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ABSTRACT 

A methodology f o r  t h e  d e s i g n  of  d a t a  bases  i s  p r e s e n t e d  and 

a p p l i e d  t o  a  medical  r ecord  system; Many f a i l u r e s  o f  d a t a  base  

sys tems i n  medicine have been caused by e x c e s s i v e  concern abou t  

f u n c t i o n a l  c a p a b i l i t y  and i n s u f f i c i e n t  c o n s i d e r a t i o n  of 

q u a n t i t a t i v e  performance f a c t o r s ;  T h i s  t h e s i s  advances  an 

approach  where t h e  q u a n t i t a t i v e  requ i rements  o f  t h e  a n p l i c a t i o n s  

f o r  t h e  d a t a  base  govern t h e  d e s i g n  d e c i s i o n s ;  T h i s  methodology 

c o n s i s t s  o f  two phases:  t h e  d e s i g n  of t h e  d a t a  base  s t r u c t u r e  and 

t h e  a n a l y s i s  o f  implementation a l t e r n a t i v e s ;  

A number o f  r e l a t i o n  t y p e s  a r e  d e f i n e d  which a l l o w  t h e  

d e s c r i p t i o n  of  t h e  d a t a  r equ i rements  of e a c h  o f  t h e  m u l t i p l e  u s e s  

t o  be made of  a d a t a  base;  Rules  which govern t h e  decomposit ion 

and s y n t h e s i s  o f  t h e s e  r e l a t i o n s  a r e  used t o  i n t e g r a t e  t h e  d a t a  

r equ i rements  o f  m u l t i p l e  a p p l i c a t i o n s  i n t o  a u n i f i e d  d a t a  base;  

The f requency  of  u s e  of  t h e  a p p l i c a t i o n s  p r o v i d e s  c r i t e r i a  t o  

t r a d e  r e t r i e v a l  performance v e r s u s  redundancy and update  

complexi ty ;  When t h e  d e s i r e d  d a t a  base  s t r u c t u r e  has been 

f o r m u l a t e d ,  a  second phase o f  t h e  d e s i g n  methodology e v a l u a t e s  t h e  

sys tem performance u s i n g  s i x  b a s i c  f i l e  o r a a n i z a t i o n  methods,  o r  

h y b r i d s  o f  t h e s e  methods; P rev ious  work by many r e s e a r c h e r s  i s  

p laced  i n t o  a  c o n s i s t e n t  framework t o  a l l o w  a  c o n s i s t e n t  a n a l y s i s  

o f  f i l e  o r g a n i z a t i o n  a l t e r n a t i v e s ;  By c o n s i d e r i n g  t h e  r e l a t i o n s  

i n  o r d e r  accord ing  t o  type  and magnitude o f  expected l o a d ,  t h e  

d e s i g n  c h o i c e s  can be made e x p e d i t i o u s l y ;  Refinement o f  t h e  

d e s i g n  is s i m p l i f i e d  s i n c e  t h e  d e s i g n  methodology documents t h e  

o r i g i n  o f  t h e  f e a t u r e s  o f  t h e  d a t a  base  s t r u c t u r e ;  



The u s e  of  t h e  methodology t o  d e s i g n  a  proposed ambulatory 

medical  r ecord  sys tem f o r  a family  p r a c t i c e  c e n t e r  demonstra tes  

t h a t  d e s i g n  c h o i c e s  can make a  c r i t i c a l  d i f f e r e n c e ;  A d a t a  base  

system d e s i g n  which s a t i s f i e s  t h e  requ i rements  is  c o n s t r u c t e d ,  and 

t h i s  d e s i g n  u s e s  o n l y  few more r e s o u r c e s  t h a n  a  minimal s t o r a g e  

system which cannot  perform t h e  s e r v i c e s  a d e q u a t e l y ;  T h i s  

i l l u s t r a t i o n  shows t h a t  t h i s  q u a n t i t a t i v e  approach  t o  d a t a  base  

des iqn  i s  f e a s i b l e ,  and t h a t  a  q u a n t i t a t i v e  d e s i g n  procedure can 

be used t o  r e j e c t  u n s a t i s f a c t o r y  approaches  wi thou t  t h e  c o s t  of 

exper imenta t ion ,  o r  worse;  f a i l u r e  a f t e r  implementa t ion;  



TABLE OF CONTENTS 

INTRODUCTION 

CHAPTER I - DATA BASES AND THEIR PROBLEMS 

P r i o r  Work 

A Model o f  t h e  System Development P rocess  

Func t iona l  C a p a b i l i t y  o f  a System 

Q u a n t i f i c a t i o n  of  a System 

CHAPTER 2 - A METHODOLOGY FOR DATA BASE A N D  FILE DESIGN 

The Manipula t ion o f  Data Models and Data Base Models 

P r o p e r t i e s  o f  t h e  F i v e  R e l a t i o n  Types 

Data Base Model 

D e s c r i p t i o n  of  R e l a t i o n s  

F ' i le  D e s i ~ n  

Hybrid F i l e  Organ iza t ion  

Load C o n s i d e r a t i o n s  

Cost-Benefi t  Considera t j -ons  

CHAPTER 3 - Aid APPLICATION OF DATA BASE PRINCIPLES 

F i l e s  f o r  t h e  Family System 

Data Base S t r u c t u r e  

F i r s t -Order  Normal iza t ion 

Lexicons 

Referenced E n t i t y  F i l e s  

S e r v i c e  F i l e s  

F i l e  Minimization 

Data Models 

Data Base Model 

Summary 



CHAPTEH 4 - PERF0HL"IANCE 

I n i t i a l  Performance Design C o n s i d e r a t i o n s  

Usage and Load 

S to rage  o f  Nominal Data 

Choice of' F i l e  O r ~ a n i z a t i o n  

Ring o r  H i e r a r c h i c a l  F i l e s  

Other  F i l e s  

S e r v i c e  F i l e s  

Summary 

CHAPTER 5 - CONCLUSION 

Unresolved I s s u e s  

RELATED WORK 



METHODS FOR THE DESIGN OF MEDICAL DATA BASE SYSTEMS 

Gio C;  M; Wiederhold 

INTRODUCTIGM 

The a c q u i s i t i o n ,  s t o r a g e ,  and a n a l y s i s  o f  l a r g e  q u a n t i t i e s  o f  

d a t a  i s  a p r i n c i p a l  a p p l i c a t i o n  of  computer sys tems;  I n  medicine 

l a r g e  c o l l e c t i o n s  o f  p a t i e n t  d a t a  a r e  a n  i m p o r t a n t  t o o l  i n  s t u d y  

o f  d i s e a s e  and e f f e c t s  o f  t r e a t m e n t ;  and i t  is expec ted  t h a t  i n  

t h e  d e l i v e r y  o f  h e a l t h  c a r e  such automated r e c o r d  sys tems  w i l l  

have a n  i m p o r t a n t  f u n c t i o n  i n  t h e  management of multi-modal h e a l t h  

c a r e  and t h e  s e l e c t i o n  of  h e a l t h  s e r v i c e  p r i o r i t i e s ;  A 

s i g n i f i c a n t  amount o f  e f f o r t  has  a l r e a d y  been expended i n  t h e  

development o f  such  medica l  r ecord  d a t a  banks [ 2 ] ,  and i n c r e a s e d  

fund ing  i n  t h i s  a r e a  is advocated [FPFH75 ; pp; 188-1991 ; 

However, o n l y  a few such d a t a  banks a r e  today  i n  r o u t i n e  

o p e r a t i o n ,  s o  t h a t  much o f  t h e  e f f o r t  h a s  been wasted;  One 

reason  f o r  t h e  f a i l u r e s  h a s  been t h e  e x p e c t a t i o n  t h a t  e v e r y t h i n g  

a  con~pute r  can do is  done b e t t e r  by computer; How w e l l  a  computer 

can A- a complex s e t  o f  t a s k s  has  no t  been e v a l u a t e d  p r i o r  t o  

implementa t ion;  and could  o n l y  be guessed by e x p e r t s  u s i n g  t h e i r  

i n t u i t i o n ;  

T h i s  d i s s e r t a L l 3 n  p r e s e n t s  a new methodology. which p e r m i t s  

t h e  fo rmal  a p p l i c a t i o n  of  knowledge about  computer f i l e  system 

behavior  t o  t h e  problems o f  t h e  d e s i g n  of  complex d a t a  bases ;  The 

a p p l i c a t i o n  of  t h e  methodology gu ides  t h e  d e s i g n  p r o c e s s  t o  an  

op t imal  f i l e  a l l o c a t i o n  and p rov ides  q u a n t i t a t i v e  p r e d i c t i o n s  o f  

system behav io r ;  The a c c e p t a b i l i t y  o f  t h e  performance of  t h e  



proposed sys tem can now be a s s e s s e d  p r i o r  t o  implementa t ion;  The 

v a l u e  o f  d e s i r e d  f u n c t i o n a l  c a p a b i l i t i e s  can be t r a d e d  a g a i n s t  

performance margins;  Th i s  work; hence. a d d r e s s e s  a problem area 

which is c e n t r a l  t o  t h e  a p p l i c a k i m  of  computers i n  l a r g e  s c a l e  

p r a c t i c a l  problems; 

Problems have been encountered i n  t h e  u s e  of computers s i n c e  

t h e i r  i n c e p t i o n ;  While i n i t i a l l y  (1950-1956) t h e  r e l i a b i l i t y  o f  

hardware was t h e  most c r i t i c a l  a s p e c t  o f  computer o p e r a t i o n s ,  t h e  

development o f  l anguaaes  f o r  programming was t h e  concern  d u r i n g  

t h e  next  pe r iod  (1956-1962); The dzvelopment o f  program l i b r a r i e s  

and o p e r a t i n g  sys tems c h a r a c t e r i z e s  a t h i r d  phase ( 1962-1968) ; 

Only a s  t h e s e  components o f  computer sys tems became adequa te ly  

understood d i d  i t  become f e a s i b l e  t o  p r o c e s s  l a r g e  volumes o f  

d a t a ;  The c o n c u r r e n t  i n t r o d u c t i o n  of  low c o s t  

d i r e c t - a c c e s s - s t o r a g e  d e v i c e s  h a s  i n c r e a s e d  t h e  e x p e c t a t i o n s  o f  

system d e s i g n e r s  and promotors,  and l a r g e  in fo rmat ion  management 

sys tems were and a r e  being developed; Users  of  computer sys tems  

n r e  now faced  w i t h  y e t  a n o t h e r  s o u r c e  of  computer system problems; 

The i n t e g r a t i o n  of d i v e r s e  f i l e s  i n t o  a d a t a  base  i n c r e a s e s  the  

p o t e n t i a l  f o r  t h e  g e n e r a t i o n  o f  new in fo rmat ion ;  T h i s  c a p a b i l i t y  

was expected t o  c a u s e  a major r e v o l u t i o n  i n  t h e  o p e r a t i o n s  of 

commercial, i n d u s t r i a l ,  medical ,  and academic e n t e r p r i s e s  

[Kochen67]; A p p l i c a t i o n s  of  computer technology which u s e  complex 

f i l e s  and d a t a  base  sys tems which i n t e g r a t e  t h e s e  f i l e  have been a 

major source  o f  f r u s t r a t i o n  and d i s s a t i s f a c t i o n  [Ackoff67, Hoos71, 

F ich ten72 ,  Lucas751; The problems d e s c r i b e d  have inc luded  

u n r e a l i s t i c z l l y  l o n g  l e a d  t i m e s ,  

u n f u l l f i l e d  e x p e c t a t i o n s ,  and 

problems i n  long-term o p e r a t i o n s  



A s u r v e y  o f  commercial d a t a  base  sys tems [Datapro751 r e v e a l s  

t h a t  t h e r e  a r e  abou t  1000 n o n - t r i v i a l  d a t a  banks i n  o p e r a t i o n  

suppor ted  by commercial sys tems;  t h e r e  a r e  probably  a t  l e a s t  t h a t  

many which a r e  suppor ted  by v a r i o u s  homemade systems; S tee l74  h a s  

e s t i m a t e d  t h a t  t h e r e  w i l l  be 25,000 d a t a  base  system a p p l i c a t i o n s  

o p e r a t i o n a l  by 1985; Not a l l  commercial sys tems manage t o  a t t r a c t  

o r  keep customers ;  For i n s t a n c e ,  o f  seven d a t a  base  systems 

surveyed i n  1969 [Byrnes69],  on ly  four  remained a v a i l a b l e  i n  1972 

[S te ig72] ;  and on ly  two o f  t h o s e  were i n  r e g u l a r  u s e  i n  1975 

[Tanner751; S t e e l 7 4  s t r e s s e s  t h e  immense l o s s  when d a t a  banks do 

n o t  a c h i e v e  t h e  l e v e l  of  o p e r a t i o n  commensurate w i t h  t h e  

inves tment  made i n  development and d a t a  c o l l e c t i o n ;  

I n  t h e  a r e a  o f  Ambulatory Medical Record (AMR) d a t a  banks, 

n e a r l y  200 sys tems o r  system p r o p o s a l s  have been i d e n t i f i e d  

[2:AppA], bu t  on f u r t h e r  i n s p e c t i o n  on ly  abou t  two dozen of t h e s e  

had become and remained o p e r a t i o n a l ;  Even among t h e  17 sites 

s e l e c t e d ,  because  o f  t h e i r  e x c e l l e n c e  a s  s t u d y  s u b j e c t s .  s e v e r a l  

have s i n c e  d i s c o n t i n u e d  use  o f  t h e  AMR sys tem s e e n ;  The f i n a n c i a l  

l o s s  due t o  d i s c o n t i n u e d  systems h a s  been h i g h ;  The development 

of  t h e  Kaiser-Permanente System [Davis701 invo lved  s e v e r a l  m i l l i o n  

d o l l a r s ;  Even smal l  i n s t i t u t i o n s  have expended s i g n i f i c a n t  

amounts; f o r  i n s t a n c e ,  a l o c a l  f o u r  man s p e c i a l i t y  group p r a c t i c e  

h a s  i n v e s t e d  $70,000 i n  hardware and $50;000 i n  programming 

wi thou t  eve r  a c h i e v i n g  any o p e r a t i o n a l  b e n e f i t s  CRydell76 1 ; A 

s e r i o u s  c o r o l l a r y  i e  t h e  l o s s  of  enthusiasm and t r u s t  o f  t 3 e  

o r g a n i z a t i o n s  and i n d i v i d u a l s  who sponsor  t h e  p r o j e c t s ,  an  

i n t a n g i b l e  c o s t  which can never  be  rep laced ;  S p e c i f i c  p r c b l ~ m s  



t h a t  h indered a c c e p t a n c e  were 

Higher than  expected o p e r a t i o n a l  c o s t  [2:~01;2,CDA,pg;28&CDH,pg;32] 

A d d i t i o n a l  inves tment  requirements  t o  ach ieve  a s a t i s f a c t o r y  

o p e r a t i o n a l  l e v e l  [2:pg;129] 

Incomplete  s e r v i c e s  which s e v e r e l y  l i m i t e d  t h e  p o t e n t i a l  

system b e n e f i t s  [2:vo1;2,CDY,pg;22] 

Inadequa te  performance [2:vo1;2,CDH,pg;31] 

A t  t h e  same time t h e r e  i s  a c o n s i d e r a b l e  p r e s s u r e  t o  extend t h e  

record  keeping f u n c t i o n s  i n  medicine;  which prompts r e g u l a r l y  new 

a t t e m p t s  t o  automate  t h e  ambulatory  medical  r ecord ;  Evidence of  

t h i s  f a c t  is  t h e  ex t remely  h igh  demand t o  f u r n i s h  c o p i e s  o f  t h e  

r e p o r t  on t h e  "Analys is  of  Automated Ambulatory Medical  Record 

Systems (AAMRS)" [2];  

A major problem f a c e d  i n  t h e  des ign  and implementation o f  

medical  d a t a  banks i s  t h e  c h o i c e  o f  t h e  d a t a  e lements  t o  be 

c o l l e c t e d  and t h e i r  o r g a n i z a t i o n ;  An i n c r e a s i n g l y  wide v a r i e t y  of  

t e c h n i q u e s  i s  a v a i l a b l e  t o  c o l l . e c t ;  s t o r e ,  o r  r e t r i e v e  d a t a ;  More 

r e c e n t l y  a v a r i e t y  o f  c o n c e p t u a l l y  d i f f e r i n g  d a t a  b a s e  s t r u c t u r e s  

have been p u t  forward a s  s o l u t i o n s  to  t h e  problems of  s t o r a g e  and 

r e t r i e v a l  management; Rapid development o f  computer hardware 

changes t h e  economics o f  d a t a  systems; On-line a c c e s s  t o  e v e r  

l a r g e r  d a t a  banks becomes f e a s i b l e  and t h e  number o f  d e s i g n  

c h o i c e s  a v a i l a b l e  t o  t h e  deve loper  i n c r e a s e s ;  S e l e c t i o n  of  t h e  

a p p r o p r i a t e  d a t a  o r g a n i z a t i o n  i s  an important  f a c t o r  i n  t h e  

e v e u t u a l  s u c c e s s  o r  f a i l u r e  of  d a t a  banks,  but  few g u i d e l i n e s  a r e  

c u r r e n t l y  a v a i l a b l e  t o  a s s i s t  t h e  developer  i n  h i s  cho ice ;  



Although many p o t e n t i a l l y  u s e f u l  r e s u l t s  have been ob ta ined  i n  

t h e  a r e a  o f  t h e  f i l e  and d a t a  base  system d e s i g n ,  t h e  in fo rmat ion  

r e l e v a n t  t o  des ign  is  s c a t t e r e d ;  is  based on i n c o n s i s t e n t  

assumpt ions;  and u s e s  i s o l a t e d  models; The i n t e r a c t i o n  betiieen 

t h e  d a t a  base  s t r u c t u r e  and t h e  f i l e  o r g a n i z a t i o n  i s  r a r e l y  made 

obvious;  The a c t u a l  p r a c t i c e  of d a t a  sys tem d e s i g n  depends on t h e  

a v a i l a b i l i t y  of  exper ience  and good judgement d e r i v e d  from 

e x p e r i e n c e ;  Unfor tuna te ly ;  t h e  des ign ;  implementa t ion,  and 

e s t a b l i s h m e n t  o f  a  r e l i a b l e  d a t a  base  sys tem r e q u i r e s  many y e a r s ,  

s o  t h a t  t h e  e x p e r i e n c e  i s  not  e a s i l y  ga the red ;  When such 

e x p e r i e n c e  h a s  been g a t h e r e d ;  t e c h n o l o g i c a l  o r  i n d i v i d u a l  advances 

can  make r e - a p p l i c a t i o n  of t h e  e x p e r i e n c e  d i f f i c u l t ;  

Many a s p e c t s  of  t h e  des ign  and o p e r a t i o n  o f  computer-based 

i n f o r m a t i o n  sys tems war ran t  a n a l y s i s  and development i n  o r d e r  t o  

improve t h e i r  s u c c e s s  r a t e  ar.d e f f e c t i v e n e s s ;  T h i s  d i s s e r t a t i o n  

w i l l  a d d r e s s  one s p e c i f i c  problem a r e a :  t h e  d e s i g n  o f  a p p l i e d  

d a t a  base  sys tems;  A new methodology f o r  t h e  d e s i g n  o f  computer 

d a t a  bank suppor t  sys tems w i l l  be p r e s e n t e d ;  The framework is  

broad and encompasses cho ices  o f  d a t a  base  s t r u c t u r e .  f i l e  

implementa t ion ,  and hardware s u p p o r t ;  I n  t h i s  t h e s i s  an 

e n g i n e e r i n g  approach i s  developed and demonstra ted  which a l l o w s  

t h e  r e c o g n i t i o n  and e l i m i n a t i o n  of a s p e c t s  o f  t h e  d e s i g n  problem 

which w i l l  have a  n e g l i g i b l e  e f f e c t  on t h e  p r o d u c t i v i t y  o f  t h e  

sys tem be ing  des igned;  The i n t e n t  o f  t h e  methodology is  t o  a l low 

decision-making d u r i n g  t h e  d e s i g n  o f  d a t a  bank sys tems t o  be 

based;  a s  much a s  p o s s i b l e ;  on o b j e c t i v e  f a c t o r s  and t h u s  t o  

l e s s e n  t h e  need f o r  comprehensive; w e l l  a s s i m i l a t e d ,  and r e c e n t  

exper ience ;  

The approach t aken  c o n s i s t s  o f  t h e  d e f i n i t i o n  of d a t a  models 

which a l l o w  t h e  d e s c r i p t i o n  of  t h e  r e l a t i o n s h i p s  among s t r u c t u r e d  

d a t a ,  r u l e s  f o r  t h e  c r e a t i o n  of  a  d a t a  base  model which combines 

o v e r l a p p i n g  d a t a  models, and a  u n i f i e d  e v a l u a t i o n  o f  f i l e  



s t r u c t u r e s  which c a n  be  used t o  implement t h e  d a t a  base  model; 

Given as i n p u t  t h e  s p e c i f i c a t i o n  of  t h e  expec ted  a p p l i c a t i o n s  of 

t h e  d a t a  bank, t h e  methodology p rov ides  t h e  b a s i s  f o r  

decision-making d u r i n g  t h e  d e s i g n  p r o c e s s ,  and e v e n t u a l l y  a  

p r e d i c t i o n  o f  sys tem adequacy and performance; 

The importance  o f  a  n ~ e t h o d o l o g i c a l  framework t o  cope wi th  t h e  

management o f  t a s k s  genera ted  by advances i n  technology may no t  be 

immediate ly  obvious;  The r e a l i z a t i o n  of  t h e  need depends on t h e  

a b s t r a c t i o n  of  t h e  problems encountered i n  t h e  p r a c t i c e  of system 

des ign ;  A somewhat f a r - f e t c h e d  ana loq  is t h e  Problem-Oriented 

Medical  Record o r g a n i z a t i o n  a s  advocated by Weed [Weed691; No new 

b a s i c  s c i e n c e  i s  p a r t  of  t h e  POMR, b u t  a p p l i c a t i o n  o f  i t s  concep t s  

p rov ide  g u i d e l i n e s  and conf idence  t h a t  med ica l  i n f o r m a t i o n  i s  

handled i n  a  r e s p o n s i b l e  manner; Use o f  such a  methodology w i l l  

n o t  change t h e  behav io r  of e x p e r t s  i n  t h e i r  f i e l d ,  b u t  w i l l  

p rov ide  them wi th  a means t o  s h a r e  t h e i r  knowledge; Ne i the r  doe 

t h e  a p p l i c a t i o n  o f  t h e  methodology make t h e  d e s i g n  p rocess  

" i d i o t - p r o o f " ;  c a r e  and i n s i g h t  remain v a l u a b l e  a t t r i b u t e s  o f  

system d e s i g n e r s ;  Use of  t h e  methodology w i l l ,  however; improve 

t h e  l e v e l  o f  design performance; The u s e  of  q u a n t i t a t i v e  des ign  

g o a l s  and t h e  g e n e r a t i o n  o f  e x p l a i n a b l e  and r e p e a t a b l e  r e s u l t s  can 

p rov ide  t h e  focus  o f  u s e r  involvement w i t h  t h e  sys tem d e s i g n  

p rocess ;  

Research Re la ted  t o  Th i s  D i s s e r t a t i o n :  

The r e q u i r e m e n t s ,  development, and demons t ra t ion  o f  t h e  

methodology which i s  advanced i n  t h i s  t h e s i s  h a s  drawn on t h r e e  

s i g n i f i c a n t  e f f o r t s ,  i n  which t h i s  a u t h o r  was invo lved  i n  t h e  

y e a r s  p r e c e d i n g  t h i s  work; The p lann ing ,  implementa t ion,  and 

o p e r a t i o n  o f  ambulatory  medical  i n f o r m a t i o n  sys tems have been 

surveyed by Henley, Wiederhold, Dervin ,  Jenk in ;  Kuhn, Mesel, 



Ramsey-Klee, and Rodnick i n  AN ANALYSIS OF AUTOMATED AMBULATORY 

MEDICAL RECORD SYSTEMS [2];  A number of t h e  problems s e e n  i n  t h e  

sys tems encountered were t r a c e d  t o  i n a d e q u a c i e s  i n  t h e  des ign  

process ;  It i s  a  s i g n i f i c a n t  measure of  t h e  e x t e n t  o f  problems 

found t h a t  t h e  su rvey  l o c a t e d  more t h a n  200 sys tems o r  system 

development e f f o r t s ;  o f  which on ly  about two dozen had reached 

o p e r a t i o n a l  s t a b i l i t y ;  Even t h a t  s t a b i l i t y  was tenuous  s i n c e  o f  

17 s i t e s  v i s i t e d ,  t h r e e  have ceased o p e r a t i o n  s i n c e  t h e n  (Yale 

U n i v e r s i t y ;  t h e  u s e r  o f  t h e  Insurance  Technology System 

s i t e - v i s i t e d  i n  [21; and NAS Brunswick);  A l l  o f  t h e  systems 

v i s i t e d  had a p p a r e n t l y  been implemented wi thou t  a  s i g n i f i c a n t  

q u a n t i t a t i v e  d e s i g n  a n a l y s i s ;  Inadequate  sys tem e f f e c t i v e n e s s  was 

seen  i n  t h e  m a j o r i t y  (10 o u t  of  17) o f  t h e  sys tems [2:pg;142]; I n  

many i n s t a n c e s  t h e  l e v e l  o f  e f f e c t i v e n e s s  could  have been 

p r e d i c t e d  from pre-implementation system a n a l y s i s  and might have 

been overcome by a l t e r n a t e  des ign  cho ices ;  

The knowledge abou t  t h e  d e s i g n  o f  d a t a  base  sys tems h a s  been 

summarized by Wiederhold i n  DATA BASE DESIGN; ( i n  p r e s s )  

McGraw-Hill Book Company; 1977 [ I ] ;  (Manuscript  a v a i l a b l e  a t  t h e  

S e c t i o n  o f  Medical  In fo rmat ion  Sc ience ;  UCSF); Th i s  volume 

c o n t a i n s  a  sys temat ized  c o l l e c t i o n  o f  formulas  which a l l o w  

c a l c u l a t i o n  o f  t h e  performance of  f i l e  o r g a n i z a t i o n s  a.nd d a t a  base  

sys tems;  The approach used a l l o w s  t h e  r e s o l u t i o n  o f  d e s i g n  

d e c i s i o n  probiems w i t h  s u f f i c i e n t  accuracy fo r  pre-implementation 

des ign ;  whi le  a v o i d i n g  t h e  e x p o n e n t i a l l y  i n c r e a s i n g  complexi ty  of 

pure  mathemat ica l  methods; Update a s  w e l l  as r e t r i e v a l  i s  

cons ide red  when f i l e s  a r e  eva lua ted ;  A d a t a  base  model which 

r e t a i n s  semant ic  d a t a  r e l a t i o n s h i p s ;  s o  t h a t  t h e  performance of 

in tended  s e r v i c e s  can be modelled;  i s  inc luded ;  The d e s i g n  

p rocess  r e q u i r e s  as i n p u t  a  d e s c r i p t i o n  o f  t h e  d a t a  r equ i rements  

of t h e  a p p l i c a t i o n s  which a r e  be ing  contemplated;  



M i l l e r ;  i n  THE FAMILY SYSTEM (Lovelace Computing; 1976) [31; 
d e s c r i b e s  i n  g r e a t  d e t a i l  t h e  requirements  f o r  t h e  o p e r a t i o n  of an 

Automated Ambulatory Medical Record a t  t h e  Family P r a c t i c e  C l i n i c  

o f  t h e  County o f  Sonoma i n  San ta  Rosa; Th i s  work p rov ides  t h e  

major p a r t  o f  t h e  i n p u t  s p e c i f i c a t i o n s  t o  t h e  d e s i g n  example which 

i s  used i n  t h i s  t h e s i s  t o  i l l u s t r a t e  t h e  proposed methodology f o r  

t h e  d e s i g n  of  medica l  d a t a  bases ;  

Organizat ion o f  t h i s  D i s s e r t a t i o n :  

Th i s  t h e s i s  advances  and i l l u s t r a t e s  a  methodology f o r  t h e  

des ign  o f  medical  d a t a  bases ;  The work beg ins  wi th  a  review of t h e  

c u r r e n t  s t a t u s  and p r i o r  work i n  r e l e v a n t  a r e a s ;  A gap ~ h i c h  

e x i s t s  between t h e  two l e v e l s  of  d a t a  sys tems a b s t r a c t i o n ,  t h e  

f i l e  s t r u c t u r e  and t h e  d a t a  base  s t r u c t u r e ,  is  e v i d e n t ;  A model 

f o r  t h e  d e s i g n  and implementation p rocess  i s  presen ted  which 

i l l u s t r a t e s  t h e  p o t e n t i a l  f o r  f a i l u r e  i n  system d e s i g n ;  A 

u n i f y i n g  h y p o t h e s i s  r e g a r d i n g  t h e  c a u s e s  o f  t h e  p r o b l e n s  s e e n  can 

then  be brought f o r t h ;  The o b s e r v a t i o n s  a r e  documented by t h e  

f i n d i n g s  which a r e  d e t a i l e d  i n  [2];  

A des ign  methodology which is  designed t o  avoid  t h e  problems 

def ined by t h e  h y p o t h e s i s  i s  then  presented;  A comprehensive 

q u a n t i t a t i v e  approach forms t h e  founda t ion  f o r  t h i s  method; The 

d e t a i l e d  d e r i v a t i o n  of t h e  f a c t o r s  r e q u i r e d  t o  u s e  t h e  proposed 

framework was developed by t h i s  a u t h o r  i n  [ I ] ;  and t h e s e  r e s u l t s  

a r e  u t i l i z e d  w i t h i n  t h i s  t h e s i s ;  A summary o f  t h e  r e s u l t s  i s  

inc luded  i n  t h i s  t h e s i s  t o  show t h e  completeness  o f  t h e  b a s i s  f o r  

t h e  a p p l i c a t i o n  o f  t h e  d a t a  base  model which i s  an i n t e r m e d i a r y  

r e s u l t  i n  t h e  proposed methodology; 



To demons t ra te  t h e  methodology; a proposed Automated Ambulatory 

Medical  Record System f o r  t h e  Family P r a c t i c e  Center  a t  t h e  Sonoma 

County Community H o s p i t a l  i n  S a n t a  Rosa; C a l i f o r n i a  i s  used; The 

a p p l i c a t i o n s  f o r  t h e  Family System a s  d e s c r i b e d  iri [3]  a r e  taken;  

t h e i r  d a t a  r equ i rements  a r e  reduced t o  t h e i r  e s s e n t i a l s ;  and t h e  

d a t a  s t r u c t u r e  i s  prescKt:2i a s  a c o n s i s t e n t  d a t a  base  model; T h i s  

model i s  then  e v a l u a t e d  f o r  op t ima l  implementa t ion;  A sumn~ary and 

d i r e c t i o n s  f o r  f u r t h e r  work t o  suppor t  t h i s  a r e a  o f  technology 

t r a n s f e r  t o  medicine conclude t h i s  d i s s e r t a t i o n ;  



CHAPTER 1 

DATA BASES AND THEIR PROBLEMS 

"MIS& is a mirage;  " 
J ;  Dearden, 1972 

An e s s e n t i a l  r e s o u r c e  f o r  a n  in fo rmat ion  system is a d a t a  base;  

t h a t  is; an organized c o l l e c t i o n  of d a t a ;  A d a t a  base  may be 

implemented u s i n g  a g e n e r a l  d a t a  base  management system; o r  may be 

s t r u c t u r e d  s p e c i f i c  t o  t h e  a p p l i c a t i o n ;  I n  e i t h e r  approach t h e  

d a t a  w i l l  be s t o r e d  i n  one o r  more f i l e s ;  t h e  assignment o f  d a t a  

i t e m s  t o  f i l e s  i s  a major p a r t  o f  t h e  d a t a  base  des ign  problem; 

The p rocess  o f  d e s i g n  is  t h e  cho ice  o f  implementation 

a l t e r n a t i v e s ;  s o  t h a t  i n  o r d e r  t o  des ign  a system t h e  d e s i g n e r  

needs  a knowledge o f  t h e  p o s s i b l e  a l t e r n a t i v e s  and r u l e s  t o  choose 

among them; The r u l e s  a r e  c o n t r o l l e d  by m u l t i p l e  o b j e c t i v e s :  t h e  

chosen a l t e r n a t i v e  h a s  t o  be f u n c t i o n a l l y  adequa te  t o  t h e  t a s k ;  

and when m u l t i p l e  a l t e r n a t i v e s  a r e  adequa te ;  then  r e l i a b i l i t y ;  

performance;  and c o s t  become t h e  dominant c r i t e r i a ;  Aspects of 

t h i s  p rocess  i n  d a t a  base  d e s i g n  have rece ived  r e g u l a r  a t t e n t i o n  

i n  t h e  l i t e r a t u r e ;  and t h e  f i e l d  is a t t r a c t i n g  t h e  a t t e n t i o n  o f  

many r e s e a r c h e r s ;  

* Management In fo rmat ion  Systems 



P r i o r  Work: 

