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INTRODUCTION

MR NEERNTEIITAEEINTSERE

Softuare designers, whatever the
product, hopefully provide a variety
of features which they belleve are
important to user acceptance of the
product,

In many cases, the implementation of
a feature is optimized for the use
epvigioned by the Implementers,
Cornwersely, the implementation may be
sub-optimized for use other than as
intended.

Traditionally, product manuals seldom
(if  ever) include motivatiocnal
discusgions of product features o
that ugers are nol warned about sub-
optimal uses of the product features,

In gome cases the sub-optimal use of
features may have nc noticeable
effect on throughput or response
time. In others the effect may be
digastrous,

Two features of IMAGE/3000 whose
sub-optimal use can be digastrous are
“integer keys" and “sorted paths”.
For the purposes of this paper, these
tyo represent, respectively, PAPA
BEAR, and MAMA BEAR. Each is a very
deep pitfall and extricating yourself
from either can be very expenaive,

BABY BEAR is represented by “paths”,
another feature whose misuse, while
normally not digastrous, may have a
negative effect on response time
and/or throaghput. A discussion of
the use of pathe is included to
justify the title and because it
should be of general interest.
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BACKGROUND
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"Betail” datagets were intended an
repogitories for records  Thaving
geherally no unique identifving
characteristic {field value} and for
which the primary accesg method would
be sequential,

Each detail dataget starte ag an
empty {ile of a size large emough to
meet its capacity requirements,
IMAGE keeps track of the highest
record rmmber {initially . zero}
asgigned to any record of the
dataset, as a result of a BBPUT,
This serves as a “high-water-mark”
and is analogous to the file system’s
£OF (end-of-filej.

Stated another way, a detail dataset
iz gimilar to an ordinary MPE file in
that each new record is assigned an
addresg calculated hy adding 1 to the
high-water-mark., UWhen thig is done
te an MPE file, MPE adds 1 to the
current EOF pointer and appends the
new record.

IMAGE, however, provides for the
automatic re-use of space which
results vhenever a record ig deleted.
It keeps track of the reusable space
by means of a push-down stack. It
maintaing a pointer to the newest
member of this stack and each meaber
pointe to an older member deeper in
the atack., DBPUT always {for detail
datasets) aseigns the addrees of the
newest member of this “delete chain”
te the nex record being "put" unless
the “delete chain” is empty, in which
case DBPUT increments the
high-water-mark and aseigns the new
value of the high-water-mark as the
addreas of the new record,

"Master” datasets were intended ag
repogitories for records having a
unique identifying characteristic
[field walue} and for which the
primary retrieval technique would be

dependent on this unique value., The
IMAGE mamual refers to this asg
calculated access.

After much discussion it vas decided
that two distinet “flavors” of
calculated access be provided: one
over which the wuser would have
{essentially) no control and which
would calculate record addresses via
a hashing algoritim whoge objective
was to achieve a nearly uniform
digtribution of addresses in the face
of random or non-random key values,
and another over which the user would
have {esgentially] absolute control
in that the low-order 31 bits of the
key value would determine the desired
address {modulo the capacity).

For those of you familiar with
“direct accees" methods, this latter
capability can bhe viewed as a
generalized "direct access” method.
Goneralized in the senge  that
addresges greater than the capacity
are not congidered invalid, but,
instead, are reduced module the
capacity, ITHAGE does thia by {a)
subtracting 1 from the 31 bit key
value, {b} dividing the result by the
capacity to obtain the positive
remainder and [c) adding 1 to this
remainder,

It was further decided that this
vdirect access" technique would be
uged whenever the ‘search field was
defined as an item of type I, J, K or
B {all of which are of binary format)
while “haghing” would be used
whenever the search file was defined
as an item of type 4, X, Z or P [none
of which are of binary format],

For all of the “direct access" type
keys, IMAGE treats the low-order
{right most} 31 bits as a positive
integer in calculating the record
address, For this reason, these keys
have been dubbed "integer" keys as a
vay to dietinguish them from “hashed
keys".
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Space allocation from magter datagets
iz completely different from that
described for detail datasets, In
effect, a master dataset starts out
with the high-uater-mark equal to the
capacity and DBPUT never apperds
iecords. Instead, the record space
starte out as entirely re-usable, No
“delete chain" s maintained f{or
magter datasets. instead, IMAGE
relies on a “bit map” which is
maintained at the front of each block
of each dataset, For master
datagets,  DBPUT  calculates  the
primary address {as described above)
and, after verifying that the key
value js unique, attempts to plsce
the new Trecord 4t the primary
address,

This attempt will succeed if and only
if this new record has no synonyms.,
(Mheruise, DBPUT assipns a secondary
address physically near (hopefully)
the primary address, It finds such a
hole by means of a sequential (and
eyeiical) search starting with the
bplock containing the current end of
its syronym chain, In a master
dataset which ie not too full and
vhere existing vrecords are not
“clustered” {i.e. nearly uniformly
distributed} and where the “blocking
factor” is not wvery small, this
sesrch might require zero, or only a
fow, disc reads.

