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SUMMARY 

I n  t h e  l a t e  1970 's ,  a re fu rb i shmen t  o f  t h e  a n a l y t i c a l  l a b o r a t o r i e s  s e r v i n g  
t h e  M a t e r i a l s  D i v i s i o n  a t  t h e  NASA L e w i s  Research Center  was under taken.  A s  
p a r t  o f  t h e  modern i za t i on  e f f o r t s ,  a L a b o r a t o r y  I n f o r m a t i o n  Management System 

scaled-down v e r s i o n  o f  t h e  o r i g i n a l  des ign  has been i n  o p e r a t i o n  s i n c e  1984. 
The LIMS, a combina t ion  o f  computer hardware and so f tware ,  p r o v i d e s  t h e  chemi- 
c a l  c h a r a c t e r i z a t i o n  l a b o r a t o r y  w i t h  an i n f o r m a t i o n  d a t a  base, a r e p o r t  genera- 
t o r ,  a use r  i n t e r f a c e ,  and ne twork ing  c a p a b i l i t i e s .  T h i s  paper i s  an account  
o f  t h e  processes i n v o l v e d  i n  des ign ing  and imp lement ing  t h a t  LIMS. 
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d (LIMS) was t o  be i n c l u d e d .  P r e l i m i n a r y  s t u d i e s  i n d i c a t e d  a custom-designed 
W system as t h e  b e s t  cho ice  i n  o r d e r  to s a t i s f y  a l l  o f  t h e  requ i remen ts .  A 

INTRODUCTION 

A customized Labora to ry  I n f o r m a t i o n  Management System (LIMS) has been i n  
p l a c e  s ince  October ,  1984 i n  t h e  A n a l y t i c a l  Sc ience Branch o f  t h e  NASA Lewis 
Research Center .  Two l a b o r a t o r i e s  l o c a t e d  i n  a d j a c e n t  b u i l d i n g s  make up the  
branch,  one l a b o r a t o r y  s p e c i a l i z i n g  i n  chemical  a n a l y s i s ,  t h e  o t h e r  i n  micro- 
s t r u c t u r a l  a n a l y s i s .  These l a b o r a t o r i e s  p r o v i d e  ana lyses  t o  a m a t e r i a l s  
research  d i v i s i o n  a c t i v e  i n  t h e  areas of ceramics ,  m e t a l l i c  a l l o y s ,  meta l  
m a t r i x  composi tes,  po lymers,  and coa t ings .  The annual  work load averages 
about  10 000 samples, most of a non rou t ine  n a t u r e .  I n  t h e  l a t e  1970 's .  a ma jor  
r e f u r b i s h m e n t  o f  t h e  l a b o r a t o r y  f a c i l i t i e s  was under taken.  A s  p a r t  o f  t h a t  
r e f u r b i s h m e n t ,  t he  l a b  management began i n v e s t i g a t i n g  the  p o s s i b i l i t y  o f  com- 
p u t e r i z i n g  the  sample submiss ion and r e p o r t i n g  process .  Wi th  t h e  r e l a t i v e l y  
smal l  sample load,  sample t r a c k i n g  had n o t  been a problem under t h e  p r e v i o u s  
manual system. I n  f a c t ,  many o f  t h e  b e n e f i t s  t h a t  l a r g e  a n a l y t i c a l  l a b s  o b t a i n  
by c o m p u t e r i z a t i o n  s imp ly  d i d  n o t  app ly  t o  a smal l  l a b  s e r v i n g  a r e s e a r c h  con- 
m u n i t y .  The major  advantages t h a t  were d e s i r e d  i n  a new system were a conven- 
i e n t ,  one-stop sample s u b m i t t a l  procedure for  researchers ,  e a s i e r  access t o  
p a s t  a n a l y s i s  r e s u l t s ,  t he  c a p a b i l i t y  of r e t r i e v i n g  c o n s o l i d a t e d  d a t a  on 
research  p r o j e c t s  l a s t i n g  seve ra l  years,  and the  a v a i l a b i l i t y  o f  a wide v a r i -  
e t y  o f  management s t a t i s t i c s  t h a t  woiild i n d i c a t e ,  for example, wh lch  research 
p r o j e c t s  used the  b u l k  o f  the  a n a l y t i c a l  s e r v i c e s .  