Previous  work i n  t h i s  a r e a  can be p l a c e d  i n t o  two d i s t i n c t  

c a t e g o r i e s :  f i l e  d e s i g n  and d a t a  base  s t r u c t u r e  s e l e c t i o n ;  Th i s  

d i v i s i o n  i s  n a t u r a l  and v a l i d ;  bu t  t h e  two a r e a s  i n t e r a c t  s t r o n g l y  

i n  t h e  p rocess  o f  t h e  d e s i g n  o f  a  complete  system; The need t o  

compare f i l e  o r g a n i z a t i o n  methods i n  common te rms  was first voiced 

by Bachman66; Chapin69A and F d e s c r i b e d  t h e  s e q u e n t i a l  f i l e ;  t h e  

indexed-sequen t i a l  f i l e ,  t h e  d i r e c t  f i l e ,  and a  h i e r a r c h i c a l  f i l e  

o r g a n i z a t i o n  u s i n g  a  common terminology; Senko68 and Lum70 have 

developed s i m u l a t i o n  programs f o r  t h e  a c c e s s  methods which were 

then  a v a i l a b l e  a t  IBM; s o  t h a t  d e s i g n  a l t e r n a t i v e s  w i t h i n  t h e s e  

c o n s t r a i n t s  could be q u a n t i t a t i v e l y  e v a l u a t e d ;  Comparisons were 

p r e s e n t e d  by Brewer68, Angel.169, McGee69 ; Bloom69 ; and Behymer74 

f o r  t h e  indexed-sequen t i a l  and d i r e c t  f i l e  o r g a n i z a t i o n s ;  

Collmeyer70 analyzed r2: r ievai  f o r  s i n g l e  and m u l t i - l e v e l  indexed 

f i l e s  and f o r  t h e  d i r e c t  f i l e  o r g a n i z a t i o n ;  Shemer71 and London72 

compare indexed-sequen t i a l ,  indexed,  and d i r e c t  a c c e s s  f i l e  

o r g a n i z a t i o n s ;  These comparisons a r e  mainly  e x p o s i t o r y  i n  n a t u r e ;  

and whi le  t h e y  p rov ide  a n  unders tand ing  o f  t h e  a l t e r n a t i v e s ,  they  

do n o t  g i v e  a q u a n t i t a t i v e  performance p r e d i c a t i o n  u s e f u l  f o r  

pre-implementation;  

Q u a n t i t a t i v e  a n a l y s e s  have been performed on many p a r t i c u l a r  

implementa t ions  and p roposa l s ;  These a r e  i n  g e n e r a l  p a r t i c u l a r  t o  

some o p e r a t i n g  environment;  and t h e i r  a g g r e g a t e  does  no t  p r e s e n t  a  

s u i t a b l e  b a s i s  f o r  o b j e c t i v e  d e s i g n  d e c i s i o n s  when t h e  environment 

i s  d i f f e r e n t ;  References  t o  a number o f  such a n a l y s e s  pub l i shed  

i n  t h e  l i t e r a t u r e  may be found i n  [ I ] ;  many more have been made 

by e n t e r p r i s e s  duping t h e  p rocess  o f  sys tem development; 



Hsiao70 developed a  formal  n o t a t i o n  f o r  t h e  d e s c r i p t i o n  of 

a l t e r n a t e  f i l e  o r g a n i z a t i o n  methods and a p p l i e d  t i i i s  t o  indexed,  

indexed-sequen t i a l ,  and a  h i g h l y  redundant  m u l t i - l i s t  f i l e  

o r g a n i z a t i o n s ;  R e t r i e v a l  a l g o r i t h m s  were a p p l i e d  u s i n g  t h i s  

n o t a t i o n ;  s o  t h a t  t h e i r  performance could be  e v a l u a t e d  i n  terms of 

an  a b s t r a c t  model; Severance74 e v a l u a t e d  s e q u e n t i a l ,  indexed,  and 

d i r e c t  s t o r a g e  o r g a n i z a t i o n ,  b u t  assumed s t o r a g e  d e v i c e s  w i t h  

homogenous a c c e s s  c h a r a c t e r i s t i c s ;  i ; e ;  c o r e  s t o r a g e ;  The 

h e t e r o g e n i t y  o f  a c c e s s  i s  s t r e s s e d  i n  Merten70, and t h e  a l g o r i t h m s  

analyzed t h e r e  r e c o g n i z e  t h e  d i s t i n c t i o n  between a f e t c h  o f  a  

r ecord  u s i n g  a n  a r b i t r a r y  key and t h e  g e t t i n g  of  a  r ecord  which i s  

n e x t  accord ing  t o  some d e f i n e d  o r d e r i n g ;  The u s e  o f  e x p l i c i t  and 

p r e c i s e  a c c e s s  f o r m u l a t i o n s  l i m i t s  t h e  a n a l y s i s  which i s  presen ted  

t o  r e l a t i v e l y  s m a l l  f i l e s ;  s i n c e  t h e  number of c o m b i n a t o r i a l  

c h o i c e s  o f  r ecord  placement grows e x p o n e n t i a l l y ;  Yao74 p r e s e n t s  

t h e  first s t u d y  which a l i o w s  t h e  model l ing o f  most f i l e  d e s i g n  

a l t e r n a t i v e s ;  and h i s  model a l s o  c o n s i d e r s  t h e  c o s t  o f  f i l e  

upda t ing ;  Much o f  t h e  p r e v i o u s  and o t h e r  c u r r e n t  work is  l i m i t e d  

i n  t h a t  i t  a t t e m p t s  t o  o p t i m i z e  s o l e l y  r e t r i e v a l  performance; 

Given no c o n s t r a i n t s  on s p a c e  o r  complexi ty ,  ve ry  f a s t  r e t r i e v a l  

can be ob ta ined  by t h e  u s e  o f  redundant  d a t a  o r  mul t i -pa th  a c c e s s  

s t r u c t u r e s  [Chiang73]; Yao's t h e s i s  a l s o  d e s c r i b e s  an  au tomat ic  

o p t i m i z a t i o n  p rocess  f o r  indexed f i l e  s t r u c t u r e s ;  

P a r a l l e l  t o  t h e s e  d e v e l o ~ m e n t s ,  b u t  l a r g e l y  independen t ly ,  t h e  

s t r u c t u r a l  r e l a t i o n s h i p s  i n  a  d a t a  base  c o n t a i n i n g  m u l t i p l e  f i l e s  

were being s c r u t i n i z e d ;  A n o t a t i o n  f o r  a  network o f  i n t e r r e l a t e d  

f i l e s  was developed t o  d e s c r i b e  mul t i - r ing  f i l e s ;  and t h i s  

n o t a t i o n  h a s  been p r e s e n t e d  i n  Bachman72 t o  d e s c r i b e  r e l a t i o n s h i p s  

among f i l e s  i n  g e n e r a l ;  Codd70 and Codd72A use a  s e t - t h e o r e t i c  

approach t o  g i v e  structui- .e tc f i l e s  and d e f i n e  o p e r a t i o n s  t o  

e x p l o i t  i n t e r - f i l e  r e l a t i o n s h i p s  i n  d a t a  r e t r i e v a l ;  These two 

views,  termed "network" and " r e l a t i o n a l n ,  were f u r t h e r  developed 



independen t ly ;  Commercial systems based on Bachman's concep t s  

have been p u t  i n t o  o p e r a t i o n  [ J a r d i n e 7 4 ] ;  and t h e i r  s t r u c t u r e  h a s  

been analyzed by Taylor71 and Ni jssen75;  

The mathemat ica l  n a t u r e  of  Coddcs r e l a t i o n a l  model engendered 

qu ick  accep tance  i n  t h e  academic world and i t  h a s  been desc r ibed  

and analyzed widely;  O f  major i n t e r e s t  h e r e  a r e  Heath71, Date71, 

Delobel71 and 73, Armstrong74; Wang75; and Forsyth75;  

These two approaches  have been compared, and t r a n s f o r m a t i o n s  

from t h e  network model t o  t h e  r e l a t i o n a l  model and v i c e  v e r s a  have 

been p resen ted  by Bernste in75;  Cook75; Kay75; T s i a h r i t z i s 7 5 ,  

Stonebraker75 ; Zimmerman75 ; Gate76 ; N i  j ssen76,  and Senko76 ; The 

problem faced  by t h e s e  e f f o r t s  i s  t h a t  t h e  comparisons have t o  be 

made between concep t s  which have a d i f f e r e n t  o r i g i n ;  The network 

models a r e  a b s t r a c t i o n s  o f  d a t a  base  implementa t ions  whereas t h e  

r e l a t i o n a l  models a r e  p rocedura l  d e s c r i p t i o n s  o f  mathemat ica l  

concep t s  ; 

The medical  in fo rmat ion  s c i e n c e  community h a s  begun t o  t a k e  

no te  of t h e s e  i s s u e s ;  t h e  network approach h a s  been analyzed by 

Baker72, whereas Chang75, Manacher75; and Wasserman75B propose 

r e l a t i o n a l  approaches;  Codd75 c i t e s  a r e l a t i o n a l  a p p l i c a t i o n  i n  a 

h o s p i t a l  s e t t i n g ;  C l a s s i c a l  approaches  [Greenes69 and Davis701 

u s e  h i e r a r c h i c a l  t r e e s ;  which can  be d e s c r i b e d  as a s u b s t r u c t u r e  

of t h e  network model; Wiederhold75 d e s c r i b e s  a c l i n i c a l  

in fo rmat ion  system i n  terms o f  r e l a t i o n s  which s u p p o r t  a 

concep tua l  two- level  h ie ra rchy ;  



The System Development Process :  

I n  o r d e r  t o  e x p l a i n  t h e  problems and f a i l u r e s  of  d a t a  base  

system which were perceived above; a s imple  model o f  t h e  system 

development p rocess  w i l l  be p r e s e n t e d ;  Then a hypo thes i s  can be 

s t a t e d  and a p p l i e d  t o  t h e  model; It i s  hoped t h a t  t h i s  h y p o t h e s i s  

w i l l  p rov ide  a s a t i s f a c t o r y  e x p l a n a t i o n  f o r  some of t h e  problems 

p r e s e n t e d  above; 

A MODEL OF THE SYSTEM DEVELOPMENT PROCESS 

I n  o r d e r  t o  measure s u c c e s s  o r  f a i l u r e  i n  a n  ongoing p rocess ,  

t h e  sequence of  s t e p s  t h a t  make up t h e  p rocess  must be unders tood;  

Th i s  h o l d s  t r u e  whether a p rocess  performed by a computer program 

i s  t o  be analyzed o r  a developmental  p r o c e s s  performed by an 

i n s t i t u t i o n  is t o  be debugged; Such a model was used t o  ana lyze  

AAMRS's [2: pp;30-401 and has provided a framework f o r  t h e  survey; 

The model used below w i l l  s t r e s s  t h e  computer system development 

a s p e c t s ;  

The System Development Process :  

1 CONCEPTION 

A need f o r  in fo rmat ion  i s  recogn ized ;  o r  b e n e f i t s  from 

i n f o r m a t i o n  a v a i l a b i l i t y  a r e  demonstra ted  a t  a s i m i l a r  

i n s t i t u t i o n ;  

2 DEFINITION 

The r e p o r t s  o r  o u t p u t s  needed t o  convey t h e  in fo rmat ion  

a r e  d e f i n e d ;  



3 REQUIREMENTS 

The d a t a  and t h e  computation r e q u i r e d  t o  g e n e r a t e  t h e  

o u t p u t s  a r e  de f ined ;  

4 SOURCES 

The source  o f  t h e  d a t a  t o  provide  i n p u t  i s  i d e n t i f i e d ;  

5 FEASIBILITY 

Advice i s  o b t a i n e d  on whether a computer can t r a n s f o r m  t h e  

i n p u t  i n t o  ou tpu t ;  

6 CONSTRAINTS 

The means and c o n s t r a i n t s  f o r  implementation a r e  surveyed;  

Resources a t  an  i n s t i t u t i o n  w i l l  i n c l u d e  f i n a n c i a l  

c a p a b i l i t y ,  p e r s o n n e l ,  and a v a i l a b l e  computers; 

ESTIMATION 

A computer e x p e r t  is c a l l e d  i n  t o  p rov ide  an e s t i m a t e  o f  c o s t  

and t ime r e q u i r e d  f o r  implementation;  The f u n c t i o n s  t o  be  

performed a r e  exp la ined  t o  t h e  e x p e r t ,  a s  we l l  as t h e  

c o n s t r a i n t s  a t  t h e  i n s t i t u t i o n ;  Exper ience  i s  used t o  

p rov ide  a n  e s t i m a t e ;  Depending on t h e  degree  o f  e x p e r t i s e  

and d e s i r e d  conf idence  f a c t o r ;  t h e  es t ima ted  c o s t s  

a r e  doubled o r  t r i p l e d ;  

8 F I L E  DEFIXITION 

Computer f i l e s  a r e  d e f i n e d  t h a t  c o n t a i n  t h e  d a t a  r e q u i r e d  

f o r  t h e  f u n c t i o n s  t o  be performed; 

9 IMPLEMENTATION 

Implementation i s  begun us ing  t h e  b e s t  a v a i l a b l e  

r e s o u r c e s ;  



The h y p o t h e s i s ;  which w i l l  be  brought  forward t o  e x p l a i n  

weaknesses i n  t h i s  p r o c e s s ,  s t a t e d  c o n c i s e l y  is: 

The d e c i s i o n s  t o  proceed from s t e p  t o  s t e p  a r e  made on a  

q u a l i t a t i v e  b a s i s  r a t h e r  t h a n  on a  q u a n t i t a t i v e  b a s i s ;  

Th i s  s t a t e m e n t  can be reworded i n  many ways; Another express ion  

of t h e  a l t e r n a t i v e  i s s u e s  is: 

The emphasis is  on f u n c t i o n ;  n o t  on e f f e c t i v e n e s s ;  

It i s  t r u e  t h a t  i f  t h e  f u n c t i o n  canno t  be pe r fo rned ,  t h e  

e f f e c t i v e n e s s  o f  i t s  e x e c u t i o n  becomes meaningless ,  but  

i n e f f e c t i v e  execu t ion  o f  v a l i d  f u n c t i o n s  i s  w a s t e f u l  and 

f r u s t r a t i n g ;  

F u n c t i o n a l  C a p a b i l i t y  o f  a System: 

I n  t h e  i n i t i a l  phases  o f  development o f  a  technology;  t h e  

c a p a b i l i t y  t o  p rov ide  needed f ' unc t ions  h a s  t o  be e s t a b l i s h e d ;  It 

had t o  be proven t h a t  a i r p l a n e s  were f e a s i b l e  b e f o r e  a i r l i n e s  

could become v a l i d  e n t e r p r i s e s ;  Not a l l  t e c h n i c a l l y  p o s s i b l e  

f u n c t i o n s  l e a d  t o  v a l i d  e n t e r p r i s e s ;  balooning;  f o r  i n s t a n c e ;  h a s  

never  t aken  o f f  i n  a commercial sense ;  

I n  a p p l i c a t i o n s  o f  d a t a  b a s e s  t h e  r e q u i r e d  b u i l d i n g  b locks  

i n c l u d e  computers,  languages  t o  program them; f i l e  systems t o  

s t o r e  and r e t r i e v e  d a t a ;  and d a t a  base  sys tems t o  o r g a n i z e  and 

i n t e r r e l a t e  t h e  f i l e s ;  The f u n c t i o n  of  t h e s e  e lements  h a s  been 

thoroughly  analyzed; 



I n  computing t h e  problem o f  f u n c t i o n  h a s  been f o r m a l l y  t r e a t e d  

by Tur ing  [Hopcrof t691,  and it can be shown t h a t  any computer 

system a v a i l a b l e  today  has ,  f o r  f i n i t e  problems; t h e  power of t h e  

h y p o t h e t i c a l  Tur ing  machine and hence is  f u n c t i o n a l l y  adequa te  t o  

s o l v e  any computing problem; 

On t h e  language l e v e l  i t  h a s  been shown t h a t  w h i l e  c o n t e x t - f r e e  

languages  have l i m i t a t i o n s  i n  t h e  d e s c r i p t i o n  of  s e m a n t i c a l l y  

complex p r o c e s s e s ;  t h e s e  l i m i t a t i o n s  do n o t  app ly  t o  

c o n t e x t - s e n s i t i v e  languages;  S ince  f o r  pragmat ic  d a t a  base  

problems no n e c e s s i t y  e x i s t s  t o  c o n s t r a i n  t h e  c h o i c e  o f  language;  

t h e r e  i s  a g a i n  no fundamental  f u n c t i o n a l  r e s t r i c t i o n  o f  language 

which could i n h i b i t  t h e  c a p a b i l i t y  o f  a  computer sys tem program t o  

d e s c r i b e  t h e  d e s i r e d  o p e r a t i o n s ;  

The f u n c t i o n  of  a  f i l e  i s  t o  s t o r e  and r e t r i e v e  d a t a ;  and 

f a i l u r e  t o  r e t r i e v e  s t o r e d  d a t a  is  i n d i c a t i v e  o f  a n  e r r o r ;  

A t  t h e  d a t a  base  system l e v e l  Codd [Codd72B] h a s  argued f o r  

f u n c t i o n a l  comple teness  i n  d a t a  base  sys tems and shown t h a t  h i s  

r e l a t i o n a l  approach f u l f i l l s  t h e  requ i rements ;  S i n c e  then  

t r a n s l a t i o n  r u l e s  between r e l a t i o n a l  d a t a  base  models and 

h i e r a r c h i c a l  and network models have been d e f i n e d  [Berns te in75 ;  

Cook75; Kay75; Stonebraker75;  T s i c h r i t z i s 7 5 ;  Zimmerman75; Chen76; 

Date76; and Senko761; It is c l e a r  t h a t  any d a t a  b a s e  system which 

h a s  t h e  c a p a b i l i t y  t o  execu te  a r b i t r a r y  procedures  i s  f u n c t i o n a l l y  

complete ,  a l t h o u g h  t h e r e  do e x i s t  in fo rmat ion  r e t r i e v a l  sys tems 

which n e i t h e r  have t h i s  c a p a b i l i t y  nor  have adequa te  b u i l t - i n  d a t a  

manipula t ion c a p a b i l i t i e s ;  

The i s s u e  o f  f u n c t i o n a l  c a p a b i l i t y  is  hence e s s e n t i a l l y  moot; 

t h e  f a c t  t h a t  d a t a  base  problems do no t  l i e  i n  t h e  a r e a  o f  language 



o r  f u n c t i o n  was a l r e a d y  expressed by Schwartz72; T h i s  was a l s o  

observ2d d u r i n g  t h e  AAMRS s i t e  v i s i t s ;  Whenever t h e  i s s u e  of a  

f 'unction which seemed d e s i r a b l e  b u t  was n o t  a v a i l a b l e  was r a i s e d ,  

an  answer i n v a r i a b l y  a s :  "This func t ion  could  be provided wi th  a  

l i t t l e  programming e f f o r t n  was given;  

Q u a n t i f i c a t i o n  o f  a  System: 

More d a t a  and a n a l y s i s  i s  r e q u i r e d  i n  o r d e r  t o  de te rmine  how 

w e l l  a f u n c t i o n a l  c a p a b i l i t y  can be implemented; During t h e  AAMRS 

s t u d y ;  t h e  q u a n t i t a t i v e  q u e s t i o n s  o f  system performance were 

d i f f i c u l t  t o  su rvey ;  The d e s i g n e r s  f e l t ,  i n  g e n e r a l ,  t h a t  t h e i r  

sys tems provided f a s t  response;  a l though  t h e  a c t u a l  r e sponse  t imes  

v a r i e d  a g r e a t  d e a l ;  I n  some sys tems ,  f o r  i n s t a n c e ;  t h e  t ime  

r e q u i r e d  t o  r e t r i e v e  a d d i t i o n a l  d a t a  from a n  U:I-line medica l  

r e c o r d  d u r i n g  a  p a t i e n t  v i s i t  was s o  slow t h a t  t h e  f a c i l i t y  was 

r a r e l y  used [2:vol;2,CDH8pg;23]; I n  o t h e r  i n s t a n c e s  t h e  r a p i d  

i n i t i a t i o n  of  p r i n t i n g  was c i t e d ;  t h e  f a c t  t h a t  i t  took s e v e r a l  

minutes  t o  p r i n t  t h e  r e q u i r e d  record  a b s t r a c t  was n o t  cons ide red  

t o  be a  problem [2:vo1;2;CDN;pg;7]; 

During t h e  p lann ing  s t a g e  of t h e  sys tems su rveyed ,  q u e s t i o n s  of 

c o s t  e f fec t , iveness  had r a r e l y  been asked [2:pg;204], and even i n  

o p e r a t i o n a l  system few a t t e m p t s  were made t o  q u a n t i f y  t h e  b e n e f i t s  

o b t a i n e d  and c o s t s  i n c u r r e d  [2:pg;182-1881; 

The h y p o t h e s i s  t h a t  f u n c t i o n ;  not  e f f e c t i v e n e s s ,  i s  t h e  

c o n t r o l l i n g  f a c t o r  i n  t h e  d e c i s i o n  making p rocess  can  be a p p l i e d  

t o  a l l  t h e  s t e p s  of  t h e  model d e s c r i b e d  above; 



During t h e  first s t e p ;  t h e  concep t ion ;  a  funct;ional approach 

w i l l  depend on t h e  c i t a t i o n  o f  examples of  t h e  impact o f  t h e  

a v a i l a b i l i t y  of  in fo rmat ion  on a  p a t i e n t ' s  t r ea tment ;  To 

o b t a i n  a  q u a n t i f i c a t i o n ;  a n  assessment  of  t h e  e f f e c t  o f  t h e  

i n f o r m a t i o n  on t h e  e n t i r e  p a t i e n t  popu la t ion  i s  needed; 

During t h e  second s t e p ,  t h e  d e f i n i t i o n  ef t h e  sys tem,  a 

f u n c t i o n a l  approach w i l l  p r e p a r e  sample r e p o r t s  o r  o u t p u t  

fo rmats  t o  d e f i n e  t h e  r e q u i r e d  d a t a ;  I n  o r d e r  t o  o b t a i n  a 

b a s i s  o f  l o a d  e s t i m a t i o n  f o r  t h e  proposed sys tem,  t h e  r e q u i r e d  

o u t p u t  is g e n e r a l i z e d  and t h e  volume is es t ima ted ;  To exc lude  

r e p e t i t i v e  normal r e s u l t s  t h e  range  o f  parameters  f o r  which 

o u t p u t  is  t o  be produced i s  s p e c i f i e d ;  Where volume is  

e x c e s s i v e ,  c r i t e r i a  f o r  e x c e p t i o n  r e p o r t s  o r  warning messages 

a r e  d e f i n e d ;  

Th i s  comparison can be con t inued  th rough  t h e  s t a t ement  o f  

system requ i rements ;  t h e  i d e n t i f i c a t i o n  o f  t h e  s o u r c e  t o  t h e  

e v a l u a t i o n  o f  sys tem f e a s i b i l i t y ;  I n  t h i s  f i f t h  s t e p  a  

q u a n t i t a t i v e  methodoloey becomes e s p e c i a l l y  important ;  Nearly 

always when a  sample t a s k  i s  p r e s e n t e d  t o  a  t e c h n i c a l  e x p e r t  

f o r  a n  e v a l u a t i o n  o f  p rocedura l  f e a s i b i l i t y ;  t h e  answer w i l l  be 

"yesu ;  The f a c t  t h a t  t h e  e f f o r t  involved may g r e a t l y  exceed any 

p o s s i b l e  b e n e f i t  i s  no t  answerable  wi thou t  a  broad-based 

q u a n t i t a t i v e  background o f  d a t a  a v a i l a b i l i t y  and q u a l i t y ;  

The e f f e c t s  o f  t h e  impos i t ion  o f  i n s t i t u t i o n a l  c o n s t r a i n t s ;  i n  

terms of  scope o f  system; l i m i t a t i o n s  i n  d a t a  c o l l e c t i o n  o r  

in fo rmat ion  usage;  a r e  a l s o  d i f f i c u l t  t o  a s s e s s ,  e s p e c i a l l y  i n  

terms of  long  range  system v i a b i l i t y ;  u n l e s s  t h e s e  e f f e c t s  a r e  

q u a n t i f i e d  ; 

During t h e  seven th  s t e p ;  t h e  g e n e r a t i o n  of  an implementation 

e s t i m a t e ;  a c o n s i s t e n t  methodology becomes e s s e n t i a l ;  While 



e x p e r t  e s t i m a t e s  a r e  o f t e n  based on e x p e r i e n c e  w i t h  p r e v i o u s  

sys tems;  i t  i s  r a r e  t h a t  t h e  p a s t  c i r cumstances  are 

s u f f i c i e n t l y  similar t o  permit  a n  a c c u r a t e  a ssessment ;  The 

a v a i l a b i l i t y  o f  a q u a n t i t a t i v e  formal methodology a l s o  a l l o w s  

t h e  i n v e s t i g a t i o n  of  a l t e r n a t i v e s  o f  l o a d  and d e s i g n ;  and 

s t u d y  o f  t h e  s e n s i t i v i t y  t o  load  v a r i a t i o n s ;  

The remaining two s t e p s ,  f i l e  d e f i n i t i o n  and implementa t ion;  

which i n  a f u n c t i o n a l  approach a r e  developed by programming 

s t a f f  a s  t h e  s e r v i c e s  a r e  be ing  des igned ;  proceed under  r i g i d  

g u i d e l i n e s ;  o b t a i n e d  d u r i n g  t h e  development o f  q u a n t i t a t i v e  

measures,  when t h e  formal  des ign  methodology is  used; 

The l ist  g iven  above emphasizes t h e  weakness o f  t h e  f u n c t i o n a l  

approach t o  t h e  extreme; For most sys tems which have been 

planned.  some a r e a s  have been s t u d i e d  q u a n t i t a t i v e l y ;  S t u d i e s  of  

i s o l a t e d  t o p i c s ;  however, t end  t o  s u f f e r  from i n a d e q u a t e  i n p u t  

d a t a ;  a l t h o u g h  o b s e r v a t i o n s  from predecessor  o r  s i m i l a r  sys tems  

may be used; 

It may seem s u r p r i s i n g  t h a t  many system a r e  des igned  and 

implemented wi thou t  q u a n t i t a t i v e  a n a l y s i s  cover ing  a l l  o f  t h e  n ine  

s t e p s  l i s t e d ;  a l t h o u g h  t h e s e  s t e p s ;  which when p r e s e n t e d  

m e t h o d i c a l l y  as above; a r e  wi thou t  doubt impor tan t  f a c t o r s  i n  t h e  

e v e n t u a l  s u c c e s s  o f  a system; The examples and r e f e r e n c e s  c i t e d  

e a r l i e r ;  a s  w e l l  a s  t h e  exper ience  recounted by o t h e r  workers  i n  

t h i s  f i e l d .  convince  me t h a t  t h e  problems l i s t e d  a r e  r e a l ;  



The f a c t  t h a t  w e  a l l  t e n d  t o  a c q u i r e  new knowledge by example 

may be one o f  t h e  r e a s o n s  f o r  t h e  l a c k  o f  comprehensive t r e a t m e n t  of 

t h e  system d u r i n g  t h e  s t e p s  o f  t h e  d e s i g n  p rocess ;  S i n c e  s e v e r a l  

y e a r s  a r e  r e q u i r e d  t o  d e s i g n ,  implement, and prove n o n - t r i v i a l  

sys tems;  it i s  d i f f i c u l t  t o  g a i n  a broad range of  e x p e r i e n c e  

through exper imenta t ion ;  The f a c t  t h a t  even i n  commercial sys tem 

d e s i g n  impor tan t  f a c t o r s  a r e  o f t e n  f o r g o t t e n  u n t i l  i t  is t o o  l a t e  

h a s  l e d  t h e  two d a t a  p r o c e s s i n g  i n s t i t u t i o n s  t o  p r e p a r e  c h e c k l i s t s  

f o r  systems implementation:  AFIPS [Pa t r i ck741  and CODASYL 

CCODASYL761; I n  tine a r e a  o f  medical  r e c o r d  systems a l i s t  o f  "Ten 

Commandmentsv [Barnet t711 i s  in tended  t o  p reven t  some o f  t h e  

f a i l u r e s  perceived by one o f  t h e  main promulgators  o f  computers i n  

medicine;  

C h e c k l i s t s ;  however; can  o n l y  h e l p  i n  a s s u r i n g  t h a t  a l l  p o i n t s  

a r e  covered;  An e x t e n s i v e  c h e c k l i s t  can i n  f a c t  be ex t remely  

f r u s t r a t i n g  because i t  does  n o t  t e l l  how a l l  t h e  f a c t s  and d e t a i l s  

can be brought t o g e t h e r  i n t o  a meaningful  des ign  p rocess ;  A 

framework f o r  t h e  d e s i g n  o f  d a t a  base  systems which is  i n t e n d e d  t o  

h e l p  i n  overcoming t h e s e  problems i s  presen ted  i n  t h e  n e x t  

c h a p t e r ;  



CHAPTER 2 

A IYiETHODOLOGY FOR DATA BASE AlGD FILE DESIGN 

" I n  d e r  Kunst is nur  d a s  B e s t e  g u t  ,qenugu 

W; J; Goethe,  1787 

I n  o r d e r  t o  a c h i e v e  t h e  g o a l  o f  r e l i a b l e  p r e d i c t i o n  of 

performance o f  a d a t a  base  o r i e n t e d  sys tem,  a framework f o r  t h e  

des ign  p r o c e s s  h z s  t o  be e s t a b l i s h e d ;  T h i s  framework h a s  t o  be 

s u f f i c i e n t l y  powerful  t o  a l l o w  t h e  e s t a b l i s h m e n t  of q u a n t i t a t i v e  

performance measures i n  a d d i t i o n  t o  p rov ing  t h e  f u n c t i o n a l  

adequacy o f  t h e  proposed system; S i n c e  t h e  form of t h e  d a t a  base  

and its performance a r e  i n t e r r e l a t e d ,  i t  i s  necessa ry  t o  be a b l e  

t o  manipula te  t h e  d a t a  base  be ing  d e s i g n e d ;  The methodology which 

h a s  been developed [ I ]  c o n t a i n s  both  a framework which a l l o w s  t h e  

manipula t ion o f  d a t a  bases  as w e l l  as a framework f o r  t h e  

q u a n t i t a t i v e  e v a l u a t i o n  of  f i l e  o r g a n i z a t i o n  methods which can be 

used t o  implement such d a t a  bases ;  The use  o f  such frameworks can 

h e l p  t o  t r a n s f o r m  t h e  d a t a  base  d z s i g n  p r o c e s s  from a n  a r t  t o  a 

s c i e n c e .  

THE MANIPULATION OF DATA MODELS AND DATA BASE MODELS 

Various models have been used i n  r e c e n t  y e a r s  t o  g a i n  a b e t t e r  

unders tand ing  o f  t h e  s t r u c t u r e  of  t h e  d a t a  base  problem; The 

models r e p r e s e n t  a wide range of a b s t r a c t i o n ;  



R e l a t i o n a l  Models: 

The i n i t i a i  p o i n t  f o r  t h e  f o r m a l i z a t i o n  o f  t h e  d e s i g n  p rocess  

a r e  d a t a  models [1:Ch;7;1]; A d a t a  model i s  a d e s c r i p t i o n  of  t h e  

d a t a  a s  seen  from t h e  p o i n t  o f  view o f  one s e r v i c e  o r  one d a t a  

c o l l e c t i o n  po in t ;  I n  o r d e r  t o  d e s c r i b e  t h e  i n i t i a l  s t a t e ,  an 

unnormalized r e l a t i o n a l  format [ Codd70 1 can  be used;  Codd 's 

r e l a t i o n a l  model p r e s c r i b e s  a normal iza t ion  o r  decomposit ion 

p rocess  which i s  wholly ma.thematica1 i n  n a t u r e ;  A ma themat ica l ly  

based r e p r e s e n t a t i o n  of  d a t a  models p rov ides  complete independence 

of  usage p a t t e r n s ,  and hence enhances t h e  f u n c t i o n a l  power a t  t h e  

expense o f  performance o r i e n t e d  c r i t e r i a ;  For a q u a n t i t a t i v e  

a n a l y s i s  i t  i s  impor tan t  t o  r e t a i n  semant ic  r e l a t i o n s h i p s  which 

a r e  p a r t  o f  a d a t a  model, s i n c e  t h e s e  w i l l  l a t e r  p r e s c r i b e  a c c e s s  

p a t h s  used by t h e  s s r v i c e s ;  The a p p l i c a t i o n  o f  t h e  r e l a t i o n a l  

model t o  c l i n i c a l  d a t a  b a s e s  h a s  been d i s c u s s e d  by Chang75, 

Manacher75, and Wasserman75B; Manacher shows some of  t h e  

semant ics  which e x i s t  between r e l a t i o n s  i n  a c l i n i c a l  d a t a  base; 

Semantic Nets: 

Very f i n e  semant ic  s t r u c t u r e s  have been used i n  d a t a  bases  used 

i n  A r t i f i c i a l  I n t e l l i g e n c e  work [Levien67],  and models t o  s u p p o r t  

such d a t a  bases  [Abria174] have been d e s c r i b e d ;  These semant ic  

n e t s  r e p r e s e n t  problem-speci f ic  d a t a  i n  a compact and e s s e n t i a l l y  

non-redundant form; A g r a p h i c  p r e s e n t a t i o n  o f  a d a t a  base  

developed f o r  decision-making i n  t h e  a r e a  o f  glaucoma [Weiss74] i s  

shown i n  F igure  2-1; Many s e m a n t i c a l l y  d i f f e r i n g  r e l a t i o n s h i p s  

u s e  s i m i l a r  s t r u c t u r e s ,  but  a new model i s  r e q u i r e d  whenever t h e r e  

a r e  a p p l i c a t i o n  d i f f e r e n c e s ;  
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S a t a  Base Models f o r  System Implementation:  

For t h e  purpose  of system des ign  a ba lance  h a s  t o  be s t r u c k :  

1 )  The model h a s  t o  r e t a i n  s u f f i c i e n t  meaning s o  t h a t  t h e  

i n t e n t  and u s e s  of  t h e  e v e n t u a l  a p p l i c a t i o n s ,  a s  t h e y  

a f f e c t  t h e  e v e n t u a l  f i l e  d e s i g n ,  can be r e t a i n e d ;  

2 )  The model should  no t  be s o  f i n e  t h a t  a p p l i c a t i o n  d e t a i l s  

which do n o t  a f f e c t  t h e  f i l e  des ign  a r e  r e p r e s e n t e d ;  

The r e l a t i o n  t y p e s  which have been developed i n  [I :Ch;7;2] t o  

a c h i e v e  t h i s  o b j e c t i v e  a r e  f i v e :  

1 )  An E n t i t y  R e l a t i o n  i s  t h e  primary and independent  

d e s c r i p t i o n  o f  a s e t  of  d a t a  o b j e c t s ;  There  ! d i l l  be one 

e n t r y  o r  t u p l e  f o r  each d a t a  o b j e c t ;  

An example o f  an E n t i t y  r e l a t i o n  i n  a n  A A M R S  is  t h e  

P a t i e n t  f i l e ;  

2 )  A Referenced E n t i t y  R e l a t i o n  i s  t h e  d e s c r i p t i o n  o f  an 

a t t r ibu te -complex  common t o  m u l t i p l e  t u p l e s  i n  one o r  more 

r e l a t i o n s ;  While t h e  d a t a  v a l u e s  o f  r e f e r e n c e d  e n t i t y  

t u p l e s  belong wholly t o  t h e  owning E n t i t y  r e l a t i o n ,  t h e  

c r e a t i o n  o f  Referenced E n t i t y  r e l a t i o n  reduces  redundancy 

and d e f i n e s  common l i n k a g e s ;  Referenced E n t i t y  t u p l e s  w i l l  

a l s o  obey c e r t a i n  maintenance r u l e s  which a r e  s p e c i f i c  t o  

t h i s  r e l a t i o n  type;  

An example o f  a Referenced E n t i t y  r e l a t i o n  is Lil* 

d e s c r i p t i o n  o f  Problems p resen ted  by t h e  p a t i e n t s .  M u l t i p l e  

p a t i e n t s  w i l l  p r e s e n t  t h e  same problem, and hence r e f e r e n c e  

t h e  same t u p l e  of  t h e  Referenced E n t i t y  r e l a t i o n ;  



3)  A Lexicon is a  c o l l e c t i o n  of  r e f e r e n c e d  t u p l e s  which have 

on ly  two a t t r i b u t e s ,  where t h e s e  a t t r i b u t e s  have a  symmetric 

one-to-one r e l a t i o n ;  Lexicons provide  l i n k a g e  mechanisms 

among E n t i t y  o r  Referenced E n t i t y  r e l a t i o n s  which a r e  

i d e n t i c a l  i n  c o n t e n t  but  a r e  viewed a c c o r d i n g  t o  d i f f e r e n t  

d a t a  models; 

An example of  a  Lexicon i n  an  AANRS i s  t h e  s e t  o f  

(pa t i en tnames ,  pa t i en tnumbers ) .  

