 479,42
7 +49700.,0 98 2 427,07 1 +40.467 & +95.79 4 +92.89
8 +54800.0 111 2 +98.17 1 +&%.34 5 +921.23 3 +79.62
Q@ +43900.0 125 2 498,27 1 +78.00 4 +B2.11 3 +89.57
BF BLOCK BLK E FERCNT RM FERCNT RM FERCNT RF PERCNT
LNGTH LNG M UTIL QA ELL OEr LTI 0& UTIL
(BYTE) (B) P
1L +7100,0 14 3 481,57 9 +78.,00 35 +792.83 24 +77.462
2 +14200.0 28 3 +82.47 5 +Bb.47 19 +86.467 13 +846.246
3 +2130C.,0 42 3 492.45 3 +78.00 13 +88.95 7 +89.57
4 +28400.,0 56 3 +94.01 2 +492.34 10 4921.23 7 +9“ 89
S +35500.0 70 3 +94.98 2 484.47 8 +921.22 5 + 74
& +42500.0 B4 3 +95.44 1 452,00 4 +82.11 4 +?9,52 -
7 +49700.0 98 3 +946.11 1 +60.467 & +95.79 4 492.89
8 +54800.0 111 2 +97.31 1 +492.34 5 491,23 3 479,42
7 +463900.0 125 Z 497,50 1 +78.00 4 +82.11 2 48%9.57
Columm 1 3 blockins fsctor (number of 11nes Fer blochk)
Columm 2% block lenmgsth (hutes)
Colummn 3 ! plock length (sectors)
Colummn 4 3 nmumber of emptu/gser sectors allocsated after esch block
Columr S ! rercent utilization of storzdge withinm & block (inmcludins
the emrte/dHzr sectors)
Columm & 1 numier of blocks rer culinder on an RKMO3
Columrn 7 1 rercent utilizstion of storage within 2 cwlinder for
arm RMO2 {(znd therefores rercent utilizstion of the disk)
Columr 8 § number of blocks rer culinder on an RMOS
Columrn ¢ § rercent uytilizstion of storsde withinm & cuwlinder for
arn RM0OS {and therefore: rercent ytilizstionm of the disk)
Columm 10 ! rnumber of blocks rer cuwlinder on an RFOG
Columm 11 ! rercent utilization of storadge within 2 cexlinder for

cid sk
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Rad Disk Utilizstionm Factors for PGP

BF ELOCK ELK E FERCNT RM FERCNT RM FERCNT RF PERCNT
L.NGTH LNG M UTIL 03 I T 03 UTIL 04 UTIL
CEYTEY (Ba P

1 +7100.0 14 4 +77.04 8 +49.34 33 4+75.27 23 +746.30
2 414200.0 28 4 +846,47 5 484,467 17 +BELET 1T +86.26
3 +21300.0 42 4 +90.44 3 +78.00 13 488,95 ¢ +89.57
4 $28400.,0 546 4 492,45 2 +49.34 10-+91.23 & 47%.42
S +35500.,0 70 4 +93.70 2 +B4.,467 8 +91.23 I 482,94
& +42600.0 84 4 +924.55 1 +32,00 & 482,11 4 479,42
7 +49700.0 98 4 495,17 1 +60.487 5 +79.83 4 +92.89
8 +56800.0 111 4 +96.47 1 +6%2.34 o +91.23 3 +79.42
? +63200.0 123 4 +96.75 1 +78.00 4 482,11 3 +8%.57
BF ELOCK BLK E FERCNT RM FPERCNT RM FPERCNT RF PERCNT
LMGTH LNG M UTIL & BT o= e €1 0& UTIL
(BYTE) (8) F
L +7100.0 14 5 472,992 8 +492.34 32 +72.9%9 22 +72.%9
2 +14200,0 28 5 +84.04 4 +469.34 18 482,11 12 +79.462
3 +21430040 42 T +88.31 3 +78.00 12 +82.11 8 +79.62
4 +28400,0 56 I +920.93 2 +4692.34 9 +82.,11 & +79.42
o +35500.0 70 5 +92.45 2 +84.47 8 +21.23 3 +82.%74
& +42600.0 B4 S +93.49 1 +52.00 & +82,11 4 +77.62 )
7 +492700.0 98 5 +94.24 1 +460.467 5 +792.82 4 +72.89
8 +546800.0 111 5 +95.64 1 +462.34 S +91.23 3 +79.42
9 +463900.0 125 5 +946.00 1 478,00 4 +82,11 3 +89.57
Column 1 § bhlocking factor (number of limes rer bhlock)
Column 2 3 bhlock lermgtn (butes)
Columm 3 3 block lensgth {(sectors)
Column 4 ! rumber of emrtue/gar sectors sllocated zfter esch block
Column 5 ¢ rercent wutilizstion of storazge within 3 plock (imelucding
the emrtw/gar sectors)
Column & § rnumber of blocks rer cwlinder on ar RMOJ
Column 7 ¢ rercent uctilization of storsge within z cuwlinder for
2n RMO3 (and therefores rercent utilizstion of the disk)
Column 8 ! number of bhlocks rer cuwlinder on sr RMOEH
Column 2 i rercent utilizstion of storade within a cwlinder for

an RMOS (and thereforer percent utilization of bhe disk)
Columm 10 ! rumber of blocks rer culinder an am RFOS

Columrn 11 ! =ercemt utilization of storadge withinm 2 cwlinder for
an RFO& (and therefores percent wtilizstiorn of Lthe disk)



