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ABSTRACT

This paper describes a simulation model in which user jobs are

synthesized fro m basic building blocks. The modelling process consists of

three stages:

translation from a user view of data and processes dependent on the
data base management system (DMS) into a standard form consisting
of explicit access paths over logical data structures;

translation of the logical structures and operations into block-oriented
structures and operations on a virtual machine; and

execution of a number of concurrent jobs on a real machine .

This paper deals only with the last two stages. Standard forms for the logical
V structures and operations and for the virtual machine are described; they are

as free as possibl e from the data view of the particular DMS. We describe

a generalized modelling framework , which becomes a model of a particular

DMS when various “plug-in fl modules are added. The data representation

feature s of a DMS enter as parameters for the second stage , while the

~~~~~ ,
‘ resource management tactics are the parameters for the last stage. The

proposed model structure is intended as a basis for DMS design experiments .
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ON PERFORMANCE MODELLING OF DATA BASE MANAGEMENT SYSTEMS —

AN INDU CTIVE APPROACH

Allen Rei ter

1. INTRODUCTION

The modelling of computing systems is hardly a science

today ; at its bes t, it is perhaps nearer to a black art.

The difficulties of modelling are caused by the tremendous

complexi ty of the sys tems an d the myriads of details which
affect their performance. Not only is each individual

serially—execu ting task a~ highly complex subsystem in

¶ i tself , but we must contend with multiple tasks concurrently
competing for numerous resources; these resources , while
functioning in parallel , are not (quite) mutually

independent in their operation .

~t the heart of the modelling effort is the desire to

• obtain quantitative information about the effects of various

%: changes (e.g., in hardware , scheduling a lgor i thms , data

or ganiza tion , task load) on overall system performance. The 
- - - - - -

reason for  model l ing is simp ly that actual experimentation 
p7
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‘1 is prohi bi tivel y ex oensive (if at all feas i ble) an d r a r e l y
emoloyed.

Analytic models which attempt to describe an entire

system suffer from poor accuracy because of the very high

level of abstrac tion an d because of necessary but no t alwa ys
tenable assumptions about the distribution in time of

p
relevant events. Such models are perhaps most useful in

in d ica ting gross performance  an d in stu dyin g the ind ivi dual
behavior of var ious  sys tem components whi le  ignor in g the ir
interactions. The information obtained via such models can

J yield valua ble ins igh t when taken in con junc tion wi th da ta
obtained via actual measurements or simulation. In

par ticular , knowledge of the theoretical norm is vital if

depar ture f ro m  it is to be de tected and the reason
understood.

Discrete—event simulation models have more flexibility

than analytic models in that any amount of detail may be

incorpora ted , and model complexity is limited only by the

resources available to develop and run the model [20]. On

the other hand , environmen t—dependent input distributions

must be supplied to the model; these are often suspect in

how well they reflect reality. Also , the simula tor is face d

with problems in validating and calibrating the model.

One approach to modelling which has gained recent

• popularity is trace—driven simulation. An existing
-
~~ opera tional system is ins tr umente d wi th a probe which

collects actual run—time data. These data are abstracted

and utilized to form the input to the model. The model is

then parame tr ize d to allow for  chan ges in those sys tem
variables under study. We shall call such models deductive, 

4

as they are based o n a  posteriori analysis of exoerimental

evidence .
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Amon g the many advan tages claimed for  this  app roa ch are
credibility , accura cy,  low— level resolution , an d ease of us e
L u ] .  A deduc tive model is un denia b ly use fu l  in
“fine— tuning ” a system. Its obvious limitation is that it

canno t be used to ore d ic t oerforman ce  of a proposed sys tem ;

i.e. one for which no trace data are available.

Somewhat less obviously, even in existing systems, the

decision on wha t cons titutes an “event” for the pro be
greatly influences the type of changes which can be studied .

For example , a Probe which records all input—output activity

may be useless in stu dyin g the e f f ec t of chan ges to the
• underlying data structures (such as changing from an indexed

- -

~ sequential to a hash—coded directory); in this case the

probe is at too low a level. Moreover , many high—leve l

“eve nts ” are often hidden in the orocessing logic of a

program and cannot be detected by conventional monitoring

techniques.

This paper is concerned with inductive modelling . In
this approach a model of a comouter system is synthesized

from basic building blocks. These blocks determine the

L level of abstraction of the model. Building such a model is

a process not unlike constructing an actual computing

complex with its operating system and then writing an
- - aoolication program for each element in the job mix. To

keep the task at a managea ble level , much of the detail
clearly needs to be suppressed. Before we can describe this

task , we must narrow our universe of discourse and establish
a point of view .

We res tr ic t our a tten tion to da ta base mana gemen t
sys tems , i.e. comouter systems whose orimary function is

manipulating large amounts of data. In addition to a

conventional operating system , several layers  of genera l ize d

oage 3
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• data management software (OtIS ) may be present; we shall in

part be concerned with analysis of some basic OtIS components

so that we can synthesize different types of architectures

of DMS ’s in the model. One simolifyinq assumotion is that

such systems are I/O—bound , i.e. the central—processor

usage characteristics of the job mix do not have significant

- - 4 impact on oerformance. While we do not ignore the CPU

en ti re ly ,  we do not orooose to equip the model with tools

which facili tate CPU—usage reoresentation . On the other

han d, we do desire careful description of features which

directly impact the I/O characteristics of the tasks.

There are various aspects of a DMS. It incorporates a

V view of information structures , imposing this view on the

user who wishes to access the data. The DMS may have

built—in mechanisms by which the data are accessed ; the user

must specify orocesses over his data in those terms. (*}

Since the DMS must ultimately execute on a real machine , it

also provides a mapping from its information structures onto

physical storage structures. Finally , the DMS mus t have
algorithms for executing processes over the real structures

corresoondin g to the conceptual processes over the logical
structures , and also for allocating and sharing resources in
a time—shared environment. Each of these aspects is

relevant to our task.

Our basic point of view is that the model shall be used

for experimen ting with DMS and aoplication design. It

should ena ble a system designer to evalua te the performance

(*} This is termed a lack of data independence in the

orograms.

.
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imol ica t ions of va r ious  desi gn tr adeoff s un der va r ious  usa ge
assumo tion s, or to make a comparative evaluation of

• different DMS ’s in the general context of an application .

Typically, a pros pective cus tomer for a DM5 knows the
expected usage only aoProximately; moreover , the usa ge is
likely to be changing with time . Relative performance

figures may be just as valuable as absolute ones. Thus the

u se fu lness  of the model does no t h in ge on the accuracy of
the usage assumotions. At the same time , if the actual
system is suitably instrumented and collects aporopriate

statistics , it should be possible to feed them to the model

for fine—tuning the operation.

The genera l  layou t of an induc tive model , showin g three
stages of the mode l l i ng orocess , is shown in Figure 1.

The first stage translates a user—supplied task

descr i pt ion spec i f i ed a t a h igh conceptual level in to an
intermediate—level system reoresentation . The user task

descr io t ion is in terms of the logical data view of some
par t icular  DMS (rela tional , ne twor k , h i e ra rc hical , or
other). The system task description (in Standard

Intermediate Data Base Language — SIDBL) is in a standard

f o r m  and inc lu des ~ concrete representation for each access

path employed by this particular DMS. Data however are

stil l add ressed at a log ical leve l ; no reference is made to
any physical attributes of the data items or of the storage

representations emoloyed by the DMS implementation . The
• translator is dependent on the particular DMS in question ,

an d ma y be sim i lar  in struc ture to the tr ansla tor used in
implementing the actual system.

The secon d stage involves mode l l ing  the data stora ge
reoresen tation . The logical data elements are maoped onto

~~

. ~ blocks of secondary storage , and on this basis the data

oage 5
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and scheduling strategy -
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Figure 1. An inductive simulation model , in 3 stages.
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manioulation ooerations of SIDBL are translated into a

block—oriented instruction stream. These instructions are

in terms of a virtual data machine (VDM); questions dealing

with dynamic resource allocation as well as some other

issues (system configuration , file extents , etc.) are

postponed until the final stage. The representation
p modeller consists of data description mechanisms and a

generalized translation algorithm independent of specific

DMS ’s. In addition , it must be provided with various

(small) “olug—in ” modules which characterize the storage

representation features used by each specific DMS. When

these are added , the generalized framework becomes a

representation model for this particular DMS.

The outout of the first two modelling stages is a

synthesized job description in terms of low—level events.

One can conceive of existing DMS ’s being instrumented for

informing a monitor when such events occur; a trace of a

program execution collected by the monitor would resemble

the event stream generated by our representation modeller

and would play the same role for the next stage.

The third stage , the execution modeller EXM ,

incorporates all of the system dynamics. EXM is a model of

a multiprogrammed operating system , resembling somewhat such

commerciall y—available packages as SAM 11). EXM is ,

~ however , parametrized for various choices of resource

management strategies (relevant to DMS performance) , and it

is intended for a wide class of operating system and

hardware architectures. EXM is not explicitly concerned

with data representations , but is used to translate the

process model obtained in Stage 2 into oer forrnance figures