4) A Nest R e l a t i o n  c o l l e c t s  d a t a  s u b s e t s  which a r e  s p e c i f i c  t o  

one E n t i t y  t u p l e ;  Whenever a  d a t a  a t t r i b u t e  o r  group o f  

a t t r i b u t e s  can o c c u r  m u l t i p l e  t imes  w i t h i n  a t u p l e ,  t h e  

s u b u n i t s  have t o  be i d e n t i f i e d  i n d i v i d u a l l y ;  Such d a t a  

a r e  managed b e s t  by c o l l e c t i n g  a l l  r e p e a t i n g  subgroups  i n t o  

a  s u b s i d i a r y  h i e r a r c h i c a l  l e v e l ,  a s  implemented by t h e  Nest 

r e l a t i o n  t y p e ;  

An example o f  a Nest i s  t h e  s e t  o f  v i s i t s  made by a  p a t i e n t  

t o  a c l i n i c ;  A Nest  r e l a t i o n  w i l l  c o l l e c t  a l l  v i s i t s  by a l l  

p a t i e n t s ;  

5 )  An A s s o c i a t i v e  R e l a t i o n  c o l l e c t s  d a t a  e n t r i e s  belonging t o  

t h e  i n t e r s e c t i o n  of  m u l t i p l e  E n t i t y  r e l a t i o n s ;  Here each  

t u p l e  depends on inore than one owning t u p l e  f o r  i t s  

e x i s t e n c e ;  

An example from t h e  medical  r e c o r d s  a r e a  could  b e  a  d i s e a s e  

r e g i s t r y ,  where each e n t r y  would be owned by a  p a t i e n t  and a  

d i s e a s e  t u p l e ;  An i n v e n t o r y  o f  a wsrd-or iented h o s p i t a l  

pharmacy would form an a s s o c i a t i o n  o f  drug and ward e n t r i e s ;  



Normal iza t ion and R e l a t i o n  Types: 

Codd, i n  t h e  p rocess  o f  d e f i n i n g  r e l a t i o n s  i n  a manner which 

a l l o w s  t h a t  t h e  p r o p e r t i e s  o f  r e l a t i o n a l  models can be r i g o r o u s l y  

proven,  h a s  e s t a b l i s h e d  a number of  n o r m a l i z a t i o n  p rocesses ;  

These p r o c e s s e s  g e n e r a t e  r e l a t i o n s  w i t h  s e t - t h e o r e t i c  p r o p e r t i e s ,  

b u t  t h e s e  r e l a t i o n s  can a l s o  b e  i d e n t i f i e d  wi th  t h e  s t r u c t u r a l  

semant ic  c l a s s e s  d e f i n e d  above; Some examples w i l l  show t h e  

semant ics  a s s o c i a t e d  wi th  Codd's t r a n s f o r m a t i o n s ;  

A t r a n s f o r m a t i o n  of unnormalized r e l a t i o n s  t o  r e l a t i o n s  i n  

f i rs t -normal-form [Codd70] y i e l d s  n e s t - r e l a t i o n s .  Another means 

o f  coping wi th  n e s t s  i s  p o s s i b l e  i f  a l i m i t  can  be a s s i g n e d  t o  t h e  

number of  r e p e t i t i o n s .  The n e s t  can t h e n  be t r e a t e d  a s  a f i n i t e  

sequence of a t t r i b u t e s  w i t h i n  t h e  owning t u p l e ;  Such a denes ted  

sequence c o n t a i n s  undef ined a t t r i b u t e  v a l u e s  wherever t h e  

r e p e t i t i o n  count i s  l e s s  t h a n  t h e  l i m i t ;  Both c h o i c e s  a r e  shown 

i n  F igure  2-2; 

A t r a n s f o r m a t i o n  t o  second-normal-form [Codd72B] can c r e a t e  

Lexicons o r  Referenced E n t i t y  r e l a t i o n s ;  It can a l s o  reduce  a n  

A s s o c i a t i v e  R e l a t i o n  i n t o  i ts  p a r e n t  E n t i t y  r e l a t i o n  and a 

remainder A s s o c i a t i v e  R e l a t i o n ,  which may be empty; 

Trans fo rmat ions  t o  t h e  f i n a l  s t a g e ,  t h i r d -  o r  Codd-normal-form 

[ a l s o  Codd72AI c r e a t e  a d d i t i o n a l  Referenced E n t i t y  r e l a t i o n s ;  

Tuples  of' r e l a t i o n s  i n  Codd-normal-form a r e  unique,  and d a t a  a r e  

s t o r e d  wi th  minimal redundancy; 



DATA 

employee age-. children spause experience supervises 

Hare 34 Mary, 16 Linda 9 JOB, 2 

Paul, 13 Mike, 3 

PROGWING DESCRIPTION 

uECL;IFtE 1 employee,. 

2 name CHAEACThR V44FtYING, 

2 age DSLIMAL, 

2 children(na-of-children) , 
3 name CKkIIACTEE VMYING, 

3 age ubCIUL, 

2 spouse CHkitACThfi VAkYING, 

2 experience bXCIldAL, 

2 supervises (no-of-su~ervisees) ,: 
3 name CHAHACTEk VtlhY ING,, 

3 years-supervised bACIUL; 

FIRST N O W  FOBU Jil3LATION 
achieved hy denesting children and by remov.ah of 

supervisees ta a Nest. Relation 

employee : HELAT ION 

name, e, childl, ageL, child2, age2, W d 3 ,  age3, ..., spouse ; 
Hare 34 Paul 13 hiary 16 m l l  null Linda 
*.. 

supervision:RhLATION 

super, experience, subordinate, years sugervised.; 

Hare 9 iaike 2 

Hare 9 Joe 3 . . . 
helation in Eirst Normal Form 

Figure 2-2 



PROPERTIES OF THE FIVE R E L A T I O N  TYPES 

The t u p l e s  o f  a l l  t h e s e  f i v e  r e l a t i o n  t y p e s  obey wel l -def ined 

r u l e s ,  which augment t h o s e  e s t a b l i s h e d  by Codd. Each t u p l e  of  a 

r e l a t i o r ?  i s  i d e n t i f i e d  by one u n i q i ~ e  r u l i n g  n a r t ;  Other  ~ o t e n t i a l  

r u l i n g  p a r t s  a r e  s u p p l i e d  through l e x i c o n s ;  

Ru l ing  P a r t  D e f i n i t i o n s :  

The r u l i n g  p a r t  o f  a  Nest r e l a t i o n  i s  a  c a t e n a t i o n  o f  t h e  

p a r e n t  r u l i n g  p a r t  and a  l o c a l  a t t r i b u t e  t o  ach ieve  t h e  r e q u i r e d  

uniqueness  o f  t h e  r u l i n g  pa r t :  

The r u l i n g  p a r t  o f  an A s s o c i a t i v e  He la t ion  is  t h e  c a t e n a t i o n  of 

t h e  r u l i n g  p a r t s  o f  two o r  more E n t i t y  r e l a t i o n s ;  Both p a r t s  may 

be from t h e  same owner r e l a t i o n :  i i e ;  a  r e l a t i o n  "marr iageu which 

a s s o c i a t e s  two t u p l e s  from a  upopu la t ion"  r e l a t i o n .  Rul ing p a r t s  

o f  Referenced E n t i t y  r e l a t i o n s  a r e  always non-rul ing p a r t s  

(dependent  p a r t s )  o f  o t h e r  r e l a t i o n s ;  

P o t e n t i a l i t y  f o r  S e o ~ ~ e f l c i n ~ :  

A d e f i n i t i o n  o f  a c o l l a t i n g  o r d e r  on t h e  r u l i n g  p a r t  e s t a b l i s h e s  

a  s i n g l e  l o g i c a l l y  s e r i a l  o r d e r  f o r  t h e  t u p l e s  o f  a r e l a t i o n ;  Such 

a s e r i a l  o r d e r  can be e x p l o i t e d  i n  t h e  manipula t ion o f  t h e  

r e l a t i o n  s i n c e  i t  can d e f i n e  a c c e s s  t o  t u p l e s  wi thou t  knowledge o f  

t h e  r u l i n g  p a r t  v a l u e  through t h e  use  of  r e l a t i v e  i d e n t i f i e r s  as 

NEXT, PRIOR, FIRST, nTH, o r  LAST; 



Reference Rule : 

No t u p l e s  may be removed from a Referenced E n t i t y  r e l a t i o n  o r  a 

Lexicon whi le  any r e f e r e n c e  e x i s t s ;  Tuples  i n  t h e s e  r e l a t i o n s  

can ,  however, e x i s t  wi thou t  a c t i v e  r e f e r e n c e s ;  

lies t Rule : 

Tuples  i n  a Nest r e l a t i o n  have t o  be removed when t h e  p a r e n t  

t u p l e  is  removed; 

Assoc ia t ion  Rule : 

Tuples i n  a n  A s s o c i a t i v e  r e l a t i o n  have t o  De retnovea when any 

of  t h e  owning t u p l e s  i s  removed; 

DATA BASE MODEL 

The r e l a t i o n  t y p e s  d e s c r i b e d  above a r e  de f ined  by t h e  a n a l y s i s  

o f  a s p e c i f i c  d a t a  model, which p e r t a i n s  t o  one s e r v i c e  and 

e x p r e s s e s  one view o f  t h e  d a t a  base;  When d a t a  a r e  t o  be sha red  

among m u l t i p l e  d a t a  models,  then  a d a t a  base  model h a s  t o  be 

c r e a t e d ;  A d a t a  base  model h a s  t o  be a b l e  t o  e x p r e s s  m u l t i p l e  

views and s u p p o r t  m u l t i p l e  s e r v i c e s ;  



Transformat ions:  

The r e l a , t i o n  model s p e c i f i e s  a number o f  t r a n s f o r m a t i o n s  which 

can be employed i n  o r d e r  t o  combine r e l a t i o n s  o r  c r e a t e  new 

r e l a t i o n s  f o r  o t h e r s ;  These o p e r a t i o n s  i n c l u d e  t h e  c o n v e n t i o n a l  

s e t  o p e r a t i o n s :  

Union 

I n t e r s e c t i o n  

D i f f e r e n c e  

and a r e  augmented by o p e r a t i o n s  which a r e  s p e c i f i c  t o  r e l a t i o n s  

J o i n ,  

P r o j e c t i o n ,  and 

Div i s ion ;  

These o p e r a t i o n s  a r e  de f ined  i n  [1:Ch;7;3] fo l lowing  c o n v e n t i o n a l  

s t a n d a r d s ;  The s e t  t r a n s f o r m a t i o n  Union is used t o  combine 

s i m i l a r  r e l a t i o n  t y p e s  and extend t h e  range ( t h e  e n t r i e s  i n  t h e  

r u l i n g  p a r t )  o r  t h e  s c o p e  ( t h e  number of a t t r i b u t e s ) ;  The J o i n  

o p e r a t i o n  can a s s o c i a t e  d i s s i m i l a r  r e l a t i o n s ,  a s  c o n t r o l l e d  by a 

r e l a t i o n s h i p  among a common a t t r i b u t e ;  The P r o j e c t i o n  o p e r a t i o n  

can e x t r a c t  Lexicons  o r  Referenced E n t i t y  r e l a t i o n s ,  whereas 

Div i s ion  can deve lop  t h e  p a r e n t  r e l a t i o n  of  a  Nest r e l a t i o n ;  

A J o i n  o p e r a t i o n  can c r e a t e  a new a s s o c i a t i v e  r e l a t i o n  o u t  o f  

E n t i t y  r e l a t i o n s ,  bu t  r e q u i r e s  a n  a l g o r i t h m i c  s p e c i f ' i c a t i o n  or' t n e  

c o n d i t i o n  f o r  c a t e n a t i o n  o f  t u p l e  pairs; The s i m p l e s t  c o n d i t i o n  

i s  g iven  by en Equ i - jo in ,  t h a t  i s  a  J o i n  wi th  t h e  c o n d i t i o n  t h a t  

t h e  v a l u e s  o f  t h e  a t t r i b u t e s  used t o  combine t u p l e s  a r e  e q u a l ;  I n  

any c a s e ,  t h e  a s s o c i a t i v e  r e l a t i o n  s t o r e s  some i n f o r n ~ a t i o n  which 

i s  n o t  con ta ined  i n  t h e  owning r e l a t i o n s ;  



V a l i d a t i o n  o f  t h e  Data Base Model Framework: 

The model h a s  been a p p l i e d  t o  a l a r g e  v a r i e t y  o f  d a t a  base  

s u p p o r t  sys tems and can e a s i l y  e x p l a i n  t h e  r e l a t i o n s h i p s  which a r e  

suppor ted  by t h e s e  sys tems [l :Ch;g];  I n  Chapter 3  o f  t h i s  t h e s i s  

a  s p e c i f i c  AAMRS a p p l i c a t i o n  i s  i n v e s t i g a t e d  and t h e  

tranuf 'ornlat ions wiiicl? hava been developed a r e  a p p l i e d  t o  i n t e g r a t e  

t h e  f i l e s  which were conceived f o r  i n d i v i d u a l  s e r v i c e s  and t h e i r  

d a t a  models; 

DESCRIPTION OF RELATIONS 

I n  o r d e r  t o  manipu la te  r e l a t i o n s ,  a t t r i b u t e s  have t o  be named; 

With t h e s e  names, a  number of d e s c r i p t i v e  c h a r a c t e r i s t i c s  may be 

a s s o c i a t e d ;  Impor tan t  c h a r a c t e r i s t i c s  o f  an  a t t r i b u t e  a r e  t h e  

domain, t h e  encoding,  and t h e  p r i v a c y  c o n s t r a i n t s ;  The domain 

d e s c r i b e s  t h e  range  o f  va lues  a l l o w a b l e  [I:Ch;8;2], t h e  encoding 

t h e  r e p r e s e n t a t i o n  o f  t h e  d a t a  [I:Ch;14;1,14;2], and pr ivacy 

c o n s t r a i n t s  d e s c r i b e  ownership and p o t e n t i a l  r e a d e r s h i p  of  t h e  

d a t a  i n  t h e  d a t a  base  [I:Ch;12]; Other  c h a r a c t e r i s t i c s  of  

a t t r i b u t e s  a r e  d e t a i l e d  i n  [1:Ch;8]; 

A c o l l e c t i o n  o f  d e s c r i p t i o n s  o f  a t t r i b u t e  c h a r a c t e r i s t i c s  is 

terlr~eci a "schen~a". k schema p r o v i d e s  a powerful  means o f  

communication between t h e  u s e r  of  a d a t a  base  and t h e  implementor 

[Wiederhold75]; 

The schema o f  t h e  f i n a l  d a t a  base  model can a l s o  provide  t h e  

l i n k a g e  between t h e  d a t a  base and t h e  a p p l i c a t i o n  programs which 

c a r r y  o u t  t h e  computat ions  on t h e  s t o r e d  d a t a ;  The u s e  of schemas 

i n  d a t a  base  sys tems i n  g e n e r a l  and AAMRS'S i n  p a r t i c u l a r  

[2:pg;238-2411 i s  becoming i n c r e a s i n g l y  f requen t ;  



The u t i l i t y  o f  schemas a s  a  r e p o s i t o r y  o f  t h e  d e s c r i p t i o n  of t h e  

d a t a  base  e x t e n d s  over  many phases of  t h e  d e s i g n  p rocess :  

Communication among t h e  a f f e c t e d  groups  o f  i n d i v i d u a l s  d u r i n g  

t h e  d a t a  base  d e f i n i t i o n  process  i s  provided by t h e  formal 

d e f i n i t i o n  o f  t h e  a t t r i b u t e s  and t h e i r  c h a r a c t e r i s t i c s ;  

I d e n t i c a l  a t t r i b u t e s  i n  d i s t i n c t  r e l a t i o n s  i n d i c a t e  

r e l a t i o n s h i p s  which may be e x p l o i t e d  i n  t h e  c o n s t r u c t i o n  of  

t h e  d a t a  model; 

When t h e  v a l u e s  o f  t h e  a t t r i b u t e s  have i d e n t i c a l  domains, 

t h e n  a p p l i c a t i o n  programs can e x p l o i t  t h e s e  r e l a t i o n s h i p s ;  

FILE DESIGN 

When a  s a t i s f a c t o r y  d a t a  base  model h a s  been e s t a b l i s h e d ,  t h e n  

i t  becomes ~ 0 s s i b l e  t o  cons ide r  implementa t ion o f  a d a t a  base system 

t o  s u p p o r t  t h i s  d a t a  base; Two approaches  a r e  p o s s i b l e  here :  

1) A commercial d a t a  base management sys tem may be chosen t o  

s u p p o r t  t h e  f i l e s  and t h e i r  i n t e r r e l a t i o n s ;  

2)  A d a t a  base  system may be w r i t t e n  f o r  t h e  a p p l i c a t i o n  

which u t i l i z e s  a v a i l a b l e  f i l e  sys tems;  

I n  e i t h e r  c a s e  t h e  f i l e  o r g a n i z a t i o n  c h o i c e s  have t o  be eva lua ted  

f o r  adequa te  performance; I f  a  d a t a  base  sys tem is  chosen,  then  

i t  i s  a l s o  necessa ry  t o  v e r i f y  t h a t  t h e  i n t e r r e l a t i o n s h i p s  

s p e c i f i e d  by t h e  d a t a  base  model can be suppor ted ;  



I n  o r d e r  t o  p rov ide  a  model f o r  f i l e  system e v a l u a t i o n ,  [1:Ch;3] 

d e f i n e s  s i x  b a s i c  f i l e  o r g a n i z a t i o n  types ;  These s i x  t y p e s  a r e  

s e l e c t e a  r'rom t h e  v e r y  l a r g e  nulnDer of p o s s i b l e  c h o i c e s  by us ing  

s e v e r a l  c r i t e r i a ;  One o b j e c t i v e  of t h e  s e l e c t i o n  i s  t h a t  each 

f i l e  o r g a n i z a t i o n  t y p e  h a s  d i s t i n c t i v e l y  d i f f e r e n t  f e a t u r e s  and a 

d i f f e r e n t  r ange  o f  a p p l i c a b i l i t y ;  a second o b j e c t i v e  i s  t h a t  a l l  

b a s i c  f i l e  o r g a n i z a t i o n  cosponents  a r e  adequa te ly  covered;  and 

t h e  f i n a l  s e l e c t i o n  c r i t e r i u m  is  t h a t  t h e  methods chosen a r e  

c l o s e l y  r e p r e s e n t a t i v e  o f  a v a i l a b l e  commercial t e c h n i q u e s  s o  t h a t  

t h e i r  a n a l y s i s  can be v a l i d a t e d ;  The s i x  methods chosen a r e  

p resen ted  i n  o r d e r  of  i n c r e a s e d  binding,  which i m p l i e s  i n  t h i s  

c o n t e x t  t h a t  t h e  s t r u c t u r a l  c o n s t r a i n t s ,  used t o  p rov ide  f a s t e r  

a c c e s s  f o r  s p e c i f i c  r e t r i e v a l  t y p e s ,  become more s e v e r e ;  

The s i x  methods a r e  d e f i n e d  a s  fo l lows:  

1; P i l e  F i l e  

An unordered c o l l e c t i o n  of  v a r i a b l e  l e n g t h  d a t a  r ecords ;  

2; S e q u e n t i a l  F i l e  

An o r a e r e d  c o l l e c t i o n  or' r'ixed l e n g t h  d a t a  r e c o r d s ,  and 

an unordered l o g  f i l e  f o r  a d d i t i o n s ;  

3; Indexed-Sequent ia l  F i l e  

An o r d e r e d  c o l l e c t i o n  of f i x e d  l e n g t h  r e c o r d s ,  an 

a u x i l i a r y  s t r u c t u r e  t o  provide  a c c e s s  t o  t h e s e  r e c o r d s ,  

a c c o r d i n g  t o  t h e  o r d e r i n g  a t t r i b u t e ,  and a n  o rde red  l i n k a g e  

s t r u c t u r e  t o  p rov ide  a c c e s s  t o  a d d i t i o n s ;  

4 ;  Multiply-Indexed F i l e  

A c o l l e c t i o n  of r e c o r d s  where a c c e s s  i s  provided accord ing  

t o  m u l t i p l e  a t t r i b u t e s  us ing  m u l t i p l e  index  s t r u c t u r e s ;  



5 ;  D i r e c t  F i l e  

A c o l l e c t i o n  of' f i x e d  l e n g t h  r e c o r d s  wnere t h e  p h y s i c a l  

placement is  determined by a s i n g l e  r e t r i e v a l  a t t r i b u t e .  

6; Multi-Ring F i l e  

A c o l l e c t i o n  o f  m u l t i p l e  r e c o r d  t y p e s  where a c c e s s  i s  

provided a c c o r d i n g  t o  m u l t i p l e  a t t r i b u t e s  u s i n g  m u l t i p l e  

l i n k a g e s  ; 

For each o f  t h e s e  f i l e  o r g a n i z a t i o n  t y p e s  performance 

parameters  have t o  be e s t a b l i s h e d  which provide  t h e  q u a n t i t a t i v e  

c r i t e r i a  f o r  s e l e c t i o n ;  These pa ramete r s  w i l l ,  o f  course ;  depend 

c r i t i c a l l y  on t h e  hardware d e v i c e s  s e l e c t e d  f o r  t h e  system 

implementation;  I n  o r d e r  t o  s e l e c t  c a n d i d a t e  parameters  

[1:Ch;2;1] su rveys  t h e  v a r i o u s  a v a i l a b l e  hardware types ;  

Four b a s i c  pa ramete r s  can be  used t o  d e s c r i b e  t h e  behav io r  of  

a l l  t h e s e  d e v i c e s  [1:Ch;2;2], namely 

I ;  Seek Time 

The p e r i o d  t o  b r i n g  a p h y s i c a l  d e v i c e  i n t o  p o s i t i o n  f o r  

r ead ing ;  

2; Latency 

The d e l a y  b e f o r e  t h e  d e s i r e d  d a t a  a r e  ready s o  t h a t  

a c t u a l  d a t a  t r a n s m i s s i o n  can occur ;  

3; Trans fe r  Rate 

The speed w i t h  which d a t a  can be t r a n s f e r r e d ;  

4; Bulk T r a n s f e r  Rate 

The speed w i t h  which a l a r g e  volume o f  d a t a  can be  

t r a n s f e r r e d ;  Th i s  r a t e  h a s  t o  accoun t  f o r  gaps  and 

wasted a r e a s  i n  t h e  recorded  d a t a  space*  a s  w e l l  a s  f o r  

any i n t e r m e d i a t e  p h y s i c a l  motion r e q u i r e d  by a dev ice ;  



These pa ramete r s  depend n o t  on ly  on t h e  p h y s i c a l  c h a r a c t e r i s t i c s  

o f  t h e  d e v i c e ;  but  a l s o  on t h e  t e c h n i o ~ i a s  used to s t o r e  d a t a  on 

t h e  hardware;  Such f a c t o r s  a r e  t h e  b locking s t r a t e g y  

[ 1 :Ch;2;2;4], buff 'e r ing [ 1 :Ch;2;3;4], and block placement 

[ 1 : Ch;2; 3;5 and 2; 3; 6 1 ; Some boundary c o n d i t i o n s  a r e  no t  e a s i l y  

expressed  i n  t e rms  of  t h e s e  parameters  [l:Ch;2;41, but  t h e  f i l e  

d e s i g n  p r o c e s s  can proceed a s  long  a s  t h e  v a l i d i t y  of  t h e  

pa ramete r s  i s  v e r i f i e d  f o r  any uncommon d e v i c e s  o r  extreme 

c o n d i t i o n ;  The most common d e v i c e s  s e e n  i n  c u r r e n t  d a t a  base  

sys tems:  d i s k s ,  drums, and t a p e s  a r e  r e l a t i v e l y  e a s i l y  

c h a r a c t e r i z e d  by t h e s e  f o u r  parameters ;  

Using t h e s e  hardware pa ramete r s  t h e  parameters  r e q u i r e d  f o r  

f i l e  o r g a n i z a t i o n  performance can be developed; Two f a c t o r s  must be 

j o i n t l y  minimized f o r  t h e  lowes t  c o s t  f i l e  des ign :  

S t o r a g e  space  r e q u i r e d  f o r  t h e  d a t a ;  

Time t o  perform t h e  f u n c t i o n s  r e q u i r e d  by t h e  a p p l i c a t i o n ;  

The f u n c t i o n s  themselves  can be decomposed i n t o  f o u r  p r i m i t i v e s ,  

each w i t h  i t s  own c h a r a c t e r i s t i c  t ime  requ i rements ;  

Time r e q u i r e d  t o  f e t c h  a  r e c o r d  'out of t h e  b lue ' ,  t h a t  is, 

by a s s o c i a t i v e  matching t o  a g iven  s e a r c h  key; 

Time r e q u i r e d  t o  g e t  t h e  n e x t  r ecord  accord ing  t o  a  g iven 

o r d e r i n g ;  

Time r e q u i r e d  t o  add o r  d e l e t e  a record  from t h e  f i l e ;  

Time r e q u i r e d  t o  update  t h e  c o n t e n t s  of  a r e c o r d  i n  t h e  f i l e ;  



Another two f u n c t i o n s  u s e  t h e  a v a i l a b l e  p r i m i t i v e s  i n  a  manner 

which is f i l e  o r g a n i z a t i o n  dependent r a t h e r  than  a p p l i c a t i o n  

dependent ,  and t h e s e  war ran t  hence a  s e p a r a t e  e v a l u a t i o n :  

Time r e q u i r e d  t o  r e a d  t h e  e n t i r e  f i l e ;  

Time r e q u i r e d  t o  r e o r g a n i z e  t h e  f i l e ;  

Using t h e  n o t a t i o n  of  Table 2-1 t h e  performance of t h e  s i x  f i l e  

o r g a n i z a t i o n  t y p e s  w i l l  be summarized below; Most of  t h e  

performance formula  have been ob ta ined  by i n s p e c t i o n  of t h e  

s t r u c t ~ ~ r e  o f  t h e  f i l e  and a n  unders tand ing  o f  t h e  a c c e s s  p rocess ;  

The branching ~ ~ o b a b i l i t i e s  i n  t h e  p r o c e s s  have been based on a  

uniform d i s t r i b u t i o n  o f  r ecord  i n s e r t i o n  i n  t h e  f i l e s ;  

Table 2-1 

Symbols Used i n  Performance Formulas 

A a v e r a g e  space  r e q u i r e d  f o r  a t t r i b u t e  name 
a ,  number o f  d i f f e r e n t  a t t r i b u t e s  i n  a  f i l e  
a  ave rage  number of  a t t r i b u t e s  o c c u r r i n g  i n  a  r e c o r d  
B b l o c k s i z e  
b b lockcount  

Cost  f a c t o r s  
c o m ~ u t a t i o n a l  overhead per record  - used on ly  where 
the '  e f f e c t  .may q o t  be n o t  n e g l i  i b l e  
m a c e  r e a u l r e d  o r  g o a l  a t t r l b u g e  
ribber of! r e c o r d s  t h a t  have been i n v a l i d a t e d  
s u b s c r i ~ t  deno t ing  a  f e t c h  f o r  a s p e c i f i c  r e c o r d  
s u b s c r i ~ t  deno t in -  i n s e r t i o n  of  a record 
number bf a v a i l a b f e  s l o t s  f o r  r e c o r d s  
s u b s c r i p t  deno t ing  g e t t i n  t h e  nex t  s e r i a l  r e c o r d  
number o f  r e c o r d s  i n  a f i f e  
number of  r e c o r d s  t h a t  overf low 
t h e  pr imary f i l e  be fo re  r e o r g a n i z a t i o n  
c u r r e n t  overf low 
s p a c e  r e q u i r e d  f o r  a p o i n t e r  
p r o b a b i l i t y  
r o t a t i o n a l  l a t e n c y  t ime 
s t o r a g e  space  f o r  index  
a v e r a g e  seek  t ime 
t h e  t i m e  r e q u i r e d  f o r  v a r i o u s  o p e r a t i o n s  
t r a n s f e r  r a t e  from a  s t o r a g e  u n i t  t o  p rocess ing  memory 
b u l k  t r a n s f e r  r a t e  
s u b s c r i p t  deno t ing  an update  o f  a  record 
average  space  f o r  va lue  p a r t  o f  an  attribute 
s u b s c r i p t  deno t ing  r e a d i n g  t h e  e n t i r e  f i l e  
number o f  l e v e l s  I n  a n  i n d e x  s t r u c t u r e  
s u b s c r i p t  deno t ing  a  r e o r g a n i z a t i o n  of  a f i l e  
f a n o u t  r a t i o  



The r e s u l t s  can t h e n  be summarized a s  fo l lows :  

P i l e  F i l e :  

S e q u e n t i a l  F i l e :  

R 
T = l o g  (n - ) ( s+r+B/ t+c)  + T (Binary  Search)  

F 2 B F 0 



Indexed-Sequential File: 

0 SI 
R = R + - H + -  
total n n 

0 o'+l 
i 1-Plf 

Pov = Ptf = x  p l f .  - 1 LKnuth74 1 
1-Pl f 



Mul t ip ly  Indexed F i l e :  

R = a '  (A+2V+P+2) 
t o t a l  

a '  V+P SI  
b = ( n + o P )  - - + a. '  - 
i a B B 

D i r e c t  F i l e :  

1 n 
p = - -  

2 m-n 

( s e p a r a t e  overf low a r e a )  

(open a d d r e s s i n g ,  B = R )  



The v a l u e  o f  p  f o r  b u c k e t s i z e s  B/R > 1 d e r i v e d  by Knuth73 

is  complex and hence i s  p r e s e n t e d  h e r e  a s  F i g u r e  2-3; 

T = c  + s+r+B/t  + p  t 
F overf low 

t h e  v a l u e s  f o r  t a r e  
overf low 

s+r+B/t  f o r  s e p a r a t e  overf low a r e a s  

r+B/ t  f o r  s e p a r a t e  overf low a r e a s  on t h e  same c y l i n d e r  

2r+B/t  f o r  l i n e a r  s e a r c h i n g .  s e q u e n t i a l  b locks  

2B/t  f o r  l i n e a r  s e a r c h i n g ,  a l t e r n a t e  b locks ;  

and c  depends on t h e  complexi ty  o f  t h e  hash ing  

a l g o r i t h m  and t h e  b u c k e t s i z e ;  

T : I f  t h e  key f o r  t h e  nex t  r ecord  i s  no t  known; t h e r e  
N 

e x i s t s  no p r a c t i c a l  method t o  r e t r i e v e  t h a t  r e c o r d ;  



Overflow Probability foz Linear Search 

Figure 2-3 



Multi-Ring F i l e :  

R = ~ ' ( v + P )  

T = a '  (T + 2 r ) + s + r + b t t + 2 r  - a 0  Y 
I 

- ( s + r + b t t )  
l i n k  F unordered 2 

T = a '  ( 2 y ( s + r + b t t ) + 2 r + 2 r )  +s+r+b t t+2r  -a '  :( s + r + b t t )  
U U unordered 2  

