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1. Introduction

Dizsc accesses is. along with CPU and memory, one of the three
major rescources on a computer swetem,

On a 3000 it is the most likelw of the three to be the
critical resource -— the ome in short supply., This iz because
the 32000 i= used primarily for business processing, which is

wsually I/0 intensive.

This papser presents some waws of saving this resource when it
iz appropriate to do so,

11. What iz & Disc Access

By disc acce
r

= 1 mean the entire process of reading a block
ot data F =

=%-3 r
om  disc or weiting it to disc, This includes such
activities as =oftware setup, disc head sesk to the reguired
track, wait for the requirsd block to pass beneath the dizc head
{latency?, and transfer of dats between dizc and main memory,

As = rule the longest part of & disc access is the seesk; the
following figuru" which pertain to an average access on an HP
7E25 disc drive show why:

Software setup -- small walus - wvariss with CPU

Seak - 25,0 ms

Latency -— 1.1 ms

Transfer time - 1.4 msskbyte

Total - atout 30 mz
The total of about 40 ms iz what leads to the rule of thumb

that the 2000 carn maintain an average of about 25 disc accesses
per  secand., It i= important to notice the assumptions bshind
such  a statement, however, Une gssumption iz that only one disc
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drive at a time is active, a situaticn that may not hold under
MPE 1Y for systems with multiple discs, #nother assumption is
that an awerage access takes takes 40 m=s, vhereas the true
average depends on the actusl distribution of data and the
sequence in which it is accessed. This aszumption is probably
close to being true for a time-sharing multi-user snvironment
because of the randomness of access im such an environment, but
unlikely to be true for a stand-alone batch environment,

11T, What Resource is Critical

Before anw optimization iz dome to save accessess it should
be determined that acceszes iz indeed the limiting resource. The
reason  is that most technigques of saving accesses are trade-offs
-— their price is the increassed uss of some other resource
Cusually main memcry), If that other resource is the limiting
resource then saving accesses may actually undermine performance.,

Unfortunatsly there iz no easy method to  determine the
limiting rezource other than to purchase performance consulting

fram HF, A HP performance specialist has sccess to measurement
tools  which are not mormally available to customers, I+ this is

done, great care shouwld be taken to assure that measurements are
taken duwring & period which iz tepical of  the problem to be
soived,

There are some tools availabkle to customers which could
probabliy be used to do a fairly reliable diagrnosis by somecne
mﬂpEleﬁCEd in their usge, I will msntion these tools here, but a

discussion of their use is bevornd the s=cope of this paper.

arn the disc drives; the
ies I, II, armd III; the
‘= and 33z} the SHOWE

Some  tools  are: the busy light
current dinstruction register on the B
status display on the console of Seri
command: the contributed progeam S00

~e T
m i

Eal 8 |
Do R

One  tool which should be menticoned specifically iz the
contributed  libeary program FILERPT written by Chuck Storla, an
ZE from the Rolling Meadows office.,  FILERPT can show which filas
are being acceszed most and  therefore where optimization should
begin omce it has been decided to optimize for disc scoesse

i

I, Some Design Suggestions

A few things should be kept in mind during the design stage
of am application,

Load balanmcing iz oftss an effsctive way to  allsviate
performance problems,  The ides is to redisteibute the work load
of  the computer system to reduce the load during the probilem
periad,

e form of  load balamcing i & tra;saction proceszing
grvironment  is  the techmnigue of batch wupdating —-- collecting
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tramnsactions  into a batch for updating of the master Viles st a
later time byv & batch program, This technigqus has one major
dizadvantage -- the datas in the master file is mot completelw up

to date. Rmong the mamy advantages are:

1. The high-overhead posti
rnon-peak pericd,

ng operations can be done at 3

2., The sharing af the master files for  branmsaction
proceszing  is  read onlw -—- & more efficient sharing
ervivonment than update dno locking iz regquired),

2, Tramgaction leogging and recovery is generallw  a much

simpler problem,

Arncther major design consideration is the amount of structure
-~ keys, sort items, etc, -~ to use in files, Structure regquires
coneiderakle machine work to establish during  the writing of
data, and Jjustifiez itself only by the wok it saves during
reading., Therefore the file must be relatively static, i.=.
there must be more reading than writing of it, with respect to

whatever structure it hasz., In terms of & catoch phrase:
"R Static File Supports More Structure,

Every piegce of propossed structure should be sxamined in this
light, Further, when balancing work saved agsinst work expended
it must be considered whether sithsr the sxpended or sawved work
iz during a pesk period, For example a key intended to save work
during batch reporting may not be justified only because it adds
to the peak  load during daytims  transasction processing, O a
sort item may  justify  itzelf by s=peeding up  transaction
processing ewven though it adds significantly to the nigbhtly batch
load,