~~~ for a give n system architecture and job mix. Again , for a

fixed choice of strategies our generalized framework becomes

an execution model for one particular DMS.

oage 7
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Storage reoresentation differences among OtIS’s may
result in different event streams for the same user orocess.

D i f f e r ences in resource mana gemen t tac tics , job mix , and

c o n f i gu r a t ion , resul t in d i f f e r e n t execu tion stat istics for
a given set of event streams. The VDM thus provides a •

convenien t in te r face  for  separa ting the static f rom the
dynamic issues. Moreover, stora ge re presen tation model l ing
is of ten su bjec t to stochas tic va r i a b ili ty,  as the
reoresen tat ion in stora ge of a par ticular  data base is
usua l ly  no t dete rmin i s tic bu t may vary  depend in g on
ins er tion sequence , dele tion his tor y , etc. In studying

issues wh ich imoac t on the sys tem dynamics , it is usefu l  to
- ;  be able to insula te the resul ts f rom the ef fec ts of random

changes in storage representation . This we are able to do

by first generating a (fixed) set of VDM streams and then

using these for various exoeriments with system dynamics.

)
The pro blem of model l ing da ta re presen tations at a

level suitable for microscopic modelling was also addressed

by Senko et al ([14], [15]). Senko proposes a four—tiered

approach. At the highest level , a user ’s view of processes
and data is expressed in a non—procedural language (FORAL).

This is transla ted into an access—path view which

corresponds to the input to our stage 2: data are

F— - reoresented as strings and processes are described in a
- J orocedural language which closely resembles SIDBL. At the

third (encoding) level , str in gs are assigned concre te
physical attributes and mapped onto contiguous virtual

storage units called basic encoding units (BEU ’s). Finally,

at the ohysical device level, the BEU ’s are mapped onto

actual storage devices. Sibley [18] uses a similar model in

discussing the issue of data transferability . A somewhat

similar four—level archi tecture is prooosed in [13] for

imolementing a relational DMS.

oaqe 8
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Our aporoach differs from Senko ’s in a number of

significant ways. First , we are concerned with developing

general mechanisms which are used for modelling the dynamics

of DMS execution , not only with descriotion mechanisms for

the static asoects of the data reoresentations. (*} Thus ,

e.g. in modelling a B—tree “ inser t” operation ([8]) which

causes a block to split , it is not sufficient for us to have

- , a reor esentation of the “be fo re ” and “after ” states of the

-: data base; we want to be able to describe the intermediate

steos in the splitting algorithm of a particular

implementation of B—trees . Second , Senko views directory

decoding as a low—leve l function related to physical device

“access methods ” ; we view it as a high—leve l function and

mo del d ir ector ies u sing the same mechanisms as for other
higher—leve l data structures. This enables us to take a

— •1 more uniform view of physical access which is independent of

the underlying hardware or DMS implementation . We can for
—

example obtain static descriptions of the block reference

patterns for the same process using each of ISAM ([6]), SIS

([3]) and H1SAM ([7]) organization s, whereas for Senko these

differences would apoear only in the execution statistics.

Our representation modeller maps data onto physical blocks ,

which , while not having yet been assigned a specific

location in secondary storage , nev er theless corresoon d to
units of ohysical storage and will each eventually be the

subject of a single well—defined I/O operation (not an

“access method”). Our block is therefore at a considerably

lowe r level than Senko ’s BEU , being in fact a primitive

{*} Although Senko ’s earlier FOREM system [16] included

the simula t ion of di sk accesses , the mechanisms were lar gely

oage 9
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conceo t u n i f o r m l y  de f i n e d fo r all DMS ’s. Finally, our VDM

is equipped with a procedural language; no counteroart is

described by Seriko for the encoding or ohysical device

levels. This is because Senko ’s orientation at the lowest

modelling level is directed toward the hardware; our VDM is

an operating—system—level interface which enables us to

study (among other things) the effects of a multiorogramming

resource—s haring environment.

This paper does not deal with translation into a S.LDBL

representation ; this issue will be addressed in future work.

However , a data description language which , wi th some
mod if ica tions , may be a sui table “ f r o n t end” for our model ,
is described in [19]. We sketch in successive sections

SIDBL , VDM , and the representation and execution modellers.