* 
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WHY A LIMS? 

I n  the  mid-19701s, l o c a l  a rea  ne tworks  and l a b o r a t o r y  i n f o r m a t i o n  manage- 
ment systems w e r e  r a p i d l y  becoming " s t a t e - o f - t h e - a r t "  f o r  d a t a  t r a n s m i s s i o n  
and d a t a  h a n d l i n g  i n  many l a r g e  a n a l y t i c a l  l a b o r a t o r i e s .  T h i s  techno logy  
o f f e r e d  t h e  A n a l y t i c a l  Sc ience Branch a way t o  "connect "  i t s  two l a b o r a t o r i e s  
and p r o v i d e  c o n s o l i d a t i o n  o f  management r e p o r t s .  

A f e a s i b i l i t y  s tudy  done by Lawrence L ivermore  L a b o r a t o r i e s  o f  L ivermore ,  
C a l i f o r n i a  weighing b e n e f i t s  versus  c o s t s  o f  a LIMS proved encourag ing .  A s e c -  
ond c o n t r a c t o r ,  Pu rv i s  Systems I n c . ,  of Syosset, New York was h i r e d  to  d e t e r -  
mine t h e  f u n c t i o n a l  requ i remen ts  and t h e  des ign  s p e c i f i c a t i o n s  o f  a LIMS. A 
c h a r a c t e r i z a t i o n  o f  t h e  f low o f  i n f o r m a t i o n  th rough  t h e  l a b o r a t o r y  was done as 
p a r t  o f  the  i n i t i a l  s t u d i e s .  The r e s u l t s  o f  t h i s  c h a r a c t e r i z a t i o n  w e r e  used 
to  determine t h e  c r i t i c a l  a reas  i n  t h e  LIMS imp lemen ta t i on  des ign .  The s tudy  
i n d i c a t e d  t h a t  t h e  manual system used by t h e  s t a f f  i n  b o t h  a n a l y t i c a l  l a b o r a -  
tor ies f o r  sample submiss ion  and a n a l y s i s  r e p o r t i n g  was q u i t e  e f f i c i e n t .  The 
computer ized v e r s i o n  o f  these procedures  was t o  mimic t h a t  f o r m a t  as much as 
poss i b l  e .  

P o t e n t i a l  improvements t h a t  a LIMS c o u l d  p r o v i d e  i n c l u d e d  a computer ized  
i ns t rumen t  maintenance schedule and r e p a i r  l o g ;  an i n s t r u m e n t  usage r e p o r t ;  a 
sys temat i c  q u a l i t y  c o n t r o l  program; an i n v e n t o r y  o f  s u p p l i e s  used i n  t h e  labo-  
r a t o r i e s ;  a computer ized s c h e d u l i n g  l o g  f o r  microscopes used d i r e c t l y  by t h e  
researchers ;  e a s i e r  c o n s o l i d a t i o n  and accumula t ion  o f  management r e p o r t  da ta ;  
and a n a l y t i c a l  r e s u l t s  o b t a i n e d  i n  machine-readable f o r m a t  which c o u l d  be 
u t i l i z e d  i n  d a t a  r e d u c t i o n  and a n a l y s i s  programs r e s i d e n t  on o t h e r  computers. 

A s  p a r t  o f  the des ign  phase, each of t h e  l a b o r a t o r i e s  was d i v i d e d  i n t o  a 
number o f  " w o r k s t a t i o n s " .  A w o r k s t a t i o n  was d e f i n e d  t o  c o n s i s t  of one or more 
ins t rumen ts  or a n a l y t i c a l  techn iques  ass igned t o  an a n a l y s t .  The LIMS would 
connect  each o f  the w o r k s t a t i o n s  t o  t h e  LIMS computer v i a  t h e  Lewis I n f o r m a t i o n  
Network (LINK, see appendix  A > ,  a l o c a l  a rea  c a b l e  ne twork  i n s t a l l e d  th roughou t  
NASA Lewis.  A s  a l o n g  range g o a l ,  each o f  t h e  i n s t r u m e n t ' s  computers c o u l d  be 
added t o  t h e  Lewis ne twork  for  t r a n s f e r r i n g  o f  a n a l y t i c a l  r e s u l t s  d i r e c t l y  t o  
t h e  LIMS computer. 