These formulas  should  n o t  be a p p l i e d  b l i n d l y ;  an  unders tand ing  

o f  t h e  c o n d i t i o n s  and assumpt ions  made i n  t h e i r  d e r i v a t i o n  has  t o  be 

a  p a r t  o f  t h e  d e s i g n  p r o c e s s  i n  o r d e r  t o  a s s u r e  t h e i r  v a l i d i t y ;  

Summary : 

A survey o f  t h e  performance of  t h e s e  a l t e r n a t i v e s  [I:Ch;4;0] 

shows t h a t  each f i l e  o r g a n i z a t i o n  method h a s  i t s  own c h a r a c t e r i s t i c  

p a t t e r n ;  F i l e  o r g a n i z a t i o n  methods which can be c h a r a c t e r i z e d  a s  

be ing  l o o s e l y  bound t e n d  t o  perform poor ly  on r e t r i e v a l  and 

perform w e l l  on upda te ,  whereas t h e  more t i g h t l y  bound 

o r g a n i z a t i o n s  p rov ide  b e t t e r  r e t r i e v a l  performance a t  t h e  c o s t  o f  

i n c r e a s e  upda te  complexi ty  and e f f o r t ;  T h i s  conc lus ion  is  

summarized i n  Table  2-2 below; 



Table  2-2 

Grades  o f  Per formance  f o r  t h e  S i x  B a s i c  F i l e  Methods 

Space  Update R e t r i e v a l  
S t r u c t u r e d  Data Record s i z e  F a c t  S u b s e t  E x h a u s t i v e  

No Yes Equal  G r e a t e r  Summary Summary 

P i l e  A E A A E D B 

S e q u e n t i a l  F A D u F D A 

Indexed- F B B D B D B 
S e q u e n t i a l  

I ~ l u l t i -  C D C C A B D 
Indexed  

D i r e c t  F R r! F B F F 

LEGEND : 
A = E x c e l l e n t ,  w e l l  s u i t e d  t o  t h i s  pu rpose  
B = Good 
C = Adequate 
D = R e q u l r e s  some e x t r a  e f f o r t  
E = P o s s i b l e  w i t h  ex t reme e f f o r t  
F = Not r e a s o n a b l e  f o r  t h i s  pu rpose  

HYBRID FILE ORGANIZATION 

Othe r  f i l e  s t r u c t u r e s  can  b e  ana lyzed  i n  t e r m s  o f  t h e  b a s i c  

methods e x p r e s s e d  above;  Some f e a t u r e s  o f  f i l e  s t r u c t u r e s  may be  

imposed by ha rdware  o r  s o f t w a r e  sys t em l i m i t a t i o n s ;  An example o f  

t h e s e  a r e  t h e  s i m p l e  f i l e  s t r u c t u r e s  p rov ided  i n  mini-computer  

s y s t e m s  unde r  FORTRAN [I :Ch;4;1]  o r  MUMPS [Wasserman75A; 

1 :Ch;4.5]; 



I n  mini-computer systems a  hybr id  o f  a  p i l e  and a s e q u e n t i a l  

f i l e  may be found: a  f i l e  wi th  v a r i a b l e  l e n g t h  (hence compact) 

r e c o r d s  w i t h  o rde red  f i e l d s  and r e c o r d s  i n  a  s e q u e n t i a l  o r d e r ,  a s  

determined by t h e  c h r o n o l o g i c a l  update  sequence;  Cons ide ra t ion  of  

t h i s  hybr id  shows t h a t  t h e  space  and f e t c h  requ i rements  a r e  

r e l a t e d  t o  t h o s e  of  t h e  p i l e  f i l e ;  The get -next  and upda te  

r equ i rements  accord ing  t o  c h r o n o l o g i c a l  sequence a r e  t h o s e  of  t h e  

s e q u e n t i a l  f i l e  o r ~ a v i z a t i o n ;  By n lac inn  r e s t r i c t i o n s  on 

b lock ing ,  t h e  b ina ry  s e a r c h  o r  probing t e c h n i q u e s  used f o r  

s e q u e n t i a l  f i l e s  can be used t o  improve f e t c h  performance;  

Novel and f a i r l y  complex s t r u c t u r e s  can be assembled from t h e  

b a s i c  f i l e  o r g a n i z a t i o n  methods; I f  a  h i g h  l e v e l  o f  performance 

i s  r e q u i r e d  f o r  a  s p e c i f i c  w e l l  unders tood d a t a  model, t h e n  

p o s i t i v e  a s p e c t s  from s e v e r a l  b a s i c  o r g a n i z a t i o n  t y p e s  can be 

combined t o  ach ieve  t h e  d e s i r e d  e f f e c t  [I:Ch;4;6, 4;71; Such 

d e s i g n s  bind t h e  d a t a  base  system more r i g i d l y  t o  t h e  expec ted  

usage p a t t e r n s  and hence should  be c a r e f u l l y  e v a l u a t e d  b e f o r e  

be ing  chosen; An example o f  a new hybr id  t e c h n i q u e ,  s e q u e n t i a l  

and d i r e c t ,  i s  p r e s e n t e d  and analyzed i n  [I:Ch;6;11; Th i s  

p a r t i c u l a r  hybr id  u s  u s e f u l  f o r  d a t a  which ages  i n  a r e g u l a r  

f a s h i o n ;  t h e  a p p l i c a t i o n  shown i n v o l v e s  h o s p i t a l  b i l l i n g  d a t a ;  

I n  Chapter 4  o f  t h i s  t h e s i s  t h e  performance o f  a n  AAMRS w i l l  be 

analyzed u s i n g  t h e  methods and r e s u l t s  p resen ted  above; S i n c e  t h e  

development c o s t  of  a s i n n l e  i n s t a n c e  o f  a n  AAMRS w i l l  be a n  

impor tan t  f a c t o r ,  t h e  u s e  o f  complex approaches  w i l l  be avoided;  

Reference  t o  t h e  b a s i c  f i l e  o r g a n i z a t i o n  methods d e s c r i v e d  above 

a l l o w s  r a p i d  i n s i g h t  i n t o  a  wide v a r i e t y  o f  h y b r i d  f i l e  

o r g a n i z a t i o n  methods; 



I n  o r d e r  t o  s e l e c t  which f i l e  o r g a n i z a t i o n  methods p rov ide  

adequa te  performance f o r  t h e  d a t a  base  system which is  being 

planned,  t h e  l o a d  which t h e  a p p l i c a t i o n s  p l a c e  on t h e  system h a s  

t o  be e s t i m a t e d  [1:Ch;5]; I n  an AAiViHS much o f  t h e  load can be 

e s t i m a t e d  on t h e  b a s i s  of  t h e  p a t i e n t  volume and t h e  expected 

s e r v i c e s ;  The l o a d  component due t o  t h e  u s e  o f  t h e  d a t a  base  as 

an in fo rmat ion  system f o r  s c i e n t i f i c  purposes  i s  d i f f i c u l t  t o  

e s t i m a t e ,  s i n c e  i t  depends on t h e  g o a l s  o f  a s s o c i a t e d  c l i n i c i a n s  

and on t h e  l e v e l  o f  s a t i s f a c t i o n  which t h e y  o b t a i n  from t h e  u s e  of 

t h e  system; S i n c e  much of  t h e  u s e  o f  a n  AAMRS a s  an in fo rmat ion  

system w i l l  n o t  c o i n c i d e  w i t h  i t s  u s e  f o r  c l i n i c  s e r v i c e s ;  t h e  

s c i e n t i f i c  l o a d  can i n i t i a l l y  be i g n o r e d ;  

The product  o f  t h e  l o a d  and t h e  response  t ime  f o r  a l l  t h e  

r e q u i r e d  s e r v i c e s  provides  t h e  b a s i c  measure o f  system adequacy; 

When a  sys tem i s  h e a v i l y  l o a d e d ,  m u l t i p r o c e s s i n g  can i n c r e a s e  t h e  

u t i l i z a t i o n  l e v e l  01' t h e  rlardware systern a t  some c o s t  in systern 

complexity;  k c l a s s i f i c a t i o n  o f  a  v a r i e t y  o f  s t o r a g e  system 

a r c h i t e c t u r e s  and t h e i r  e f f e c t  on t h e  degree  o f  o v e r l a p  t o  be 

ob ta ined  can be found i n  [1:Ch;5;4]; Th i s  i n c l u d e s  a  mathematical  

approach t o  t h e  e s t i m a t i o n  of  b e n e f i t s  o f  m u l t i p l e  p a r a l l e l  

d e v i c e s  which produces r e s u l t s  well-matched by publ ished 

performance exper iments  [1:Ch;5;4;4]; This  a l l o w s  f u r t h e r  

f o r m a l i z a t i o n  o f  an a r e a  where up t o  now on ly  rules-of-thumb were 

a v a i l a b l e  CBaskett'761; 

The l o a d  can vary  c o n s i d e r a b l y  d u r i n g  a  day,  s o  t h a t  t h e  

r e s u l t s  o f  such a n  a n a l y s i s  have t o  be a p p l i e d  c a r e f u l l y ;  The 

pe r iod  o f  o p e r a t i o n  f o r  most o n - l i n e  systems i s  t o  be e v a l u a t e d  

f o r  t h e  working day,  and even w i t h i n  t h e  working day a l o a d  

v a r i a t i o n  o f  a  f a c t o r  of  two o r  t h r e e  i s  common; The r e s u l t s  

ob ta ined  from an i n t e g r a t i o n  o f  d a t a  base  a c t i v i t y  should hence 

n o t  occupy more t h a n  10 t o  30% o f  t h e  a v a i l a b l e  t ime; 



Queues can b u i l d  up whenever t h e  l o a d  on a system exceeds  t h e  

immediate c a p a c i t y ;  An a n a l y s i s  on t r a n s i e n t  queues shows t h a t  

queue behavior  c o n s i s t s  of t h r e e  phases;  These phases  a r e  

queue i n c r e a s e  t o  maximum l o a d  r a t e ;  

queue i n c r e a s e s  u n t i l  e x c e s s  load  d i s a p p e a r s ,  

queue c o l l a p s e s  t o  z e r o  whi le  t h e r e  i s  no e x c e s s  load  

Given an assumption t h a t  t h e  excess  l o a d  i s  due t o  a s i n u s o i d a l  

c y c l i c a l  l o a d  p a t t e r n  [I:Ch;5;4;21 provides  t h e  convenient  r e s u l t  

t h a t  t h e s e  t h r e e  phases  a r e  approximate ly  e q u a l  i n  s i z e  f o r  

systems where t h e r e  i s  a r e a s o n a b l e  margin between average  l o a d  

(lambdabar)  and c a p a . b i l i t y  (mu) (lambdabar <;9 mu) ; 

COST-BENEFIT CONSIDERATIONS 

Even tua l ly  a c o s t - b e n e f i t  o r  c o s t - e f f e c t i v e n e s s  e v a l u a t i o n  

[I:Ch;5;51 i s  r e q u i r e d  t o  e s t a b l i s h  whether t h e  proposed d a t a  base  

system is  d e s i r a b l e ;  I n  t h e  medical  a r e a  many b e n e f i t s  a r e  o f  t h e  
i n t a n g i b l e  t y p e ,  s o  t h a t  t h e  a n a l y s i s  w i l l  be of t h e  

c o s t - e f f e c t i v e n e s s  type;  I n  [2:AppC-I] t h i s  approach i s  based on 

t h e  assumption t h a t  i f  t h e  d e c i s i o n  maker h a s  decided t h a t  t h e  

s p e c i f i e d  i n f o r m a t i o n  i s  worth t h e  s p e c i f i e d  c o s t ,  then  t h i s  r a t i o  

e s t a b l i s h e s  t h e  l e v e l  of  e f f e c t i v e n e s s ;  If t h e  performance f a l l s  

s h o r t  o f  t h e  e x p e c t a t i o n s  o r  i f  c o s t s  exceed t h e  a l l o t t e d  amount, 

then t h e  d e s i r e d  l e v e l  o f  c o s t - e f f e c t i v e n e s s  h a s  n o t  been reached;  



CHAPTER 3 

AN APPLICATION OF DATA BASE DESIGN PRINCIPLES 

"The proof  o f  t h e  pudding is  i n  t h e  e a t i n g ; "  

T r a d i t i o n a l  P rove rb  

The a p p l i c a t i o n  i n  t h e  a r e a  o f  ambu la to ry  r e c o r d k e e p i n g  wh ich  

w i l l  be u sed  f o r  d e m o n s t r a t i o n  o f  t h e  methodology p r e s e n t e d  i n  

A ~ p e n d i x  1 [ I ]  i s  t h e  Fami ly  P r a c t i c e  Cen te r  o f  t h e  County o f  

Sonoma, a t  t h e  Community H o s p i t a l  i n  S a n t a  Rosa; T h i s  f a c i l i t y  

models  a modern s i x  p h y s i c i a n  g roup  p r a c t i c e ;  It i s  s t a f f e d  by 

s e v e r a l  s u p e r v i s o r y  p h y s i c i a n s ,  r e s i d e n t s  i n  Fami ly  P r a c t i c e  i n  a 

program a f f i l i a t e d  w i t h  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  a t  San 

F r a n c i s c o .  and n u r s e - p r a c t i t i o n e r s  from t h e  U n i v e r s i t y  o f  

C a l i f o r n i a  a t  D a v i s ;  I n  o r d e r  t o  e s t a b l i s h  t h e  f e a s i b i l i t y  o f  an  

au tomated  r e c o r d  s y s t e m ,  t h e  o p e r a t i o n s  o f  t h i s  c l i n i c  have been 

e x t e n s i v e l y  s t u d i e d .  and t h e  f u n c t i o n s  o f  t h e  r e q u i r e d  s u p p o r t  

sy s t em have been documented i n  d e t a i l  t31 ;  T h i s  s t u d y  was done  

u s i n g  many o f  t h e  p r i n c i p l e s  deve loped  i n  [ I ]  and [ 2 ] ;  The 

proposed  au toma ted  m e d i c a l  r e c o r d  sys t em has been c a l l e d  "The 

Fami ly  Sys temt t .  and  i t  i s  t h i s  a p p l i c a t i o n  which  w i l l  b e  a n a l y z e d ;  

S i n c e  t h e  proposed  sys t em i s  m o d e r a t e l y  l a r g e ,  much u s e  i s  made of 

t a b l e s  d u r i n g  t h e  e x p o s i t i o n  o f  t h e  d e s i g n  p r o c e s s ;  

FILES FOR THE FAMILY SYSTEN 

The Fami ly  System i s  e n v i s a g e d  t o  have 29 d a t a  f i l e s  and 

s e v e r a l  a u x i l i a r y  i n d e x  f i l e s  [ 3 ] ;  The d a t a  f i l e s  a r e  summarized 

i n  T a b l e  3-1: The summary p r o v i d e s  

An e s t i m a t e  o f  t h e  s i z e  o f  t h e  f i l e :  n; 

The number and  t o t a l  l e n g t h  of  a l l  f i x e d  f i e l d s :  a f  , R f ;  

The number and b o t h  a v e r a g e  and maximum t o t a l  l e n g t h  o f  
a l l  v a r i a b l e  f i e l d s :  a v ,  Rv(avg.  max); 



T a b l e  3-1 

F i l e s  o f  t h e  Fami ly  System 

F i l e  Ref;  
No; [31 

Name S i z e  Record Format  
n(min ,avg ,max)  a f / R f  av/Rv(avg,max) 

Fami ly  Master  
G u a r a n t o r s  
Gua ran to r  
Fami ly  Members 
P a t i e n t  Mas t e r  
O p t i o n a l  f i e l d s  
Temp; B i l l i n g  d a t a  
E n t i t l e m e n t s  
I n s u r a n c e  P l a n s  
Medica l  Data Base 
Pap Smears 
Drug A l l e r g i e s  
O t h e r  A l l e r g i e s  
Problem L i s t  
Problems 
A c t i o n s  
P r e v e n t i v e  Care  
Medica l  Audi t  
Aud i t  Columns 
A c t i v e  The rap  
A c t i v e  ~ e d i c a x i o n s  
iic'cive iion-drug Therapy 
P a s t  Therapy 
P a s t  ~ e d i c a t i o n  
P a s t  Non-drug Therapy 
Flow S h e e t s  
Lab R e s u l t s  
V i s i t  Columns 
V i s i t  Records  
Problems Seen  
S e r v i c e s  Rendered 
T e s t s  Ordered  
Problem Note 
Ap o i n t m e n t s  
p a t i e n t s  P e r  s l o t  
Da S h e e t  
~ a x i e n t s  P e r  O f f i c e  
User L i s t  
T r a n s a c t i o n  Log 
Old and New Va lues  
F i s c a l  Audi t  
Messages 
System Messages 
P a t i e n t  Name Index  
Fami ly  Number Index  
Fami ly  Piember 
Fami ly  Name I n d e x  
T h i r d  P a r t y  P a y o r s  
S u r v e i l l a n c e  Criteria 
Problem C l a s s i f i c a t i o n  
D i a e n o s t i c  P r o c e d u r e s  
N e d i c a t i o n  Names 
Therapy Names 
S e r v i c e  Names 
Scheduled  A c t i o n s  
Fami l  Ph s i c i a n s  
~ ~ ~ ~ i e ~ ~  Z e r v i c e  Code 
Therapy C l a s s i f i c a t i o n  



For  e a c h  n e s t  f i l e ,  t h e  r e p e t i t i o n  c o u n t ,  t h e  number o f  
f i e l d s ;  and t h e  s i z e :  n ( m i n ,  a v g ,  max),  a n ,  Rn; 

The n e s t s  t h e m s e l v e s  are d e n o t e d  u s i n g  a h i e r a r c h i c a l  
number in^ scheme: e n t i t y  r e l a t i o n  f i l e .  l e v e l  I  n e s t  f i l e ,  
second and l o w e s t  l e v e l  n e s t  f i l e :  p ,  p;q,  p ; q ; r  

The t h i r d  f i l e  ( P a t i e n t )  has  m u l t i p l e  r e c o r d  s u b t y p e s ,  

c o n t a i n i n g  o p t i o n a l  and  t r a n s i e n t  d a t a ;  These  f i l e s  a r e  deno ted  

3a and 3b; 

The l e n g t h  f o r  v a r i o u s  e l e m e n t  t y p e s  d e f i n e d  f o r  t h e  Fami ly  

System is  e s t i m a t e d  a s  shown i n  T a b l e  3-2; Groups o f  e l emen t s  a r e  

t aken  i n  t e r m s  o f  m u l t i p l e  i n t e g e r  b y t e s ;  The t a b l e  d o e s  n o t  

i n c l u d e  any  s t r u c t u r a l  n o n - e s s e n t i a l  d a t a  e l e m e n t s ;  The e s t i m a t e s  

a r e  based  on d a t a  p r o v i d e d  f o r  t h e  Fami ly  Sys tem [3 ] ,  from t h e  

AANRS S t u d y  [ 2 ] ,  and from s t a t i s t i c s  p r e s e n t e d  i n  [ I ] ;  The 

expec t ed  s i z e  o f  t h e  f i l e s  was v e r i f i e d  by D r ;  John  Dervin o f  t h e  

Fami ly  P r a c t i c e  C e n t e r ;  and i s  shown i n  T a b l e  3-3; 

T a b l e  3-2 

L e n s t h  o f  Data  Element  Types 

Data- type  V ( m i n ) . , V ( a v g )  ~ ( m a x )  Reference  

Name 

Address  
Telephone  
Telephone  
Note 

Date  
Time 
Sex 
F l a g s  
Response 
D i g l t s  

( i n d i v i d u a l )  22 
( b u s i n e s s )  1 8  

2 

c h a r s  

b i t s  
b i t  
b i t s  

b y t e s  

b y t e s  
b g t e s  

b y t e s  

b y t e s  
b y t e s  

[ : pit30 and  
? :p ; l l 281  

Hislll 
[2:p;99 and  
2:vo1;2 CDB p;21] 

[3:p;81 I 
~ 3 : p ; a i  I 

b i t s  



Table  3-3 

Load P r o j e c t i o n  f o r  1980 Family System Operat ion 

50000 v i s l t s / y e a r  ( i n c l ;  emergency) 

4 0000 medlca l  r e c o r d s  
5000 f a m i l y  member r e c o r d s  
3000 surveillance r e c o r d s  

20000 g u a r a n t o r s  
5000 f l o w s h e e t s  
5000 p r e v e n t i v e  c a r e  
7000 m e d i c a l . d a t a  base  

10000 preventive c a r e  
15000 a c t i v e  t h e r a p y  (meds and o t h e r )  

Th i s  l is t  of f i l e s ,  a s  summarized h e r e  o r  a s  d e s c r i b e d  i n  [3],  
does no t  convey t h e  concep t  o f  a d a t a  base  system; While t h e  

p r e p a r a t o r y  work is more thorough than  i s  commonly found i n  t h e  

des ign  of medical  r e c o r d  sys tems ,  an  e s s e n t i a l  d e s i g n  e lement ,  

namely t h e  r e l a t i o n s h i p s  among t h e  f i l e s ,  i s  n o t  d e f i n e d ;  

A d a t a  base i s  a c o l l e c t i o n  of  i n t e r r e l a t e d  f i l e s ;  t h e  

r e l a t i o n s h i p s  among t h e  f i l e s  p rov ide  t h e  s e m a n t i c s  which u n d e r l i e  

t h e  d a t a  base; I n  [3]  t h e s e  a r e  n o t  y e t  made e x p l i c i t ;  If an 

implementation were t o  begin  a t  t h i s  p o i n t ,  t h e  i n d i v i d u a l  

a p p l i c a t i o n  programs would d e f i n e  t h e  i n t e r r e l a t i o n s h i p s  of t h e  

f i les  and c r e a t e  from t h e  f i l e s  a  d a t a  base  i n  a n  ad-hoc f a s h i o n ;  

The degree  t o  which problems,  i n e f f i c i e n c i e s ,  and i n c o n s i s t e n c i e s  

w i l l  occur  w i l l  depend on t h e  f o r e s i g h t  and e x p e r i e n c e  o f  t h e  

implementors; The t r a n s f o r m a t i o n s  and semant ic  n o t i o n s  developed 

i n  [1:Ch;7] w i l l  be a p p l i e d  i n  t h e  remainder of  t h i s  c h a p t e r  i n  

o r d e r  t o  develop a  s imple  and c o n s i s t e n t  d a t a  base  model which 

r e p r e s e n t s  t h e  d a t a  i n  t h e  proposed f i l e  s t r u c t u r e ;  



DATA BASE STRUCTURE 

The f i l e s  p resen ted  by t h e  Family System a r e  o rgan ized  t o  

s a t i s f y  t h e  pe rce ived  f u n c t i o n a l  needs o f  t h e  medical  r e c o r d  

app l i ca t i ons ;  This  means t h a t  a l l  d a t a  a t t r i b u t e s  a r e  ass igned t o  

s p e c i f i c  f i l e s  u s i n g  conven t iona l  p r o g r a ~ n i n g  d e s i g n  procedures ;  

The f i l e s ,  however, e x h i b i t  semant ic  r e l a t i o n s h i p s  among each  

o t h e r  th rough  t h e  u s e  o f  shared a t t r i b u t e  domains; The f i l e s  

themselves  a r e  fu r the rmore  complex i n  t h e  s e n s e  t h a t  they  a r e  n o t  

i n  f irst-normal-form; I n  o r d e r  t o  p r e s e n t  t h e  d a t a  base  model i n  

a form which p rov ides  guidance t o  t h e  d e s i g n  p r o c e s s ,  t h e  f i l e s  

f o r  t h e  Family System w i l l  be normalized;  

I n  o r d e r  t c  d e r i v e  t h e  i n t e r r i l e  r s~ laLi .onsh ips ,  t h e  p r i n c i p a l  

a t t r i b u t e s  o f  a l l  f i l e s  a r e  l i s t e d  a l p h a b e t i c a l l y  i n  Table  3-4; 

With each  a t t r i b u t e  t h e  domain, t h e  d a t a  t y p e ,  and t h e  f i l e  usage 

i s  i n d i c a t e d ;  A t t r i b u t e s  which have a matching domain, bu t  a r e  

named d i f f e r e n t l y ;  a r e  cornputs t ional ly  comparable,  bu t  

f u n c t i o n a l l y  d i s t i n c t ;  



Table 3-4 

Principal Attributes 

Attribute Domai n Type Files 

actioncode un$que 1 digit code 5:2, 1I;l 
aller y-note number unlque id 4 ;3 
amounf of-laFt ayment 

I? 
$ 6 digits - 2 

appoinTment-sc edule various 1 -  I c 
appointment-status unique 1 digit code 12;1 

bi lling-number unique 2 digit code 3;l. l l ; l ; l  

prob-id 2 digit code 10;2 
$ 6 digits 2 

days 5 digits 2 
prob-id 2 digit code 10;2 

contract-amount 
ccnts2ct 
contro~-d%,i~~-by 

date-of action 
date ofappointment 
date1oplrth 
date of column on flowsheet 
date-of-fiscal-trxnsaction 
date-oflastgzyment 
daterofnessage 
date of-next a  ointment 
dateIoof ati~nf-entry 
date o ? roblem onset 
datezoof-eransac€ion 
date.of visit 
dlsp'bslTlon-code 

date 
date 
date 
date 
date 
date 
date 
date 
date 
date 
date 
date 
unlque 
drug code 
unlque 

date 
date 
date 
date 
date 
date 
date 
date 
date 
date 
date 
date 
1 char: code 
5 digit code 
name 

drup allerp 
" i e ~ s t i o ~ ~ s s t - d e m r  

family-address 
family member-number 
familv-name 

address 
p-id2 
name 

address 
id 
name 

familk-number 
f amil1y-~hysician_number 
family telephone numbers 
familyIphysicianZdata 

p-id 1 
ph-id 
telephone 
unlque 

id 
id 
telephone 
name, 
addr;,phone 

1 char; code financial class 
flow sheeF detail 
flow~sheet~type 
follow up code 
follow-u -until 
for m-o'f-f~nd e r 

unique - 
unique 
unique 
un;que 
unlque 

various 
id 
1 char; code 
date 
1 digit code 

guarantor address 
guarantorzname 
guarantor number 
guaran tor~ te lephone_number  

address 
name 
unique 
telephone 

address 
name 
id 
telephone 

hospital-service-code unique 3 char; code 
insurance-deductable 
insurance identification 
insuranceZpolicy-limit 

$ 
un que i 

3 digits 3 ;pEsid 
lab results 
lan~uagespokeri 

various 
1 char; code 

- 
unique 



Attribute Domain Type Files 

marital status 
medical-data-base 
medi caT number 
mediFareZnumber 
medication. code 
medication-descr 

unique 
unlque 
un+que 
unlque 
drug - 

1 digit code 
responses 
id 
id 
5 digit code 
name 

medicationIdetai1 
message 

various 
note 

- 
unique 

message ' from uzsr-id id 
message=to user-ld id 

new-problem-number 
non dru%therapy 
notz-on- est 
note on -visit 
note-onepatient 
note-on-allerg 
noteIononrmedica!-data base 
note on action 
note-on-active medication 
note-on-activeenon drug-therapy 
noteIonDast-nG5ddicZtion 
note ongast non-drug-therapy 
notiT'y-addr2-s 
notlfy name 
notify~relationship 
notify-telephone 
nurse 

prob-id 
unique 
unlque 
unique 
unique 
unzque 
unlque 
un:que 
unlque 
unlque 
unlque 
unique 
address 
name 
relationship 
telephone 
user-id 

id 
5 digit code 
note 
note 
note 
note 
note 
note 
note 
note 
note 
note 
address 
name 
1 char; code 
telephone 
id 

occupation 
off ice 

unique 3 digit code 
unique 1 char; code 

ordered by user-id 5 digit code 
other-aTlergy unlque note 

pap smear-date 
pat- smear result 
pa Tent-a'bdress 
patient-name 

unique date 
unique response 
address address 
name name 

patient-number pidll lpid2 8 digits 

patient-telephone 
~atient type 
patient~visit~status 
~avrnent collected 

telephone 
uniaue 

unique 
user-id - 

telephone 
1 char; code 
1 dlglt code 
5 digit 
6 digit 
5 digit code 
varlous 

payment-amount 
prescri6ed by 
preventive=care-data 

unlque 
unlque 
prob-id 

7 digits 
5 digit code 
2 digit code 

previous chart number 
problem~~assification 
problem-number 

problem note number 
problem-type- 
providey number 
practitiFner 

untque 
unlque 
user-id 
user-id 

id 
1 digit code 
id 
id 

rece tionist 
rela!ionship-to-guarantor 

user-id 
relation 

id 13 
1 digit code 2 



A t t r i b u t e  Domain Type F i l e s  

schedu led  system-actions 
service-ci5de 

service-data  
se rv ice -desc r ip t ion  
s e x  
s u r v e i l l a n c e  code 
surveiLlance=data  

taking-medication 
t e s t  code 
t e s t -da ta  
time-of a r r i v a l  
t h e r Z p y I c l a s s  
the rapy-desc r ip t ion  
t h e r a p y  d e t a i l  
t h i r d g z r t y  d a t a  
t r a n s a c t i o n z d a t a  
t r ansac t ion-_ type  

user-descr ip t ion 
user-number 

visit-number 
v i s i t  recorded-by 
v i s i t z t i m e s  
v i s i t - type  

weight 

- 
unique 

- 
unique 
unique 
unique - 
unique 
unique - 
t ime 
unique 
unique - - - 
unique 

- 
user- id  

unique 
user- id  
unique 
unique 

unique 

v a r i o u s  2  0  
7 d i g i t  code 3;1, 11;1;1, 

16, 28,  21 
v a r i o u s  11;1;1, I  
name 28 
response  3.  4,  19 
2  d $ g i t  code 19,  23 
v a r i o u s  23 

1  d i g i t  code 10;2 
5  d 4 g i t  i d  11;2, 25 
v a r i o u s  
t ime  1:" 
2 d i g i t  code 19,  32 
name 27 
various 8;2 ,  9;2 
various 2 2  
v a r i o u s  15,  15;l  
1  char ;  code 15,  16 

v a r i o u s  
i d  

3  d i g i t  11 
5 .  d i g i t  
t ime  

11 
11 

1 c h a r ;  code I 1  

Not inc luded  i n  t h e  t a b l e  a r e  d a t a  e lements  which a r e  necessa ry  

f o r  housekeeping d u t i e s  ( such  a s  number o f  e lements  i n  a n e s t ) ,  o r  

f r e e - t e x t  e n t r i e s  which do n o t  a c t i v e l y  p a r t i c i p a t e  i n  t h e  

s t r u c t u r e  of  t h e  Family  System; S i m i l a r  medical  d a t a  e lements  

w i t h i n  a  f i l e  have been grouped t o  a l l o w  a compact p r e s e n t a t i o n ;  

A few new a t t r i b u t e s ,  a s  al lergy-note-number,  have been in t roduced  

t o  a s s u r e  t h a t  a l l  r e c o r d s  can  be i d e n t i f i e d  wi th  a unique r u l i n g  

p a r t ;  



FIRST-ORDER NOR1.IALIZATLON 

A f i r s t - o r d e r  normal iza t ion  o f  t h e  32 Family System F i l e s  

d e s c r i b e d  i n  Tab le  3-1 e x t r a c t s  t h e  n e s t e d  s t r u c t u r e s  and p l a c e s  

them i n t o  d i s t i n c t  f i l e s ;  There a r e  25 n e s t s  and two a u x i l i a r y  

f i l e s  s o  t h a t  t h e  Family System i n  f i r s t - n o r m a l  form comprises  57 

f i l e s ;  I n  p r a c t i c e  some o f  t h e s e  n e s t  f i l e s  can be avoided by 

d e s i g n a t i n g  a f i x e d  number of  f i e l d s  f o r  t h e  n e s t  i n  t h e  p a r e n t  

e n t i t y  f i l e  a s  shown i n  F i g u r e  2-2; The degree  t o  which n e s t s  can 

be omi t t ed  depends on t h e  e f f i c i e n c y  o f  t h e  f i l e  compression 

s u p p o r t ;  Prime c a n d i d a t e s  f o r  d e n e s t i n g  a r e  t h e  f o l l o w i n g  f i l e s :  

1 ; l  Guaran to r s  - s m a l l  and low n(max) o f  r e p e a t i n g  e n t r i e s  

4;1 Pap Smears - 11 11 11 II II II 11 

4;2 Crug A l l e r g i e s  - " 11 11 II 11 11 II 

10 ;0 Flowsheet  - s m a l l  f l a g  and few e n t r i e s  

13;1 Day Shee t  P a t i e n t s  - few r e c o r d s  and h i g h  d e n s i t y  

20;l Family member - s m a l l  s i z e  o f  r e p e a t i n g  f i e l d  

A sample c a l c u l a t i o n  of t h e  d e n e s t i n g  t r a d e o f f  f o r  t h e  first o f  

t h e s e  f i l e s  (1;1 Guaran to r s )  is shown on t h e  f o l l o w i n g  page; 



Example 1 

Nest F i l e s  v e r s u s  Denested A t t r i b u t e s  

S a c e :  R = n(avg) (a f .Rf+P)  
Eecords ize  n 
w i t h o u t  compression 

p e r  p a r e n t  2 (1*4+2) = 12 b y t e s  6 't 1 * 4 = 24 b y t e s  
t o t a l  ( f o r  

15000 r e c o r d s )  180;000 b y t e s  360,000 b y t e s  

Access Frequency ( r e a d  o n l y ) :  

once p e r  v i  i t  
once p e r  b i s l  kg ?88$%$ 
t o t a l  L t  =juu/aay 

Time p e r  Access (g iven  a d i r e c t  l i n k a g e  and a 2314-type d i s k ) :  

T 
f e t c h  

d 
T = n  - 

d max t 

Time p e r  day: 

Cost Tradeof f :  