The descriptions are not meant to be exhaustive ; indeed , any
such system must be open—ended at all levels in order to be

- 
- able to accomodate new develooments in data base technology.

The aut hor f i r s t deal t wi th the problem of model l in g data
reoresentations in [9] ; the oresent work contains a

substantial revision of that material.

A s imula tion model wh ic h u ti l izes  the general  f r amewor k
discussed here is currently operational, it is written in

FORTRAN IV (which is the host language for SIDBL). It is) being used to conduct experiments in DMS design; some

results have been described in [10] and [11].

2. SIDBL — A DATA BASE LANGUAGE

— 2.1 Storage oaths and access oaths.

~ 4~i~ Before descri b in g SIDBL, we mus t esta blish th e
distinction between storage and access paths for items in a

data base. For our ourooses we consider a single—level

oage 10
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(oossibly virtual) secondary store , and assume that

redundancy is not utilized , i.e. an item appears in storage
- exactly once .

A storage path determines where in storage the item is

to be placed. The olacement of some items in storage is

ar b itra r y; for  others , deoending on the DMS , h i e r a r chica l

relationships may be utilized when olacing occurences of

- 

- 

various items in proximity to one another. Thus , a f i l e  ma y
‘1 contain ” recor ds , a repeating group — instances of

occuren ces , a composite field — subfields , etc. Since there

is exac tly on e stora ge path for  each item , relationships

more complex than a tree are rarely utilized in a storage

strategy, and are not considered here.

An access path corresponds to a particular way of

processing collections of data items , and (for many DMS ’s)

there may be several different access paths to an item. An

access path may coinci de wi th  a storage path; in deed , the

I storage path may have been chosen in order to optimize

performance along this access path (presumably, because th is
• access path is used very frequently.)

When an i tem is accessed in a rea l data base , marty of

the structural parameters associated with the item (e.g.

• the numbe r of its storage oath neighbors in the same block)

are implicitly available. This is true regardless of the
• access path used in reaching the atom . In our model ,

however , these oarameters are obtained iteratively when

-; traversing a storage path (the algorithms for this are

d iscussed in Sec t ion 4) an d may no t be avai la b le via other
- I~~

- access oaths. The reader is asked to keep in mind the

distinction between storage and access paths in the seczuel.

oage 11.
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2.2 View of data.

-
V • A data base is a collec tion of (ins tances of ) atoms an d

of (instances of) access connections among the atoms. Atoms

and connections are called the elements of a data base.

Examoles of atoms are: a file ; a record; a comoound field; a

character string. While art element usually contains data ,

- 
- 

1 an d th e r e f o r e  wi l l  eventual ly be assigned a “length ” and

-

~ 
- 

- other ohysical attributes , it is possible to have atoms or

connec tions wh ich serve a conce ptual func tion only an d have
no physical manifestation .

-
- 

- I A connection from atoml to atom2 connotes an ordered

processing relationship among them , allowin g access to atom 2

immediately after accessing atomi without needing to access

intermediate atoms. In this sense atom2 is addressable from

atomi.
~~ 

-1

Mot iva ted by considera tions in modell in g stora ge paths
an d by the fac t tha t all access paths are d irec ted, we th i n k

‘I of connections as being hierarchical: a connection is either

f rom a “father ” to a “son ” , or from a “brother ” to a “nex t
bro ther ” . Access øaths among brothers define sequences

(ordered lists) of elements. Soecifically, we iden ti fy
three d i f f e r en t connec tion types , dispensing with others for
conciseness.

2 .2 . 1 Successor connection for  the next  element in the

1- sequence .

2 . 2 . 2  Oldest—son connection f r o m  a f a the r  a t o m ( ” owner ”
of the sequence ) to the f i r s t elemen t of the
seauence .L V

oage 12
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V 2.2.3 Keyed—son connection from a father atom to any

element of a sequence . Such connections always

imply a system of directories , d iscussed in
section 4. The d irec tor y is transoaren t a t the
SIDBL command level.

Note the distinction between oldest—son and keyed—son

connections. If the elements of a seauence are not keyed ,

the secon d an d su bsequen t elemen ts are  no t connec ted (along
this path) to the father; the second element can be reached

from the father only by reaching the first element of the

seau ence , etc.

Access path connections other than along storage paths

always utilize pointers. The pointer itself is a

j  
pseudo—element of the data base: it occupies soace and must

be ohys icall y accessed be fore  the access f rom atom i to atom 2

can take place , but is transparent to the SIDBL user. The

access f rom a tom i to the poin ter is always alon g a stora ge
path . For DMS ’s which u ti l i z e simple struc tures  such as
linked lists for access path representation (e.g. IDMS [41)

acces s to the poin ter is tr i v i a l , as it is necessar i l y  in
the same block as atoml. For other DMS ’s (e.g. if pointer

a r r a y s , a type of d i r ec to ry ,  are used for access path
L. re presen tat ion ) access to the ooin ter may involve

significant work on the oart of the system. We stress

however that this is transparent for SIDBLJ commands: access

is directly from atomi to atom2. Storage—path connections

are called local; others are called global.

2.3 Data descriotion .

A data base schema specifies the element (and
• pseudo—element) types and the hierarchical storage and

access path relationships among them. Each atom type

page 13
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- apoears as a uniquely named item descriotion node (iDE). If

there is a father—son connection from some occurence of this

atom to a sequence of other atoms , this is reflected in the

schema by a link from this IDE to the IDE for the first

elemen t of the senuence , wi th an in d icat ion of whe ther the
connection is loca l or g loba l; the bro thers  are  s imi la r l y
linked.

- In addition to the access oath connections , each ID E

contains user—specified values for attributes relevant to

the modelling process. These are discussed in Section 4.5.

2.4 Operations .

SIDBL is a simple node—at—a—time navigational language

similar to CODASYL ’s DMLE2] and DIAM ’s RDL[14]. Processin g

is represented as a sequence of operations on trees. We

traverse  a tree , insoec ting , addin g , changin g , or dele tin g
nodes. - A CPU clock may also be advanced between SIDBL

V 

commands to take care of processing not otherwise

represented in the model .

A orocess has an ar bi trar y num ber of (named ) stac ks
associated with its execution . A stack can be considered to

be a da ta base var ia ble whic h ta kes , as values , ooin ters to

1 a current data base location and its antecedents in a tree.

(It contains values of attributes associated with these

nodes.) Stacks play the same role as ‘cur rency  indica tors ’

in DML; they are however explicitly specified as arguments
by SIDBL commands.

The following SIDBL commands are currently implemented .