HARDWARE AND SOFTWARE 

The hardware recommended by P u r v i s  and subsequent ly  p rocu red  i n c l u d e d  two 
D i g i t a l  Equipment C o r p o r a t i o n ' s  PDP 11/24 computers - one t o  serve  as t h e  LIMS 
processor  and the o t h e r  to be used d u r i n g  the  development phase and a l s o  t o  be 
a backup fo r  t h e  LIMS computer and p r o v i d e  a d d i t i o n a l  computer resources  t o  t h e  
m a t e r i a l s  research d i v i s i o n .  The PDP 11124s were equipped w i t h  t h r e e  10 mega- 
b y t e  d i s k  d r i v e s  - a system d i s k ,  a d a t a  d i s k ,  and a j o u r n a l i n g  or backup d i s k .  
I n  the  proposed L I M S ,  t he  system d i s k  would c o n t a i n  t h e  o p e r a t i n g  system and 
database programs; t h e  d a t a  d i s k  would c o n t a i n  t h e  database r e c o r d s  i n c l u d i n g  
t h e  d i c t i o n a r i e s ;  and the  j o u r n a l i n g  d i s k  would keep a l o g  o f  system changes 
and error messages and be used f o r  making backups o f  b o t h  t h e  system and d a t a  
d i s k s .  Each computer was c o n f i g u r e d  w i t h  1.25 megabytes o f  main memory. 

The te rm ina ls  s e l e c t e d  f o r  use w i t h  t h e  LIMS were DEC V T l O O s ,  VT125s, and 
a D e c w r i t e r  111 to be used as t h e  system conso le .  The p r i n t e r s  s e l e c t e d  w e r e  a 
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DEC LA 100 l e t t e r  q u a l i t y  p r i n t e r  for r e p o r t s  and I n t e g r a l  Data Systems P r i s m  
d o t  m a t r i x  p r i n t e r s  for i n t e r i m  r e p o r t s ,  customer r e c e i p t s ,  and sample l a b e l s .  
A Racal Vadic auto-answer modem was purchased f o r  o f f - s i t e  access t o  t h e  LIMS. 
Th is  modem was and con t inues  t o  be used for so f tware  development. The work- 
s t a t i o n  t e r m i n a l s  were to  be connected t o  a bus i n t e r f a c e  u n i t  ( B I U ,  see 
appendix A )  which would p r o v i d e  t h e  p r o t o c o l  f o r  t r a n s m i t t i n g  LIMS communica- 
t i o n s  o v e r  the  NASA Lewis c a b l e  network.  

Two o p e r a t i n g  systems w e r e  p rocured,  D i g i t a l  Standard MUMPS (DSM - 1 1 )  and 
R S X - 1 l M .  
and DSM-11 was chosen f o r  t h e  LIMS so f tware  development. MUMPS (Massachuset ts  
General H o s p i t a l  U t i l i t y  Mult i-Programming System) i s  a h i g h - l e v e l ,  i n t e r p r e t e d  
programming language which was developed a t  t h e  Massachusetts General Hospi t a l  
Labora to ry  o f  Computer Sc ience.  
t r e e  d a t a  s t r u c t u r e .  T h i s  t ype  o f  data s t r u c t u r e  a l l o w s  f o r  easy database mod- 
i f i c a t i o n ,  growth and f a s t  d a t a  r e t r i e v a l .  