Denested - Nested Implementa t ion 

-6 
Space (360000-180000) * $600 10 yea r  = $108/year 

Time(0; 1386-52;2) = 52;06 seconds/day 

Value 8 s stem c o s t  o f  $50000/year 
= $300/da = $IZ/hour a $;20/minute 
= -52;06/80*0:20*300 days  = -$52;06/year 

T o t a l  c o s t  i n c r e a s e  f o r  d e n e s t i n g  = $55; 94/year 



T h i s  example shows t h a t  wi thou t  compressioc t h e  improved 

performance w i t h  d e n e s t i n g  i s  no t  adequate  t o  overcome t h e  

i n c r e a s e d  s t o r a g e  c o s t ;  The g o a l  o f  compression i s  t o  use  l e s s  

space  f o r  t h e  n(max)-n(avg)=4 empty f i e l d s  expected pe r  denes ted  

record;  The c r o s s o v e r  p o i n t ,  when d e n e s t i n g  becomes 

c o s t - b e n e f i c i a l ,  i s  reached when compression can reduce t h e  space  

f o r  t h e s e  f i e l d s  a s  fo l lows :  

Benef i t  o f  Time sav ing  i s  $52;06/year s i n c e  T is n e g l i g i b l e ;  
d 

Equ iva len t  Space Cost $52;06/(600 = 86,767 b y t e s ;  

g i v i n g  a compressed n e s t  s i z e  o f  87000/15000 = 5;8 b y t e s  t o  encode 

f o u r  empty f i e l d s ;  P r o p o r t i o n a t e  s p a c e  w i l l  be a l lowable  t o  

compress 5 ,  3 ;  2 ,  or 1 empty f i e l d s ;  S e v e r a l  of  t h e  compression 

t echn iques  d e s c r i b e d  i n  [I:Ch;14;31 can  ach ieve  t h i s  goal;  

T h i s  r e s u l t  w i l l  be e x t r a p o l a t e d  t o  assume t h a t  denes t ing  can 

be c a r r i e d  o u t  f o r  t h e  f i v e  n e s t  f i l e s  l i s t e d  e a r l i e r ;  Th i s  w i l l  

l e a d  t o  a m o d i f i c a t i o n  o f  t h e  pa ramete r s  o f  t h e  p a r e n t  r e l a t i o n s  

a s  fo l lows :  

F i l e  Name S i z e  Record Format 
No; n(min,avg,max) af/Hf av/Rv(avg,max) 

new 

new 

4 
4:l 
4;2 
new 

new 

20 
20; 1 
new 

Family Master 
Guaran to r s  
Family Mzster 

P a t i e n t  Master  
Flow Sheet8 

30000 
5000 

Family Master  30000 
I%A8 
10/18 

Medical  Data Base 
Pap Smears ( O T O ~ O ? ~  1 

61/ 1 

Drug A l l e r  i e s  ( 0  0;2,20) 
2/11 

M e d ~ c a l  ~ a f a  Base ?OOO 
113 

61/51 

Da S h e e t  6 6/12 
~ a e i e n t s  Per O f f i c e  

6 2/ 5 ( 0 , 3 0 -  60) 6 /12 
Day Shee t  

Family hurn~er  Index 15000 2/4 
Family Member ' Is&d5' 1/1 Family Number Index 2/11 

* The law of  l a r g e  number [ 1 :Ch;6;2] makes 
t h l s  l a r g e  r e c o r d s l z e  ext remely improbable; 



LEXICONS 

There a r e  s e v e r a l  f i l e s  i n  t h e  Family System which implement 

t h e  concept o f  a  l e x i c o n ,  i ; e ; ,  a  one-to-one t r s n s l a t i o n  of  a code 

t o  a d e s c r i p t i o n ,  o r  a  severa l - to-one code t r a n s l a t i o n ;  From t h e  

p o i n t  o f  view o f  t h e  e s s e n t i a l  s t r u c t u r e  of  t h e  d a t a  base  model, 

t h e s e  f i l e s  can be o m i t t e d ;  i n  p r a c t i c e ,  they  d e r i v e  t h e i r  

j u s t i f i c a t i o n  from t h e  s a v i n g s  i n  space  and a  r e d u c t i o n  of  

redundancy r e l a t i v e  t o  upda t ing ;  

The fo l lowing  e i g h t  f i l es  a r e  l e x i c o n s  a s  de f ined  i n  [ I ] :  

15 P a t i e n t  Name Index 
20 Family Number Index 
20; 1 Family Member " 
2 1 Familv Name Index  

55 ~ i a ~ n b s t i c  Procedures  
Medication Names 

I J  Therapy Names 
S e r v i c e  Names 

* t o  be e l i m i n a t e d  by d e n e s t i n g  

I n  t h e  implementation o f  t h e  Family System t h e s e  f i l e s  remain 

important ;  The i r  s imple  s t r u c t u r e  w i l l  a l low an e f f i c i e n t  

implementa t ion,  a s  p r e s e n t e d  i n  Chapter  4; 

REFERENCED ENTITY FILES 

A f i l e  t y p e  which i s  o f  secondary importance from a s t r u c t u r a l  

v iewpoint ,  but  i s  i m p o r t a n t  t o  a s s u r e  cons i s t ency  and minimize 

redundancy is t h e  r e f e r e n c e d  e n t i t y  r e l a t i o n ;  Such a  r e l a t i o n  

c a r r i e s  d e s c r i p t i v e  i n f o r m a t i o n  which o the rwise  would have t o  be 

r e p e a t e d  i n  t h e  owner f i l e s ;  I f  t h e  r e l a t i o n  i s  r e f e r e n c e d  by 

m u l t i p l e  r e l a t i o n s ,  i t  w i l l  e x e r t  a b ind ing  inPluence on t h e  d a t a  

base; However, s i n c e  t h e  c o n t e n t  o f  t h e s e  r e l a t i o n s  is q u i t e  

s t a t i c ,  unbinding could  be  implemented e a s i l y  by d u p l i c a t i o n ;  



The f o l l o w i n g  seven f i l e s  a r e  r e f e r e n c e d  e n t i t y  f i l e s ,  a s  d e f i n e d  

i n  [1:Ch;7]: 

Referenced by 
. -  . 

14 User L i s t  5;2,  8;2, 9;2, 10;2,  
11 12,  13 ,  15,  17,  18 

22 Third  P a r t y  Payors  3; 2 
S u r v e i l l a n c e  C r i t e r i a  19 $3 Problem C l a s s i f i c a t i o n  5;2, 1  1  ; 1 ,  19 
Famil Ph s i c i a n s  39 I-Iospieal s e r v i c e  Code j b  

32 Therapy C l a s s i f i c a t i o n  19 

SERVICE FILES 

Sexreral files proposed f o r  t h e  Family System a r e  n o t  part o f  

t h e  d a t a  base  p r o p e r ,  bu t  a r e  viewed a s  system s u p p o r t  f a c i l i t i e s ;  

They p rov ide  r e l i a b i l i t y  and communication c a p a b i l i t i e s  f o r  t h e  

Family System and hence c a r r y  i n f o r m a t i o n  i n  redundant  o r  

t r a n s i e n t  form; The f i l e s  which f a l l  i n t o  t h i s  c a t e g o r y  a r e :  

qband 7;1 
Temporar B l l l i n g  Data 
Medical i u d i t  

15 and 15;1 Transac t ion  Log 
16 F i s c a l  Audit 

Messages 
System Messages 
Scheduled Ac t ions  

These f i l e s ,  s i n c e  t h e y  a r e  a t  t h e  i n t e r f a c e  o f  t h e  Family System 

and t h e  u s e r s ,  w i l l  have t o  be des igned  i n d i v i d u a l l y ;  



FILE MINIMIZATION 

The r e m a i n i n g  f i l e s  can  now be reviewed f o r  s t r u c t u r a l  

i n t e r - r e l a t i o n s h i p s  and r edundanc ie s ;  Linkage  k e y s  which have  

been  i d e n t i f i e d  i n  t h e  34 p r imary  f i l e s  are g i v e n  as  t h e  r u l i n g  

p a r t  f o r  t h e s e  f i l e s  i n  Tab le  3-5; T h i s  t a b l e  a l s o  i n d i c a t e s  

which o f  t h e s e  f i l e s  have a NULL dependent  p a r t  (1;1, 5 ,  8 ,  9 ,  

l o ) ,  t h e s e  f i l e s  were  a p p a r e n t l y  d e f i n e d  i n  [ 3 1  f o r  t h e i r  u t i l i t y  

i n  p r o v i d i n g  a l i n k a g e ,  and are hence  n o t  a n  e s s e n t i a l  p a r t  o f  t h e  

d a t a  base  model; 

There remain  a  number o f  f i l e s  w i t h  i d e n t i c a l  r u l i n g  p a r t s ;  

These  f i l e s  r e p r e s e n t  d i f f e r e n t  f u n c t i o n a l  n e e d s  and were hence  

d e f i n e d  d i s t i n c t l y ;  I n  t h e  model o f  t h e  d a t a  b a s e ,  however, t h e s e  

f i l e s  a r e  b e s t  combined; The o r i g i n a l  f i l e s  are t h e n  r e p r e s e n t e d  

by dependent  p a r t  segments  i n  t h e  model; 



Table 3-5 

Primary Files 

File No; Name Ruling . . Part ( : > Dep; part). 

Family Mastgr 
Guarantors 
Guarantor 
Family Member 
Patient Master 
O~tional Fields 
~htitlements 
Insurance Plans 
Medical Datg Base 
Pap Smears 
Drug Allergies * 
Other Allerales 
Problem ~ i s t  
Problems 
Actions 

Preventive Care 
Actqve Therap 
Actlve 14edlcafion 
Active Non-Drug Therapy 
Past Therap 
Past Medicafion 
Past Non-Drug Therapy 
Flow Sheets 
Lab Results 
Visit Columns 
Visit Record 
Problems Seen 
Services Rendered 

Tests Ordered 

Problem Notes 

Ap ointment 
~aeients per Slot 
Da Sheet 
~aeients per Office * 

family number 
familmumber, guarantor-number :> NULL; 
family number, uarantor number 
familyInumber , '$arnily_meT&er-number 
patient number 
patient2umber 
patient number, service code 
patientZnumber, plan-nuiiiber 
patient number 
patient_?lumSer, date 
oatient.number medication code 
patient>umber: allergies-Tote-number 
patient number :> NULL; 
patientznumber, problem-number 
patient-number, problem.number, 

action-code, dZte 
~atient number 
patient-number 
patient-number 
patientznumber 
patient number 
patientznumber 
patient number 
patientInumber 
patient number 
patientrnumber 
patient number 
patientInumber 
patient-numbey 

servl 

medication.code 
non dru~tFerapy 
> rnL. 
medication code, date 
non.drugtEerapy, date 
floV sheet-type :> NUL 
date- 
date 
date 
date, problem-number 
date, problem-number, 

3 code 
patient-number, aate; problem-number , 

test code 
patient-numbeF, date, problem-number , 

problem-note-number 
date, office 
date, office; patient-number - 
off ice 
office; patient-number 

* These files will be eliminated if denesting is carried out 
as lndlcated earller; 

In file 2; 1 (Family  ember) the catenation of 'family-number ' 

and 'family-member-number ' forms the '~atient-number ', so that this 
file can also be represented as a segment dependent on the ruling 

part of 'patient-number '; 

The new relations created in this manner are listed in 

Table 3-6; 



Table 3-6 

Catenated F i l e s  

New Name Rul ing P a r t  : > D e ~ e n d e n t  S e q e n t s  
Number . . . . . . . , . . . . . - - . (Former . Number . ) 

300 P a t i e n t :  patient-number :> P a t i e n t  Master  ( 3 ) .  
i n c l u d e s  Flowsheet  ( 10) 

Family Member ( 2 - 1 )  
Opt iona l  F i e l d s  ( 3 a  
Medical Data Base ( 
P r e v e n t i v e  Care ( 6 ) ; 

400 Visits: patient-number, d a t e  :> V i s i t  Records  (11 
Lab R e s u l t s  (10;l 

Pap Smears ( 4 ; l ) ;  
V i s i t  Columns ( 10;;) ; 

800 Medication:  patient_;?lumber, medication-code, d a t e  :> 
Active  N e d i c a t i o  ( 8 - 1  ) , 
P a s t  Medicat ion ?9; 1 )  ; 

850 Non-drug Therapy: patient-number, medication-code, d a t e  :> 
Active  Hon-dru t h e r a p y  !8 j?) . 
P a s t  Non-drug f h e r a p y  9-2 , 

Four of t h e  f i l e s  c l a s s i f i e d  a s  l e x i c o n s  a l s o  have matching 

r u l i n g  and dependent formats ;  These a r e :  

25 D i a g n o s t i c  procedures  250 1/ 17, 2 
26 Medication names 700 

Therapy names 
!;z 1/[17*$21 

$8 s e r v i c e  names 288 I f  I f l iT  

s i n c e  t h e  r u l i n g  p a r t s  can be made d i s t i n c t  by c a t e n a t i o n  of a 

l e t t e r  code ( P ,  D ,  M ,  T .  S ) ,  t h e s e  f i l e s  can a l s o  be combined; An 

advantage when combining l e x i c o n s  is  t h e  code s i m p l i f i c a t i o n  as 

w e l l  a s  t h e  i n c r e a s e d  e f f i c i e n c y  of space  u t i l i z a t i o n  o b t a i n e d  by 

poo l ing  [I:Ch;6;1]; The r e s u l t i n g  f i l e  w i l l  be r e f e r r e d  t o  as 

"900 ;Termsw; 

For t h e s e  f i l e s  new d e s c r i p t i v e  parameters  have t o  be 

c a l c u l a t e d ;  The parameters  o f  dependent segments which have a 

one-to-one r e l a t i o n s h i p  ( F r = n )  wi th  t h e  r u l i n g  p a r t  can s imply be 

summed; 



Segments which o c c u r  wi th  a  lower f requency ( ~ r # n )  a r e  

added t o  t h e  v a r i a b l e  l e n g t h  p a r t  o f  the  v a r y i n g  segments a s  

f o l l o w s  : 

n 
new 

=> n ; a f  = z a f  ; ~f - Fr=n new Fr=n new - ,z "fr=n 

av = > a  
new v +Z 

Fr=n  F r f  n  

n (avg  1 
Fr+n 

Rv(avg) = 2 Rv(avg) +Z (Rf+Rv(avg)) -------- 
new Fr=n  Fr#n  n  

Fr=n 

~ v ( m a x )  = fiv(max) +z (Rf'+Rv(Max)) 
new Fr=n Fr+n 

s o  t h a t ,  

F i l e  Name 
Number 

P a t i e n t  388 visits 28888 5 .2057)  

Medication 
" / I9  '$f$@ 6p)  

OoOoo 12716 1 / 8 0 , 8 6 0  8 Non-drug Therapy 150000 5/10 I /  80,800 
900 Terms 1750 4 I / (  17.32) 

DATA MODELS 

The remaining 31 r e l a t i o n s  w i l l  be combined i n  v a r i o u s  ways t o  

form t h e  d a t a  models f o r  t h e  a p p l i c a t i o n s  o f  t h e  Family System; 

Four o f  t h e s e  r e l a t i o n s  a r e  l e x i c o n s  and hence n o t  e s s e n t i a l  t o  

t h e  model; A number o f  such d a t a  models a r e  ske tched  i n  F i g u r e s  

3-1 t o  3-3; These s k e t c h e s  r e t a i n  t h e  segment names o f  t h e  

c a t e n a t e d  r e l a t i o n s ;  s o  t h a t  they r e l a t e  t o  t h e  d e s c r i p t i o n s  i n  

[31; 



F i g u r e  3-1 

Making an  Appointment 

P a t i e n t  Name 
I 

Time and Date - 
Family Master  C 

( Guaran to r s  7 ( Family Member ) 

Appointments (-4 

----/ 

Medicat ion  Non-drug Therapy 



Figure  3-2 

Preven t ive  Care Visit 

P r e v e n t i v e  Care r - 5  

Problems Ac t ive  
Medlcat lon on-drug Therapy 

Ac t ions  c3 
Figure  3-3 

Acute Care V i s i t  

P a t i e n t  Master  

Data Base 



It i s  s e e n  t h a t  now t h e  i n t e r - f i l e  l i n k a g e s  pay an c r u c i a l  

r o l e ;  Impor tan t  l i n k a g e  domains found i n  Table 3-4 a r e  

P a t i e n t  name 
P a t i e n t  number 
P r o v i d e r  name 
O f f i c e  
Family number 
Problem number 
S e r v i c e  code 
Therapy code 
D o l l a r s  
Medicat ion code 

Some redundancy is e v i d e n t ;  I n  o r d e r  t o  s i m p l i f y  upda t ing ,  i t  may 

be d e s i r a b l e  t o  d e f i n e  c e r t a i n  a t t r i b u t e s  a s  pr imary,  and t o  

upda te  t h e  redundant  c o p i e s  of  t h e s e  a t t r i b u t e s  asynchronously;  

Candidate  a t t r i b u t e s  f o r  such a  d i v i s i o n  a r e  t h e  o b j e c t i v e  medical  

d a t a  as o b t a i n e d  d u r i n g  a p a t i e n t  v i s i t ;  The primary r e l a t i o n  f o r  

such  d a t a  would be t h e  P a t i e n t  V i s i t  f i l e ;  The Problem L i s t  F i l e ;  

Flow-Sheets; P r e v e n t i v e  Care r e c o r d s ,  e t c ;  could  be updated 

o v e r n i g h t ;  Redundancy f o r  p r o t e c t i o n  o f  d a t a  i s  mainta ined 

th rough  t h e  s e r v i c e  f i l e s  a s  t h e  T r a n s a c t i o n  Log; 

Assoc ia t ions :  

An i m p o r t a n t  p r i m i t i v e  f u n c t i o n  f o r  a d a t a  base  i s  t h e  a b i l i t y  

t o  a s s o c i a t e  d a t a  from f i l e  wi th  d a t a  from a n o t h e r  f i l e ;  

A s s o c i a t i o n s  may be c r e a t e d  dynamical ly  through u s e  of t h e  J o i n  

o p e r a t i o n ,  o r  may be bound permanently; A permanent a s s o c i a t i o n  

can c o n t a i n  u n l i m i t e d  dependent-part  i n f o r m a t i o n ;  dynamic 

a s s o c i a t i o n  o n l y  c a r r i e s  in fo rmat ion  d e r i v e d  from t h e  j o i n i n g  

c o n d i t i o n s  ; 



I n  t h e  Family System; a s  o r i g i n a l l y  d e f i n e d ;  t h e  f o l l o w i n g  

t h r e e  f i l e s  r e p r e s e n t  a s s o c i a t i o n s :  

11;l Problems Seen = 11 Visits & 3 P a t i e n t  Master  

12;l  P a t i e n t s  pe r  S l o t  = 12 Appointments & 3 P a t i e n t  Master  

13;2 P a t i e n t s  pe r  O f f i c e  = 13 Pay Shee t  & 3 P a t i e n t  Master  

I n  each of  t h e s e  a s s o c i a t i o n s  t h e  dependent d a t a  element a r e  

s t r o n g l y  r e l a t e d  t o  e i t h e r  one o f  t h e  owning r e l a t i o n s ;  For 

example p rob len  s t a t u s  a t  a  v i s i t  i s  a d a t a  element which 

de te rmines  problem s t a t u s  independent  of  t h e  v i s i t ;  An a n a l y s i s  

of t h e  dependent d a t a  e lements  c a n  a s s i g n  s i m i l a r l y  ownership o f  

a l l  o t h e r  dependent elements;  T h e  a s s o c i a t i o n  desc r ibed  by t h e  

f i l e s  d e s c r i b e s  hence i n  t a b u l a r  form t h e  j o i n  c o n d i t i ~ n s  f o r  t h e  

a s s o c i a t i o n ;  

11;1 : T h i s  problem was seen  d u r i n g  t h i s  v i s i t ;  

I  : T h i s  p a t i e n t  h a s  an appointment  a t  t h i s  t ime; 

3 : T h i s  p a t i e n t  appeared a t  t h i s  o f f i c e  and t ime; 

By n o t  b ind ing  t h e  a s s o c i a t i o n  t o  both owners, i n c r e a s e d  

f l e x i b i l i t y  o f  implementation i s  r e t a i n e d ;  Only network t y p e  d a t a  

b a s e s  can s u p p o r t  a s s o c i a t i o n s  permanently;  By t r e a t i n g  t h e s e  

t h r e e  f i l e s  a s  n e s t s ,  any h i e r a r c h i c a l  d a t a  base  can suppor t  t h e  

Family System; 

DATA BASE MODEL 

The d a t a  base  c.odel combines t h e  d a t a  models o f  t h e  i n d i v i d u a l  

a p p l i c a t i o n s ;  



The c o n s t r u c t i o n  of  t h e  d a t a  base  model p rov ides  t h e  i n s i g h t  

r e q u i r e d  t o  des ign  a n  op t imal  and c o n s i s t e n t  implementation f o r  a 

d a t a  base  system which s u p p o r t s  t h e s e  a p p l i c a t i o n s ;  Table  3-7 

lists t h e  e s s e n t i a l  r e l a t i o n s  and t h e i r  r o l e s  i n  t h e  d a t a  base  

model; This model is  now f u l l y  non-redundant can be p resen ted  

g r a p h i c a l l y  a s  shown i n  F i g u r e  3-4; 

I n s p e c t i o n  of t h e  d a t a  base  model r e v e a l s  t h a t  t h e  e s s e n t i a l  

d a t a  base  can be implemented by a h i e r a r c h i c a l  system; No s t o r e d  

a s s o c i a t i v e  r e l a t i c n s  a r e  r e q u i r e d  t o  s t o r e  t h e  d a t a  base  model; 

Any a s s o c i a t i o n s  n?eded w i l l  be genera ted  by j o i n  o p e r a t i o n s  a t  

execution t ime.  TWee t r e e s  a r e  r e q u i r e d ;  and t h e  main t r e e  

requires x u l t i p l e  e n t r y  p o i n t s  and m u l t i p l e  n e s t s  on a  l e v e l ;  It 

is  p o s s i b l e  t o  s u r v e y  a v a i l a b l e  Data Base Management Systems i n  

o r d e r  t o  a s c e r t a i n  which o f  t h e  a v a i l a b l e  sys tems o f f e r  s u c h  

cho ices ;  Appendix C o f  [ I ]  provides  an i n d e x  t o  p o s s i b l e  system 

cho ices ;  

Tab le  3-7 

R e l a t i o n s  i n  Data base  Model 

F i l e  Name Rul in  P a r t  S t r u c t u r a l  Func t ion  
Number a r $ ~ r  

. . .  . .  . . . .  - .  

1 Family Master  1 /4  
2  Guaran to r s  2 /8  
300 P a t i e n t  1 /8  I;; E n t i t l e m e n t s  2/8 

Insurance  P l a n s  2 / 7  
Visits 2/6 

4;2 Drug A l l e r g i e s  217 
4; 3  Other  A l l e r a i e s  2/5 
5; 1  Problems 2/6 
1 1  Act$ons 
800 Medications 
850 Non-drug T h e r a ~ y  

3;; 
11;l  Problems Seen 
11 ; 1  ; 1  S e r v i c e s  Iiendered 

i;i 
/ I 0  

1 1 ; 2  T e s t s  Ordered 4 1  10 
11;1;3 Problem Note 

Appointments 
4/9 

12 213 
12;l P a t i e n t s  p e r  S l o t  3/7 
13 Day S h e e t  1  / 1  
13;1 P a t i e n t s  p e r  O f f i c e  1/5 

E n t r y ,  e n t i t y  r e l a t i o n  
En t ry ,  n e s t e d  r e l a t i o n  on 1  
En t ry ,  n e s t e d  r e l a t i o n  on 2 
Nested r e l c t i o n  o; 3Oi 

11 

Ent ry  II " 300 Nested " If 300 * 
11 I 1  I 1  11 

I I I 1  I f  11 

II I f  

11 11 
5;1 

l1 300 
I 1  11 

Entry;  n e s t e d  :: 388 
"pry ;; " 11;1 

11 11 

11 11 I t  II 

Entry;  e n t i t y  r e l a t i o n  
Nested r e l a t i o n s  on 12 
Entry;  e n t i t y  r e l a t i o n  
Nested r e l a t i o n  on 13 * 

3 can be denested 



F i g u r e  3-4 

Family System Data Base Model 

Notes 



The f i l e s  p r o p x e d  by t h e  d e s i g n  of  t h e  Family System were 

t ransformed i n t o  a manipu la tab le  model; T h i s  model was t h e n  

i n s p e c t e d  f o r  f u n c t i o n ,  redundancy; semant ic  r e l a t i o n s h i p s ,  and 

c o n s i s t e n c y ;  A number o f  t r a n s f o r m a t i o n s  were performed t o  

c l a r i f y  and s i m p l i f y  t h e  d a t a  base  model; T h i s  model i s  now 

s u i t a b l e  f o r  a performance-or iented d e s i g n  e f f o r t ;  Table  3-8 

summarizes t h e  t r a n s f o r m a t i o n s  performed; 

The d e s i g n  o f  t h e  Family System; a s  developed from a n  a n a l y s i s  

o f  t h e  s e r v i c e  requ i rements ,  d e s c r i b e d  58 d i s t i n c t  f i l e s ;  

The d a t a  base  model now c o n s i s t s  o f  

20 pr imary e n t i t y  f i l e s  ( 2  o f  t h e s e  can be denes ted)  

7 r e f e r e n c e d  e n t i t y  f i l e s  

4 l e x i c o n s  

9 s e r v i c e  f i l e s  

R z l a t i o n s h i p s  among t h e  e n t i t y  f i l e s  a r e  documented i n  Table  3-7; 



Table  3-8 

Trans fo rmat ions  on t h e  Family System Model 

O r i g i n a l  F i l e s :  Role i n  Data Base Model 

1 Family Master  
1;1 Guarantors  
2 - Guarantor  
2; 1 Familv Members 
3 - P a t i e n t  Master  
3a  Opt iona l  f i e l d s  
3b Temp; B i l l i n g  d a t a  
3; 1 Entitlements 3; 2 Insurance  P l a n s  

Medical Data Base 
4;1 Pap Smears 
4;2 Drug A l l e r g i e s  
4; 3 Other A l l e r  i e s  
5 Problem ~ i s f  
5;l Problems 
5. I .  1 Ac t ions  
0 
m 

P r e v e n t i v ?  Care 
Medical  A ~ t d i t  

& ; A  Audit  C o l u ~ n s  
Ac t ive  The-apy 

8; 1 Ac t ive  Medicat ions  
8;2 Ac t ive  Non-drug Therapy 
9 P a s t  Therap, 
9;1 P a s t  ~ e d i c a e i o n  

P a s t  Non-drug Therapy 
Flow S h e e t s  
Lab R e s u l t s  
V i s i t  Columns 
Visit Records 
Problems Seen 

11; l ; l  S e r v i c e s  Rendered 
2 T e s t s  Ordered . - -  

Problem Note 
Appointments 
P a t i e n t s  Pe r  
Day Shee t  
P a t i e n t s  Per  
User L i s t  

S l o t  

O f f i c e  

Transac t ion  Lo 
Old and New ~ a f u e s  
F i s c a l  Audit  
Messages 
System Messages 
P a t i e n t  Name Index 
Family Number Index 
Family Member 
Family Name Index 
Third  P a r t y  Payors  
S u r v e i l l a n c e  C r i t e r i a  
Diagnos t i c  Procedures  
Medication Names 
Therapy N~mes  
S e r v i c e  Nsmes 
Scheduled Ac t ions  
Famil  P s i c $ a n s  
d o s ~ l  I $  a 1  e r v l c e  Code 
Therapy C l a s s i f i c a t i o n  

Mew: 

188 P a t i e n t  
Visits 

800 Medicat ions  
850 Non-drug Therapy 
900 Terms 

Primary f i l e  
Denested i n t o  1 
Primar f i l e  
c a t e n a t e d  t o  
Catenated t o  
Catenated t o  
S e r v i c e  f i l e  
Primary f i l e  
Primar f i l e  
c a t e n a f e d  t o  
Catenated t o  
Denestable ,  E 
Primary f i l e  
n u l l  
Primary f i l e  

P a t i e n t  
P a t i e n t  
P a t i e n t  

F a t i e n t  
Visits 

.ary  f l  l e  

Catenated t o  400 Visits 
S e r v i c e  f i l e  
S e r v i c e  f i l e  
n u l l  
Catenated t o  800 Medicat ion 
Ca tena ted  t o  850 Non-drug Therapy -- . - 

n u l l  
Catenated t o  800 Medicat ion 
Catenated t o  850 Non-drug Therapy 
Denested i n t o  3 P a t i e n t  
Catenated t o  400 Visits 
Catenated t o  400 Visits 
Catenated t o  400 Visits 
Prlmary f i l e  

11 
I1 

I1 
11 

11 

Primary f i l e  
I lenes table  i n t o  13,  pr imary f i l e  
Referenced E n t i t y  f i l e  
S e r ~ i c e  f i l e  

I! 
I1 

I t  

Lexicon 
I! 

Denested i n t o  20 
Lexicon 
~ e f e r e n c e d  E n t i t y  f i l e  

11 I l  I I  

Catenated t o  900 Terms 
I1 I1 

I t  I 1  11 

11 I1 I! 

S e r v i c e  f i l e  
R e f ~ r e n c e d  E n p t y  f h l e  

P r imt ry  f i l e  
11 

11 

Lexicon 



CHAPTER 4 

PERFORMANCE 

"De b r i n g  v i s s e r ?  is  de b a s i s  a l l e r  comrnercien;" 

T r a d i t i o n a l  Dutch Proverb 

I n  o r d e r  t o  c o n t r o l  t h e  performance of  t h e  d a t a  base  system 

which i s  t o  s u p p o r t  t h e  Fa.m.i.1t.y System, s e v e r a l  des ign  t echn iques  

can be employed; These can be c a t e g o r i z e d  as fo l lows :  

F i l e  Organ iza t ion  Choices: p i l e ,  s e q u e n t i a l ,  

i ndexed-sequen t i a l ,  indexed,  d i r e c t  o r  r i n g ;  

F i l e  P a r t i t i o n i n g  Choices: One record  p e r  t u p l e ,  

o r  one r e c o r d  per  segment; 

Use 01' a u x i l i a r y  a c c e s s  f i l e s ;  

I n  p r a c t i c e  a l l  t h r e e  c h o i c e s  w i l l  be employed; I n  o r d e r  t o  

e s t a b l i s h  a  b a s e l i n e ;  t h e  nerf'ormance of a  p i l e  of  u n p a r t i t i o n e d  

r e c o r d s  wi thou t  a u x i l i a r y  a c c e s s  f i l e s  w i l l  be p resen ted  

i n i t i a l l y ;  Table  4-1 summarizes t h e  b a s i c  r e l a t i o n s  and t h e i r  

pa ramete r s ,  a s  d e r i v e d  from t h e  d a t a  p resen ted  i n  Table 3-1; 

S i n c e  a l l  f i l e s  a r e  eva lua ted  independen t ly ,  t h e  s i z e  o f  t h e  

r u l i n g  p a r t  has been added t o  t h e  r e c o r d s i z e ;  

The primary f i l e s  summarized i n  Table 4-1 do n o t  i n c l u d e  t h e  

l e x i c o n s  and r e f e r e n c e d  e n t i t y  f i l e s ;  The space  r e q u i r e d  f o r  

t h e s e  i s  p r e s e n t e d  i n  Table 4-3 u s i n g  t h e  assumpt ions  t h a t  they  

w i l l  be implemented a s  d i r e c t  f i l e s ;  



Table  4-1 

F i l e  Parameters  

F i l e  Name 
Number 

S i z e  Record Format 
n af /Rf  av/Rv(avg,max 

Family Master 
Guaran to r s  
P a t i e n t s  
E n t i t l e m e n t s  
Insurance  P l a n s  
Visits 
D ~ U R  A l l e r g i e s  
Other  A l l e r g i e s  
Problems 
Ac t ions  
Medicat ions  
Non-drug Thera.py 
Problem5 Seen 
S e r v i c e s  Rendered 
T e s t s  Ordered 
Problem Note 
Appointments 
P a t i e n t s  p e r  d l o c  
Day Shee t  
P a t i e n t s  p e r  O f f i c e  

T o t a l  ( r e c o r d s )  1,703,626 

Table  4-2 

F i l e  S i z e s  

F i l e  Name 
Number 

P i l e  F i l e  Se u e n t i a l  F i l e  
R S i z e  8 S i z e  

Family Master  
Guarantors  
P a t i e n t  
E n t i t l e m e n t s  
Insurance  P l a n s  
Visits 
Drug A l l e r g i e s  
Other  A l l e r g i e s  
Problems 
Ac t ions  
Medicat ions  
Non-drug Therapy 
Problems Seen 
S e r v i c e s  Rendered 
T e s t s  Ordered 
P r o ~ l e m   vote 
Appointments 
P a t i e n t s  p e r  S l o t  
Day Shee t  
p a t i e n t s  p e r  O f f i c e  

T o t a l s  ( b y t e s )  



Table 4-3 

Lexicons and Referenced E n t i t y  f i l e s  

F i l e  No; Filename n  D i r e c t  F i l e s i z e  
a/R 

19 P a t i e n t  llame Index 78388 3: t" 14' OGUd 
20 Family Number Index 60000 
20;l Family Number 18888 $2 150000 
21 Family Name Index 60000 
900 Terms 1750 2/35 6 1250 
14 User L i s t  
22 Thi rd  P a r t y  Payors  ,as Z$jg9 54 0 

S u r v e i l l a n c e  C r i t e r i a  
3580 

2% 3!g3 4 1 0  $2 Problem C l a s s i f i c a t i o n  37 Famil  P  s i c i a n s  200 2/ 59 
8720 

X 3 700 2/b 
31600 

Hospi a 1  e r v i c e  Code 4200 
32 ~ h e r a p y  C l a s s i f i c a t i o n  300 2/5 1500 

T o t a l  ( b y t e s )  1,896,600 

Only t h e  P a t i e n t  Name Index is s u b s t a n t i a l  i n  s i z e ,  and w i l l  be  

analyzed i n  a l a t e r  s e c t i o n  a s  an  example o f  d i r e c t  f i l e  des ign ;  

A d d i t i o n a l  s t o r a g e  w i l l  be r e q u i r e d  f o r  t h e  s e r v i c e  f i l e s  

e s t i m a t e d  as f o l l o w s :  

Table 4-4 

S e r v i c e  F i l e s  

F i l e  No; Filename Records D i r e c t  F i l e s i z e  
- , . . . . . . . . . n a / R f ( o r  v )  

3b ~ e m p ;  B i l l  Data 
Medical  Audit  

; I Audi t  Columns 
15 T r a n s a c t i o n  Lo 500 11/28 14000 
15: 1 Old and New ~ a f a  2500 3/1l(v) 27500 
16 F i s c a l  Audit  3000 11/28 84000 

'Q !;2E$Eessaaes 
4450 

1 1780 
29 Scheduled Action 20 2/23 460 

T o t a l  ( b y t e s )  



I n  a d d i t i o n ,  t h e r e  w i l l  be s t o r a g e  r e q u i r e d  f o r  system and 

a p p l i c a t i o n  programs, workspaces f o r  s o r t i n g  and r e o r g a n i z a t i o n  of 

f i l e s ,  e t c ; ;  A t  th is  p o i n t  2,000,000 b y t e s  w i l l  be  a l l o c a t e d  t o  

t h i s  f u n c t i o n ;  

INITIAL PERFORMANCE DESIGN CONSIDERATIOIiS 

From Table  4-1 and 4-2 t h e  f o l l o w i n g  o b s e r v a t i o n s  can be made: 

The a g g r e g a t e  f i l e  s i z e  i s  s u c h  t h a t  s imple  s e q u e n t i a l  f i l e  

o r g a n i z a t i o n  methods u s e  a n  e x c e s s i v e  amount o f  s t o r a g e  space ;  

Much space  i n  t h e  s e q u e n t i a l  f i l e  o r g a n i z a t i o n  i s  due t o  t h e  

maximum l e n g t h  o f  t h e  n o t e s  (800 c h a r a c t e r s ) .  