- f - STINIT(atomtype) — sets uo a new stack and points it to

7 (an occurence of) the soecified atom in the data base.
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LOCATE DOWN (<sequence number of element> or RANDOM )

“execu tes ” a father—son connection. From the current father

atom occurerice we access the oldest son occurence and then a

succession of nex t bro thers , until the soecified atom is

reached. If the sons are keyed , we do not traverse the

seauence ; ins tead , a directory is decoded. The newly

accessed atom becomes current. Ootionally, the atom

oreceding the indicated atom in the access path (which may

be the father atom , in case the ind ica ted a tom is the ol des t
son) is accessed. This mode is usually followed by a MODIFY

command and is used for example in adding or removing an

J element to/from a linked list.
/

LOCATE NEXT accesses the next brother occurence .

LOCATE SAME accesses (again) the current atom

occurence .

LOCATE UP accesses the father atom in this access path .

\ 

INSERT SEQUENTIALLY (DOWN or NEXT) creates a new

occurence of the target atom. This command has the

implication that the new atom is being created

“sequen ti a l ly ” , fo r  ins tance du r i n g ini tial crea tion of a
data base.

r - INSERT RANDOMLY (DOWN or NEXT) creates a new occurence

of the target atom , and models its inser tion in to an
existing data base.

DELETE removes the current atom from the data base.

MODIFY chanqes the content (but not the structural

- • attributes) of the current atom in the data base.
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LOCK/UNLOC K orevents/al lows access by other

- 
simultaneous orocesses to the current block or Current area.

• (More elaborate access control mechanisms require an

extension of our model.)

OPEN/CLOSE invoke models of the corresoonding run—time

system routines for this area.

tI 
- STEND erases the current stack.

Some commands (e .g. INSERT and DELETE) are allowed

on ly if the node was reached via a storage path , as we
otherwise lack the storage—structure attribute value s

- 
I 

required by the modelling orocess. SIDBL requires that the

user exo l ici tly es tablish a stora ge pa th even when the
modelled system has no similar requirement. {*} We

therefore orovide for a parameter CONTROL implicit for SIDBL
1

— traversal commands: when CONTROLzON , the parameter values

reauire d by the modelling process are generated , but the

corresoonding VOM commands which would otherwise be

generated by the translator are supressed. *

Higher—order operations are reoresented as short —

subroutines using the above commands. One such subroutine

is TRAy , which vi si ts every local descendant of the cur ren t

atom in oreorder (with exits for oossible additional

orocessing when we enter and leave a node.) TRAV is entirely

{*} Exolicit storage paths may need to be established in
- 

other contexts. In IDMS, when modelling the FIND OWNER OF

SET command , a storage oath to the owner must be specified

if the set membe r was reached via a different oath .
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- schema—driven. To mode l the seau en t i a l  tra versa l  of a f i l e ,

we execute the secuence OPEN — TRAV — CLOSE; to model random
- access of one record and examination of its contents we

-~ 

- 

execute the sequence LOCATE DOWN RANDOM — TRAy. Note that

- 

V 

th is ver y gross vi ew of sequen tial an d ran dom orocessing is
of ten sufficiently accurate when investigating the effects

of changes in data structures , scheduling algori thms , or
confi guration on oerformance . In modelling IDMS ,

- 

- su b rou tines fo r  such f u n c tions as FI ND PR IOR RECORD IN SET
execute the required SIDBL commands deoending on the

presence of “or io r ” an d “ owner ” ooirtters for the set. For

this ou roose , additional DMS—deoendent information may be
- - 

- included in the data descriotion ; in the case of IDMS , two

additional flags were reauired . Similar subroutines can be
-
~~ written to model set intersection and union ooerations on

) oointer arrays or to model a file sort.

3. THE VIRTUAL DATA MACHINE VDM

3.1 The need for a “vir tua l”  machine .

The VDM orovi des a means for  process specif ication one
level below that orovided by SIDBL. It incorporates the

da ta re presen tat ion fea tures  speci f ied by the user an d/or
inherent in the DMS.

We can think of two oeoole c000erating in running an

installation : a data manager , resoonsible for selecting

software and determining the data structure design , but

knowing little about resource management; and a system

manaqer , resoonsible for configuring and fine—tuning the

system and for schedulinq the execution of various

orocesses , but not kriowledqeahle about data management. The

( forme r communicates with the latter by describing each
• orocess as a VOM command stream.
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Depertdinq on the level of sophistication of the

resource—management strategy, the VDM process description

may be too elaborate. In this case we will be exoending

unnecessary overhead first in generating the description and

then while simulating process execution. Thus , we a l low for
the øossibilitv of elaborate buffer—m anaqement strategies

ari d for the sharing of data amonq concurrent (indeoendent)

processes ; when modelling a DMS which does not emolov such

tac tics , a simoler orocess descriotion might have sufficed.

On the other hand , having generated such descriotiorts we are

able to investigate the potential oayoffs in introducing

7 
changes into the DMS resource management tactics.

A VDM—level process descriotion can provide some

insight into the amount of work required by a orocess. Two

different data organiza’-ions (e.g. with and without “owner ”

øoin ters for  some IDMS sets) wi l l  1’ genera l  resul t in
different VOM descriptions , even when the user ’s view of the
orocess is the same . The VDM de sc r ip t i ons  can be compared
quali tatively, for  examole by coun t in g the num ber of
different blocks accessed by each one. However , the ma in
function of a VDM orocess description is to form the input

to the f i n a l  mode l l i n g stage , the execution modeller.

3.2 View of data.

- 

A block is the basic unit of data storage and the unit

for inDut/outout ooerations. It is accessed by a single

or i m iti ve I/ O ac t ion via  a un iaue  add ress (tr a n s l a ted by EXM
into a unit—oriented address via extents tables.)

To make the conceot of “I/O action ” indeoendent of the

underlying hardware architecture we adoot the convention for

( rotating secondary memories that an action consists of an

E - arm—oositioninq maneuve r , a t mos t one r evo lu ti on to
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accomolish rotational oositioninq, and the actual data

transfer. Thus , in ISAM , where the track index must be read

in otder to find the block , the ‘READ ’ opera t ion  compr i s es
two or more distinct actions even though the work is

accomplished within the hardware and channel logic.

At the VDM level commands are not exol i c i t ly  concerned
- -

~~ wi th I/O. Howeve r , the object of each command is a block.

At this level it is convenient to treat the address as a

three—d imensional entity consisting of “area ” of physical
storage, “tyoe ” (logical subdivision of a file){*}, and

“sequence number ”.

3.3 VDF4 commands.

2 The argument  for  each of the fol lowing is a block
address.

•

3.3.1 FETCH is the basic data addressing operation : it

causes the block to be positioned for processing in core.

FETCH is executed every time a orocess needs a data item

within a block. We do not rely on a previous FETCH for the

same block , since EXM allows for var ious  bu f f e r  reolacemen t

stra teg ies , some of which may cause an active block to be

overla id.

