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I INTRODUCTION 

The Knowledge Based Management Systems (KBMS) ProJect • addresses 

the problems of I n t e l l i g e n t  processing tn large databases. Hany 

research pro jec ts ,  convnerctal enterprises, and government agenctes 

matntatn large databases. The existence of these databases ts often due 

to operat iona l  requirements 11ke the monitoring of project  progress, the 

management of Inventor ies of the resources for the enterpr ise,  and the 

need fo r  assessing the a l ternat ive  ways that resources can be used tn 

the f u tu re .  Htgh levels of r e l i a b i l i t y  of computers and communication, 

adequate htgh level languages, and comprehensive operating systems have 

made operat ional  use of databases nearly routtne. The use of the 

knowledge contained wtthtn data as a htgh level resource tn management 

and planntng has not yet been rout ine ly  achieved. In order to advance 

the s ta te  of the a r t  we are turntng to techniques which have proven 

themselves tn a r t i f i c i a l  In te l l igence systems, and are developing these 

techniques for  very large databases. 

* Thls research has been partlally supported by the Defense Advanced 
Research Projects Agency under MDAg83-77-C-8322 and N888-3g-8$-G-8|32. 
The vtews and conclusions conta|ned tn thts document are those of the 
authors and should not be Interpreted as representer|re of the o f f t c t a l  
p o l i c i e s ,  e t ther  expressed or tmplled, of the Defense Advanced Research 
Pro jec ts  Agency of the U.S. Government. 
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Ftgure  I p resents  the a r ch i t ec tu re  of  a candidate KBMS, The 

v a r t o u s  modules tn t h t s  a r ch i t ec tu re  correspond to the var ious  research  

t o p i c s  t h a t  we are I n te res ted  tn.  Thts system s t r u c t u r e  ts hence not  

t n tended  as a modu la r l za t ton  fo r  a database lmplementat|on, but  r a t h e r  

as a framework to def tne the scope and In te r faces  of  top tcs  t h a t  show 

promtse for research and analysts. The next sect tons present  those 

tdeas whtch have been or are c u r r e n t ] y  be|ng Inves t iga ted .  
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I I  TASK MODELS 

Cer ta i n  e n t i t i e s  tn a database - -  be they f t e l d s ,  a t t r i b u t e s ,  

r e l a t i o n s ,  or more compl icated const ruc ts  - -  have ce r t a i n  a p r i o r i  

p r o b a b i l i t i e s  o f  being requ i red  in an In te r roga t i on  of  the database.  

These p r o b a b i l i t i e s  are dependent on the p a r t i c u l a r  task e user may be 

p e r f o r m i n g ,  and h i s  or her focus and i n t e r e s t s .  By Inco rpo ra t i ng  a task  

model I n t o  the KBMS, these c h a r a c t e r i s t i c s  can be used tn a v a r i e t y  o f  

ways to  improve the u t i l i t y  o f  the system. Four main uses of  task  

models are being explored tn a KBM$: (a) Inc lus ion  of  r e l e v a n t  

I n f o r m a t i o n  not  e x p l i c i t l y  requested tn the response to a query;  (b )  

o r g a n i z t n g  responses so tha t  the more = in te res t i ng  = items are presented 

f l r s t ;  (c )  checking fo r  semantic I r r e g u l a r l t l e s  In the performance o f  

the  t a s k ;  and (d)  p re fe tch tng  of  ttems and f t e l d s  tha t  have not ye t  been 

reques ted  but  are l l k e l y  to be In the near fu tu re .  
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I I I  SEMANTIC QUERY OPTIMIZATION 

A reques t  f o r  In format ion can of ten be formulated tn more than one 

way, depending on knowledge about the subject  area and i ngenu i t y  tn 

d e t e r m i n i n g  the best  access path to the desired in fo rmat ion .  A ques t ion  

about  a l l  sh tps  c u r r e n t l y  car ry tng i ron ore, fo r  example, can be 

answered by on ly  looktng s t  in format ion about bu lk  ore c a r r i e r s ,  

assumtng t h a t  t t  Is  known tha t  only bu%k ore c a r r i e r s  ca r r y  t ron ore .  