The f i l e s  i n  e i t h e r  c a s e  a r e  o f  s u c h  a  s i z e  t h a t  high c a p a c i t y  

f i l e  s t o r a g e  d e v i c e s  w i l l  be necessary .  

The l a s t  o b s e r v a t i o n  l e a d s  u s  t o  t h e  u s e  of  f i l e  dev ice  parameters  

i n  t h e  f u r t h e r  a n a l y s i s  which d e s c r i b e  d i s k  d e v i c e s  w i t h  a  

c a p a c i t y  o f  about  50M by tes /dev ice ;  W i t  bout  f u r t h e r  r educ t ion  of  

s t o r a g e  needs  f o u r  t o  twenty-one of  t h e s e  d e v i c e s  w i l l  be 

r e q u i r e d ;  Higher d e n s i t y  d e v i c e s  (100M o r  200M b y t e / d i s k s )  

r e q u i r e  more powerful  p r o c e s s o r s  than  t h e  ones  considered f o r  t h e  

Family System [3:pp;187-2021; The c h a r a c t e r i s t i c s  used i n  t h e  

performance a n a l y s e s  below w i l l  be 

seek  t ime  s : 35 m i l l i s e c o n d s  

l a t e n c y  r : 17 m i l l i s e c o n d s  

t r a n s f e r  r a t e  t : 312 b y t e s / m i l l i s e c o n d  

i n t e r b l o c k  gap G : 193 b y t e s  



I f  d e v i c e s  w i t h  d i f f e r e n t  c h a r a c t e r i s t i c s  a r e  e v e n t u a l l y  

chosen,  then  t h e  f i n a l  d e s i g n  should  be r e - v ~ r i f i e d ;  

Other  a s p e c t s  o f  t h e  s t o r a g e  requirements  w i l l  now be addressed ;  

USAGE AND LOAD 

I n  o r d e r  t o  des ign  a system which is  not  o n l y  f u n c t i o n a l l y  

s a t i s f a c t o r y  bu t  a l s o  adequa te  i n  t e rms  of  i t s  performance,  t h e  

expec ted  l o a d  genera ted  d u r i n g  usage of t h e  system has t o  be 

cons ide red ;  The problems a r i s i n g  from inadequa te  a t t e n t i o n  t o  

this a s p e c t  o f  d a t a  base  system des ign  have been s t a t e d  i n  Chapter 

2  o f  t h i s  t h e s i s ;  

S i n c e  t h e  proposed Family System i s  in tended  l a r g e l y  a s  2 

s e r v i c e  i n  a p roduc t ion  environment ( t h e  product  i s  h e a l t h  c a r e ) ,  

it i s  p o s s i b l e  t o  base  t h e  e s t i m a t i o n  o f  system l o a d  l a r g e l y  on 

t h e  volume o f  s e r v i c e s  t o  be provided;  There is  a l s o  8.n a s p e c t  of 

in fo rmat ion  s e r v i c e s  t o  t h e  Family System and a s  i n d i c a t e d  i n  

[ 1 :Ch;5; 1 I ,  t h e  usage of  t h e  Family System f o r  in fo rmat ion  

purposes  w i l l  depend on t h e  q u a l i t y  of  s e r v i c e s  t o  c l i n i c ,  

r e s e a r c h  and e d u c a t i o n a l  management; The load  due  t o  this l a t t e r  

t y p e  o f  usage can be expec ted  t o  be c o n s i d e r a b l y  l e s s  and n o t  

c o i n c i d e  w i t h  t imes  of high c l i n i c  a c t i v i t y ;  T h i s  a s p e c t  w i l l  

hence n o t  now be e v a l u a t e d ;  

The s e r v i c e s  t h a t  a.re t o  be provided a r e  s e l e c t e d  from 

[2:SeC;4C], and usage q u a l i t i e s  a r e  provided by [3:Ch;2] and 

Table  3-1; 



Table  4-5 

User S e r v i c e s  

a )  P a t i e n t  P r o f i l e  : once p e r  v i s i t ,  p r i o r  t o  encoun te r ;  

Read from f i l e s  : 19 20 ,  300,  3 ;1 ,  3 ;2 ,  400 4;2 ,  4 ; 3 -  5:l 
5:!;1, 800.  850,  l l ; l ; l ,  1!:1;2, 11;!;3, i 3 ,  
1 4 ,  900,  23 ,  24 ,  30 

Update f i l e s  : 15;1,  13 ; l  

b )  Encounter  Repor t s  : once p e r  v i s i t ,  a f t e r  encoun te r ;  

Read from f i l e s  : 300,  5;1, 7 ,  13 ;  14 ,  16 ,  900,  3 0 ,  31 ,  32 

U p d a t e f i l e s  : 3 ; 1 , 3 b , 4 0 0 , 5 ; 1 , 5 ; 1 ; 1 , 8 0 0 , 8 5 0  11;1 ,  
l l ; l ; l ,  11:1;2, 11;1;3, 1 3 ; l .  1 5 ,  !5:1 

c )  Encounter  Documents f o r  S u r v e i l l a n c e ,  P r e v e n t i v e  Care ,  F i s c a l  
and Medical  Audi t  : once p e r  v i s i t ,  de layed a s  scheduled;  

Read from f i l e s  : 1 2 3b 00 I ,  400,  4 - 2 ,  4;3, 5 ;1 ,  
5 I 1 ; 1 ,  7 :  $00: 850 .I, I I : I ; ! ,  1 1 ; 1 ; 2 ,  
11;1;3 ,  13 ,  13.1,  $00, 2 3 ,  2 4 ,  2 9 ,  31, 32 

U p d a t e f ' i l e s  : 3 0 0 , 4 0 0 , 7 ; 1 ,  16 ,  15,  15;l 

d )  Medical-Management t o  C o n t r o l  S e r v i c e s ,  S e l e c t i o n  f o r  Schedules ,  
Surveillance, Flow S h e e t ,  Aud i t ,  A l l e rgy  Warnings: 
s e v e r a l  times p e r  day  (10% of  v i s i t s ) ;  

Read from f i l e s  : 19,  20 ,  300 

Update f i l e s  : 9  0 0 ,  4 ; 2 ,  4 ; 3 ,  1 2 ,  7 ,  17 ,  900,  2 3 ,  249 309 
5 .  15;1, 32 

e )  Medical Data Base ,  E n t e r  New P a t i e n t s  o r  Update P a t i e n t s :  
f o r  new p a t i e n t s  (10/day avg; and t h e l r  u p d a t e s  20 /day l ;  

Read from f i l e s  : 1 ,  2 ,  19 ,  20 

Update f i l e s  : 1 ,  2 ,  1 9 ,  2 0 ,  21 ,  300, 3 ;2 ,  4 ;2 ,  4;3, 1 5 ,  15 ; l  

f )  F lowsheets  f o r  5000 P a t i e n t s  : once p e r  v i s i t  f o r  20% o f  v i s i t s  
p r l o r  t o  encoun te r ;  

Read from f i l e s  : 300,  400 

(Data  a r e  upda ted  as p a r t  o f  b ) ; )  

g )  Labora to ry  R e s u l t s  ( o r d e r s  a r e  e n t e r e d  a s  p a r t  o f  b )  ;) : 
one p e r  v i s i t  a v e r a g e ,  wher. ready;  

Read from f i l e s  : 19 ,  300,  400,  2;3 

Update f i l e s  : 400,  11,;1;2, 15 ,  15;l  



h) Schedul ing and Work L i s t  : d a i l y  and by c a l l  (250/day) 
including c a n c e l l a t i o n s ;  

Read e n t i r e  f i l e s  : 12, 12;1, 13 ,  13;1, 19,  20 ,  300,  21 

Update f i l e s  : 1 2 ; l ,  13 ,  13; l  

i ) U t i l i z a t i o n  Reports : weekly; 

Read e n t i r e  f i l e s  : 12 ,  12;1, 400, 800, 850, 11;1,  11;1;1, 
11;1;2, 24,  900 

j ) P r a c t i c e  P r o f i l e  : weekly; 

Read e n t i r e  f i l e s  : ? 2 ,  12;1,  1 ,  2 ,  300, 3;1, 3;2,  400; 4;2; 4;3, 
5;1,  5;1;1,  800, 850, 32,  900 

k )  Disease  P r o f i l e  : weekly 

Head e n t i r e  f i l e  : 12, 12.1, 3 .1 ,  11;1,  l l . l ; 3 ,  2 4 ,  32, 900 

1 )  V i s i t  Reminders : d a i l y ,  f o r  scheduled v i s i t s  made more than  
one week ago (100/day) ;  

Read from f i l e s  : 12, 12;1, 1, 2 ,  300, 3;1,  5;1,  30 

m) Immediate B i l l i n g  : once per  v i s i t ;  

Read from f i l e s  : 2 ,  300, 3b, 900, 22,  30,  31 

U p d a t e f i l e s  : 15,  15;1, 16 

n )  Report  t o  Outside Agenzies : The work can be d i s t r i b u t e d  
% % h ~ $ ~  4 ;35 weekends per month; 

Read e n t i r e  f i l e s  : 1 2 ,  300, 3;2,  400,  5;1,  5;1;1, 800, 850, 
11;l 1 1 ~ 1 ; l  11;1;2,  12 ,  12;1,  900, 
29,  30, 24 ,  32 

o )  B i l l  P repara t ion  : r o t a t e  th rough  f i l e ,  e q u i v a l e n t  t o  v i s i t s / d a y ;  

Read e n t i r e  f i l e  : 2 i n  p a r t s ;  

Read from f i l e s  : 3b,  2 2 ,  31 

Update f i l e s  : 2 ,  16 

p )  System Management : i r r e g u l a r ,  as r e q u i r e d ,  avg; once/week; 

iJpdate f i l e  : 12, 14,  l o ,  2 2 ,  23, 31,  15; 15;l 

q) System Maintenance and Audit  : weekly; 

Read e n t i r e  f i l e s  : 1 4 ,  15, 15;1, 16,  18,  29 

r )  Messages : 100/day 

Read from f i l e s  : 17,  18 



Not cons ide red  f o r  implementation now a r e  some o l  t h e  s e r v i c e s  

seen d u r i n g  t h e  AAMRS s t u d y  [2] ;  

Pharmacy Labe l s  

Automatic R e f e r r a l  L e t t e r s  

S t a t i s t i c a l  Ana lys i s  of  Data 

G r a p h i c a l  P r e s e n t a t i o n  of  Data 

The usage due t o  t h e  s e r v i c e s  s p e c i f i e d  can be  a ~ p l i e d  t o  t h e  

Family System f i l e s  a s  shown i n  Table  4-6; T h i s  t a b l e  i s  ob ta ined  

by t r a n s p o s i t i o n  o f  t h e  d a t a  from Table  4-5; 

R i n d i c a t e s  f i l e  r ead  

U i n d i c a t e s  f i l e  read and updated 

X i n d i c a t e s  exhaus t ive  f i l e  r e a d i n g  

Y i n d i c a t e s  r e o r g a n i z a t i o n ;  

The monthly r e p o r t  g e n e r a t i o n ,  s i n c e  it can be  d i s t r i b u t e d  o v e r  

t h e  weekends, has  been taken as a  weekly l o a d  o f  12/52=0;23 o f  t h e  

monthly l o a d  ; 



Table 4-6 

F i l e  Usage Due t o  Serv ices  

F i l e  
Number 

Name R X U X Y 
svc f r eq  svc f'req svc f r e q  svc f req  svc f r eq  

P R I M A R Y  FILES: 

1 Family Master 

t o t a l  580 I 3 0 1;23 - 

2 Guarantors c 200 o ; 2  e 30 j 1 

f 138 
n ;23 

m 200 
n 200 
0 200 

t o t a l  930 .; 2 3 0 1 ;23 

300 P a t i e n t s  

t o t a l  1440 1 250 1 ;23 - 

3; 1 Enti t lements  a 200 b 2 0 j  1 
10% update r a t i o  b 200 

c 200 
h 250 h 1 
1 100 

t o t a l  950 1 20 1 - 

3; 2 Insurance Plans a 200 
c 200 
e 30 

t o t a l  430 

400 Visits a. 200 
25% u da te  r a t i o  b 200 
f o r  ffowsheets,  e t c ;  c 200 

f 110 
R 200 

t o t a l  84 0 



F i l e  Name R X U X Y 
Number svc  f r e q  svc  f r e q  svc f r e q  svc  f r e q  svc  f r e q  

4;2 Drug A l l e r g i e s  a 200 

a 2%8 
t o t a l  450 

4,3 Other A l l e r g i e s  t o t a l  
( a s  4 ; 2 )  450 

5;1 Problems a 200 

t o t a l  700 

5 I ; 1 Act ions  

t o t a l  600 

800 Medicat ions  

t o t a l  600 

850 Non-drug Therapy 
( a s  800) t o t a l  600 

11.1 Problems Seen a 200 
b 200 
c 200 

t o t a l  oUO 

11; l ; l  S e r v i c e s  Rendered a 200 
b 200 
c 200 

t o t a l  600 

1 1 2  T e s t s  Ordered 

t o t a l  800 

1 ;  Problem Note 

t o t a l  600 



Fi l e  Name R X U X Y 
Number svc freq svc freq svc freq svc freq svc f'req 

12 Appointments 

t o t a l  370 1 2 0 4.23 1 

12; 1 Pat ients  per Slot  h 250 h 1 h 250 i 1 
1 100 1 ti 1 

t o t a l  35 0 1 250 4;23 1 

13 Day Sheet 

t o t a l  850 1 250 

13;l Pat ients  per Office a 200 h 1 a 200 
b 200 b 200 
c 200 h 250 
h 250 

t o t a l  1050 1 650 

LEXICONS: 

19 Pat ient  Name Index a 200 h 1 e 30 
d 20 
e 30 

208 h 25 

t o t a l  700 1 e 30 - - 
20 Family Number Index a 200 h 1 e 30 j 1 

d 20 n ;23 

," '38 p 1 

t o t a l  800 1 30 2;23 - 

2 1 Family Name Index h 250 h 1 e 30 
e 30 

t o t a l  28 0 1 30 - - 
<Continued> 



F i l e  
Number 

h X u X Y 
s v c  f r e q  svc  f r e q  svc  f r e q  s v c  f r e q  svc  f r e q  

900 Terms a 4280 
mul t ;  r e f ;  a r e  r e q ;  b  4280 
c i v e n  t h e  f r e q ;  o f  c  4280 
item from Table  3-1 d 428 

;2+;2+4+2+4+2+3+2+4=21;4 m 4280 

t o t a l  17548 - 428 47;  7 - 

REFERENCED ENTITY FILES: 

14 User L i s t  

t o t a l  1740 

22 Th i rd  P a r t y  Payors  m 200 
0 200 

t o t a l  400 - .. 

2 3 S u r v e i l l a n c e  C r i t e r i a  a 200 d 20 
c 200 
d 20 

t o t a l  420 - 2 0 - - 

24 Problem C l a s s i f i c a t i o n  a 200 d 20 k 1 
c 200 1  
d 20 r :23 

t o t a l  420 - 2 0  2;23 - 
30 Family P h y s i c i a n s  1 200 

b 200 
d 20 

t o t a l  720 - 2 0  ; 23 - 

3 1  H o s p i t a l  S e r v i c e  Code b  200 
c 200 
m 200 

t o t a l  800 - 



F i l e  Name R X U X Y 
Number s v c  f r e q  svc  f r e q  svc  f r e q  svc f r e q  s v c  f r e q  

32 Therapy C l a s s i f i c a t i o n  b 200 
200 

20 

t o t a l  420 - 2 0 2; 23 - 

SERVICE FILES : 

3b Temporary B i l l i n g  Data b 200 
c  200 
m 200 
0 200 

7 Medical Audit  

t o t a l  800 

t o t a l  420 

7 ;  1 Medical Audit  D e t a i l  c  200 
d  20 

t o t a l  22 0  

15 Transac t ion  Log 
Wr i t ing  i s  s e q u e n t i a l  
wi thou t  r e a d i n g  

t o t a l  - 

15 ; 1 Transac t ion  Log D e t a i l  
use  5 items average 

from Table 3-1 
kor s e r v i c e s  b Lo m 

t o t a l  - 

16 F i s c a l  Audit b 200 
w r i t i n  is s e q u e n t i a l  
w i t  hou! reading 
f o r  f i l e s  b.  c ,  m 

t o t a l  200 



F i l e  Name R X U X Y 
Number svc  f r e q  svc f r e q  svc  f r e q  svc  f r e q  svc  f r e q  

17 Messages d 20 d 20 
r 200 

t o t a l  220 - 2 0 - - 

18 System Messages r 200 

t o t a l  200 - 

2 9 Scheduled Act ions  a 200 n ;23 P 1 
c 200 P 1 

q 1 

t o t a l  400 - - 2;23 1 
-- -- . . . .. . .. -- 

Grand t o t a l s  39698 (10;2)  11016 (98;07) ( 9 )  
w-7 -- -- - - 

A review of Table  4-6 can v e r i f y  t h e  d a t a  f low i n  t h e  Family 

System f i l e s ;  The v e r i f i c a t i o n  shows t h a t  a l l  f i l e s  a r e  used and 

updated; Most f i l e s  a r e  updated on ly  d u r i n g  one f u n c t i o n ;  I n  

o r d e r  t o  c o n t r o l  t h e  d a t a  f low where f i l e s  a r e  updated by more 

than  one f u n c t i o n  and avo id  deadlock [ I  :Ch;13;2], t h e  c o n t r o l  o v e r  

d a t a  w i l l  have t o  be r e s p e c i f i e d  i n  f i n e r  u n i t s ;  Two c h o i c e s  a r e  

p o s s i b l e  : 

1 )  c o n t r o l  by record  segmenting 

2 )  c o n t r o l  by t ime c o n s t r a i n t s  

For i n s t a n c e ,  t h e  i n d i c a t o r s  t h a t  a p a t i e n t  i s  t o  be placed on a 

f lowsheet  p r o t o c o l ,  a s  g iven  above a s  

300 P a t i e n t  d/U = 20 

r e s i d e  i n  a segment o f  t h e  P a t i e n t  f i l e  which is  no t  t o  be updated 

by any o t h e r  f u n c t i o n ;  On t h e  o t h e r  hand t h e  u p d a t i n g  o f  

f lowsheet  e n t r i e s  a f t e r  a v i s i t ,  

400 Visits c/U = 50 

is  delayed i n  t ime  u n t i l  a l l  o t h e r  encoun te r  a c t i v i t y  has been 

recorded;  



While t h e  grand t o t a l s  of  t h e  Read(R), Read-ent i re(X) .  

Update(U), and Reorganize(Y) a c t i v i t y  were recorded  Tab le  4-6; i t  

should  be noted t h a t  t h e  t o t a l s  shown a r e  no t  p a r t i c u l a r l y  u s e f u l  

f o r  performance e v a l u a t i o n ;  For e a c h  f i l e  t h e  t ime used f o r  e a c h  

a c t i o n  w i l l  depend on t h e  f i l e  o r g a n i z a t i o n ,  i t s  s i z e ,  and t h e  

r e c o r d s i z e  t o  be r e t r i e v e d ;  I n  p a r t i c u l a r ,  Read-ent i re(X)  and 

Reorganize(Y) a r e  dependent on f i l e  s i z e ;  From t h e  g rand  t o t a l  o f  

Read(R) and Update(U),  namely approximate ly  50,000 a c t i o n s / d a y ;  i t  

i s  e v i d e n t ,  however, t h a t  e a c h  r e q u e s t  has t o  be f u l f i l l e d  i n  

c o n s i d e r a b l y  l e s s  t h a n  a second;  s i n c e  t h e r e  a r e  o n l y  28,800 

seconds  i n  a  working day; 

I n  t h e  n e x t  s e c t i o n  o f  t h i s  c h a p t e r  t h e  f i l e  d e s i g n  w i l l  be 

r e f i n e d  w i t h  t h i s  o b j e c t i v e  i n  mind; 

STORAGE OF N O M I N A L  DATA 

Omit t ing t h e  n o t e s  o r  removing them t o  i n d i r e c t  s t o r a g e ,  a s  

paper o r  microform, cou ld  reduce s t o r a g e  requ i rements  

cons ide rab ly ;  Notes appear  i n  t h e  fo l lowing  f i l e s :  

- , ~ a b i e  h-'; 

S t o r e d  Notes 

F i l e  Name n  Notes ( s o u r c e )  
Number 

. - 

30 0  P a t i e n t s  30000 2 ( 3 , 4 )  

4:3 
Other  Al le rgy  6000 1 4 - 1  

5; ; I  Act lon 270000 1[5:7:1) 

888 ibiedication 
Bon-drug Therapy 

2  T e s t s  Ordered 
I ;  Problem Notes 

T o t a l  Notes 1,206,000 



I n  t h e  c a s e  of  v a r i a b l e  l e n g t h  o r  compressed f i l e s  t h e  a v e r a g e  

n o t e  l e n g t h  i s  80 c h a r a c t e r s ;  o t h e r w i s e  n o t e s  a r e  c o n s t r a i n e d  t o  

a maximum o f  800 c h a r a c t e r s ,  s o  t h a t  

S t o r a g e  f o r  v a r i a b l e  l e n g t n  n o t e s :  9b ,460,00U c h a r s ;  

S t o r a g e  f o r  maximum l e n g t h  n o t e s :  964,800,000 c h a r s ;  

The e q u i v a l e n t  s t o r a g e  c o s t s  a t  $300/Mbyte yea r  a r e  

v a r i a b l e  $ 28;964/year  

maximum $ 289,44O/year 

A l t e r n a t i v e  means t o  s t o r e  n o t e s  a r e  hence very d e s i r a b l e ;  A 

microform s t o r a g e  could be used f o r  s u c h  a purpose and be indexed 

from t h e  f i l e  system a t  a c o s t  o f  a few c h a r a c t e r s  per  e n t r y :  

index t o  n o t e s  a t  4 c h a r a c t e r s  

s t o r a g e  4 ,824,000 chars ;  

c o s t  $1,448/year  

A microform system could a l s o  be used t o  s t o r e  o t h e r  r e f e r e n c e  

documents a s s o c i a t e d  w i t h  t h e  medica l  r e c o r d  oS t h e  Family 

P r a c t i c e  Center;  

I f  notes a r e  t o  be kep t  on t h e  Family System, then  v a r i a b l e  

l e n g t h  s t o r a g e  i s  des i ra .b le ,  and n o t e s  o f  s h o r t  average l e n g t h  a r e  

p r e f e r a b l e  from t h e  computer s t o r a g e  p o i n t  of view; Th i s  may 

c o n f l i c t  w i t h  t h e  e d u c a t i o n a l  purposes  o f  t h e  Family P r a c t i c e  

Center ;  



I n  o r d e r  t o  make t h e  subsequent s t e p s  o f  t h e  f i l e  d e s i g n  

independent  o f  t h e  manner i n  which t h e  n o t e s  a r e  k e p t ,  t h e  n o t e s  

w i t h i n  t h e  f i l e s  w i l l  be r ep laced  w i t h  r e f e r e n c e  p o i n t e r s ;  These 

could t h e n  be used t o  r e f e r  t o  n o t e s  s t o r e d  on a cheap high volume 

f i l e ,  t o  a microform s t o r a g e ,  o r  t o  a paye r  document; 

Only i n  t h e  Other  Al le rgy  F i l e  ( 4 ~ 3 ) .  which is r e l a t i v e l y  

s m a l l ,  w i l l  t h e  n o t e s  be r e t a i n e d  s i n c e  r a p i d  r e f e r e n c e  here  may be 

e s s e n t i a l ;  With f u r t h e r  exper ience  a s u i t a b l e  encoding may a l s o  

reduce t h e  a v e r a g e  n o t e  s i z e ;  

The f i l e s  a f f e c t e d  by keeping n o t e s  s e p a r a t e  a r e  l i s t e d  i n  

Table 4-8; These e n t r i e s  r e p l a c e  t h e  e q u i v a l e n t  e n t r i e s  o f  

Table 4-1; 

Table 4-8 

F i l e s  Shrunk by Removing Notes 

Name S i z e  r d  For a 
n ~FFRf av/WvIavg ,max) 

30 0 P a t i e n t s  3000(2) 13/29 $ 4  ; 1 Act ions  270000 9/2 1 
Medica t ions  300000 1 /20 - 

900 Non-drug Therapy 1 0000 2/14 - 
1 1 1 2  T e s t s  Ordered 2?0000 11/25 - 
I  I  ; 1 3  Problem Note 180000 5 /  13 - 

Storage  r e d u c t i o n  1,146,000 n o t e s  

o r  ( p i l e  f i l e  o r g ; )  87,096,000 c h a r a c t e r s  ( abou t  2 d i s k  u n i t s )  

( seq ;  f i l e  o r g ; )  912,219,000 c h a r a c t e r s  ( abou t  19 d i s k  u n i t s )  



Remaining s t o r a g e  requ i rements  a r e  still 

P i l e  Org; Seq; O ~ Q ;  

d a t a  f i l e s  5t : 332 : £2; 1 1 - 2 -  2  
l e x i c o n s ,  e t c ;  
s e r v i c e  f i l e s  952,190 

I:A,t:2;bo 
52,190 

programs 2  , 000,000 ~ , 8 0 0 , 0 0 0  

t o t a l  61,804,028 121,977;502 b y t e s  

o r  < 2 d i s k  u n i t s  < 3 d i s k  u n i t s  

CHOICE OF FILE O R G A N I Z A T I O N  

The f i l e  o r g a n i z a t i o n  chosen f o r  a d a t a  f i l e  i s  t h e  p r imary  

de te rminan t  o f  performance f o r  t h e  d a t a  base  a p p l i c a t i o n ;  I n  

[1:Ch;31 s i x  b a s i c  f i l e  o r g a n i z a t i o n s  a r e  p resen ted  and e v a l u a t e d ;  

S i n c e  t n e  mul t ip ly-Indexed P i l e  is o r i e n t e d  towards  complex f a c t  

r e t r i e v a l  [ l :Ch; lO; l ] ,  t h i s  o r g a n i z a t i o n  w i l l  n o t  be e v a l u a t e d  

here;  Some v a r i a n t s  a r e  shown i n  Chapter  4 [ I ] ;  I n  o r d e r  t o  

s e l e c t  a  f i l e  o r g a n i z a t i o n  f o r  t h e  major f i l e s  o f  t h e  k'amily 

System t h e  performance of  t h e  b a s i c  f i l e  sys tems w i l l  be 

e v a l u a t e d ;  One o f  t h e  hybr id  methods,MUMPS; w i l l  a l s o  be ana lyzed  

due t o  i t s  p o p u l a r i t y  i n  medical  d a t a  process ing;  

Th i s  e v a l u a t i o n  u s e s  throu3hout  t h e  same f i l e  system paramete r s  

f o r  

b l o c k s i z e  : B = 2000 

b l o c k p o i n t e r  s i z e  : P = 4  

r e o r g a n i z a t i o n  f requency : weekly 

s o  t h a t  t h e  e v a l u a t i o n  w i l l  be independent  o f  low l e v e l  sys tem 

parameters ;  



The use  of  unspanned r e c o r d s  w i l l  s i m p l i f y  t h e  f i l e  a c c e s s  

method; t h e  wasted m a c e  p e r  r e c o r d  is then 

and t h e  b u l k  t r a n s f e r  r a t e  i s  

The r e c o r d s  s p e c i f i e d  f o r  t h e  Family System [ 3 ]  have a 

we l l -de f ined  v a r i a b l e  c o n t e n t ;  Because of  t h i s  f a c t  r e c o r d s  w i l l  

n o t  c o n t a i n  a t t r i b u t e  names i n  any o f  t h e  f i l e s  be ing  c o n s i d e r e d ,  

a l t h o u 5 h  t h e  MUMPS f i l e s  w i l l  i n c l u d e  t h e  d e s c r i p t i v e  s u b s c r i p t  

v a l u e s  f o r  t h e  g l o b a l s  [ 1 : Chi4 ;5;2] ; For v a r i a b l e  s i z e d  r e c o r d s ,  

t h e  l e n g t h  (Rvar)  i n c l u d e s  f i e l d  s e p a r a t i o n  markers;  

The number o f  weekly a d d i t i o n s  ( 0 )  o f  r e c o r d s  t o  t h e  f i l e s  is 

based on t h e  d a t a  from t h e  Family System [3:Ch;2], a s  g iven  i n  

Tab les  3-1 and 3-3; Subsequent e v a l u a t i o n s  i n  t h i s  c h a p t e r  

f i n d  t h a t  t h e  pa ramete r s  T (ge t -nex t  d a t a  r e c o r d )  and T 
N u 

(upda te  a f i e l d  o f  a d a t a  r e c o r d )  a r e  o f  minor importance  due t o  

t h e  usage p a t t e r n s  expected;  S e a r c h  f o r  t h e  nex t  r ecord  i s  an 

impor tan t  a c t i v i t y  i n  s u b s e t  s e a r c h i n g  and i s  a s s o c i a t e d  w i t h  

complex d a t a  a n a l y s i s ;  Medical  r e c o r d s  a r e  mainly mainta ined by 

adding t o  t h e  f i l e s  s o  t h a t  u p d a t i n g  o f  o ld  d a t a  r e c o r d s  i s  

i n f r e q u e n t ;  

D e s c r i p t i v e  F i l e  Parameters :  

For t h e  v a r i o u s  pr imary f i l e s  t o  be cons ide red ,  t h e  d e s c r i p t i v e  

pa ramete r s ,  when computed u s i n g  t h e  c o n d i t i o n s  c i t e d  above,  a r e  

d i s p l a y e d  i n  Table 4-9; 



Table 4-9 

D e s c r i p t i v e  P r i m i t i v e  F i l e  Pa ramete r s  

F i l e  No; a Rvar ,Rf ix  n o/Week w t '  

A P i l e  F i l e  Organ iza t ion :  

The d e s c r i p t i v e  parameters  form t h e  b a s i s  f o r  t h e  s t u d y  o f  t h e  

a l t e r n a t i v e  f i l e  o r g a n z a t i o n  forms; For a n  i n i t i a l  upper bound a 

p i l e  f i l e  o r g a n i z a t i o n  i s  d e f i n e d  [1:Ch;3;1] w i t h  

Record f e t c h  t i m e  T = 1/2  n ~ t '  + s + r 
F 

Record get -next  t ime T = T  
N F 

Record i n s e r t  t i m e  T = s + 3r  + b t t  
I 

Record update  t i m e  T = T  + T  + 2 r  u I 

Time t o  r e a d  e n t i r e  f i l e  T = 2 T 
X F 

Reorgan iza t ion  Time T = 2(n+o) ~ / t '  

Y 



The p i l e  f i l e  o r g a n i z a t i o n  i s  a l s o  o f  i n t e r e s t  s i n c e  it models 

c l o s e l y  t h e  performance of a  d a t a  base  system which i s  b u i l t  on 

' r e l a t i o n a l  p r i n c i p l e s '  [1:Ch;9;11 and which h a s  not been f u r t h e r  

augmented w i t h  a n c i l l i a r y  a c c e s s  pa ths ;  

The r e s u l t s  f o r  t h e  Primary F i l e s  a r e  shown i n  Table  4-10; 