3.3.2 RELEASE signals to core management routines that the

task has no further need of the current block. The

{*} For an example of using “tyoe” in the con tex t of
stora ge mana gemen t tac tics , see (11]. See also 3.3.9

below .
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seman tics of the oPeration deoertd on the allocation strategy

- used . From the Point of view of the task , this  means tha t
the b lock is no lon ger “ac tive ” and (if its contents have

been modified) should be recorded in secondary storage at

the convenience of the system.

3.3.3 STORE requests that the block be recorded in secondary

- 
- storage immediately.

3.3.4 PREFETCH reauests the system to attempt scheduling

inout of one or more blocks beyond that  block c u r r e n t l y
being processed. This is usually used when modelling

sequential processing of a chain (see 4.2). Only the “area ”

and “ tyoe ” comoonents of the address are s i g n i f i c a n t;
prefetch modelling is accomplished by a scan—ahead of the

instruction stream.

3 .3 .5  ALLOCATE is a reques t for a core bu f f e r  pr ior  to
creating a new block.

3.3.6 AL,BLOCK is a request for the allocation of a block of

secondary storage.

3.3.7 FREE informs the disk space management routine that

the block is no longer needed .

3.3.8 MODIFY is identical with FETCH exceot that the buffer

~~~ is mar ked as modified and will eventually need recording in
- . 

secondary storage.
I

3.3.9 LOCK/UNLOCK orevents/permits access to all or part of

an area by concurrent orocesses. If “sequence number ” is
nu l l , all blocks of this type are intended ; if “tyoe” is

also n u l l , the entire area is intended.

a
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4. THE DATA REPRESENT A T ION M ODELLER

4 .1 R e o re s e n t a t i o n s  and models .

E lemen t s  of a da ta  base have v a r i o u s  a t t r i b u t e s
assoc iated with them. reoresentation of a data base is

the a s s ignmen t  of va lues  to the attributes of each element.

• A r e o r e s ent a t i on  model ler  is an a l g o r i t h m  which can
enumera te  the e lements  of a data base and their attribute

va lues .  In th is  section we describe one such modeller.

Instead of e n u m e r a t i n g  the ent i re  data base , our
modeller  ooerates i t e r a t i v e l y :  when going f rom element A to
e lement  B , an e n v i r o n m e n t  for B (i.e. various attribute

v a l u e s )  is created. One of the aoals of the modeller is to

determ ine when B is in the same bloc k as A ; for local

j conne ct ions , we assume that B would have been placed into

the same block as A provided that there was enough room to

do so. Many of the attributes are used in making the

determination of “required” and “availa ble ” space for B.

The model l in g a lgor i thm ma kes use of the
oreviously—established environment of A to obtain B’s

environmen t. Little memory is utilized : if B is a son of A ,

A’ s env i ronmen t is oreserve d in the stack ; if B is a bro ther
of A , B ’s environment reolaces A ’s ; if B is the fa ther of A ,
then we return to B’s environmen t (wh ich ha d been saved in
the stack), discarding the one for A.

Befor e ske tch ing  the mode l l ing al gor i thm , we mus t
in t r oduce some a u x i l i a r y  da ta struc tures bas ic to the
maooinq from the logical constructs of SIDBL onto the —

t 
block—oriented constructs of VOM. These enable us to

describe reoresentatiortal features of soecific DMS ’s( conveniently within a general framework.
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4 .2 Data structures.

A chain is an ordered sequence of blocks. The blocks
may he ohysjcally adjacent in storage , or exolici t chain

cointers may be oresent. The significance of the chain

ordering is usually related to the conceot of “seauential
orocessjnq ” (and oossiblv to the storage allocation

ohilosoohy) of the OMS. Poin ters to other blocks may also
he oresen t associa ted wi th some of the the data elemen ts
within the chain , hut these are distinquished from the chain

Pointers.

A cluster is oar t (or all ) of a seauence of bro thers
contained in one block.

A seauence of b ro ther s reoresen ted as a chain of
I ”

clus ters is orooer if the chain  or de r in g is consisten t wi th
the ordering of the seauence. In Figure 2, the sequence in

(a) is orooer , the one in (b) is not. We assume that all

seauence reoresentations in the modelled system are orooer.

We also assume that a orooer seauence representation

con tain s a clus ter B f rom which eve ry other clus ter of the

seauence can he reached by a seauence of chain connectors or

oojnters. ~ is the initial cluster; the chain in which B

aooears is called the main chain; every cluster not in the

I_V

a~ a4 1 f~~~3___~J a2 al I
(a) (b)

Pig~ire 2.
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m a i n  ch a i n  is cal led an o f f shoo t. In F igu r e  3 , 81 and 84
fo rm the m a i n  cha in  (P 1 beinq the  i n i t i a l  c l u s t e r) ,  w h i l e
82, 83, and 85 ar e  o f f s h o o ts . I n t u i t i v e ly , 81 and 84 were
a l located for  the seauence f rom a or i rne  s to raqe  a rea , wh i l e
82, P3 , and 85 were added l a t e r  as a r e s u l t  of the i n s e r t i o n
of a d d i t i o n a l  seauence e lements.  ol 3nd o2 a re  ooj n t e rs  to
the o f f s h o o t  c lus t e r s .  They are oseudo—elements :  they do
not ex i s t  fr o m  the user ’ s ooint  of view , hut  can

p conven ien t ly  be t r ea t ed  as e lements  by the mode l l i ng  sy s tem.

A subset of a seauence cons i s t ing  of consecut ive
elements is cal led a senuence segment.

A d i r e c t o ry  is a da ta  s t r u c t u r e  fo r  r e oresen t inq
connect ions f r o m  atom A to each element of a seauence of
keyed sons of ~~. It consists of a t ree of orooe r sequence
seqments , the root beinq in the same block as A , w i th  the
fo llowinq  oroner t ies :

F

~~~~~~~~~~~~~~~~~~~~~ /2 

aB a
91

a9 a.~ a4 a.7

1’i~ure ~. A r ih ain  wi th  offshoots.
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(~~) ‘~ t~ ~~~~~~~ I~~vel , a u .  of the e lements  are  b r o t h e r s ,
j~~e~ the seauences are  seaments  of one (long)

seauence .

( h )  At each level but the lowest , the elemen ts
(actually oseudo—elements) -are each oointers to

i n i t ial  clus ters  of d ist inc t seauences a t the nex t
lower level;

(c) At the lowest level , the elemen ts are  the sons of
A;

d i r e c t o ry  n o r m a l ly  has a t  least two levels , i nc lud ing
the root.

• Pjqure 4 shows a d i r ec to ry  wi th  th ree  levels.