Semanttc query op t im iza t i on  is  an approach to query o p t i m i z a t i o n  

t h a t  uses such domain knowledge, of ten re fe r red  to as semant|c I n t e g r i t y  

c o n s t r a i n t s .  The ob jec t i ve  ts to t ransform a query i n to  a seman t i ca l l y  

e q u i v a l e n t  one, one tha t  produces the same answer, but  t ha t  can be 

p rocessed  more e f f i c i e n t l y .  

A key issue tn des igning a query op t im iza t ion  system t h a t  uses 

semant ic  query op t im i za t i on  Is the con t ro l  o f  the in fe rence o f  

c o n s t r a i n t s  based on semanttc r u l es .  There may we l l  be many ways to  

t r a n s f o r m  a query semant i ca l l y ,  but i t  ts essen t |a l  t ha t  on ly  the most 

p r o m i s i n g  p o s s i b i l i t i e s  be t r i e d .  Otherwise, the Inference process 

i t s e l f  may cause the e n t i r e  op t im iza t ion  end r e t r i e v a l  a c t i v i t y  to  be 

i n e f f i c i e n t .  Knowledge to guide the inference process inc ludes  the 

d e s c r i p t i o n  o f  the phys ica l  s t r uc tu re  of  the database and the f a c t o r s  
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t h a t  c o n t r i b u t e  to the cost of processing queries, as gleaned from the 

s tudy  of  convent ional  opt imizat ion techniques. The essent ia l  t d e a t s  

t h a t  some changes in the set of query const ra in ts  br ing about changes tn 

the set  o f  processing operat ions that  can or must be performed. I t  ts  

c r u c i a l  to recognize the connection between changes in the two sets ,  

p a r t i c u l a r l y  when there Is a s i gn i f i can t  e f fec t  on processing costs ,  

without repeated ly  reso r t i ng  to deta i led and expensive cost es t imat ion  

procedures.  

Thus, semantic query opt imizat ion can be viewed as a search at  two 

l eve l s  of  abs t rac t i on .  At one level ,  there is a search in a space of  

s e m a n t i c a l l y  equ iva lent  nonprocedural queries. The search ts guided by 

a se t  o f  h e u r i s t i c s  tha t  represents a d i s t i l l a t i o n  or abs t rac t ion  of  the 

query processing exper t ise and deta i led cost models developed tn 

convent iona l  op t im iza t ion  research. The resu l t  of t h i s  search ts a 

group o f  candidate semant ica l ly  equivalent queries. For each candidate,  

the re  ts a search tn a ( lower leve l )  space of possible processing 

methods and sequences using the detat led cost models; in other words, 

the convent iona l  query opt imizat ion process. 

In sum, semantic knowledge about the database can be used in a new 

way to achieve e f f i c i e n t  data r e t r i e v a l .  The method supplements 

convent iona l  query opt imizat ion  methods. I t  draws on semantic, 

s t r u c t u r a l ,  and processing knowledge, and makes use of the h e u r i s t i c s  o f  

query processing developed in p r i o r  research. A system has been 

Implemented to explore t h l s  approach. Improvements have been 
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demonstrated tn a range of  query types, by means of t rans format ions  t h a t  

add or de le te  c o n s t r a i n t s  on a t t r i b u t e s  or even e n t i r e  f l l e s ,  as 

war ran ted  by the database and query s t ruc tu re .  In other cases, the 

system de tec ts  unsat ts f tab le  query cond i t ions w i thou t  Inspec t ing  the 

database,  or abor ts  Inference when t t  determines tha t  no Improvement can 

be expected.  Ana lys ts  overhead ts low in a l l  cases. 
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IV A METHODOLOGY FOR THE DESIGN OF INTEGRATED USER HODELS 

Thts area concerns research to tmprove the techniques of  database 

des ign  and mode l l i ng .  The S t ruc tu ra l  Model, fo rmal ly  def ined w i t h i n  the 

KBMS p r o j e c t ,  captures 

destgn o f  the phystca l  

r e l a t i o n s  and t up les ,  

those semantics that  are of  importance tn the 

s t r uc tu re  of the database. In addJt lon to  

I n t e r - r e l a t i o n  ovmershtp, re ference,  and subset  

connec t i ons  are model led. In t h t s  sense the s t r u c t u r a l  model can be 

cons ide red  as a f o rma l i za t i on  ~f an important aspect o f  the semanttc 

models,  f o r  ins tance the En t i t y -Re la t i onsh ip  models, t ha t  are used to  

cap tu re  the requ i rements  of  the users.  