W Increased Blocking

General Discuszion

bUgimg a3 larger blocking factor iz a simple and effective
technigque for reducing sccesses i aocess to the file has
"good locality”, i.,e, if the next record requirsd is likely
to be near within the file to the one just fetched, Thizs is
true whern the file is being scoessed sequentislly, and rarelw
true otherwize, With MPE files it is obwvious when sccess is
phusically =sequential; we will discuss below when access is

zequential for Image and KSAM,

It i=s hard to owver-emphasize the importance of the
techrnigque of using largsr blocks: it i=s generally wvery =asy
and wvery effective. The only price paid is increased memory
reguirements for buffering the larger blocks.
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With MFE file=z it is usually possible to double the block
= thcrcby cutting disc accesses in half -~ without
payving a memory price, This is donse just by reducing the
rumber  of  buffers from twoe Jthe defaultd to one bw putting
"BUF=1" onn the file equaticn., The function of the second
buffer -—-- allowing overlap of proceszging and 140 -- is
wsually obviated by MPE s multiprogramming enviconment,  Even
if it iz not, halwing the number of accesses should be a
greater benefit tham the second buffer,

Examples of Sequential Access

Sequentisal access i= W cammor, and  thus  the
Dppmrtunitjes for applving this technigue are many., Examples
of  =eguential access are: most batch applications; sorting:

the text and keep opsrations of file editing; sowurce progeam
compilation: and MPE ‘s reading of UDD files  at logon and
SETCATALDG time,

ITmags

Image does not allow control owver  the blocking of eac
data set =separately -- the BLOCKMAX parameter of DEICHENA
saets  klocking +or all dats sets, Therefors it may be
difficult to take good advantage of the technigus., However
if it i= determined that a large proportion of access to a
dats base is phwsicslly sequential, 1t maw be worthehile to

e BLUOCKMAX abowve the default,

irncres

Im Image the most impmw+ant instance of ssquential accocess
is backwsrd or forward serial access  to a dats set,  If th

data base hasz besn reocrganized by doing 3 chained unlos
followed bvw & load, thern chaimed sccess on pPiman kevs is
alza sequential, IFf there are a3 large number of secorndaris
i a master, then accesszes can be reduced by Iﬁr~er blocks
haoiever 1t i=s probable more appropriate to investigate why
the hasghing =cheme is not working well,

n'l

KEaM Data Files

Chronological acces
new datas Lo the i
equential. A wery impot
r.

o oa KSAM file, including addition
2, 1s by deFinitiﬁn physically
tant mods of SAM access -~ keywsd
chential ~— will be phwsicallwy :quuntxdl if the file was
riginally loaded in key ssquence. Because of this, accesse
can be =saved during kewsd seguential  acoess by using 1.
data blocks and loading in key sequence,
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KzaM versus Image

If a KS5AM file is being used onlw for keved access, not
cewed =equential, Image should probably be used instead.
This is because Image s hashing techrniques generally fetch a
record  inm & single access, whereas KSAM s B-treese technigque
requires a search through the multi-level key tree before the

data can be read, C0n the other hand KEAM is very fast for
keved sequential access which Image canmot do at alll,

KsAM Key Files

KEAM  key files can benefit  from larger blocks, Perhaps
surprisingly  the greatest benefit is for random keyved access
rather than keyed sequential, The reason is  that keyed

sequential  access is wvery sparimg in its use of the key file
regardless of kew blocking.

However the opposite is true for random kewvsd aco
Each fetch of a record by key reguires a top to bottom sear
thirough  the key tree. This results in H-1 disc acces:
where H is the height of the tree. (Unless there iz locki ng,
the root block does mot have to be read -- it is already in
the buffers)., The fetch of the data record requires another
disc access, making H accesszes the total rumber reguired,

The possible bernefit of larger kew blocks is that the height

aof  the tree may be reduced, A reduction of tree height frrom
thires to two would save one third of the accesges

Bltough it is possible to calculate whether a larger
block will actually reduce tree height, it iz probably just
as simple in most cases to simply try it.  The KSaAM manual
dizcusses how Lo specify keyw block factors,

Y1, Increased Buffering

Gener-al Discussion

Increased buffering iz of doubtful walue in @ sequential
acoess er Sironment, but can undsr cerbain circumstances be
WEry elpful in a random access  environment, Thess
cii gumﬁtﬁ nces  are  that  thers are repeate accesses to the
same blacks of the file and these blocks can be held in
meEmcry . =z with increasing block =ize, the price paid for

A
increasing buffering is main memory,

1t some situations it may be possible to use FPE’'s
buffering to implemsnt this technigue. Suppose 0 3
that an application makes thousands of accesses to a file
which iz only 100 records long, each record h51r§ 100 biete
tong, The total length of the file is only 10,000 bptes,
Simnce  an MPE buffer cam be as 1 hes CEK words)
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it is possible to hold the entire file in a buffer. It
dossn 't make too much difference how the file is blocked., but
it mav az well be blocked 100 -- the sntire file will be
brought into the buffers with a3 single access, and that is
the only access required for the entire run.