~all , a l2 , ...b 23 } ~re a secuence of keyed sons of A. {a , b }

and {al , ... -a5 , bl , b2} are two seauences of oseudo—elements
( d i r e c t o r y  indices  at two levels) . Although not shown , we
do not exc lude  the ooss ib i l i tv  of o f f shoo t s  aooearina at any
leve l of the tree.

4.3 Reoresentation of connections.

A global  connection f rom A to B is always reoresented
by a ooin t e r .  If the connection is local , there  are  v a r i o u s
oo s sib i l i t i e s :

(a )  A and B a re  in the same block (cont iguous) ;

(h )  B is in the  nex t  block of the same cha in ;

( C )  B is in an of fshoo t, the oo in te r  to which  is
con t iguous  w i t h  A ( i n  or inc io le , th i s  may be

oaqe 24
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- Pig’Vtr ~
-? 4. directory with thri-e levels.

/
-I

I 
i t e r a t e d :  the oointer  to the of f shoot  may i t self  be
in an o f f shoo t , e t c . ) ;

(‘3 ) I -F B is a keyed son of A , there  is a d i rec to ry
connec t ina  B to A. To go f rom one level of a
d i r e c t o ry  to the next  lowe r level , the i n i t i a l
c l u s t e r  of the indica ted  seauence segment is

- accessed via a oointer , and then the segment is

- 
t raversed  u s in a  ( a ) , (h ) , and (c)  as necessary

- u n t i l  the des i red  element is reached .

- V In a d d i t i o n , fo r  a local successor connection , we may
- 

~- have a b roken  connector :

I-

4T.
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(e)  There is no e x o l i c i t  connector  f r o m  A to B , hu t B

can he reached via an e lement  encountered  e a r l i e r
in the s toraqe  oath to A . Such connectors  a r i s e  in

V d i r ec to r i e s  and in off shoo t s .  In F i g u r e  3 , the
connect ions  f r o m  a4 to a5 and f r o m  a7 to a8 are  the
tvoical cases for offshoots. In Figure 4, the

— connec t ions  f r o m  a l3  to a2l and f r o m  a52 to bli a re
the tvoical cases for directories.

p

4 .4  Examoles f rom real systems .

4.4.1 Directories.

I SAM 16] ,  R I S A M  [7 1 ( fo r  “ root segments ” ) ,  and SIS ( 3 1
are ex amoles of s i m i l a r  d i r ec to ry  o r g a n i z a t i o n s ;  for  our
ourooses , they can he o a r t i al ly  charac te r i zed  as fol lows .
In SIS (which uses 8—trees [ 8 ] ) ,  a l l  chains are one cluster
lonq . ISAM may have lonqe r (o v e r f l o w)  cha ins  at the lowest
level. In HISAM , offshoots may occur at the lowest level.

For I SAM and HISAM , the number of levels is user—soec i f i ed ;
for SIS, it is comouted deoendinq on the number of elements ,

block size , and other f ac to r s .  IDMS [4] uses hash—coding

for  its CAT~C records , which for  our ourooses can be regarded
as a two—leve l d i r e c t o ry ;  ide n t i f i e r s  which  hash to the same
block (initial cluster) give rise to overflow chains.

4.4.2 Other local connections.

In the storage of “ secondary segments ” , HI SAM uses
chains  (wi thou t  o f f s h o o t s )  in a l i n e a r i z a t i o n  of the t ree.
In MUMPS [5], oldest—son connections are always reoresented
by oointers , wh i l e  nex t—bro the r  connect ions are e i t h e r
contiquity or next—in—chain connectors. In I’)MS, recor ds
stored “via ” a set are brothers and the set owner is the

oaqe 26
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father; both oldest—son and next—brother connections can be

contiguity or next—in—chain , and offshoots may occur.

4~ 5 Attributes of elements.

Each element or oseudo—element of a data base has the

following attributes associated with it. We qrouo them by

function .

Grouo 1 —— Attributes of the element as the root of a

tree or subtree :

(a) Length , in bytes;

(b) Total number of sons;

Cc ) Total size of the local descendant set (defined

recurs ive l y as the sum of the len gth s an d
descen dant  set sizes of all sons , if the sons are

- local );

( ‘3) Total number of directory levels (if a directory

index element).

Grouo 2 —— Attributes of the element as a member of an

or dere d seauence:

(e) Ordinal number;

(f) Total size of the local subseauent set (the sum of

the lengths and the local descendant sets of local

4, brothers to the right of this element).

Grouo 3 —— Attributes associated with the block in

which the elemen t resi des:
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( a )  P lo ck ~ei1ress;

(h) Block size , i.e. maximum canacity (in bytes);

(i) Loadinci density , i.e. amoun t of soace currently

unused ;

(- 1 ) Num ber of elemen ts in th is clus te r , inc lud in g
oossi ble offshoo ts ;

(k) Ordinal number of the element in this cluster.

Grouo 4 —— Attributes associated with the tactics for

• placing Sons and brothers within a block:

(1) Size of local descendant set actually contained in

the cur ren t  b lock;

(m) Size of local subseauent set ac tua l ly  contained in
the current block.

The values for attributes (a)— (c), (h), and (i) are
suoclied by the user as oart of the data descriotion (see

2.2). These values may be soecified deterministically or as

orobahility distributions. (d) and ( j )  may be

user—soecified or comouted by the modeller , decend ing on the
DMS. The others are qenerated by the modeller , (g), (1),

9 and (m) in a DMS—deoendent fashion .

The attri bute va l ues for each elemen t and its ancestors
in the stora ae oa th descri be the environmen t of the elemen t,
and are stored in the stack.

L V
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4.6 Ooeration of the reoresentation—modelling algorithm.

• To illustrate the ooeration of the algorithm , we sketch
the loqic for translati nq the LOCATE DOWN and LOCATE NEXT
commands (~~iciure 5). In the ensuinq discussion , the log ic
is not r)MS—rieoendent unless exolicitlv so indicated.

Steos 1, in , and 2 are self—exolanatorv: the element

attributes are aenerated and/or uodated and stored in the

s t a c k .  In tran clatina LOCATF~ DOWN to a keyed son , we are
now descendina to the next level of the directory.

Steo : The oldest—son and next—brother connections may

be local or alobal indeoendentlv; the connection type is

soecified in the schema .

Steo 4: We get here any time a new block must be

accessed , whether for a alobal connection , next—in--chain , or
for an offshoot. If an exolicit pointer is involved , the

orior (current) block must be accessed to obtain the

oojnter . If the current block is in the same chain as the

succes sor , a PELEASE command is generated. Optionally, a

PREFETCH command is also generated.