In o rder  to  generate a comprehensive database model many data 

models o f  I n d i v i d u a l  app l i ca t i ons  may have to he In tegra ted ,  s ince the 

problem o f  des ign ing  a large database tnvolves many p o t e n t i a l  users ,  

each hav ing h ts  own percept ion of what the database should look 11ke. 

The model suppor ts  the I n teg ra t i on  of many such vtews In to  a database 

model to  suppor t  a l l  users .  Included tn the model ts a formal ism fo r  

the c l e a r  express ion  of  s t r u c t u r a l  I n t e g r i t y  cons t r a i n t s  tn each u s e r ' s  

v iew o f  the a p p l i c a t i o n  area and ru les  fo r  reso lv ing  these c o n s t r a i n t s  

r e l a t t v e  to a l l  users .  
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V THE DESIGN OF HIGH PERFORMANCE DATABASES FROM INTEGRATED USER MODELS 

The In tegra ted  database also has to sa t t s f y  the performance 

c o n s t r a | n t s  of  the Ind iv idua l  users and make e f f i c i e n t  aggregate use o f  

the computer system resources. Th|s l a t t e r  area ts now betng addressed. 

We recogn ize tha t  the mapptng from model re la t i ons  to e f f ec t i ve  phystca l  

f t l e s  ts much more complex than general ly  presented tn simple analyses.  

Tuples from several  conceptual ly  d i s t i n c t ,  but re la ted r e l a t i o n s  may be 

p laced tn to  the same f t l e  space, and, espec ia l ly  tn d i s t r i b u t e d  systems, 

the converse may need to occur. A methodology to gu|de th ts  mapptng, 

w h t l e  p reserv ing  semanttc I n t e g r i t y ,  ts the goal of  th ts  research.  

For the Inltlal speclflcatlon of an operatlonal database we 

envisage the c o l l e c t i o n  of usage est|mates appl led to database 

submodels, the t ransformat ions of these estimates onto the In tegra ted  

database, and the app l i ca t ion  of th ts  Information to make successive 

phys tca l  destgn choices. At the htghest level we evaluate whether the 

phys tca l  btndtng of  r e l a t i o n a l ,  h ie ra rch i ca l ,  or network database 

management systems ts appropr ia te .  At the next level we w t l l  make 

dec i s i ons  tn regard to cluster ing and ltnkage Implementat ion, 

cor respond ing to the connections whtch have been deftned tn the 

s t r u c t u r e 1  model. 
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VI ACCESS PATH ORGANIZATION 

The KBMS access path organ iza t ion  module w i l l  examtne the c u r r e n t  

p h y s i c a l  r e p r e s e n t a t i o n  of  the database, to determine how to  process 

each (ad hoc) user request  In a way that  is  11kely to be e f f i c i e n t .  

A respons ive  database should be s e l f - o r g a n i z i n g ;  t ha t  I s ,  the 

d e c t s t o n  as to whtch a u x i l i a r y  f t l e s  and access paths should e x t s t ,  and 

how they  should  be represented,  should be made by a database management 

system, w i t h  the user In te r face  remaining tnva r tan t .  The s t r u c t u r a l  

model p rov tdes  a basts fo r  a cons is ten t  In te r face ,  wht le  p e r m i t t i n g  many 

a l t e r n a t i v e  phys ica l  Implementations. Use of  dynamical ly  changtng 

s t a t i s t i c a l  knowledge of  the a c t t v t t y  appl ied to the f | l e  s t r u c t u r e s  can 

then tmprove the systen~lde performance. Hence ce r ta in  o f  the database 

a d m i n i s t r a t o r ' s  t r a d i t i o n a l  func t ions  In database tuntng ( t h a t  i s ,  

e s t a b l i s h i n g  btndJngs between r e l a t i o n s  and f t l e s  based on est imates o f  

access f r equenc ies )  may be p a r t i a l l y  assumed by the system. 

Reuse of  prevtous responses and Intermediate r e s u l t s  can reduce 

access t tme. We have ~rr | t ten a program that  recognizes when a s to red  

temporary  ts a subexpresslon of  a new query. Thts w t l l  be used f o r  

Improv ing process ing  of  quer les submitted tn an ad hoc I n t e r a c t i v e  

env i ronment .  We are a lso studying how t ransac t ions  can be op t im ized 

us tng  t h t s  t o o l .  
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VI I  NATURAL LANGUAGE DATABASE UPDATE 

Although considerable research has studted the problem of  

processing queries expressed tn natural language, the p o s s i b i l i t i e s  fo r  

per forming natural  language database updates have not been explored. 