RSX-1lM was used f o r  deve lop ing  the  ne twork  code needed by t h e  B I U s  

I t  p rov ides  dynamic memory a l l o c a t i o n  and a 

LIMS SOFTWARE DESIGN SPECIF ICATIONS 

C e r t a i n  g u i d e l i n e s  w e r e  e s t a b l i s h e d  by t h e  p r o j e c t  team i n  c r e a t i n g  t h e  
f u n c t i o n a l  des ign  o f  t h e  LIMS. O f  p r imary  impor tance was t h a t  t h e  system be 
easy t o  use and menu d r i v e n .  The number o f  key s t r o k e s  necessary t o  access 
the  v a r i o u s  f u n c t i o n s  w e r e  t o  be kep t  a t  a minimum. I n  o r d e r  t o  p r o t e c t  t h e  
i n t e g r i t y  of the  s y s t e m  and y e t  i n c l u d e  a wide range o f  f u n c t i o n s ,  i t  was sug- 
gested t h a t  a password system be used a long  w i t h  d i f f e r e n t  c lasses  o f  use rs .  
Four c lasses  of users  w e r e  chosen: manager, a n a l y s t ,  customer and gues t .  As a 
user  logged on t o  t h e  system, the  c lass  would be checked, and he or she would 
o n l y  be g i v e n  access to  t h e  a p p r o p r i a t e  f u n c t i o n s .  

The main des ign  s p e c i f i c a t i o n s  f e l l  i n t o  t h e  f o l l o w i n g  c a t e g o r i e s ,  each of 
which w i l l  be d iscussed s e p a r a t e l y :  

D i c t i o n a r i e s  and Menus 
Sample Management Funct ions 
Labora to ry  Database Funct ions 
Management R e p o r t i n g  Funct ions 
I n t e r f a c e  t o  Local  Area Network 
A n c i l l a r y  Func t i ons  

D i c t i o n a r i e s  and Menus 

A s e r i e s  of  d a t a  d i c t i o n a r i e s  was proposed to  s t o r e  i n f o r m a t i o n  t h a t  
remained r e l a t i v e l y  f i x e d  o v e r  t ime,  b u t  r e q u i r e d  p e r i o d i c  u p d a t i n g .  
d i c t i o n a r i e s  were  c r e a t e d  t o  s t o r e  data about use rs ,  w o r k s t a t i o n s ,  i n s t r u m e n t s ,  
t e s t  codes, and accoun t ing  charges.  
t he  LIMS t o  be recus tomized t o  any changes i n  l a b  c a p a b i l i t i e s  or o r g a n i z a t i o n ,  
t h e  d 1 c t i G n a r i e s  would h e l p  minimize keys t rokes  i n  e n t e r i n g  a n a l y s i s  r e q u e s t s .  
I n  p a r t i c u l a r ,  t h e  user  i n f o r m a t i o n  d i c t i o n a r y ,  which was keyed t o  t h e  i n i t i a l s  
of t h e  users ,  would a l l o w  b o t h  l a b  personnel and researchers  t o  i d e n t i f y  them- 
se lves  t o  the  LIMS s i m p l y  by e n t e r i n g  t h e i r  i n i t i a l s ,  r a t h e r  than  hav ing  to  
type i n  t h e i r  name and i d e n t i f y i n g  i n f o r m a t i o n  each t i m e  they  used t h e  s y s t e m .  
These d i c t i o n a r i e s  w e r e  t o  be main ta ined by t h e  LIMS manger. F i g u r e  1 shows an 

Separate 

Besides t h e  obv ious  b e n e f i t  o f  a l l o w i n g  
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example o f  t h e  data e n t r y  screens used to e n t e r  or e d i t  d a t a  i n  t h e  d i c t i o n -  
a r i e s ,  i n  t h i s  case, t he  user  i n f o r m a t i o n  d i c t i o n a r y .  