Steo 5: A olua—in DMS—deoendent module must be orovided

for the block address determination . The module ’s identity

) is soecified via the element descriotor in the schema and

may var’~ from element to element. For examole , d i f f e r e n t

modules comoute the address for the cylinder index , track
in dex , an d or ime , cy linder and indenendent overflow areas

for ISAM. The address comnutation for an offshoot will

generally d iffer from that for a next—in--chain. For a

global connection , a random address within the area is

generally used.
- 
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Sten ~: If the sec~uence num ber of the tar get elemen t

exceeds the seauence number of the last element in the

c u r r e n t  c lu s t e r , the nex t  c lus te r in the c h a i n  mus t  be
- - accessed .

Steos 7 and 8: We have found the block in which the

element would normally belong. We must now determine

whether the element is actually there; it may have been

placed in to an offshoot chain due to overflow. The

determination is DMS—deoendent , as attributes (1) and (m)

need to be comouted . For a system such as OSAM . which

niaces the entire descendant set before the successor set in

a l i n e a r i z a t ion of the tree , the comoutation is

straiahtforward. ~‘or others (e.g. IDMS) a orohabilistic

model is used to determine the division of the remaining

soace among sons and brothers.
I

Steo 9: The target element is in an offshoot chain. A

level is added to the stack , and we continue with step 4.

The number of elements in the offshoot chain (attribute (b)

for the oseudo—element) is available as a byoroduct of the

OMS--denendent comoutation of steo 7.

Steo ig: We now know where the elemen t is ; a FETCH
command is qenerated. -, Ootionally, a PREFETCH command may

also be generated here.

‘I.
-

Sten 11: If we are decoding a directory and have

reached an index level , the orocess is reoea ted un t i l we
reach the lowest level.

4,

Steos 2n and 3n of NE XT: If the father node is a

pseudo—element, we have reached a broken connec tor:  the en d
oF an of fshoo t chain , or the end of seauence seament in a
directory .  We ascend one level , and reneat the orocess.
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ienetallv , t~ e orevious
l v—c urrent block is not the same as