The prtmary d i f f i c u l t y  ts that the casual user of a natural language 

system does not understand the detat ls  or the underlying database, and 

so may make requests that  

the domatn but are not 

ambiguous wt th respect 

e l ther  (a) are reasonable gtven the t r  vtew of  

posstble tn the underly|ng database; (b) ere 

to the underlying database; (c)  have 

unant i c ipa ted  stde ef fects on the responses to ea r l l e r  questions or on 

a l t e r n a t i v e  vtews of the database. A theory detecting the p a r t i c u l a r  

use r ' s  vtew of the database end determining the l ega l i t y ,  ambiguity, and 

p o t e n t i a l  stde e f fec ts  of updates expressed tn natural language ts being ~ 

developed. A forma] analysts of the problems associated wtth updates 

expressed on vlews (Care sub-models) ls central to th ls  work. The 

expected r e s u l t  ts a system that w t l l  process natural language updates, 

exp la in ing  problems or opttons to the user tn terms that s/he can 

understand, end a f fec t |ng  the changes to the underlylng database wt th  

the mtntmal d is rupt ion  or other views. 
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VIII  DESCRIPTIVE RESPONSES TO DATABASE QUERIES 

The t y p t c a l  response to a database query ts to l t s t  the se t  o f  

t tems from the database tha t  s a t t f y  the cond i t ions  presented tn the 

query .  This  l t s t  can be excessively long, and consequen t l y  may be 

I n a p p r o p r i a t e  fo r  a conversat iona l  system. Often, a more app rop r i a t e  

response to  such quer tes ts a desc r ip t i on  of the se t ,  r a t h e r  than a 

l t s t l n g  o f  I t s  elements. For example, the response " A l l  co rpo ra te  

o f f i c e r s "  may be more conctse and Informat ive tn response to "Whtch 

employees p r o f t t  share?" than a l i s t  of  %,888 names. P r a c t i c a l  

t echn iques  f o r  produc|ng a s i g n i f i c a n t  c lass of  such responses from 

e x l s t t n g  database systems w i thou t  a ustng a separa te  wor ld  model or  

knowledge base have been been Implemented. 
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IX NATURAL LANGUAGE 

A natura l  language Interface to the KBMS proJect database has been 

Implemented ustng software developed at SRI In ternat iona l .  The 

In te r face  consists or a LIFER gramar ,  and database access comomponents 

borrowed from the LADDER natural language system. Thts f a c l l l t y  ts 

support ing research In other areas of the KBHS project .  
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X LEXICON MANAGEMENT 

For natura l  language systems to provide pract ica l  access fo r  

database users, they must be capable of handltng r e a l i s t i c  databases. 

Such databases are often quite large, and may be subject to frequent 

updates. Both of these cha rac te r i s t i c s  render impractical the encodtng 

and maintenance of a f ixed, 1n-core lextcon. We have developed and 

implemented a technique for  reductng the number of lexJcal ambiguit ies 

f o r  unknown terms by deferr ing lextcal decisions as long as possible,  

and ustng a stmple cost mode] to se]ect an appropriate method fo r  

reso lv ing  remaining ambiguit ies. 
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XZ FILE ACCESS SYSTEM 

A f i l e  access system that uses symbolic keys to access var iab le 

length records based in PASCAL and supporting several host languages, 

Inc lud ing  PASCAL, INTERLISP, and FORTRAN has been developed and ts now 

betng tested.  The servtces that th ls  system, named FLASH, expects from 

the under ly ing operating system are 11mtted to d i rectory management for  

named segments of secondary storage, and access to f ixed size blocks or 

pages of  these segments. In a mult i-user environment some locktng 

f a c i l i t i e s  are also needed. Since th is subproject may become the basis 

fo r  long-range database system development, r e l t a b t l t y  and e f f i c i ency  
t 

have been major design and Implementation object ives. I t  ts 

s p e c i f i c a l l y  destgned to provtde strong and symmetric support f a c i l i t i e s  

fo r  databases, so that  powerful database systems can become easier to 

Implement than they are using conventional f t l es ,  designed wtth only 

prograramer's needs tn mind. The underlying structure uses B+ trees for  

storage of both primary and secondary keys. This system w111 be used to 

study var ious dynamic storage and retr ieval strategies.  The experience 

of  implementing FLASH ts already being used to better define the Znput- 

Output package for the ADA language. 
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X I I  MAINTENANCE OF A LARGE CODASYL BASED DATABASE OF SHIPS AND PORTS 

