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1, Introdouction
izc accesses s, along with CRPU and memory, one of the thrse
major resources on a8 computer swstem,

a2 204 it is the most likely of the thres to be th
critical resource -—- the one in short supply. Thi= iz becauss

the 30400 1= sed primarily for business procsssing, which i=
f“‘ usually 1.0 intensive,

":.l

This papsr presents some ways of zaving this resoorce when it
iz appropriate to do so.

IT. UWhat iz a Disc Rcocess

By disc access I mean the entire process of reading a block
nf data from disc or weiting it to disc., This includes such
activities a5 software setup, dizc head sesk +to the regquired
track, wait for the required block to pass beneath the disc head
:lthﬁLU3 and tranzfer of dats betwesn dizc and main memory,

As = rule the lomgest part of a disc access is the sask; the
following figures which pertain bo an average sccess on an HP

Y25 disc driwve show why:

Software setup - small value ~— wariss with CPU
Sesk - 2.0 m=
Latenay - 1.1 ms
Transfer time -— 1.4 msskbwte
Total - abwwult 30 ms

The +total of about 40 ms is  what leads to the rulse of thumb

that the 32000 can maintain an  awverage of sbout 2% disc accesses
¢ per secand. It iz important ko notice the assumptions behind
s=uch a statement, however, Ore assumption iz thet only one disc
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drive .at a time is active, a situaticn that mav not hold under
MPE IY for svstems with multiple discs, #Another assumption is
that an average access takes takssz 40 mz, whereas the true
averags depends on the actual distribution of dats and the
zeguence 1in which it is accessed. This assumption is probably
close to being true for & time-sharing multi-user environment
because of the randomness of sccesg  in such an environment, but
unlikely to be true for a stand-alons batch environment.

117, What Rezource iz Critical

Before ary optimization iz done to save accessess it should
be determined that accesses i indeed the limiting resource. The
reason is that most technigues of =aving accesses are trades-offs
-=  their price iz the increased use of some other regource
Cusually main memorw), If that other resource isx the limiting
rezource then saving accesses may actualle undermine performance,

Unfortunatsly  there i3 no easy method to  deteerming the
limiting resource other than to purchasze performance consulting
frram HF., #An HP performance specialist has sccess to measuremsnt
tools  which sre not pormally availlable to customers., I+ this is
done, great care should be taken to szsure that measursments are
taken dwring a period which iz twpical of  the problem to be
solved.

There are some tools availasbkle to customers  which could
probably  be used to do g fairlv reliable diagrnosis by soneone
axparienced in their use., I will merntion these tools here, but a
discussion of their use iz bevond the scope of this paper,

Some tools  are:  the buzy lights on the disc driwvaes; the
currznt instruction register on the Series I, IT, armd 11I) the

-y

status disgplay on the console of Series Z0°= and 3237°s:  the SHOWE
command:  the contributed progeam 300 the log file

iy

One  tool which showld bs mentioned specifically is the
contr-ibuted  library program FILERFT weittes by Chuck Storla, an
SE from the Rolling Meadows office. FILERPT can show which files
are being scceszed most and therefore where optimization should
begin onoe it has besn decided to optimize for disc accesses.

%, Bomes Design Suggestions

A few things shouwld be kept  in mind during the design stage
of an application.

Load balamncing iz often an effective way to  alleviate
performance proeblems, The idea iz to redisteibute the work load
of the computer  swstem  to reduce the load during the problem
paricd.

Orie fForm of  lead kalancing i & transaction proceszing
grvironment  is  the technigue of batch updating —-- collscting
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transactions into a batch for updsting  of the masster files at 3
later time by & batch program. This techrigue has ome major
digadvantage -~ the dats in the master Filg is not complstely up

to date. fmong the mamy advantages are:
1. The high—overhesd pozting operations can be done at a

fron—peak period,

2. The sharing af the master §files for bransachion
proceszing is read only -~ 3 moire  efficient sharing
erviranment than update Jno locking iz required’,

3. Transgaction logging and recovery s generallw  a much

simpler problem.
Arnother major design consideration iz the amount of structure
~= keyg, sort items, =tc. -—- to use in files. Structure requitres
congiderable machine work to esgtablish during  the weiting of
data, and Jjustifies itself only by the work it =saves during

reading, Therefore the filse must be relatiwvelyw static, i.s,
there must be more reading tharn writing of it, with raspect to
whatever structure it ha=z. In terms of a catch phrase:

f Static File Supports More Steucture™.