Table  4-10 

P i l e  F i l e  Performance Measures 

F i l e  No; T ; T  T 
F N I 

The r e t r i e v a l  t i m e s  f o r  t h e  primary f i l e s  u s i n g  t h e  p i l e  f i l e  

o r g a n i z a t i o n  a r e  f o r  most f i l e s  much g r e a t e r  than  a l l o w a b l e  as 

e s t a b l i s h e d  by t h e  approximate  c r i t e r i o n  de r ived  from Table  4-6; 

I n  f a c t  f o r  t h e s e  pr imary f i l e s  a l o n e ,  t h e  t ime f o r  d a i l y  r e a d  



from f i l e  and f i l e  update  o p e r a t i o n s  is  

T = > T  L 
T o t a l  FP HP 

P P 

= 75009 + 357 = 75,366 seconds 

o r  20;94 hours = 20 hours 56 minutes  pe r  day 

It can be  s e e n ,  however, t h a t  f i l e s  

;!$ E n t i t l e m e n t s  Drug A l l e r g i e s  
1 5 Appointments 

Da S h e e t  
1 ' 3  ; I ~ a z i e n t s  pe r  O f f i c e  

a r e  s u c h  t h a t  no f u r t h e r  f i l e  o r g a n i z a t i o n  can improve t h e i r  

performance s i g n i f i c a n t l y ;  The minimal r e a d  a c c e s s  time f o r  t h e  

h a r d w a r e  be in^ cons ide red  i s  

s + r + B / t  = ;058 sec ;  

and t h e  minimal upda te  a c c e s s  t ime i s  

s + 3 r  + B / t  = ;092 sec ;  

They w i l l  be o m i t t e d  from f u r t h e r  c o n s i d e r a t i o n  and can e i t h e r  b e  

implemented as  s imple  p i l e  f i l e s  o r  accord ing  t o  any o t h e r  

conven ien t  g e n e r a l  o r g a n i z a t i o n ;  A s  p i l e  f i l e s  t h e i r  a g g r e g a t e  

t ime  r e q u i r e m e n t s  w i l l  be as shown i n  Table  4-11; Values used a r e  

T o r  T as a p p r o p r i a t e  f o r  t h e  s e r v i c e s  be ing  performed; 
I u 



F i l e  

Table  4-11 

Time t o  be Al loca ted  t o  Small  F i l e s  

T L T L L  T L T L 
F  R X Xd Xw I / U  U Y Y  

E n t l  ; I17  950 ;355 1 1 ;092 20 na - 
D r A l  ;2 7 450 ;4 4 - 1 ;092 na - 
~ p p t  :0&2 370 :164 I 4:23 :208 38 2327 I 

;o  2 - 
I ::el8 :0?2 %go 1 %  1 I $ 8  88 12 - 

d a i l y  t ime  = T L + T L + T L 
F R X Xd I / U  U 

= 344 + 1 + 190 = 533 s e c  = 9 min/day 

weekly t ime = T L + T L = 2 sec /veek  
x x w  Y Y  

S e q u e n t i a l ,  Indexed-Sequent ia l ,  and D i r e c t  F i l e  Organ iza t ions :  

F a s t e r  a c c e s s  accord ing  t o  one a t t r i b u t e  i s  a f f o r d e d  by t h e  

s e q u e n t i a l ;  indexed-sequen t i a l ,  and d i r e c t  f i l e  o r g a n i z a t i o n s ;  Of 

major i n t e r e s t  a r e  he re  t h e  r e t r i e v a l  speed T and t h e  f i l e  upda te  
F  

speed T ; I n d i v i d u a l  r ecord  update  is  o f  i n t e r e s t  o n l y  f o r  t h e  
I 

Appointment D e t a i l  f i l e  ( 12 ; l ) ;  The v a l u e s  o b t a i n e d  f o r  t h e  p i l e  

f i l e  o r g a n i z a t i o n  i n  r egard  t o  T and T can p rov ide  i n i t i a l  
X Y 

I n  e a c h  c a s e  t h e  computat ional  ovepheaci, c ,  is n o t  included;  



S e q u e n t i a l  F i l e  Organ iza t ion :  

For a c c e s s  t o  t h e  s e q u e n t i a l  f i l e  [1:Ch;3;2;31, t h e  a lgor i thm 

w i l l  c o n s i s t  o f  a  b i n a r y  s e a r c h  t h r o u g h  t h e  main f i l e  and a  s e r i a l  

s e a r c h  t h r o u g h  t h e  t r a n s a c t i o n  i o g  i ' i l e ;  N O  ~ u r ' f ' e r  i s  k e p t  

a v a i l a b l e  f o r  t h e  t r a n s a c t i o n  f i l e  s o  t h a t  t h e  upda te  r esponse  

t ime  i s  e q u a l  t o  t h a t  f o r  a  p i l e  f i l e ;  A l l  upda tes  a r e  c o l l e c t e d  

i n t o  t r a n s e c t i o n  f i l e s  f o r  t h e  day,  and a t  t h e  end o f  t h e  day 

t h e s e  f i l e s  w i l l  be  s o r t e d  and merged i n t o  t h e  main s e q u e n t i a l  

f i l e s ;  The number o f  d a i l y  upda tes  i s  based on t h e  d a i l y  load  L 
u 

and is r e l a t e d  t o  t h e  f i l e  growth,  o; For  t h e  pr imary f i l e s  t h e  

t ime  r e q u i r e d  f o r  t h i s  p rocess .  T , w i l l  be mainly a f u n c t i o n  of  
C 

t h e  f i l e  s i z e s ;  

The s o r t  phases  w i l l  r e q u i r e  approximate ly  

T = L l o g  L (T +T 
s o r t  U 2 U  F I 

where T and T p e r t a i n  t o  s m a l l  p i l e  f i l e s ;  
F I 

The merge phases  w i l l  r e q u i r e  approximate ly  

T = (n+L ) ~ / t '  and T = T  = T  +T 
merge U C Y s o r t  merge 

The v a l u e  of  L can be ob ta ined  from Table  4-6; An average  bulk  
U 

t r a n s f e r  r a t e ,  t'= 220,000 bytes /second;  g i v e s  T =;052, T =;092 
F I 

f i l e s  which c o n t a i n  t h e  d a i l y  u p d a t e  ( 0 / 5 )  t r a n s a c t i o n ;  The 



combined r e s u l t s  a r e  g i v e n  a l s o  i n  Table  4-12. 

T r l o g  ( n  R/U) 1 ( s+r+B/ t )  + 1/2 0/5 ~ / t '  
F 2  

Indexed-Sequent ia l :  

An i n d e x e d - s e q u e n t i a l  f i l e  o r g a n i z a t i o n  p r o v i d e s  f a s t e r  a c c e s s  

t h r o u g h  a tree s e a r c h  of key v a l u e s  [I:Ch;3;2;31; Its e f f i c i e n c y  

depends on a  s m a l l  number o f  u p d a t e s  pe r  f i l e ;  Some a d d i t i o n a l  

s p a c e ,  S I ;  is r e q u i r e d ;  T h i s  space  i s  a  f u n c t i o n  o f  t h e  f a n o u t  

r a t i o ,  y ,  [I:Ch;3;3;1], b lock ing ;  and number o f  r e c o r d s ;  n ,  

f o r  a two- level  ( x = 2 )  index;  F i l e  12;l on ly  r e q u i r e s  one l e v e l ;  The 

v a l u e s  f o r  Rr depend on t h e  s i z e  o f  t h e  r u l i n g  p a r t  and a r e  g i v e n  i n  

Tab le  3-7; 

T = s  + ( 2  + Pov ( 1 + 1 / 2 ~ o v ) ( r + B / t )  ; Pov = o / (n+o)  
F 

T = ( R/B + 2 Pov (1-R/B) ) ( r + B / t )  ( two b u f f e r s  are a v a i l a b l e )  
N 



Table 4-12 

S e q u e n t i a l  and Indexed-Sequent ia l  F i l e  Performance Measures 

I----- S e q u e n t i a l  -------I I ---- Indexed-Sequent ia l  ----I 

F i l e  
No; 

T o t a l  t ime  f o r  d a i l y  c leanup 3620;O T o t a l  space  f o r  i n d e x  494,100 
o r  approx; 1 hour 

D i r e c t  F i l e  Organ iza t ion :  

For a d i r e c t  f i l e  t h e  performance depends mainly on t h e  e x t r a  

s t o r a g e  a l l o c a t i o n  (m/n) and on t h e  b u c k e t s i z e  [I:Ch;3;5;3]; With 

a f i x e d  b l o c k s i z e  t h e  b lock ing  f a c t o r  B/R is  e s p e c i a l l y  i m p o r t a n t ;  

With unspanned b l o c k i n g  o f  r e c o r d s  t h e r e  i s  an a d d i t i o n a l  l o s s  o f  

space  s o  t h a t  r e q u i r e d  space  i s  r e c a l c u l a t e d  he re  as 

11 

b a s i c  f i l e s i z e  = (- ) B r B/H 1 

T i s  n o t  a v a i l a b l e ;  
N 

p = funct(B/R,m/n) ZLS shown i n  F i g u r e  2-2; 

Larger  v a l u e s  o f  m/n i n c r e a s e  t h e  s t o r a g e  c o s t  and t h i s  i n c r e a s e  

is  i n d i c a t e d ;  



There a r e  i n s t a n c e s  where s e r i a l  a c c e s s  (T ) i s  v i t a l ;  Before 
N 

e v a l u a t i n g  t h e  d i r e c t  f i l e ,  t h e  remaining primary f i l e s  w i l l  be 

reviewed i n  o r d e r  t o  e l i m i n a t e  from a n a l y s i s  o f  d i r e c t  f i l e s  those  

f o r  which s e r i a l  a c c e s s  i s  important ;  The s e r v i c e s  t o  be 

cons ide red  were l i s t e d  e a r l i e r  i n  Table  4-5; 

Table  4-13 

S u i t a b i l i t y  f o r  D i r e c t  Access 

S e r v i c e  . . Access C o n t r o l l i n g  P r o c e s s  

P a t i e n t  P r o f i l e  
Encounter Report 
Encounter Documents 
Ivledical Management 
Medical  Data Base 
Flowsheets  

g L a b r e s u l t s  
h) Schedul ing 

i U t i l i z a t i o n  Re o r t s  
j P r a c t i c e  ~ r o f i y e  
k )  Disease  P r o f i l e  

11 Visit Reminders 
m Immediate B i l l i n g  

He o r t s  t o  Outs ide  Agencies .e  B 1  1 P r e p a r a t i o n  
p )  System ~ a n a ~ e m e n t  

System Maintenance 
Plessaaes 

Keyed on i n d i v i d u a l  p a t i e n t  name; 
11 11 I t  11 11 

S e r i a l  on day s h e e t  (1311);  
Keyed $n i n d i v i d u a l  p a t t e n t ;  

I I  II  II  I t  record;  
11 I1  I1  tt and t e s t ;  

S e r r a l  a  c e s s  on ppointment 
flies F12, 1 2 3 8  

Wegkly s e ~ i a l  a c g e s s  gn v i g i t s  (420) ;  
11 11 11 problems 

seen  ( 1 1 ; l ) ;  
S e r i a l  a c c e s s  on a  pointment (12 ; l )  
Keyed on indivi .dua? p a t i e n t ;  
Read e n t i r e  P a t i e n t  f i l e ;  
Read f i l e  3b serially; 
Read f i l e  12 and non-primary f i l e s  

s e r i a l l y ;  
Read non-primar f i l e s ;  
Read f i l e s  17; r 8  s e r i a l l y  

A review of t h e s e  requ i rements  show t h a t  o f  t h e  primary f i l e s  

o n l y  f i l e s  Visits (400)  , Problems Seen ( 11 ; 1 ) , and Appointment 

D e t a i l  ( 1 2 ; l )  should  be e l i m i n a t e d  a s  c a n d i d a t e s  f o r  d i r e c t  f i l e  

o r g a n i z a t i o n ;  The remain ina  primary f i l e s  a r e  p r e s e n t e d  i n  

Table 4-14; 



Table  4-14 

D i r e c t  F i l e  Performance Measures 

I 1 ~ 0 5  ---- I 1;10 ----I 1;25 ----I I ---- 1 ---- I ---- 
T 

I 
F i l e  B/R B a s i c  T T T T T 

No; F i l e s i z e  F I F I F I 

T o t a l F i l e  67,139,961 7 0 4 6  60 
I n c r e a s e  - 3:3863899 

7 85 ,95 
?:711,992 B2:36t:85: 

Summary of S e q u e n t i a l ,  Indexed-Sequent ia l ,  and D i r e c t  Primary F i l e s :  

A r ev iew o f  Tab le  4-12 shows t h a t  t h e  s e q u e n t i a l  f i l e  

o r g a n i z a t i o n  w i t h  a b i n a r y  s e a r c h  s t i l l  does  n o t  r educe  t h e  a c c e s s  

t ime  f o r  most f i l e s  t o  a comfor tab le  l i m i t  ( << 1 second) ;  The 

a d d i t i o n a l  hour r e q u i r e d  t o  c l e a n  up t h e  f i l e s  a t  t h e  end o f  eve ry  

day i s  a n o t h e r  l i a b i l i t y ;  a l t h o u g h  t h i s  o p e r a t i o n  could  be 

combined w i t h  t h e  c r e a t i o n  o f  back-up f i l e s ;  Given a r easonab ly  

r e l i a b l e  o p e r a t i o n  and adequa te  performance o f  t h e  T r a n s a c t i o n  Log 

f i l e  s u c h  a n  e f f o r t  would n o t  be r e q u i r e d  every  day f o r  backup 

purposes  a lone ;  

An i n d e x e d - s e q u e n t i a l  f i l e ,  a l t h o u g h  more complex, shows a more 

a c c e p t a b l e  l e v e l  o f  performance;  The p e n a l t y  of s p a c e  f o r  t h e  

i n d e x  is  modest; 



Table  4-14 p r e s e n t s  t h e  performance of  d i r e c t  f i l e s ;  For  many 

o f  t h e  f i l e s  l i s t e d  t h e  performance is  y e t  b e t t e r ,  even a t  v e r y  low 

(1;05) e x c e s s  spacc  r a t i o s ;  Only f o r  f i l e s  w i t h  l a r g e  r e c o r d s  

( B / R  < 10)  i s  t h e  performance l e s s  than  t h a t  f o r  indexed-sequen t i a l  

f i l e s ;  The e x t r a  space  requ i rements  a r e ,  however; i n  any c a s e  

g r e a t e r  t h a n  t h o s e  r e q u i r e d  f o r  indexes;  

I n  o r d e r  t o  comnare t h e  t h r e e  f i l e  o r g a n i z a t i o n s ,  t h e  

t o t a l  d a i l y  usage t i m e ,  UT, w i l l  be c a l c u l a t e d ;  

f o r  t = S  z e n t i a l )  
I S  [ %exed-sequen t i a l )  
D ( d i r e c t )  

and p  i d e n t i f i e s  t h e  v a r i o u s  f i l e s ;  

The f o l l o w i n g  c o n s i d e r a t i o n s  a p p l y  t o  this summary c a l c u l a t i o n :  

For t h e  s e q u e n t i a l  f i l e ,  L = I  f o r  a l l  f i l e s  due t o  t h e  c l e a n u p  

r e q u i r e d  ; and 
x P 

T  = T  f o r  t h e s e  f i l e s  
XSP X P  

For t h e  d i r e c t  f i l e s ,  t h e  f i l e s  i d e n t i f i e d  

w i t h  p  = 300 u s e s  m/n = 1;10 

and p  = 4;3 u s e s  m/n = 1;25 

A l l  o t h e r  f i l e s  u s e  m/n = 1;05 

Also T  = m/n T where a p p l i c a b l e  t o  account  f o r  t h e  e x t r a  
XDP CP  

space  t o  be r e a d  i n  a d i r e c t  f i l e  exhaus t ive  r e a d  o p e r a t i o n  

( p  = 1 ,  2 ;  300);  



Furthermore .  a n  indexed-sequent ia l  o r g a n i z a t i o n  w i l l  be used 

f o r  t h o s e  f i l e s  where a  d i r e c t  o r g a n i z a t i o n  was n o t  found f e a s i b l e  

a c c o r d i n g  t o  Table  4-13, s o  t h a t  

T = T  9 

FDp FISp 

T = T  , and 
XDp XISp 

T = T  9 

IDp I I S p  

f o r  f i l e s  i d e n t i f i e d  w i t h  p  = 400; 11;1 ,  12 

With t h e s e  c o n s i d e r a t i o n s  t h e  d a i l y  primary f i l e  usage f o r  t h e  

t h r e e  f i l e  o r g a n i z a t i o n s  is  

UT = 14515 + 3620 + 265 = 18400 sec /day  o r  5  hours 6  mins/day 
S 

UT = 837 + 392 + 504 = 1733 s e c  o r  29 m i d d a y  
IS 

UT = 696 + 429 + 389 = 1541 s e c  o r  25 m i d d a y  
D 

This shows even more c l e a r l y  t h a t  a s e q u e n t i a l  f i l e ,  even w i t h  

b ina ry  s e a r c h  and d e f e r r e d  update ;  i s  n o t  adequa te ;  The load 

p r e s e n t e d  by indexed-sequent ia l  o r  d i r e c t  f i l e  f o r  t h j s  a s p e c t  of 

f i l e  s e r v i c e s  is  st i l l  s i g n i f i c a n t ;  Another n i n e  minutes  per day 

w i l l  be r e q u i r e d  t o  s e r v e  t h e  s m a l l  primary f i l e s  o f  Table 4-11, 

and y e t  more t ime  i s  needed t o  provide  f o r  usage  of  t h e  Lexicons;  

Referenced E n t i t y  F i l e s ;  and S e r v i c e  F i l e s ;  

The indexed-sequen t i a l  and d i r e c t  f i l e  o r g a n i z a t i o n s  show a  space  

v e r s u s  speed t r a d e o f f ;  F'or t h e  12 f i l e s  o f  Tab le  4-14, a t  t h e  m/n 

r a t i o s  chosen ,  t h e  a d d i t i o n a l  space  r e q u i r e d  f o r  d i r e c t  f i l e s  i s  

m- n  
SAD =z - f i l e s i z e  = 5;306;998 b y t e s ;  

n  DP 

whereas f o r  t h e s e  same f i l e s  t h e  indexed-sequen t i a l  o r g a n i z a t i o n  



r e q u i r e s  

S I S  = S I  
P P  

= 436;000 b y t e s  

o r  4  ; 87 1 ; 000 b y t e s  l e s s ;  

The d i r e c t  f i l e  o r g a n i z a t i o n  a p p l i e d  t o  t h e s e  12 f i l e s  saves  4  

min/day a t  $;20/minute c o s t  f o r  t h e  e n t i r e  system; T h i s  e q u a l s  

$360/year and i n c r e a s e s  s t o r a g e  c o s t  by 4;871;000 by tes  at 

$300/Mbyte year  o r  $1461;30/year; 

With t h e s e  v a l u e s  t h e  indexed-sequen t i a l  f i l e  seems t o  be 

p r e f e r a b l e ;  bu t  n o t  t o  an  o v e r r i d i n g  e x t e n t ;  When a s p e c i f i c  f i l e  

can make a s i g n i f i c a n t  c o n t r i b u t i o n  t o  system performance;  then  a 

d i r e c t  f i l e  o r g a n i z a t i o n  may w e l l  be j u s t i f i e d ;  

R I N G  OR HIERARCHICAL FILES 

The s e q u e n t i a l ,  t h e  indexed-sequen t i a l ,  and t h e  d i r e c t  f i l e  

depend on f i x e d  s i z e  r e c o r d s ,  and t h e r e  i s  hence a n  a d d i t i o n a l  space  

p e n a l t y  over  t h e  p i l e  f i l e ;  T h i s  p e n a l t y  was documented f o l l o w i n g  

Table 4-8 and amounted f o r  a l l  primary f i l e s  t o  117,129;000 b y t e s  

v e r s u s  56,955,000 b y t e s ;  It remains  hence d e s i r a b l e  t o  

i n v e s t i g a t e  f i l e  o r g a n i z a t i o n  methods which handle v a r i a b l e  l e n g t h  

d a t a  more e f f i c i e n t l y ;  Prime c a n d i d a t e s  a r e  he re  t h e  indexed f i l e  

o r g a n i z a t i o n  [1:Ch;3;4;31, t h e  r i n g  f i l e  o r g a n i z a t i o n  

[ 1:Ch;3;4;63, and t h e  MUMPS f i l e  s t r u c t u r e  [ I:Ch;4;5;23; 

O f  s p e c i a l  i n t e r e s t  h e r e  a r e  t h e  Family System f i l e s  t h a t  have 

a  n a t u r a l  h i e r a r c h i c a l  s t r u c t u r e ,  as shown by t h e  d a t a  model 

p resen ted  as F i g u r e  3-4; Tab le  4-15 p r e s e n t s  a g a i n  t h e  f a m i l i a r  

pr imary f i l e s ;  now w i t h  t h e  pa ramete r s  which a r e  impor tan t  t o  r i n g  

o r  h i e r a r c h i c a l  f i l e  d e s i g n ;  



Table  4-15 

H i e r a r c h i c a l  Parameters  

F i l e s i z e  Recordsize  Fanout 
F i l e  Filename P a r e n t E n t r y L e v e l  n  Ravg a  y  

The average  n a t u r a l  f a n o u t ,  y ;  a p p e a r s  t o  be ve ry  low; 

Block-Oriented H i e r a r c h i e s :  

I n  some f i l e  implementa t ions  t h e  r i n g s  o r  h i e r a r c h i e s  a r e  

d e f i n e d  by t h e  u s e  o f  b lock  p o i n t e r s  [1:Ch;2;3;31; Each 

s u b s i d i a r y  r i n g  wi l l .  occupy a s i n g l e  b lock  c h a i n  i n  a system which 

does  n o t  a l l o w  s h a r i n g  o f  b l o c k s ;  and a t  l e a s t  one block is 

r e q u i r e d  f o r  eve ry  s u b s i d i a r y  r i n g ;  



A t  t h e  t o p  l e v e l  (x) , B/R has t o  be compared w i t h  n ,  and here  t h e  

r i n g  may r e q u i r e  many b locks ;  The t o t a l  number of  b locks  is  then  

I l e v e l  < x ; and y  > 1 
P P  

I l e v e l  < x , and y  < 1 
P P 

= 833,724 b locks  

Th i s  is  e q u i v a l e n t  t o  1667 i4bytes of  f i l e  s t o r a g e  o r  34 d i s k  u n i t s  

f o r  t h e  pr imary f i l e s  a l o n e ,  s o  it i s  obvious  t h a t  t h e  n a t u r a l  

h i e r a r c h y  w i l l  have t o  be reshaped i f  b locks  cannot  be sha red ;  

A MUMPS Implementat ion o f  t h e  Family System: 

A mCIFlPS sys tem i 1 :Ch;4;5;21 i s  an example o f  s u c h  a  b lock-or ien ted  

h i e r a r c h y ;  While t h e  s t o r a g e  requirements  w i l l  be e x c e s s i v e ,  t h e  

same d a t a  base  s t r u c t u r e  used up t o  t h i s  p o i n t  w i l l  be used t o  

i l l u s t r a t e  t h e  cor resnond ing  s t r u c t u r e  u s i n g  MUWS g l o b a l s ;  

The s t r u c t u r e  of MUMPS a l s o  f o r c e s  t h e  use  of a d i s t i n c t  l e v e l  f o r  

r u l i n g  p a r t s  u n l e s s  d e n e s t i n g  h s  taken p lace ;  The t r a n s f o r m a t i o n  

of  t h e  d a t a  base  model t o  a  MUMPS t r e e  i s  shown i n  Table  4-16; 

The l e v e l  numbers a r e  a s s i g n e d  beginning from t h e  d i r e c t o r y  Leve l ;  

d; Each l e v e l  o f  t h e  MUMPS h i e r a r c h y  is  r e l a t e d  t o  t h e  number o f  

s u b s c r i p t s  i n  t h e  g l o b a l  v a r i a b l e ;  Each g l o b a l  v a r i a b l e  d e f i n e s  

one t r e e  o f  t h e  h i e r a r c h i c a l  d a t a  base  model; 



Table  4-16 

Global  D e f i n i t i o n s  

F i l e  Tuple-Part  MUMPS-Level Global  Name 
:Contents  

- d i r e c t o r y  d 

1 r u l ;  p t  d-1 

dep; p t  d-2 

dep; p t  d-2 

dep; p t  d-2 

l i n k a g e  d-2 

l i n k a g e  d-2 

d e p ; p t  d-3 

dep;pt  d-3 

l i n k a g e  d-3 

300 r u l ;  p t  

dep; p t  

l i n k a g e  

l i n k a g e  

l i n k a g e  

l i n k a g e  

l i n k a g e  

l i n k a g e  

l i n k a ~ e  

l i n k a g e  

? F' 
:name o f  Family f i l e  

? ~ ( f  
: family-number 

l F ( f  3) 
: fami  ad r e s s  

:F(f ; 5 )  
:guarantor l / l  denes ted  

? ~ ( f  ; q )  
:guarantor l / (g-4)  denes ted  

? F ( f  .g.a)+ 
: a t t r i b u t e  a (  t o  15) o f  Guarantor  r e c o r d  

? F ( f  ;a.  16) 
: r e f e r e n c e  t o  P a t i e n t s  

f ~ ( f ; q .  6;m;a) 
:attribute a 1 2 t o  137) o f  P a t i e n t  r e c o r d  

? F ( f  ;.g; 16;m; 138) 
: r e f e r e n c e  t o  E n t i t l e m e n t s  

? F ( f ; g .  16.m;139) 
: r e f e r e n c e  t o  fnsurance  P l a n s  

? F ( f  ; R ,  16-m; 141 1 : r e f e r e n c e  t o  h u g  A l e r g i e s  

! F ( f ; g , 1 6 , s , ? ~ 2 !  
: r e f e r e n c e  t o  Other A l l e r g i e s  

? F ( f  ;g- 16 m ;  143) 
: r e f e r e n c e  t o  Problems 

!F( f  ;g ;  16 ,m;  144) 
: r e f e r e n c e  t o  Medicat ions  

? ~ ( f ; q .  16.m;145) 
: r e f e r e n c e  t o  don-drug Therapy 



F i l e  Tuple-Par t  MUMPS-Level G loba l  Name 
: C o n t e n t s  

- .  

r u l i p t  d-6 

dep;  p t  d-7 

r u l ;  p t  d-6 

dep ;p t  d-7 

l i n k a g e  d-7 

ref ;  t u p l e  d-G 

r e f ;  t u p l e  d-6 

r u l ;  p t  d-6 

d e p ; p t  d-6 

l i n k a g e  d-7 

r u l ;  p t  d-8 

dep;  p t  d-9 

r u l ;  p t  d-6 

dep;  p t  d-7 

! F ( f ; g o 1 6 , r n , 1 3 9 , i , a )  
: a t t r i b u t e  a ( 3  t o  1 2 )  o f  I n s u r a n c e  P l a n s  

? ~ ( f  ; g . l 6 , m . l ~ ~ ~ v . a )  
: a t t r i b u t e  a 3  t o  o f  V i s i t  

? ~ ( f ; g , 1 6 , m , 1 4 0 , ~ , 6 2 )  
: r e f e r e n c e  t o  Problems Seen  

? F ( f  ,g.16;m,141 , d )  
:Drug A l l e r g y  d  

? ~ ( f ; g . l 6 ; m , 1 4 2 , 0 )  
:O the r  A l l e r g y  o 

4 IF ( f ;g ,16 ,m.14  , p ; a )  
: a t t r i b u t e  a ( 3  t o  7  3 of Problem 

? F ( f  . a , 16  , m ; 1 4 3 ; p ; 8 , a c t )  
:Act ion  a c t  

:F(f ' ;g.  m 14 p . 8  a c t  a)  
:attribute a!% ' t 6  l d j  6 f " ~ c t i o n  

? ~ ( f ; a , l 6  m,144,med) 
:Medica t ion  med 

? F ( f  , g ; l 6 ; m ; l 4 4  ,med;a)  
: a t t r i b u t e  a ( 3  t o  13)  of  Med ica t ion  

? ~ ( f  , a , l 6 ; m , l 4 5 , n d )  
:Non-drug Therapy nd 



File Tuple-Part MUMPS-Level Global Name 
:Contents 

11;l rul; pt d-b "(f g,16,m,140,v,62.ps) 
:~robiern Seen ps 

dep; pt d-.9 :~(f ,g,16,m,140,~;62;ps,a) 
:attribute a(4 to 10) of Problems Seen 

linkage d-9 :~(f ;g.l6 m,140,v.62.ps,l 1 )  
:reference to Services Rendered 

linkage d-9 ~~(f;~,16;m;140.~,62,ps,12) 
:reference to Tests Ordered 

linkase d-9 ?F(f;,g 16 m,140,v;62,ps;13) 
:reference to Problem Notes 

11;l ;I ru1;pt d-10 ? F ( f  .g,16;m;140,~;62,ps,ll ,sr) 
:Service Rendered sr 

dep;pt d-11 ?F(f,g,16,m.I40;v 62.ps,il ,sr,a) 
:attribute a(5 to 8) OF servlce Rendered 

I 2 ru1;pt d-10 ~F(f,g,16,m,140,~,62,ps,l2,to) 
:Test Ordered to 

dep;pt d-11 :~(f;g,16;m;140 v;62;ps,12;to,a) 
:attribute a(5 to I I of Test Ordered 

tuple 

- directory d ?A 
:name of Appointment file 

12 rul; pt d-1 :A(dt) 
:appointment date and time 

linkaqe d-2 :A(dt ,of') 
:Office of 

linkage d-3 :A(dt ,of ,8) 
:reference to Patients per Slot 

rul; pt d-4 fA(dt.of.8 ,pt) 
:Patient per slot 

dep;pt d-5 f~(dt,of 8,pt,a 
:attributes at4 to 7 1 of Patient 



F i l e  T u p l e - P a r t  MUPSPS-Level G l o b a l  Name 
: C o n t e n t s  

- d i r e c t o r y  d  : D 
:name o f  Day S h e e t  f i l e  

r u l ;  p t  d-I :D(of 1 
:Office o f  

dep;  p t  d-2 fD(of  , a >  
: a t t r i b u t e s  a ( 2  t o  6 )  o f  Office 

l i n k a g e  d-2 t D ( o f . 7 )  
: r e f e r e n c e  t o  p a t i e n t s  p e r  O f f i c e  

13 ; l  t u p l e  d-3 ?D(of , 7 , p t )  
: P a t i e n t s  p e r  O f f i c e  



The t r e e  i s  now up t o  11 l e v e l s  deep; The b l o c k s i z e  o f  MUMPS 

sys tems i s  l e s s  t h a n  t h e  b l o c k s i z e  assumed uu t o  t h i s  p o i n t ,  

t y p i c a l l y  512 o r  768 b y t e s ;  But even t h e s e  small b locks  w i l l  be 

r a r e l y  w e l l  u t i l i z e d  i f  t h e  o r i g i n a l  d a t a  base  model i s  used; 

F i g u r e  4-1 i l l u s t r a t e s  t h e  l a y o u t  f o r  p a r t  o f  t h e  pr imary 

h i e r a r c h y ;  

I n  a  f i l e  s t r u c t u r e  w i t h  l i n k a g e s  t h e  space  f o r  t h e  l i n k a g e  

p o i n t e r s  has  t o  be accounted f o r ;  The l i n k a g e  p o i n t e r s  r e f e r  t o  

s u b s i d i 3 . r ~  s e ~ m e n t s  and t h e  number of p o i n t e r s  a t  a  l e v e l  can  

hence be ob ta ined  a s  

a ;  p t r  2 
l e v e l  ' level-  I 

I n  o r d e r  t o  l o c a t e  t h e  i n d i v i d u a l  f i e l d s  o f  t h e  q l o b a l s ,  PIUMPS 

u s e s  a two-byte i d e n t i f i c a t i o n ;  Where t h e  r u l i n g  p a r t  o f  t h e  

t u p l e  c o n t a i n s  o n l y  an  i d e n t i f i c a t i o n  f i e l d ,  no d i s t i n c t  v a l u e  

f i e l d  w i l l  be r e q u i r e d ;  The two requ i rements  a r e  combined i n  

Table  4-17 i n  t h e  column pid  where 

H = 2a + 2a 
p id  p t r  f  l d  



, 

{I family numbers 

[ f l  p I f 2  I f3  9 (\jk ?Ifj p If 
\ \ \ 

./ . .  
. (, f.amily data 

[ 2 family-name 1 3 family-address I j\ 15 ,$I guarantor-1 16 ? guarantor-2 I \  
, 

- - - -- - - -_____ -- 
guarantor data 

4 contractgeriod / 5 -7\m\ ml 

k .  / patient history 

. -- / 

family menbers 

.- - - 

visit data 

problem data 

4 class 5 action-code 

1 p family-member-name 

MUMPS Family System. 