The above example iz an  extreme case, but the principle
applies for less extreme cases as well., Suppose that the
file were SO0000 bytes long =-- five times as long as the
previcus file. How only about one third of the file can be
heid in  the buffers at orne time, but thiz is still

orthwhile: the chances of finding the required block in the
buffers ig one out of three, and we reduce our disc accesses
by one third,

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

It is not necessary to accept MPE s restriction of a 16K
buffer =segment., A user can do his own buffering with extra
data seaments and fill as much of main memory as desired with
blocks from his file, This requires some szophisticated
programming  but it might be the scoluticon to some difficult
performance problems,

Effects of Locking
It is wvery important to keep in mind that for both MPE
and KSAM files 11; locking can negate the valus of buffering
entirely and drastically increase disc sccess reguirements,
The reason is that for these file tupes Chut nut Image ., sach

user has his  own set of file buffers. To assure that all
uzerz have an accurate view of the file, it is ecce=sary that
a file lock cause clesaring of the user’'s buffers (Forcing him
to go to the file) and that an unlock post any changed blocks
to the file,

ll’-

It iz best to aveid zharing MPE and K5aM files at all,
unless access is read only for all users, Otherwise locking
is  required for proper sharing of the file, If a locking
enviconment  canmot be  awoidad, its harmful  effects can be

minimized by doing as many operations  as possible betwsen
gach lock and unlock,

Buffering and Image

Image performance can be helpad by incressed buffering in
certain circumstasnces., A example is repested random access
to & master which iz sufficiently small to allow a sigrnficant
part of it to be held in memory. Interestingly perhaps,
seqentisl access can alsce be helped by additional buffers if
they prevent the buffer contsining the segquentially accessed
block from heing ocwverweitten by another block,
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In general it is wery difficult to know how many buffers

is  "right” for an Image application.,  Probably the best
advice is to tey different numbsrs of buffers and check the
effects o disc accesses by observing the file ;1 oze 1og
records.,

For a batch application the right number iz generally the
maosimum Cepecify 2550, This irncreases the M mcL
reguiremsnts  forr  the bastoch job but gets it oub of the way
sooner, In many cases batch jobs are rumn at night whern there
is not much competition for memcory anyway, Batch jobs which

do  posting should germerally run with buffer posting deferred
Limvoked by calling DBCONTROL with mode = 13, This causes
Image to postpornse the posting of 3 bilock in 2 buffer until

the butfer is needed for soms other block, In many cases the
reduction in the rumber of disc acceszses is dramatic, I the

svetem should fail during the runming of the batch job, the
data bage iz almost guarantesed to be invalid —- it will be
necessary Lo restore the dats base and rerun the job in its
entirety., Of course thiz is the usual tactic for any failure
af a batch jobr,

DRLOAD, by the way, will by default run with the maximum
rnumber of buffers and with buffer posting deferred,

Bufferimng and KEAM

WwIT.,

The buffers for both the key and data files of a KIAM
file are in a single data segment, There is alwavs exactly
one  buffer for the data file, but the uzer haﬁ control over
the number of keyw block buffesrs, FEAaM allows as many as 20

key block buffers, but if kew blacks are close to the maximum
allowed length of 4K bytes, the maximum number of buffers
alloved may be less than this -- s few as 1S5, Please note
that to specify the number of buffers with a file egquation,
the DEY= kevword is used; the parameter is the one which
specifies number of copiss when writing to a spooled dewice,
Thiie to specify 9 key block buffers, add ":DEVY=,,3" to wour
file equation. I krnow this sounds strange., but what reason
would I have to lie about it?),

‘+l

3
+-.

m

Increased buffering has  little if any walue for keyed
sequential access but may reduce disc accesses dramatically
for random keyed access if a significant proportion of the
kew file can be held in the buffers Cassuming no locking, of
cCourse), This can be determined easily from the KEYINFO
command  of KSAMUTIL, which tells the number of blocks in the
kew file,

Increasing the Resource
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ALl of  the above suggesticons  have  besn mriwmtau toward
cing the demand o dizc It iz oftaen pos: =
to  dincrease  the  supply of them, by reducing the time it
to doe them, in particolse by reducing seek tims,

The esasiezt tactic iz a rel
one edoe of the disc i

ther, thus reducing auarag

oad, This conzalidates the il
brings the extents of & fi
=k bdme

Lo

[ L]

L

Fimother  major tactic iz to reduce head movemsnt be avodiding
=ituation in whluh s head iz  Forced to move back and forth
2en btwo o more Filex o bthe zame dizc, Here are some

qeztionzs bazsed on this approach:

1. Awvedd putting  anw rr:qucn¥lﬂ
filesd on  thes
d  the =wapp

=)
aoceszedd,

=ed files Cincluding
whiich  contains the
both  of  which are

J:..
o f
mo
0o
[y
it

i!-

£, kKeep the input ard oubpotr files of batch actiwities
Cincluding sortsd on Fseparate discos

sppimg the kew and dats fFile of & KEOM file on separate
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