This technique aseigns synonyme to
the same block or to neighboring
blocks thus ainimizing 1/0 during
DBPUT’g, DBFIND’s, and keyed DBGETS,

Having covered the pertinent
differences between detail and master
datasets, let wug procead to a
discupsion of the path feature,

Under IMAGE, a path ig a relationship
betueen 2 magter dataset and 3 detail

dataset, The relationship is 1-to-N
(where N varies from zero to 64535}
in the sense that each master record
iz related to N records of the detail
dataset and that each record of the
detail dataset is related by this
path to efactly one record of the
magter dataset,

The N detail records related to a
conmon master record are referred o
as a chain gince IMAGE links them
together with backward and forward
pointerg, One end ig referred to as
the "begining-of-chain” and the other
ig referred to as the “end-of-chain".
New records are added to  the
“end-of-chain”, IMAGE maintains a
chain length count and pointers to
the beginning- and end-of-chain in
this common master record.

The common master serves as a locator
record f(via a DBEIND! to the
corregponding detail chain, This is
analogous to using the card catalog
in a library to locate all books
written by a particular author.

The fact that a detail dataset can
have paths to more than one master
dataset is analogous to the bocks in
a library being referenced by other
card catalogs such as Titles or
Topic.

This, together with the fact that
IMAGE permits master datasets to have
paths to more than one detail and
have wore than one path to any
detail, make IMAGE [(along with the
AUTOMATIC master feature) a very
flexible 2-level network structure
data base manageaent system,
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PAPA BEAR...the INIEGER KEY pitfall
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My first live encounter with a misuse
of integer keys arose in 1978,

One Friday in 1978 I received a phone
call from an insurance firm in the
San Francisco Bay Area, ] was told
that their c¢lairs application was
having serious performance problems
and that, in an attempt to improve
the situation, they had, on the
previous friday, porformed a
CBUNLOAD, changed some capacities and
then started a DBLOAD which did not
conclude until the early hours of
Tuesday morning!

They were a $100,000,000-pius company
which couldn’t stand the on-line
responge they were getting amd
couldn’t afford loging another Monday
in another vain attempt to resoive
their problems.

Investigation revealed that claing
information was stored in the two
detail datasets with pathe to a
ghared automatic master. The gearch
fields for these three datasets was a
double integer key whose values were
all of the form YYNNNNN [shown in
decimal) where YY was the two-digit
representation of the year (beginning
with 71) and where each year NHNNN
took on the values 00001, 00602, ete,
up to 30,000, ‘

YEAR  CLAIM NUMBERS

1971 7i00001-7125000
1972 T200001-7230000
1873 7300603-7330000
1974 7400001-7430000
1975 T500001-7530000
1976 7600001-7630000
1877 TI00001-7730000

Although the application was built on
IMAGE In late 1976, the -earlier
claimg information (from 1971 thru
1976) was loaded to be available for
current accesg, 1 do not recall the
eract capacity of the master dataget
wat, for purposes of displaying the
nature of the prodlem {especially the
fact that it didn’t eurface unti}
1978) 1 will assume a capacity of
470,000,

Although the pumber of claims per
year varied the illustration will
also assume that each year had
30,0600,

The first claim of 1971 was claim
mnumber 7100001 which, wusing a
capacity of 370,000 IMAGE would
agsign a primary address of 70,001,
This is  because 7,100,001 is
congruent to 70,001 modulo 370,000,
The 30,000 claiss of 1971 were thus
assigned the successive addresses
70,001 through 100,000,

gimilar calculations show that the
claime for each year were gtored in
groups of wsuccessive addresses as
folloss:

ASSTGNED ADDRESSES

70,001-100,000
170,001-200,000
270,001-300,000

1~ 30,000
100,001-130,000
200,001-236,000
300,001-330,000
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Note that no two records had the same
assigned address and thus that there
were no synonyms and that all
DBPUT’g, DBFIND’s and keyed [BGFI’s
were very fast indeed!