For each c lass  of use r ,  access t o  t h e  LIMS r o u t i n e s  was t o  be c o n t r o l l e d  
by  a d i f f e r e n t  s e t  o f  nes ted  menus. When a use r  logged on t o  t h e  LIMS us ing  
h i s  o r  her  i n i t i a l s  and password, t h e  log-on r o u t i n e  would check t h e  c l a s s  o f  
t h e  user  and present  t h e  a p p r o p r i a t e  t o p - l e v e l  menu for t h a t  c l a s s .  
w e r e  s t r u c t u r e d  so t h a t  managers c o u l d  access a l l  LIMS f u n c t i o n s  or r o u t i n e s ;  
a n a l y s t s  c o u l d  use o n l y  those r o u t i n e s  i n v o l v i n g  a n a l y s i s  d a t a  and r e s u l t s ,  
t i m e  and r e c o r d  keeping, and word p rocess ing ;  and t h e  customer or gues t  c o u l d  
access o n l y  h i s  o r  he r  a n a l y s i s  reques ts  and sample s t a t u s .  (The d i s t i n c t i o n  
between customer and gues t  was t h a t  a customer had t o  have a password and be 
"known" t o  t h e  LIMS. A guest  was t o  be p e r m i t t e d  t o  l o g  on u s i n g  h i s  or he r  
i n i t i a l s  as password s t r i c t l y  f o r  t h e  purpose of s u b m i t t i n g  samples. Guests 
would e i t h e r  have to  w a i t  f o r  ha rd  cop ies  o f  a n a l y s i s  r e s u l t s  t o  be ma i led  to  
them or change t h e i r  s t a t u s  t o  customers i n  o r d e r  t o  query  t h e  LIMS d i r e c t l y  
about  t h e i r  analyses. )  F i g u r e s  2 th rough  4 i l l u s t r a t e  t h e  t o p - l e v e l  menu for  
t h e  d i f f e r e n t  c lasses  o f  use rs .  

The menus 

Sample Management Func t i ons  

The sample management f u n c t i o n s  i n c l u d e d  reques ts  for a n a l y s i s ,  t h e  capa- 
b i l i t y  o f  check ing on  t h e  s t a t u s  o f  samples submi t ted  f o r  a n a l y s i s ,  e n t e r i n g  
a n a l y s i s  r e s u l t s ,  g e n e r a t i n g  a n a l y s i s  r e p o r t s ,  d i s p l a y i n g  queue l i s t s  f o r  each 
w o r k s t a t i o n ,  and s t o r i n g  e x c e p t i o n  l o g  e n t r i e s  - changes made t o  t h e  database 
by the  a n a l y s t s  or manager ( i . e . ,  a d d i t i o n  or  d e l e t i o n  o f  t e s t  reques ts ,  e d i t -  
i n g  o f  sample data, or a n a l y s i s  r e s u l t s ,  and so f o r t h ) .  

Samples w e r e  to be i d e n t i f i e d  i n  t h e  database by a computer-generated 
s e v e n - d i g i t  number. 
c a l  yea r ,  t h e  next  f o u r  d i g i t s  were t o  c o n t a i n  t h e  b a t c h  number r a n g i n g  from 
0001 t o  9999, and t h e  l a s t  two d i g i t s  t o  i n d i c a t e  t h e  sample number w i t h i n  t h e  
ba tch  from 01 t o  99. A s  an example of t h i s  scheme, 7012304 i s  t h e  f o u r t h  sam- 
p l e  o f  t he  123rd ba tch  submi t ted  i n  f i s c a l  1987. (Note t h a t  t h i s  numbering 
scheme, des igned i n  1980, w i l l  p r o v i d e  unique sample numbers f o r  o n l y  10 yea rs .  
We a re  c u r r e n t l y  a n t i c i p a t i n g  some problems as t h e  year  d i g i t  " r o l l s  ove r "  i n  
1990. Designers o f  f u t u r e  s y s t e m s  would do  w e l l  t o  a n t i c i p a t e  t h e  c e n t u r y  
r o l l  ove r  i n  t h e  year  2000.) 

The first d i g i t  would r e p r e s e n t  t h e  l a s t  d i g i t  o f  t he  f i s -  

S u b m i t t i n g  a sample f o r  a n a l y s i s  would r e q u i r e  t h e  researcher  t o  e n t e r  a 
t a s k  number for  account ing  purposes as w e l l  as v a r i o u s  i d e n t i f y i n g  i n f o r m a t i o n  
such as phone number, m a i l  s t o p ,  and so f o r t h  as shown i n  f i g u r e  5 .  Normal ly ,  
much of t h i s  i n fo rma t ion  would be a u t o m a t i c a l l y  r e t r i e v e d  from t h e  user  i n f o r -  
ma t ion  d i c t i o n a r y  and t h e  form completed w i t h  t h e  researcher  b e i n g  a l l owed  t o  
e d i t  t he  i n f o r m a t i o n  if needed. A p r o j e c t  l i n k  number c o u l d  be added f o r  iden-  
t i f y i n g  batches common t o  a s p e c i f i c ,  long-range p r o j e c t .  
d e s c r i p t i o n  of t h e  b a t c h  o f  samples cou ld  a l s o  be added. 