Every piegce of proposzed structuare shouwld be sxamined in this

light, Furthsr, when balancing work sawed against work expended
it moust be considered whether sither the expernded or saved work
is duwrirng a peak period, For example a key intended to save work
durimg  batch reporting may not be justified only because 1t adds
b the peak  load during davtime tranmssction processing,. Ok 3
sort item may  justify  ditzelf bwe speeding up  transaction

pracessing even though it adds significantly to the nightle batch
load,

W Increased Blocking

Gemneral Dizcusszion

dsimng a larger blocking fac imples and effaectiwve
technigque for reducing SCoess cze  to the file has
Ygood  locslite”, i.e. i the nex d required is likelwy
ta be near within the file to the ane just feteched,  This is
true when the file iz beimg sccessed sequentislly, and rarelw
true otherwize, With MPE files it is obvious when accoess is
phvsically sequential; we will discuss below when access is
sequential for Image and KSAM,

It i= hard to over-emphasize the importancs of the
techmigque of using larger blocks: it iz generally wery sasy
and very effective. The only price paid is increased memory
reguirements for buffering the larger blocks,
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With MFE files it is uswually posszible te doublie the bilock
gize -~ thereby cutting dizc accesses in halt -- without
payving a memory price, Thiz is done just by reducing the
number of buffers from bws (the defaultd to one by putting
"RIF=1Y o the fFile egquaticn. The functicon of the secend
buffer -~ allowing owverlap of processzing and IS0 -— is
wsually obwvisted by MPE s multiprogramming environment, Even
if it iz not, halving the number of scceszes should be =
gregter benefit tham the second buffer,

s

Examples of Segquential Accsss

Sequential access iz WEL Commar, ang  thus  ths
cpportunities for sppluing this technigue are many, Examples
of  =sequential access arse:  most batch applications; sorting:

the text and kesp opsrations of file sditipg; scurce program
compilation; and MRPE's  ereading of WDRD filezx st logon and
SETOATALDG time,

ITmaos

Image does mot sllow control owver the blocking of each
data set =separatelw - the BLOCKMAK parameter of DERICHEMA
gets  blockirmg fFor all dats sets, Therefore it maw be
difficult to take good sdeantags of the technigue. However
if it iz determimed that a large proportion of scosss Lo a
data basse is phosicalle seguential, 1t maw be worthwehile to
troreaze BLOCKMAX above the default.,

]

Im Image the most important instance of sequential access
is basckwsrd o forwserd zerial sccess to a datas set. IV the
data base hasz besn resrgsnized by doing 3 chained wnload
followed kv & load, then chained access on primary kevs is
alzas  =equential., IFf therse are s large number of secondaries

in 3 master, then accesses can be reduced by largse blocks;
howewer it iz praobably more appropriate to investigate why
the hashing scheme is not wu;king waell,

J l‘l

KEAaM Data Files

Chromological access to a SN file, including addition
of new datas tao the Ffile, is by definition phoesicslly
sequential, A wery imparta nt mode of KSAM access —- kewusd
gsequential -—-- will be physically sequential if the file was
originally losded in key ssquence. Because of this, accesses
can be =aved during kewved seguential access by using large
data blocks and loading in key sequence,
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K2AM wverszsus Imagqe

If 3 KSAM file is beinmg used onlw for kewved access, not
kewed =equential, Imags should probably be used instesad.
This iz because Image ‘s hashing techniques gsnerally fetch 3
record im & singls access, whereas KSAM s B-tree technigue
requires a search through the molti-level key tree before the
data can be read. <(0n the other hand KEAM is verw fast for
keyed sequential access which Image cannot do at alll,

KSAaM Key Files

KEAM  kew files can benefit from larger blocks., Perhaps
surprizingly  the greatest bernsefit is for random keved access
rather than keyed sequential, The reason is  that kewed

sequantial access is wery sparing in its use of the kep file
regardless of kew blocking.

However the opposite i truse for random kewsd acc
Each fetch of a record by kew reguires a top to botiom sed
thirough  the key tree, This results  in H-1 disc acces
where H is the height of the tree, {Unlessz there iz locki
the root block does mot have to be read -- it is alreadye in
the buffers), The fetch of the data record requires another
disc access, making H accesses the total number reguired.

The possible benefit of larger key blocks is that the height
af  the tree may be reduced. A reduction of treese height from
thres to two would sawve one third of the accesze

II:

Bliough it is  pogsible to calculate whether a larger
block will actuslly reduce tree height, it iF probably just
as simple in most cases to simply tryw it The KZaM manual
discusses how o specify kew block factors.

Y1, Increased Buffering

General Dizcussion

Increased buffering is of doubtyul walue in g sequential
screzs  enviromment, but can undsr  certain circumstances be
WEPLY helpful irm a rardom  access environbsnt Thess

czruummtanre: e that there are ref
same blacks of the file and these
memary, RAs  with increaszing block =i
incressing buffering is main memory,

mted acoess
tslomks can kb 1
zz, the price paid o

gz ko the

It =smome =situations it may be possible to use MPE'=s

buffering to implemsnt thisz technigque. Supposs o example
that an application makes thousands of accesses to g file
which is only 100 records long, each record haing ian butes
long. The totzl lerghth of the file is ornde 10,000 butes,
SZince an MPE buffer can be as large as (6K bptes (8K m”rdﬁ}



it ig possible to hold the entire file in & buffer. It
dogsn 't make too much difference how the file is blocked, but
it may azx well be blocked 100 -~ the sntire file will be
brought  into  the buffers with a single access, and that is
the only access regquired for the entire run.