A subs tan t i a l  database of shtp, cargoes, por ts ,  etc,  is  being 

main ta ined as a support ac t t vJ ty  to a l low tes t tng on problems o f  a 

r e a l i s t i c  sca le .  Thts database was designed using the S t ruc tu ra l  Model, 

and ts Implemented using DBMS-Z8 on the SRI In te rna t iona l  DEC KL-18. A 

convent iona l  database system provtdes a r e a l i s t i c  basis fo r  compartston 

f o r  advanced techniques. 

Data tncluded a r e  merchant shtps, ports,  cargoes, shtpplng lanes, 

and voyages. 
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X I I I  EXPERIMENTS WITH DATABASE TECHNOLOGY TO SUPPORT VLSI DESIGN 

The complexity of large VLSI or device designs impacts the design 

cyc le .  Single designer approches take long or u t i l i z e  chtp or card area 

poor l y ,  and mul t i -designer  teams require much communication and task 

schedul ing.  Current design automation atds use task spec i f i c  f t l e s  

w i t hou t  automatic feedback of analysis resul ts  or decisions made by the 

designers. We consider databases a potent ia l  communication tool  where 

m u l t t p l e  designers work on d i f fe ren t  aspects of the same device or 

system. Logic and c t r c u t t  design information of two devices, a ALU and 

a DEC-ll CPU, and the component l i b ra ry  required to bui ld  them, have 

been placed tnto a CODASYL (DBMS-28) database. The lower level data 

elements can be automat ical ly  generated using an ex is t ing  design 

automation program. I n i t i a l  performance measurements tndtcate only a 

f a c t o r  2 performance degradation versus use of special ized design f t l e s .  

Mod i f i ca t i on  of lower level elements during the destgn process Is 

s i gna l l ed  automat ica l ly ,  using a h e i g h t - f i r s t  algorithm, to the re la ted  

parent  leve ls ,  so that  th ts  detatled knowledge can be Incorporated tn 

the higher level abstract ion,  when these ere accessed during succestve 

design i t e r a t i o n s .  Current work In progress ts developing access 

techniques to destgn data that are p a r t i a l l y  stored, and t r  not stored, 

generated from higher level c i r c u i t  or logtc spec i f ica t ions.  The volume 
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of  lower level elements tn a VLSI destgn can be greater than ts 

managable by the largest storage devices now avai lable,  so that  

automatic methods for VLSZ destgn automation w t l l  need access to a mtx 

of  generatable,  regular  elements and lnstanttated, Jrregular elements I f  

they are to handle large c t r cu l t s  that are not t o t a l l y  regular .  
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XIV DATABASE MACHINES 

One focus of research a c t i v i t y  wJthtn the KBMS project has Involved 

the destgn and analysis of a] ternattve hardware machtne arch i tec tures  

or ten ted toward the very raptd execution of the re la t iona l  operations 

which ar ise f requent ly  In large-scale database management app l ica t ions .  

Durtng the past year, thts research has yielded certain surpr is ing and 

p o t e n t i a l l y  Important resul ts  which may u l t imate ly  prove useful tn 

designing cos t -e f fec t i ve ,  extremely high-performance database machines. 

These resu l ts  are manifested tn a "high- level"  destgn for  a 

spec ia l i zed  non-yon Neumann machine, porttons of which would be 

implemented tn VLSI, which would support the htghly e f f i c i e n t  evaluat ion 

o f  the most computatlonally complex operators of a re la t iona l  algebra, 

s p e c i f i c a l l y  pro ject ion wtth el imination of duplicate tuples and the 

equt-JoJn. Basod on a hierarchy of associative storage devices, t h i s  

a r ch i t ec tu re  permits an O(log n) improvement tn ttme complexity over the 

best known evaluation methods for these operators on a conventional 

computer system, wtthout the use of redundant storage, and ustng 

c u r r e n t l y  avai lab le and po ten t ia l l y  competitive technology. In many 

cases o f  p rac t i ca l  tmport, the proposed architecture should also permtt 

a very s i g n i f i c a n t  Improvement (by a factor roughly proport ional to the 

stze of  the prtmary associative storage device) over the performance of 
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p r e v i o u s l y  Implemented or proposed database machtne a rch i tec tu res  based 

on assoc ia t i ve  secondary storage devtces. 
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XV DISTRIBUTED DATABASES 