A s h o r t  t e x t u a l  

Once t h i s  form was completed the  ba tch  number was ass igned.  The nex t  
form requested  t h a t  a un ique sample i d e n t i f i e r  be e n t e r e d ,  an o p t i o n a l  sample 
d e s c r i p t i o n  and the a n a l y t i c a l  t e s t s  t o  be per formed.  When each sample had 
been en tered ,  the s u b m i t t e r  would r e v i e w  a summary o f  t h e  samples submi t ted  and 
the  t e s t s  requested and c o u l d  choose t o  e d i t  t h e  i n f o r m a t i o n ,  p r i n t  r e c e i p t s  
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and sample l a b e l s .  Researchers cou ld  a l s o  check on the  s t a t u s  o f  a l l  samples 
submi t ted  w i t h i n  a t h r e e  year  p e r i o d .  
3 yea rs  o f  d a t a  i n  o r d e r  to  p e r m i t  f a s t e r  d a t a  r e t r i e v a l  . >  

(Each da ta  d i s k  would c o n t a i n  o n l y  

The a n a l y s t s  were t o  be r e s p o n s i b l e  f o r  a s s i g n i n g  samples t o  t h e  a p p r o p r i -  
a t e  w o r k s t a t i o n ,  e n t e r i n g  a n a l y s i s  r e s u l t s  and g e n e r a t i n g  a n a l y s i s  r e p o r t s .  On 
demand, LIMS would p r o v i d e  t h e  a n a l y s t s  w i t h  a queue l i s t  o f  a l l  samples a w a i t -  
i n g  a n a l y s i s  for a p a r t i c u l a r  w o r k s t a t i o n .  
d i s p l a y e d  on a CRT or be p r i n t e d .  The queue l i s t  would d i s p l a y  sample numbers 
and d e s c r i p t i o n s  a long  w i t h  i n f o r m a t i o n  such as da te  submi t ted ,  name of submi t -  
t e r ,  t e s t s  reques ted ,  and the  c u r r e n t  s t a t u s .  Once the  ba tch  was ana lyzed and 
t h e  r e s u l t s  en te red  i n  the  system and v e r i f i e d  by t h e  a n a l y s t ,  i t  would be 
removed from t h e  queue l i s t s .  

These queue l i s t s  c o u l d  e i t h e r  be 

The a n a l y s t ' s  menu was des igned t o  be a m u l t i - l e v e l  menu. Submenus would 
o f f e r  e d i t i n g  o f  t e s t  reques ts  and a n a l y t i c a l  r e s u l t s ,  o p t i o n s  for comments t o  
t h e  s u b m i t t e r ,  no tes  t o  o t h e r  a n a l y s t s ,  word p rocess ing ,  m a i l i n g  l a b e l s ,  and 
so f o r t h .  

Labora to ry  Database Func t ions  

The LIMS was t o  p r o v i d e  improved bookkeeping f e a t u r e s  f o r  t h e  l a b o r a t o -  
r i e s .  L i s t i n g s  o f  a n a l y t i c a l  i ns t rumen ts ,  w o r k s t a t i o n s ,  and o u t s i d e  c o n t r a c t  
l a b o r a t o r i e s  s t o r e d  i n  d i c t i o n a r i e s  would a l l o w  easy u p d a t i n g  o f  t h e  l a b o r a t o r y  
c a p a b i l i t i e s  r e p o r t .  
manager would be a l e r t e d  when i tems shou ld  be reo rde red .  
scopes used d i r e c t l y  by  t h e  research  s t a f f  and an i n s t r u m e n t  l o g  o f  maintenance 
and downtime were two o t h e r  f e a t u r e s  LIMS would p r o v i d e .  