the hiock to which we are now returnin g; ~ RELE ASE comman d

~~~~ the orevious block is generated.

The I’~S~~P commands mostly use the same logic , but

reau i r e several  ~‘dd itional ‘~MS—deoendent modules.

Tran slation of the other SIORL commands is straightforward.

The above loajc is oriented toward the modelling of

connectors ~or local connections. Hence the usefulness of

our model is directly related to the extent to which the

modelled OMS utilizes such conceots. As an extreme case, we
f may consider a T)MS which has no local connections. (Such

organiza tions , in which every access oath is reoresented by

a noin ter , are sometimes adooted for convenience of

imolemen ta t ion , esoeciallv if oerformance consideration s are

not vital.) In mo lellina this system within our framework ,

most of the mechanisms described above would not be used e

4.7 Some oroblems in modelling.

4.7.1 T)eoenlence on nast history.

In almost all systems, the data reoresen tation a t a
aiven moment is a function not only of the data content and

o~ the hardware— and user—soecified oarameters , but also of

- 
- ,  

the orocessina history of the data base. Thus , adding a

record and then deleting it will cienerally not return the

- 
~
- reoresentatton to its ori~ ina1 state. The greater the

degree of sel-f—oraanizatinn in the modelled system , the more
d i f f i c u l t  it is to model .

To illus trate one oroblem , consider the fo l lowin g

nossible imolementation o~ a tree—handling system such as

MUMPS 14 1. OaIa are reoresented in storage as binary trees

nage 32
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(left nointer to oldest—son , tight to next—brother). A

block a l way s  c o n t a in s  one binary suhtree , with some of the

branches nointin a to descendant subtrees in other blocks.

When a node is added it is olaced in the same block as its

predecessor (father or left brother). If a block overflows ,

the subtree in it is traversed in order to find a branch

(le ft or riaht) which most eaually solits the subtree in

two ; the hale not containing the oriqinal root is moved to a

-1 iF~ erent block and ~ie cut branch is reolaced by a oointer

to the new block .

A l i t t l e  r e f l e c t i o n  shoul d convince the rea der tha t
the resultina structure for a large data base deoends on the

•
1 o rde r  in which  th e v a r i o u s  nodes were added to the system .

The num b er  of nossible valid reoresentations grows

comhinatoriallv with the data base size. Soecifically at

stake is the model algorithm for computing the attributes

( 1)  and (rn ) of 4 .5. The a lq o r i t hm described in 191 oroduces
one oossjhle reoresentation which incoroorates the rules of
for mat ion ; it is no t narame tr ize d for the data base crea tion
history . The underlvina hooe (based on heuristic

considerations) is that the nossible variations balance out

with resoect to oerformance of the orocessing Programs ;

v a l i d a t in c i  this assumotion aopears to be a difficult and

ooorly defined task reauirinq a vast amount of exoerimental

evidence from actual systems.

~ 9
4.7.2 Local memory of the model.

The attribute values are comouted (deterministicallv or

nr oh a h i l i st i c a l lv )  based on alobal data descr iot ions .

~ioweve r , data modification operations cause local chanqes in

these v a l u e s .  As an ex amp le , an INSERT ooeration chancies

t the previously—computed “a v a i l a ble soace ” attribute of the

block , The model can remember in the stack only a few of -

V
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the imol ied chanoes , and only for as lone as the block stays

V current. This limits the resolution oower of the model for

a comolex seauence o~ i n t e r r el a t e d  ooera t ions .  In genera l ,
we exoect that an update task is factored into a series of

“small” su btasks , each of which can be accurately modelled

within the memory constraints , and which are mutuall y

independent in the sense that local changes in attribute

values need not he remembered from one to the next.

5. THR EXFC (JTIO~1 MODELL~R (EXM)

) EXM accomolishes the binding between the static orocess

descrjotions and their execution on a real machine . The

imolementation is described elsewhere (112)); here we give a

brief descriotion , focusinq on oarametrization for different

run— time environments.

A functional -schematic of EXM is shown in Figure 6. It

include-s the major hardware comoonents which affect OMS

ner~ orman ce: orocessors , I/o resources (disks , channels ),
and main storaae buffers , and their resoective (software)

manaqers: task scheduler , I/O scheduler , an d stora ge
allocator . ~s was the case for the renresentation modeller ,

our aooroach is to orovide the qeneral orogram framewor k and

— the description mechanisms independently of the OMS being

modelled , and to augment this by OMS—deoendent “olug—in ”

mod ules .

Task execution consists of readinq a ‘1DM stream and
issuing the corresooneiinq command . Each block reference is

sent to the “contents sunervisor ” to determine whether the
block is currently in core. 8etween two successive

references by a task to a block , the block might be

overwr itten. This is the general mechanism; a soecific DMS
: .  need of course not make use of such tactics. Similarly, it
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Figure 6. Fun ctional framework of the EXM .
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is nossible tr~a t  a b lock  is in core by virtue of orevious

use by t h i s  or another task; if so we “ f i n d ” it and no I/O
V 

rec’uest is aenerated . If the reauired block is not in core ,

a “read” command (which consists of a seauence of ooerations

for a r m  nosi t ionina , rotational nositioning , and data

transfer) is “execu ted ” , an d task execu tion is susoended
un til the block is in core. A STORE command causes the

block to be written , wi thout however necessarily waiting for

the comoletion of the oneration. Other comman d execution is
s i m i l a r ; in aenera l , task execu tion is susoen ded if a
nar t icu la r re source wh ich i t reaui re s  is no t curren tly
availa ble.

/

We now descr ibe the “ pl u g—in ” modules .

“he job scheduler introduces work into the system and

determines the dearee of multioroqramminq . It is called at

system initialization and at task termination ; it enaueues

tasks for immediate or later startinq .

The dispatcher is called by the task scheduler whenever

a orocessor r esource is reaui re d for task execu tion or
interruot orocessinq.

The d isk scheduler is called whenever an I/O reaues t is
to he olaced onto a device aueue. The oosition of the

recuest in the aueue depends on the scheduling discipline

use d .

The channel scheduler is called when a channel becomes

free and there are several disks waiting for a channel. It

t. determines which one of the disks will be serviced next.

The storaae a l loca tor  is called to alloca te one bu f f e r
from a bu ffer oool, Many nossible manaaement strategies are
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sunnorted . ~~ffer nools may be associated with each task or

shared among several concurrent tasks. Allocation oolicies
V may overl ay a buffer which is in active use. A nolicv may

take into account buffer status , num ber of c u r r en t user s,
and the time the contents were last referenced , all  of wh ich

— are mai ntained bu the system . I~ the form er con ten ts of a
bu ffer have been modified , the allocator must first write

the block to the disk .

The allocator is also calle d for the RELEASE command .

The buffer is identified by its contents only. The

semantics of the RELEASE command denend on the allocation

oolicv ~or the oool; there may he other concurrent users of

this buffer , or its contents may already have been overlaid.

The orefetch scheduler is called for the PREFETCH

command . Oeoentiina on the current state of the system

resources it may reauest buffer allocation and initiate the

inou t of one or more blocks in advance of the current

location .

Phe disk snace management routine is called for the

~LRLOCt( and ~‘PEE commands. A garbage collection module may

be invoked by the job scheduler when the latter detects

“c lac k”  act ivitv .

OPEN/C L OSE rou tines are called via the corresponding

commands.

These modules characterize a oarticular set of DMS

strategies . Hooefullv , the tas k of wri tin g such modules fo r
a n a r t i c o l a r  system is cons id e rab ly  easier given the qenera l
fr amework. In the current system , the “oluq—in ” modules

- 
- account for only some l~ —l 5% of the total FORTRAN code. It

is likely that two aujte different DMS ’s may use simil ar
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— - tactics in ma n aainci some resources , so that this oart of the

model would not need to be rewritten.

In addition to the “olun—in ” modules , the h a r dware
oarameters need to he soecified . The mechanisms for this

are auite conventional and are described in [121.

6. MO OE LLIN G A GE N E RAL M I X

How do we model oerformance in a mixed environment ,

i.e. one in which non—data—base jobs are also oresent? We

attemot to give a nartial answer to this auestion . A s we
have not addressed the oroblem of modelling other tyPes of

comnutational orocesses, we can , at best, hooe to obtain

information about the data manaqement oart of the mix. To

do this , we need to make some assumotions with regard to the

contention for the same resources by the data base tasks and

other lobs. - 1
For simplicity, let us assume that the other jobs

either consume a negligible amount of CPU time or else

onera te at a lower disoatchinq oriority (this assumotion is

of t en  va l id  in oractice); then there is no interference to

the data base tasks in CPU usage, A lso , we assume that core

storaae is n a r t i t i o n e d  in a fixed fashion between data—base

9 and other tasks , so that there is no contention for core.

The other source of in te r f e r e n c e  is in I/O ac t iv i ty on the
same units. It may be oossible to model this interference

by reoresentina the other activity in terms of its data

needs , i.e. as a data base task.

The most common source of interference is system

“sooolinq ”: the use of disks as buffers for orintina . The

onera t ion of a snooler can , for  our our ooses , he modelled as
i-he seciuentjal traversal of a simolv—structure d file , u s i na
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V 
the tools already develoned . The size of this  f i l e , and the

freguency of invocation of this job, will contain built—in

assumotions about the orint—outout characteristics of the

mix .

7 . STJMMAPY AND CONCLu SION
p

We have attemoted to sketch the total architecture of

an inductive data base system modeller.

Task descr in t ion a t an in terme d ia te leve l is
- f accomolished in SIORL. The level is sufficiently low to be

free of logical data views , bu t is above
inrnlementation—deoendent considerations. SIDBL is no t
caoable of task descriotion indeoendentlv of the DMS being

modelled : in general different OMS ’s wi l l  have d if feren t

—‘ access oat hs (and hence wil l oroduce d i f f e r e n t SIDBL
descrintions) for a qiven task over the same data base.

~
owever , SIDBL does orovide a clea r seoara tion between the
task ciescriotion and DMS implementation issues.

The major contribution of this work is in factoring DMS

im olement ation issues into var ious  small  modules an d in
nrovidinq the framework within which exoeriments can be

made. Two distinct models — static data reoresentation and

dynamic resource allocation — are involved . Parametrization

of the former reauired defining new data structures

aonro oria te for  descr ih ina  relevan t fea tures of DMS

imolementations.

The interface between the static and dynamic models is

in terms of block—oriented ooerations. It is not clear

whether this restricts the scooe of the model. Somewhat
surprisingly this has not oroven to be a major handicao in

I

oaqe 39

— —V-——-~~~~~~~~~~ 
4.V~VV _~ — 

.~kF ~



-

~ I ~~~~~~~~~~

- 

~~~~~~~~~~~~~~~~~~

-- ----  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- rnodellina ISM ’S ISAM , which in some ways is track— and

cylinder— rather than block—oriented in its ohilosoohy.

A microscopic simulation model is rather exoensive to

run , and is really suitable for a very detailed look at

syste m oner a t i on  w i t h i n  a na r row t ime window . {*} Also , to
he u s e f u l  for  data  base anolication design , a mode l l in g

- , / system must  be eauiooed with tools not discussed here , such
- 

— as convenient dat.a soecification languages. Nonetheless,

I our model in its oresent state is proving itself useful for

conducting exoeriments on DM5 imolementation tradtoffs.

- AC (N OWLET )GEMEN T
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