Now comes 1§v8!I1}

Unfortunately 7,800,001 is congruent
to 70,001 so that the first IBPUT for
1978 creates the fivst synonyn of the
magter dataget., [t is, in fact, a
synonym of c¢laie 7100001, Recalling
that DBPUT finds an altersate
location by means of a gerial search,
DEPUT then searches the next 60,000
records before it finds an umuged
address at location 130,001! Even
with a blocking factor of 50, this
would require 1200 additional disc
reads which would make each DBPUT up
1o 200 times as slow as those of
previous yearg!!

Note that the next claim if 1978
(with claim mumber 7800002) is con-
gruent to 70,002 so is a synonym of
7100002 and also lead to a gerial
gearch which ends at location
130,002¢ Tima each successive DBPUT
resulte in a gpearch of 60,000 records
59,999 of which it had inspected
during the preceding DBPUT!!

PaPA  BEAR had claimed another
victin!! The desigher of this system
had unknowingly laid a trap which
would =&nap at a mathematically
predictable time, in thia cage 1978,
After struggling with this problem
for months, the user ultimately
escaped from PAPA BEAR by converting
to “hashed keys" {in both the

database and the spplication
modulea); a very eypensive
corversiont

Note that the problem was not a
synonyr Dproblem in the sense that
synonya chains were long nor was it a
“fyliness” problem since the master
dataget was less than 57X full when
PaPa BEAR struck. The problem uas
due to the fact that the records were
mawinalily clustered whereas DBPUI’s
space gearching technique for masters
is optimum only under {nearly)
uniforn distribution assumptions,

Note that the performance of DBFIND
and DBGET waw excellent wsince the
maxiaum synonys chain length was 2,

Another much shallower pitfall would
have been designed if, in the above
exanple, the claim rnumbers had been
of the form NNKRNNYY with the same
capacity of 370000. In this case,
the performance of DBPUT's ,DBFIND’g
and keyed DBGET’s would all degrads
over time but would never reach the
digastrous level of the DBPUT!s of
the exzample. In this case, the
degradation would arise due to the
length of synonym chains and due to
iocal clustering,

Note that this modest pitfall could
be eliminated by changing the
capacity, for emample, to 376030.

Note however that this problem would
still arise if the capacity wvere
merely changed, for example, 1o
30001,

It should be apparent by now that
depigneras may avoid the clutches of
PAPA BEAR by carefully
(mathematically} inspecting the
congequences of the values of their
choice of master dataset capacity.
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PATH pitfall
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My first live encounter with a misuse
of sorted paths arose in 1975,

The facts surrounding this incident
were toid to me by Jonathan Bale who
was @till om the IMAGE project.
Neither one of ug remembers the exact
mumeric details se I have ugsed poetic
license by making up numbers which
seem to be reasoenably close to the
actual ones involved in the incident,

The user had created a database
containing one automatic magter data
get and one detail dataset related by
a 2Z-character key and wuwhere the
resulting path was sorted dy some
long forgotten field{s).

The uger had written a program which
read a record from an input file,
added two blank characterz ito serve
as the sgearch field and then
performe¢ a DBPUT to the detail
dataget. This wvas repeated for all
records of the imput file,

At the time Jon received a phone
call, the tape had not moved for
around 18 hoarg and the prograa had
already been rumning(?} for at least
30 hours.

On  inguiry, Jon learned that the
input file contained over 40,000
80-character records and that the
user was ueing IMAMGE 1o sort these
records!

This is an extreme example of a
sub-optimal use of sorted paths. To
see this, it is important to know
that when adding a new record to a
sorted path, DBPUT starte its search
for the appropriate point of
insertion at the en¢ of the chain and
then sgearches the chain backward
until it encounters a record whose
port field{s} wvalue is not greater
than that of the record being added,

For imput records whose gort field
valups are randomly ordered, the
expected rumber of ryetords to be
searched is one-half of the length of
the chain. UWhen the chain is 20
records long, the search will cover
10 records om the average. Uhen it
becomes 30,000 long, the search will
cover 1%,000 records on the average!

For a file with 40,000 records to be
sorted inte one chain the expected
mumber of reads to cover all searches
ig approximately 400 million with the
last record alone expected to take
20,000!

The blocking factor of the input tape
wag 200. No worder the tape hadn’t
moved for 10 hours!!