We expect that  future databases w i l l  often be d i s t r i bu ted .  In 

w tde ly  d i s t r i b u t e d  systems we cannot expect that each node w t l ]  ha~-e a 

complete directory,  and we belteve that the contract-net  paradigm, 

developed for  contro l  of d is t r ibu ted computing tn a r t t f J c | a l  tn te l tgence 

networks can provtde a method for Inter-node knowledge passtng. 

The management of redundant, d is t r ibuted data can ser ious ly  a f f ec t  

system performance. We have analyzed and developed algori thms fo r  

I n t e g r i t y  maintenance. The use of ' h o l e - l i s t s ' ,  to tnrorm nodes of  

update status of transact ion whtle passtng a mtntmal amount of  

In fo rmat ion ,  has been shown to be e f fec t ive .  The analyses has also 

shown tha t  I t  ts d i f f i c u l t  to better the performance of cen t ra l i zed  

con t ro l  methods, I f  s u f f i c i e n t  backup can be provtded tn the responsible 

nodes. 

The separation of read-transactions tnto three classes, namely 

those that  requi re  no or mlntmal consistency, ~ t t a b l e  consistency, and 

t i m e - c r i t i c a l  consistency, can improve aggregate system performance. 

The problems ar ts tng from servtng transactions that support planntng 

func t i ons ,  which require access to large granules of the database, can 

be g r e a t l y  reduced by lowering thet r  consistency demands. 
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XVI CONCLUSZON 

At the cu r ren t  ttme, the pro jec t  ts about two years old,  and work 

ts  con t i nu ing  tn most of  the areas 11sted above, both at the t h e o r e t i c a l  

and tmpiomentat tonal  leve ls .  Some h igh l igh ts  of the Implementation work 

to  date are:  

A query processing program that  selects appropriate f i e l d s  and 
orders response tuples tn accordance wi th a stmple model of  
the users needs, so that  Information most l i k e l y  to be of  
t n t e r e s t  ts presented f i r s t .  

A program (QUIST) that  uses stmple rules about the semantics 
of  the domatn of an underlying database and a cost model of  
query processing to perform semanttc query op t im iza t ion .  

A program (SDDL) that  f a c i l i t a t e s  the destgn of databases by 
t n t e r a c t t v e l y  s o l i c i t i n g  and crosscheckJng records, Fie lds ,  
and connect ions. 

A program (DESCRIBE) that  provtdes descr ip t ive  responses to 
database quer ies.  The responses are formulated by 
Inspect ing l i k e l y  f t e l ds  For re levant  genera l i za t ions .  

FLASH, a "po r tab le "  F i le  access system that  uses symbollc keys 
to access var iab le  length records based tn PASCAL and 
suppor t ing  several host languages. 

A lexJcal  processing technique that  al lows natura l  language 
f r o n t  ends to rematn current  on databases subject  to 
updates. 

I n  add t t ton  to cont inuing many of the exts t tng e f f o r t s ,  several  new 

pro jec ts  are envisioned for  the near fu tu re :  
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A n a t u r a l  language system tha t  w t l l  perform updates to the 
u n d e r l y i n g  database. 

A program fo r  the automatlc se lec t lon  of physlca l  s torage 
s t r u c t u r e s  gtven a S t ruc tu ra l  Hodel d e f i n i t i o n  of  a 
database,  and a model of expected access paths and 
f r equenc |es .  

The KBHS project Is provldJng us wlth the opportunlty to research 

varlous ideas In the comblned use of artlflclal Inte111gence and more 

traditional DBHS techniques for facJlltatJng the Interactive use of 

databases. Thls short paper has presented the maln dlrectlons of the 

project. Hore detalled Informatlon may be found In the various artlcles 

and reports mentioned In the blbllography, 
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Figure 1: Conceptual In te rac t ions  of KBH5 Components 
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