Figure 4-1 

2 9 family - member-name2 
I \ 



The segment l e n g t h  i s  then 

R = R  + R 
s e g  avg p i d  

The keys  o r  r u l i n g  p a r t s  o f  a f i l e  appear  i n  sequence,  s o  t h a t  a 

s e a r c h  can  be made t o  l o c a t e  t h e  r e f e r e n c e  t o  t h e  dependent p a r t  

d a t a ;  M u l t i p l e  f i e l d s  o f  e a c h  dependent p a r t  a r e  a l s o  kep t  i n  

sequence,  e a c h  f i e l d  w i t h  i t s  d i s t i n c t  i d e n t i f i c a t i o n ;  A s  many 

b locks  a r e  chained t o g e t h e r  a s  a r e  r e q u i r e d ,  bu t  a t  l e a s t  one 

b lock  is needed f o r  e a c h  sequence; The number of  b locks  r e q u i r e d  

i s  t.ikr. 

b locks  p e r  segment b s = r ~  / ~ l  
s e g  

t o t a l  b l o c k s  b  = n b s  

The v a l u e s  i n  t h e  Table  4-17 a r e  e v a l u a t e d  f o r  B = 500; 

One o f  t h e  g o a l s  o f  t h e  v a i r a b l e - l e n g t h  segment a r c h i t e c t u r e ,  

b e t t e r  u t i l i z a t i o n  o f  d i s k  space  i s  hence no t  achieved by a  d i r e c t  

implementa t ion of  t h e  d a t a  base  model; The low d e n s i t y  i s  

evidenced by t h e  f a c t  t h a t  R << B f o r  most o f  t h e  segments shown 
seF1; 

i n  Table  4- 17; 

The v a l u e  of R f o r  t h e  MUblPS f i l e  o r g a n i z a t i o n  d i d  n o t  a f f e c t  
p i d  

t h e  a c t u a l  t o t a l  f i l e  s i z e  s i g n i f i c a n t l y ;  The i n c r e a s e  of  segment 

s i z e ,  a s  t h e  f i l e  is  now c o n s t i t u t e d ,  w i t h  a  very  low average 

b lock  d e n s i t y  w i l l  c ause  on ly  ve ry  f e w  b locks  t o  overflow; The 

v a l u e s  o f  t h e  s u b s c r i p t  f i e l d s  used t o  d e s c r i b e  t h e  e n t r i e s  a l s o  

r e p l a c e s  some o f  t h e  coded d a t a  f i e l d s  now used t o  i d e n t i f y  

r e c o r d s  and r e l a t i o n s h i p s ;  



Tab le  4-17 

MUMPS S t o r a g e  Requ i r emen t s  

a  R 
F i l e ,  p a r t  n  ------------------- ----------------- b l o c k s  

p t r s  v a l u e s  f i e l d s  a v g  p i d  seq ;  
. . 

d i r e c t o r y  d  

1  Fam; 
r u l ;  p t  d-1 
l i n k a g e  d-2 

300 P a t ;  
r u l ;  t d-4 
dep;Elk;  d-5 

3;1 En t ;  
r u1 ;p t ;  d-6 
d e p ; p t ;  d-7 

3;2 I n s ;  
r u 1 ; p t ;  d-6 
d e p ; p t ;  d-7 

400 V i s ;  
r u l ;  t; d-6 
dep ;g lk ;  d-7 

0 t h ; A l g -  
r e f ;  t u p l e  d-6 6000 0  1  1  8 6  2  88 6000 

5;1 P robs ;  

g;ip&; $I$ 
5 ;  Ac t ;  

r u 1 ; p t ;  d-8 
dep;p t ;  d-9 

800 Meds 
r u l ;  p t  d-6 
d e p ; p t ;  d-7 

11 ; l  Pr;S; 
r u l -  t -  d-b 
d e p i p l k ;  d-9 

11;1;1 SvcRd 
r u 1 ; p t ;  d-10 
d e  ; p t ;  d-11 
ru? ;p t :  d-10 

11;1;2 1 s t  Ord; 
dep ;p t ;  d-11 

11;1;? PrNt 
t u p l e  d-10 



a R 
F i l e ,  p a r t  n  ------------------- ----------------- b l o c k s  

p t r s  v a l u e s  f i e l d s  avg p i d  seq ;  
- .  . - .  

d i r e c t o r y  d  1  1  0  1 0  4  4 same 

12 Appt; 
ru1;pt ;  d-I 1 1080 0  4360 4360 5 
l i n k a  e d-2 1080 4 0  
den;p&; d-3 43bO 1  5 12 12 $$ 11590" 16 

d i r e c t o r y  d  1 1  0  1 0 4  4  same 

13 Day S; 
ru1 ;p t ;  d-1 1  6 0 6 0  12 12 1  
dep;&lk;  d-2 6  I  5 6  13 14 2  '7 6  

T o t a l  2 ,345,939 

23;5 d i s k  u n i t s  o f  50 Mbytes 



The h i e r a r c h i c a l  s t r u c t u r e  a l s o  makes t h e  h igh  o r d e r  a t t r i b u t e s  

low l e v e l  r u l i n g  p a r t s  unnecessa ry ,  s i n c e  t h e s e  connec t ions  a r e  

e x p l i c i t l y  expressed  by p o i n t e r s ;  Omi t t ing  t h e s e  a t t r i b u t e s ,  

however, has an u n d e s i r a b l e  e f f e c t  on s t r u c t u r a l  i n t e g r i t y ,  s i n c e  

now t h e  l i n k a g e s  become e s s e n t i a l  [1:Ch;13;3;2]; If t h e  h ie ra rchy  

i s  t ransformed t o  p rov ide  a h igher  s t o r a g e  d e n s i t y ,  then  t h e  space  

t a k e n  by d e s c r i p t o r s  and p o i n t e r s  w i l l  have t o  be recons ide red ;  

The a c c e s s  speed i n  MUMPS sys tem is mainly a f u n c t i o n  of  t h e  

number of  l e v e l s ;  Given f u l l  compute and f i l e  a c c e s s i n g  o v e r l a p ,  

and a n  op t imal  r ecord  placement ( p o s s i b l e  when t h e  f i l e s  a r e  n o t  

d e n s e l y  u t i l i z e d ) ,  t h e  a c c e s s  speed can be  as f a s t  a s  

T u s  + r + r1/2 b s l  ( B + w ) / ~ '  f o r  t h e  top l e v e l  
Fd 

and 

T = T + r1/2 bsl ( B + w ) / ~ '  f o r  l e v e l  i = d t o  bottom-1 
Fi-1 F i  

Note t h a t  t h e  u s e  of  t' is  a p p r o p r i a t e  s i n c e  t h e  s e a r c h  sequence 

e x t e n d s  con t iguous ly  over  b lock boundar ies ;  

Table  4-18 

Leve l s  i n  a MUMPS F i l e  

Tree  Level  Dependent P a r t s  b s  T 
F 



The l a r g e  f i l e  space  used i n  t h i s  d e s i g n  p r o v i d e s  f a s t  a c c e s s ;  

A r e c o n s t i t u t i o n  of  t h e  d a t a  base  model i n  o r d e r  t o  reduce t h e  

e x c e s s i v e  s t o r a g e  requ i rements  w i l l  i n c r e a s e  t h e  expected f e t c h  

t imes;  An op t imal  d e s i g n  from t h e  performance p o i n t  o f  view may 

ach ieve  a n  a c c e p t a b l e  ba lance  o f  a c c e s s  speed and f i l e s p a c e ;  t h e  

d a t a  base  model w i l l  t h e n  be q u i t e  d i f f e r e n t  and should  be 

re -eva lua ted  t o  a s s u r e  t h a t  i t  s a t i s f i e s  t h e  needs o f  t h e  

a p p l i c a t i o n s  which l e d  t o  i t s  c o n s t r u c t i o n ;  

Record-Oriented H i e r a r c h i e s :  

I n  a r i n g  s t r u c t u r e s  f i l e  which a l l o w s  m u l t i p l e  r ecord  t y p e s  

p e r  b lock;  t h e  s t o r a g e  can be used ve ry  e f f i c i e n t l y ;  Only space  f o r  

p o i n t e r s ,  r e c o r d  d e s c r i p t o r s ,  and record  s e p a r a t o r s  i s  needed,  and 

as po in ted  o u t  e a r l i e r ,  t h e  p o i n t e r s  can r e p l a c e  some redundant  

r u l i n g  p a r t  a t t r i b u t e s  i f  e s s e n t i a l  l i n k s  a r e  ~ e r m i s s i b l e ;  The 

s t o r a g e  requirement  w i l l  t hen  be ve ry  similar t o  t h a t  o f  t h e  p i l e  

f i l e  (Tab le  4-2); 

The a c c e s s  problem t o  t h e  t o p  l e v e l  ( x )  Is solved i n  

r ing-s t ruc tu r l ed  f i l e  system g e n e r a l l y  by t h e  use  o f  d i r e c t  a c c e s s ;  

The r e s u l t s  from Table  4-14 a r e  k n c e  u s a b l e  f o r  f i l e s  1 ,  12, 13; 

S u b s i d i a r y  r i n g s  a r e  accessed  by f o l l o w i n g  i n d i v i d u a l  p o i n t e r s ;  

S i n c e  t h e  r i n g s  a r e  s h o r t  ( y  is  s m a l l ) ,  t h e  f e t c h  t ime  between 



r i n g s  ( i + l ;  i) has  t o  be t a k e n  p r e c i s e l y  

and 
l e v e l  

T = T  + TFi f o r  a f i l e  a t  l e v e l = l e v e l  
F  Fx 

i=x-1 

S i m i l a r l y ,  t o  r e a d  t h e  e n t i r e  f i l e  a l l  r i n g s  on a  g i v e n  l e v e l  and 

t h e i r  a n c e s t o r s  have t o  be accessed;  

On l e v e l  i t h e  r e q u i x d  time i s  

s o  t h a t  

l e v e l  

f o r  a  f i l e  a t  l e v e l = l e v e l  

The r i n g s t r u c t u r e  r e q u i r e d  by t h e  Family System s p e c i f i c a t i o n  i s  

simply h i e r a r c h i c a l  r a t h e r  t h a n  of  network type; Adding r e c o r d s  

i n  t h i s  s t r u c t u r e  i s  a  s imple  c a s e  of  t h e  c a s e  p r e s e n t e d  i n  

[ 1  :Ch;3;6;3!, s i n c e  

a = I  ; a n d  a = 0 
l i n k  unordered 



Then 

With t h e s e  e s t i m a t e s  t h e  performance o f  a  r i n g - s t r u c t u r e d  f i l e  

o r g a n i z a t i o n  can  be presented;:  

Tab le  4-19 

Ring S t r u c t u r e  Performance 

F i l e  Access 

d i r e c t  
v i a  1  

d i r e c t  - 
v i a  12 
d i r e c t  
v i a  1 3 ~ 1  

5;1 0% from Table  4-12 
19?2;7135 
4 64- 072 
6a9 1  8457 

n a  
;1722+ from Table  4-11 

339;7305 
-10 2~ from Table  4-11 

10 ~ 7 9 8 3  

3 Direct f i l e s  a r e  t aken  w i t h  m/n = 1;05; 

The t o t a l  o p e r a t i o n  o f  t h e  r i n g - s t r u c t u r e d  f i l e  r e q u i r e s  then  

= 20044;Ci sec /day = 5;57 hours /day = 5 hrs; 34 min; 



T h i s  is  a g a i n  n o t  an  adequa te  l e v e l  of  performance; -1 l a r g e  

f r a c t i o n  of t h e  t i m e  ( 2  hrs; 2 3  min) is  r e q u i r e d  f o r  t h e  Reads o f  

E n t i r e  f i l e s ;  While a c a r e f u l  maintenance o f  l o c a l i t y  could  

reduce t h i s  t ime  [1:Fig;3-361, t h e  f a c t  t h a t  a s i n g l e  s c a n  of a  

f i l e  w i l l  o f t e n  r e q u i r e  more t h a n  a n  hour can s e r i o u s l y  i n h i b i t  

t h e  u t i l i t y  of t h e  f i l e  t o  s e r v e  s c i e n t i f i c  u s e  of  t h e  d a t a  base  

a t  t h e  Family C l i n i c ;  

Other  o p e r a t i o n s  can be reduced by t h e  u s e  o f  a d d i t i o n a l  e n t r y  

p o i n t  and a u x i l i a r y  f i l e s ;  bu t  t h e  r e s u l t i n g  complexi ty  can nega te  

t h e  b e n e f i t s  o b t a i n e d ;  

OTHER FILES 

The above e v a l u a t i o n s  have concen t ra ted  on t h e  pr imary f i l e s ;  

For t h e s e  t h e  d i r e c t  f i l e  and indexed-sequen t i a l  f i l e  o r g a n i z a t i o n  

methods p rov ide  t h e  b e s t  performance f o r  t h e  expected usage 

p a t t e r n ;  The g e n e r a l  e v a l u a t i o n s  made above can be f u r t h e r  

r e f i n e d ;  Some examples o f  f i l e  s p e c i f i c  d e s i g n s  can be g iven  

u s i n g  f i l e s  n o t  y e t  covered by t h e  d e s i g n  p r o c e s s  p resen ted ;  

Lexicons and Referenced E n t i t y  f i l e s  have t h e  f o l l o w i n g  usage 

c h a r a c t e r i s t i c s  

- Frequent  f e t c h  a c c e s s  

- Occas iona l  update  a c c e s s  

- No s e q u e n t i a l  a c c e s s  

I n s p e c t i o n  of  t h e  c h a r a c t e r i s t i c s  of f i l e  o r g a n i z a t i o n  methods 

shows t h a t  d i r e c t  f i l e s  match t h e s e  requirement  p e r f e c t l y ,  s o  t h a t  

t h e  o r g a n i z a t i o n  c h o i c e  is  s i m p l i f i e d ;  



The l a r g e s t  l e x i c o n  i n  t h e  Family System i s  t h e  P a t i e n t  Name 

Index ( 1 9 ) ;  Th i s  f i l e  w i l l  be used a s  an example. 

D e t a i l e d  Design of  a D i r e c t  F i l e :  

The parameters  which c o n t r o l  t h e  d e s i p n  o f  a d i r e c t  f i l e  a r e  

[1:Ch;3;51; 

t h e  number of  r e c o r d s ,  n  

t h e  average r e c o r d s i z e ,  R 

t h e  space  a v a i l a b l e  f o r  r e c o r d s ;  mR 

t h e  s i z e  o f  t h e  bucke t s ,  B 

The known parameters  have t h e  v a l u e s  

The r e q u e s t  r a t e  f o r  t h e  P a t i e n t  Name Index  is found from 

Tab le  4-6 as L =700; From [ 1  :Ch;3;4;31 i t  can be seen t h a t  t h e  
R 

~ i m e  r e q u i r e d  p e r  a c c e s s  i s  

1 n  
T = ( I + - -  ) ( s + r + B / t )  f o r  B = R 

F 2 m-n 

o r  T = ( l + p ) ( s + r + 9 / t )  w i t h  p  = t 'unct(m/n, B/R) 
F 

The e q u i v a l e n t  c o s t  is: T L c o s t  
R R system 

The d i s k  s t o r a g e  is: m (R+W) c o s t  where W = G R/B [1:Ch;2;2;4] 
d i s k  

The c o r e  s t o r a g e  c o s t  f o r  l a r g e  b locks  is: 

T L (B-R) c o s t  
F R c o r e  



T a b l e s  4-18a;b;c,d show t h e s e  c o s t s  f o r  a number o f  v a l u e s  o f  

B/R and m/n and t y p i c a l  val.ues o f  s (;035 s e c ) ,  r (;017 s e c ) ,  and a 

h i g h  speed  d i s k  t ( 6 2 0 0 0 0 / s e c ) ;  

c o s t  = $0;20/min 
system 

c o s t  = $300/Mbyte y e a r  
d i s k  

c o s t  = $200000/Mbyte y e a r  
c o r e  

G = 193 b y t e s  

c = 1 second 

Table  4-18a 

F e t c h  Cost  

Table  4-18b 

S t o r a g e  Cost  



Table 4-18c 

Inc rementa l  Core Memory 

c o s t / d a y  = ( l+ ( s+r+B/ t )*p)  (B-R)  700*;000667/8/60/60 

n /n  

B/R B-H . . 1 1;05 1;l 1 ;25 1;5 1 ;75 2 - .  - -  

1 
5 19 g $ ; % I  $ ;go4 $ ;go3 ' G - -  

10 441 
... 

;29 1 : O O g  ;008 - - -  
20 931 ; 32 1 ;01 ; 0 16 

. . a  - - - . . . c o n s t a n t  

158 Z tg l  i iDk ,081 
.. - - 
..$ .o 3 - -  .. . 

150 7301 ;497 ; I26 ; I26 - - -  
200 9751 

. . . 
.'.GI .I69 ; 109 ,- . . ... 

Table  4-18d 

T o t a l  Cost/Day 

T o t a l  c o s t  = f e t c h  c o s t  + s t o r a g e  c o s t  + i n c r e m e n t a l  c o r e  c o s t  



It can be s e e n  from t h e  t a b l e s  t h a t  

a )  The f e t c h  c o s t  d e c r e a s e s  w i t h  i n c r e a s i n g  m/n and i n c r e a s e s  

s l i g h t l y  w i t h  i n c r e a s i n g  b l o c k s i z e ;  When m/n > 1;1 and 

B/R > 10 t h e  e f f e c t s  become minimal; 

b )  The s t o r a g e  c o s t  is  s i g n i f i c a n t ;  The minimum is  reached a t  

h i g h  B/R and low m/n; The e f f e c t  o f  i n c r e a s i n g  b l o c k s i z e  

d i m i n i s h e s  a s  B/R > 50; 

c )  The c o r e  memory c o s t  f o r  t h e  s m a l l  amount o f  t ime t h a t  t h e  

b u f f e r  is  a c t i v e  i s  low; It is  minimally a f f e c t e d  by 

i n c r e a s e d  m/n f o r  m/n >= 1;05; 

d )  If s lower  d e v i c e s  a r e  used,  t h e n  t h e  l o s s  i n  a c c e s s  speed 

can o n l y  be s l i g h t l y  compensated by i n c r e a s e d  s t o r a g e  s i n c e  

t h e  s e l e c t e d  optimum i s  a l r e a d y  c l o s e  t o  t h e  minimum 

(Tab le  4-18a),  and a d i f f e r e n t  b locking f a c t o r  has  no e f f e c t ;  

The minimum t o t a l  c o s t  i s  found a t  

B/R = 100 o r  b l o c k s i z e  b  = 4900 b y t e s  

m/n = 1;05 o r  s t o r a g e  = 30000 * 1;05 * 49 = 1;54 Mbytes 

T h i s  i s  a  f a i r l y  large b l o c k s i z e ,  and i t  may be d e s i r a b l e  t o  u s e  a  

s m a l l e r  b l o c k s i z e  i n  o r d e r  t o  s i m p l i f y  memory management; The 

c o s t  o f  a s m a l l e r  b l o c k s i z e ,  a s  shown i n  t h e  column f o r  m/n = 1;05 

i n  Tab le  4-18d does  n o t  i n c r e a s e  r a p i d l y  u n t i l  B/R < 10 o r  B  < 490 

c h a r a c t e r s ;  

These r e s u l t s  can  be e x t r a p o l a t e d  e a s i l y  t o  t h e  o t h e r  d i r e c t  

f i l e s ;  The usage  o f  t h e  Terms f i l e  (900) is  ve ry  high; The 



optimum f o r  this f i l e  i s  expec ted  t o  occur  a t  a  s i m i l a r  p o i n t ,  

s i n c e  a s  noted i n  pa ragraph  ( d )  above t h e  f e t c h  minimum i s  c l o s e  

t o  t h e  optimum found; 

A t  t h e  optimum (m/n=1;05), t h e  overf low p r o b a b i l i t y  p= 0;06 

[F igure  2-31 n e r  r e q u e s t  l e a d s  t o  

The cor respond ing  update  t ime  i s  

I f  t h e s e  v a l u e s  a p p l y  t o  a l l  Lexicons  and Referenced E n t i t y  f i l e s ,  

then  t h e  d a i l y  t imes  w i l l  be 

Tday = 1532 sec ;  ; Tday = 128 sec ;  
F I 

F i l e s  19,  20,  and 21 have t o  b e  r e a d  i n  t h e i r  e n t i r e t y  once d a i l y ;  

Given t h e i r  b a s i c  s i z e s  from Tab le  4-3, m/n=1;05 and 

t '=220000/sec; ,  this w i l l  r e q u i r e  

( 1470000+6000C+50000) m/n 
Tday = = 8 seconds; 

X I. ' 

s o  t h a t  i f  t h e s e  f i l e s  a r e  o p t i m a l l y  conf igured  r e q u i r e  

Tday = Tday + Tday + Tday = 1668 sec;  o r  28 min; d a i l y  
F I X 

is  used t o  a c c e s s  a l l  Lexicons and Referenced E n t i t y  f i l e s ;  



SERVICE FILES 

The demand on most o f  t h e  s e r v i c e  f ' i l e s  i s  modest; The g r e a t e s t  

demand documented i n  Table  4-6 i s  on t h e  T r a n s a c t i o n  Log; I f  a 

s e p a r a t e  channel  i s  a v a i l a b l e ;  then  i t s  a c t i v i t y  can be  l a r g e l y  

over lapped  [1:Ch;5;4]; Otherwise t h e  pa ramete r s  f o r  s e q u e n t i a l  

w r i t i n g  w i l l  apply;  A h igh  s e c u r i t y  T r a n s a c t i o n  Log may n o t  

b u f f e r  outnut;  Then e v e r y  t r a n s a c t i o n  r e q u i r e s  ( s+r+R/ t ) ;  

The aggrega te  d a i l y  l o a d  i s  then  

Tday = 850(s+r+28/t)+4450(s+r+ll/t) = 276 s e c ;  = 4  min; 36 sec;  

SUMMARY 

S e v e r a l  f i l e  methods were i n v e s t i g a t e d  as t o  t h e i r  a p p l i c a b i l i t y  

f o r  t h e  pr imary f i les ;  While f o r  p a r t i c u l a r  f i l e s  t h e  p i l e  f i l e  

d e s i g n  i s  adequa te ;  f o r  t h e  more i m p o r t a n t  f i l e s  t h e  

indexed-sequen t i a l  and d i r e c t  f i l e s  a r e  b o t h  b e t t e r  and adequate ;  

The indexed-sequen t i a l  o r g a n i z a t i o n  i s  more f l e x i b l e  and g e n e r a l l y  

a p p l i c a b l e ;  

R ing-s t ruc tu red  f i l e s  can save s t o r a g e  space  b u t  do n o t  have 

adequa te  performance; Hie ra . rch ica1  f i l e s ;  as implemented i n  

MUMPS, have ex t remely  l a r g e  s t o r a g e  requirements ;  These could be  

overcome by r e s t r u c t u r i n g  o f  t h e  h ie ra rchy ;  T h i s  would mean 

r e t u r n i n g  t o  t h e  t r a n s f o r m a t i o n s  o f  t h e  d a t a  base  model d e s c r i b e d  

i n  Chapter  3 o f  t h i s  t h e s i s  and has n o t  been done; The v a l u e s  

which were o b t a i n e d  have always assumed average  c o n d i t i o n s ;  The 

margins  have been k e p t  s u f f i c i e n t l y  l a r g e  s o  t h a t  t h e  combined 

e f f e c t  o f  a  very  busy day; and an even b u s i e r  p e r i o d  d u r i n g  such  a 

day can be managed; 



The t o t a l  ave rage  t ime  r e q u i r e d  t o  p rov ide  t h e  d a t a  base  

a c t i v i t i e s  o f  t h e  Family System i s  

Primary F i l e s  UT 29 min; 

Lexicons IS 28 min; 

S e r v i c e  F i l e s  4 min; 36 sec: 

T h i s  p rov ides  adequa te  c a p a c i t y  f o r  p e r i o d s  of h igh  u t i l i z a t i o n  

and computat ional  r equ i rements ;  s o  t h a t  o v e r l a p  o f  computation 

w i t h  f i l e  a c t i v i t y  i s  n o t  necessa ry ;  



CHAPTER 5 

CONCLUSION 

The p receed ing  two c h a p t e r s  have demonstrated how t h e  semant ic  

and q u a n t i t a t i v e  des ign  methods developed i n  Appendix 1 o f  t h i s  

t h e s i s  p rov ide  a s t r a i g h t f o r w a r d  and r a t i o n a l  methodology i n  f i l e  

des ign;  Only a few o f  t h e  immense number o f  f i l e  d e s i g n  c h o i c e s  

were i n v e s t i g a t e d ;  but  t h e  cho ice  o f  t h e  b a s i c  methods i s  such  

t h a t  t h e  t r e e  of  p o s s i b l e  d e s i g n s  can be r a p i d l y  pruned; While 

Lhe d e s i g n  can undergo f u r t h e r  ref'inernent s t a g e s .  i t  i s  now 

p o s s i b l e  f o r  a n  implementor t o  e v a l u a t e  t h e  q u a n t i t a t i v e  e f f e c t  o f  

changes i n  t h e  l o g i c a l  d a t a  model, o f  new d a t a  models, and o f  

changes i n  t h e  l o a d  ~ a r a m e t e r s ;  

It has been shown t h a t  t h e  c h o i c e  of  d e s i a n  perameters  d o e s  

have i m p o r t a n t  consequences on t h e  f e a s i b i l i t y  of t h e  system 

s t u d i e d ,  and t h a t  t h e  wrong c h o i c e s  can c r i p p l e  t h e  r e s u l t i n g  

system; The f requency o f  execu t ion  o f  p r i m i t i v e  o p e r a t i o n s  i n  t h e  

Family System is s u c h  t h a t  t h e  e f f e c t  o f  a u n i t  f e t c h  execu t ion  

t ime o f  1;O second v e r s u s  ;2 seconds i s  impor tan t ,  a l t h o u g h  e i t h e r  

r e t r i e v a l  speed w i l l  be c a l l e d  " n e a r l y  ins tan taneous"  when viewed 

independent ly ;  

S e v e r a l  s imple  f i l e  c h o i c e s  can s a t i s f y  t h e  requirements  of t h e  

Family System; T h i s  cho ice  can be e x p l o i t e d  t o  i n c r e a s e  t h e  

hardware system vendor a l t e r n a t i v e s  o r  s i m p l i f y  implementation;  

It is  a l s o  shown t h a t  t h e  margins o f  performance a r e  adequate  s o  

t h a t  complex o p e r a t i n g  sys tems t e c h n i q u e s  a r e  no t  r e q u i r e d  t o  

e x t r a c t  t h e  maximum of hardware c a p a b i l i t y ;  This i s  a c a s e  where 

c r i t e r i a  a r e  o n l y  t o  be s a t i s f i e d  r a t h e r  t h a n  opt imized;  



A change i n  s p e c i f i c a t i o n s ;  be they  s t o r a g e  d e v i c e  pa ramete r s ,  

d a t a  volume; o r  a c c e s s  f requency r e q u i r e  r e c a l c u a t i o n  o f  t h e s e  

t a b l e s  t o  a s s u r e  cont inued s a t i s f y i n g  o f  t h e  o b j e c t i v e s ;  While 

t h i s  i n v o l v e s  a computa t iona l  e f f o r t ,  i t  a v o i d s  t h e  g u e s i n g  games 

o r  d i sappo in tments  common when system s p e c i f i c a t i o n s  change; If 

t h e  computat ion i s  automated,  then a s e n s i t i v i t y  a n a l y s i s  i s  

p o s s i b l e  t h r o u g h  a method ica l  v a r i a t i o n  of  t h e  parameters ;  

The o b j e c t i v e ,  s t a t e d  i n  Chapter 2 o f  t h i s  t h e s i s ,  t o  t r ans fo rm 

t h e  d e s i g n  o f  d a t a  base  sys tems from a procedure based on 

e x p e r i e n c e  t o  a procedure  u s i n g  a formal q u a n t i f i c a t i o n  o f  

performance has  hence been accomplished; The d a t a  and s e r v i c e s  

s p e c i f i e d  f o r  an  automated ambulatory medical  r ecord  sys tem;  t h e  

Family System; have been t ransformed t o  measures which provided 

c o m p a r a b i l i t y  of  data base  d e s i g n  cho ices ;  The degree  t o  which 

any g iven  s t o r a g e  system w i l l  be u t i l i z e d  is a f i n a l  s i n g l e  

measure o f  d e s i g n  adequacy; 

Adherence t o  t h e  d e s i g n  p rocess  desc r ibed  here  c a n n o t  g u a r a n t e e  

s u c c e s s  o f  t h e  system t o  be implemented, but  can remove some o f  

t h e  r e a s o n s  f o r  f a i l u r e ;  There remain; of  course ;  many f u r t h e r  

i s s u e s  f o r  which no s a t i s f a c t o r y  answers have y e t  been provided;  

UNRESOLVED ISSUES 

The Design P r o c e s s :  

A s  e l a b o r a t e d  i n  [I:Ch;5;0] t h e  des ign p rocess  p r e s e n t e d  f o l l o w s  

t h e  t r a d i t i o n a l  e n g i n e e r i n g  :?ethod: one o r  more d e s i g n  c h o i c e s  

a r e  proposed and t h e  one which f u l l f i l l s  t h e  requ i rements  b e s t  i s  



chosen ;  By programming t h e  per formance  f o r m u l a s  deve loped  above ,  

i t  becomes p o s s i b l e  t o  i n v e s t i g a t e  v e r y  many a l t e r n a t i v e s  and 

a r r i v e  a t  a n  optimum; A l l  a l t e r n a t i v e  d e s i g n s ,  however, have t o  

be s p e c i f i e d ;  There  i s  no  g e n e r a t o r ;  c o r r e s p o n d i n e  t o  h y p o t h e s i s  

g e n e r a t o r s  i n  some A r t i f i c i a l  I n t e l l i g e n c e  s y s t e m ,  wh ich  p r o v i d e s  

a u t o m a t i c a l l y  a l l  p o s s i b l e  c o m b i n a t i o n s  s o  t h a t  one  c o u l d  be s u r e  

t h a t  t h e  v e r y  b e s t  d e s i g n  has  n o t  been i g n o r e d ;  Because  of t h i s  

d e f i c i t  t h e  p r o c e s s  r ema ins  p h i l o s o p h i c a l l y  u n s a t i s f y i n g ;  W i l l  i t  

e v e r  be p o s s i b l e  t o  beg in  w i t h  t h e  r e q u i r e m e n t s ,  p roceed  t h r o u g h  a 

l o q i c a i  s equence  o f  s t e p s ;  and o b t a i n  t h e  d e s i r e d  d e s i g n  as 

o u t p u t ?  

Man-Mac h i n e  I n t e r f a c e s :  

The p r o d u c t i v i t y  and s o c i a l  v a l u e  o f  a sys t em i s  g r e a t l y  

i n f l u e n c e d  by t h e  manner i n  which i t  i s  viewed by i ts immedia te  

u s e r s ;  The l a c k  o f  q u a n t i t a t i v e  measu re s  o f  t h e  v a r i o u s  f a c t o r s  

which  make a sys t em i n t e r f a c e  p l e a s a n t  c a u s e s  t h i s  a s p e c t  o f  

sys t em d e s i g n  t o  be n e g l e c t e d  when q u a n t i t a t i v e  methods  a r e  

s t r e s s e d ;  I n  i n f o r m a t i o n  s y s t e m s  [1:Ch;5;0] u sage  and hence t h e  

sys t em l o a d  i t s e l f  is c o n t r o l l e d  by t h e  q u a l i t y  o f  t h e  i n t e r f a ' c e  

s o  t h a t  even  t h e  i n t e r n a l  sy s t em d e s i g n  model  i s  i n c o m p l e t e  u n l e s s  

t h i s  area can  be q u a n t i z e d ;  

Measures  o f  I n f o r m a t i o n  P r o d u c t i v i t y :  

While  i n f o r m a t i o n  t h e o r y  p r o v i d e s  r e s u l t s  i n  r e g a r d  t o  t h e  

a b s o l u t e  i n f o r m a t i o n  c o n t e n t  of r e t r i e v e d  d a t a  [ I :Ch;5 ;51 ,  t h e  

t h e o r y  d o e s  n o t  p r o v i d e  a d e q u a t e  measures  t o  e v a l u a t e  t h e  v a l u e  o f  

t h e  r e t r i e v e d  d a t a  t o  t h e  u s e r ;  The v a l u e  o f  d a t a  t o  a u s e r  



s h o u l d  b e  measured  i n  t e r m s  o f  t h e  e f f e c t  i t  c a n  have on t h e  

u s e r ' s  e n v i r o n m e n t ,  and i t  m a t t e r s  l i t t l e  i f  t h e  d a t a  q u a n t i t y  

i s  a s i n g l e  fac t  o r  t h e  r e s u l t  o f  a complex a n a l y s i s  o f  a  large 

d a t a  bank;  U n f o r t u n a t e l y ,  much computer  o u t p u t  b e l a b o r s  t h e  

obv ious ;  I n  o r d e r  t o  d e s i g n  s y s t e m s  f o r  maximal e f f e c t i v e n e s s  it 

i s  n e c e s s a r y  t o  p u t  a premium on t h e  no-so-obvious ,  on t h o s e  

r e s u l t s  w h i c h  c a n  evoke  acti.c:ls o r  improve  u n d e r s t a n d i n g ;  Such  

measu re s  c o u l d  b e  u sed  t o  d r i v e  d a t a  r e d u c t i o n  p r o c e s s e s  which  i n  

t u r n  can  d e c r e a s e  t h e  volume and i n c r e a s e  t h e  r e l e v a n c e  o f  

computer  produced  r e s u l t s ;  I n q u i r y  i n t o  u s e r  s a t i s f a c t i o n  

[2:pp;173-1811 p r o v i d e s  some i n d i c e s ;  b u t  a r e  n o t  a d e q u a t e  f o r  

p r o s p e c t i v e  d e s i g n  pu rposes ;  

F i n a l e  : 

While t h e  i s s u e s  r a i s e d  above .  as well as t h e  many o t h e r  

problems wh ich  a r e  found i n  t h e  a r e a  o f  e x p l o i t a t i o n  o f  t e c h n o l o g y  

f o r  med ic ine  a r e  i m p o r t a n t ,  i t  s h o u l d  n o t  d i s c o u r a g e  t h e  u s e  o f  a 

t h o r o u g h  a p p r o a c h  t o  d a t a  b a s e  d e s i ~ . , .  It i s  my hope t h a t  a  

q u a n t i t a t i v e  methodology w i l l  become t h e  a c c e p t e d  s t a n d a r d  t o  d a t a  

b a s e  d e s i g n  i n  m e d i c a l  a p p l i c a t i o n s ;  
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