To avoid the clutches of MAMA BEAR,
avoid using seorted paths if the
chaing are very dynamic or very long.
The wmore dynamic they are, the
shorter they ghould e, aml, the
longer they are ,the lesz dynamic
they should be. The term dymamic is
uged here to refer 1o the relative
frequency with which entries are
added and deleted,

Contrary to the many warhings you may
read against wusing sorted paths,
there are occasions when thelr use isg
infinitely better than any other
option.

HP’e Corporate Parts Center in
Mountain View used a sorted path in
ite back-order dataset, The search
field was the part rumber and the
gort field wag a priority aesigned by
order-entry personnel in such a
narner that the highest priority
back-orders were at the front of the
chain,

¥hen new parts were received, a clerk
at the receiving dock would enter the
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part-rumber and quantity st a
terninal. The program would then
per form a DBFIRD with that
part-mumber on the back-order dataset
followed by a sequence of chained
reads. For each record in the chain,
a packing slip would be printed
showing the quantity and destimation
and the record was then deleted.
This procese was repeated until the
chain was empty or all received partas
were accounted for. In the former
cage, an additional shipping slip was
printed so that the remaining parts
would be delivered to irwentory,

this on-line t{echnique eliminated
unnecegsary shipment of parts to
inventory, minimized parts handling,
facilitated shipments and miniaized
errors.

Bven though the chains were sorted,
most back order chainge were either
eapty or had only a few entries so
that adding new entries was never
teally alom.

Another, even more outstanding, use
is available to order yprocessing
oystens whare gach sub-system {or
part} in a master dataset is related
to ite comporents in a detail dataset
by the part mmber of the subsyatam
{or part). The component rumbers in
each detail record are alsc pregent
as part rumbere in the master dataset

and each of these in turn may bde
related to other components in the
detail dataset. In other sords the
parent-child” relation implicit in
the corcept of “component” i
recursive,

The detail dataset here is related to
the magter via & parent-rumber field
and is sorted by component-mumber,
The fields of the record are ordered
to take advantage of IMAGE’s exwtended
gort to include component option and
quantity,

This “clever" design together with a
recuraive procedure enables the
application to provide on-line,
gingle- or multi-level,  fully
indented, bill-of-material explosions
with the componentg at each level in
cosponent-nusber and component-cpiion
order, No sorting is required ard
the performance of the explosion is
limited by terminal speed,

Although many pecple may recommend

" that you avoid sorted paths, try

inplesenting either of thage
applicatione without them, EBesponse
time would be somewhere between bad
and disastrous!

There really is a place for network
databases and vorted pathe.
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BABY BEAR...a discuseion of PATHS

AN AR THURI IR R Y AR E N T T MR MR R EN W

s illustrated in the examples,
soried paths can provide benefits
critical to some applications,

For instance, the application may not
have to search the entire chain or it
may simply be easier 1o program
and/or marvelously faster as with the
bill-of-material enample wentioned
above,

The overhead for paths mentioned in
reference to DBRMUT’s and DBDELETE’s
i@ also proportional to their
frequency of use, In other uords,
this overhead is less of a
conaideration for relatively static
datasets than for relatively dynamic
datasets, So additional paths for
static datasets have less DBPUT and
DEDELETE performance costs than on
dynanic datasets.

SUMMARY

In general, the rule for a path ia:

*when in doudbt,leave it out”. If

leaving it out proves to be a
mistake, you can be sure that someone
wiil call it to your attention amd
then (with the help of ADAGER) you

nay add it without impact on any
application module. On the other
hand, if providing it proves to be of
little benefit, no one will tell you
and removing it will undoudtedly have
dire consequences on some application
rodule{s),
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Biographica
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Fred White began his Programming career in 1957 as a scientific pro-
grammer, He programmed for B years in various user eaviromments expanding
into commercial, management syetem and systes programsing areas primarily on
IBM and Burroughs computers.

On August 1,1965, Fred took a programming pogition with [BY where he worked
on a multiprocessing tewt processing system which ran on modified 1440's or
1486’8, During his 4 years with IBM he furthered his knowledge of file
gharing and concurrency control.

On August 1, 1969, Fred joined Hewlett-Packard as Project Manager of what
later became the MPE File system, He designed the account/group/user
gtructure, capability classes, file codes and other features of that system,

Fred is best knoun in the user community for his invclvement with IMAGE/3000
where he served as Designer, Programmer, and Project Manmager.

Fred left HP and has been working with aAdager gince November 1,1981,

Note: Sorry about being soc wordy, 26 years are hard 1o encapsule [at least
for me).
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