The above example iz an  extreme case, but the principle
appligs for less extreme casses a5 well, Suppose that the
file were S0G0GC bytes lomg -- five times as long as the
previous file. How only about one third of the file can be
held in the buffers at ane time, but this is still
worthwhile: the chances of finding the required block in the
buffers iz orne ocut of three, and we reduce our disc accesses
by one third,

In situations where not all the dats in s=ach record is
negded, it might be worthwhile to create & rew file with
smaller records, just so that a larger percentage of the file
can be kept in buftfers,

It 1= net necessary to accept MPE‘s  restriction of a 18K
buffer =segment., R ussr can do his own buffering with extira
data segments and fill as much of main memory as desired with
blocks from hiz §file, Thiz requires somse sophisticated

programming  but it might be the soluticn to zome difficult
performance problams.

The Effects of Locking

It is wery important to kesp in mind that for both MEE
and KSAM files file lockimg can negate the values of buffering
entirely and drastically increase disc scocess reguiremsnts,
The reason is that for these file tepes Jbut not Imsge)d, mach
uzer hasg his own set of file buffers., To sssure thst all
uzerz have an accurate view of the file, it iz neccesary that
a file lock cause clearing of the user s buffers (forcing him
to go to the file? and that an unlock post any changed blocks
to the file,

It i= best to aveid zharing MPE  and KSAM filez at all,

= g5 1g read only for all users, Otherwisze lacking
ig  required for propec shering of the file, If 3 locking
enviconmant  cannot  be  awoided, itz harmful  effects can be
minimized by doing  as many operations  as possible between
zach lack snd unlochk,

Buffering and Image

Image performance can be helpad by increased buffering in
certain circumstances, #n example is repeated random access
te & master which iz sufficiently small to allow a signficant
part of it to be held in  memoesy, Interestingly perhaps,
segquential access can slso be belped by additional buffers if
they prevent thse buffer containing the sequentislly accessed
block from being overweitben by ancther block.
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I general it 1s wery difficult to know how many
s Tright" for an Imags application. Probable
wize is to try different numbers  of buffses and ohe
fects onn disc accesses by ocbserving the file cl

For a batch application the right nomber is generally the
ma imum L specify 2TT ., This increases thie (=3 Tl W
regquirements  for  the batoch job but gets it oub of thse way
=ganer . In many cases batch jobz are rum at night when there
ig not much competition for memory anyway., Batch jobs which
do  pogting shouwuld germsrally run with buffer posting deferred
Linvoked by calling DEBOONTROL with mode = 12, Thi=s causes
Image to postpone the posting of 3 biock in a buffsr until
the buffer is needed for some othser block, irm many cases the
reduction in the rnumber of disc zccezses is dramatic, IFf the
svetem should fail during the rurming of the batch Job, the
dats basgse is almost guarantesed to be invalid —— it will be
neceggary to reztore the dats base and rerun the job in its
entirety. Of course thisz iz the ususl tactic for anw failure
of & batch job.

DELOAD, by the way, will by defsult rum with ths maximum
rumber of buffers and with buffer posting defsered,

Bufferimng and KEAM

WIT,

The buffers Ffor both the kew and data files of = KSAd
file are in a =single data segment., There is alwavs exactly
ohne  bhuffer for the data file, but the user has control over
the number of kew block buffers. FEaM allows as many as 20

key block buffers, but if kew blocks sre close to the maximum
allowed length of 4K bytes, the maximum number of buffers
allowed maw be less than this -—- as few as 15, Flesase note
that to specity the rnumber of buffers with & file equation,
the DEY= kewvword is used; the parameter is the one which
specifiss number of copiss when wri+ing to a spocled dewvice,
Thiss to specify S key block buffers, add ":DEY=, 3" to wour
file equation. <1 know this sounds strange, but what reaszon
would I have to lie about it7),

Increased buffering has  littls if any walue for kewed
sequential access but may reduce disc accesses dramaticallw
for random keyed access if a significant proportion of the
kew file can be held in the buffers Cassuming no locking, of
course ), This can be determined easilwy  fraom the KEYINFO
command  of KEAMUTIL, which tells the number of blockz in the
keyw file,

Increasing the Resource
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Al of  the  above suggeszticons hawve besn oriented toward
reduycing the demand for disc sccesszes, It iz ofter pozzible sz
well  to incresaze the supply of them, by  reducirg ths time it
takes to do them, in particolasr by reducing seek tims.

The easziest tactic is & reload, Thi= com=oelidstes the i1
to onse edge of the dizc and brings  the extents o
togethar, thus reducing averacge seek timss,

Frobher  major tactic iz toe reduce head movemsent be avolding
the =situation i which & head iz forced to mowve back and foarth
Botwsen btwo or more fFlles on the zame dizc, Here arse soma
uguoestions bazed on bthisz approach:

1o Avoeld putting  anw fr e;uantly acceszed files Tincluding
zpaol fFilesd on the swstem disc, which contains the
diractory Ewapping area, hoth of which are
Fregusnt i

£, FKeep the dnpuat oargd oubput
vincluding soeted on separate disocs,

Mesp heavily acco
separate disos,
together .,

e o
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)

4. keoping the kew and datas file of
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