An i n v e n t o r y  o f  s u p p l i e s  was d e s i r e d  so t h a t  t h e  LIMS 
Schedu l ing  of m ic ro -  

Standard Management Repor ts  

One o f  t h e  most d e s i r e d  f e a t u r e s  o f  t h e  LIMS was i t s  a b i l i t y  t o  e a s i l y  
genera te  management r e p o r t s .  The a n a l y s t s  were r o u t i n e l y  r e q u i r e d  t o  comp i le  
l i s t s  o f  a l l  samples submi t ted  from t h e  v a r i o u s  research  groups and compute 
t h e  r e l a t i v e  amounts o f  t ime  spent  on t h e  ana lyses .  Funding f o r  t h e  l a b s  was 
appor t i oned  from t h e  research  group p r o j e c t  accounts i n  p r o p o r t i o n  to  t h e  
amount o f  a n a l y t i c a l  s e r v i c e s  reques ted  and used to  compensate f o r  i n s t r u m e n t  
maintenance and rep lacement .  A LIMS c o u l d  genera te  these r e p o r t s  i n  a f r a c t i o n  
of t h e  t ime  r e q u i r e d  o f  t h e  a n a l y s t s  t o  do i t  manua l ly .  

I n t e r f a c e  t o  Local  Area Network 

The LIMS des ign  i n c l u d e d  use o f  t h e  LINK broadband c a b l e  ne twork  as t h e  

Thi  s f e a t u r e  o f f e r e d  researchers  th roughou t  Lewis t h e  poss i  b i  1 i t y  of 
means o f  connect ing  remote t e r m i n a l s  and i n s t r u m e n t  computers to  t h e  LIMS corn- 
p u t e r .  
b e i n g  a b l e  t o  access t h e  LIMS from any t e r m i n a l  connected t o  t h e  cab le  ne twork .  
i t  a l s o  a l l owed  for  t h e  p o s s i b i l i t y  e f  c r e a t i n g  a communications l i n k  from t h e  
LIMS computer t o  t h e  NASA Lewis mainframe computers.  
a b l e  t o  use a p p l i c a t i o n  packages r e s i d e n t  on those computers f o r  f u r t h e r  d a t a  
r e d u c t i o n  or s t a t i s t i c a l  a n a l y s i s .  

The a n a l y s t s  would be 

i 
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A n c i l l a r y  Func t i ons  

Other  f u n c t i o n s  t h a t  w e r e  i n c l u d e d  i n  t h e  LIMS des ign  w e r e  o n - l i n e  h e l p ,  
The o n - l i n e  h e l p  was t o  be a q u a l i t y  c o n t r o l  subsystem, and word p r o c e s s i n g .  

ava i  l a b l e  a t  each r e q u e s t  f o r  user  i n p u t .  I t  would range from one or two 1 i nes 
o f  t e x t  t o  more d e t a i l e d  e x p l a n a t i o n s  when necessary .  Each menu was t o  i n c l u d e  
a h e l p  t e x t  t o  e x p l a i n  t h e  menu s e l e c t i o n s .  

A sys temat i c  way o f  p e r f o r m i n g  q u a l i t y  c o n t r o l  on a n a l y t i c a l  techn iques  
would be developed which would mark and i d e n t i f y  samples t o  t h e  LIMS as q u a l i t y  
c o n t r o l  samples. The r e s u l t s  would be accumulated and s t o r e d  i n  t h e  database t o  
p r o v i d e  a h i s t o r y  for  t h e  i ns t rumen ts  and a check of t h e  q u a l i t y  o f  t h e  a n a l y t -  
i c a l  techn ique.  

IMAGE,  a word p r o c e s s i n g  package which runs  under DSM-11 was s e l e c t e d  t o  
p r o v i d e  t e x t  s torage c a p a b i l i t i e s  f o r  t h e  a n a l y s t s .  
easy s to rage  o f  l a r g e  amounts of t e x t  w i t h i n  a database s t r u c t u r e .  
programs must be w r i t t e n  to  handle t h e  s to rage  and r e t r i e v a l  o f  each 255  char -  
a c t e r  s t r i n g  i n  t e x t  f o r m a t .  The use o f  I M A G E  by  the  a n a l y s t s  would g i v e  them 
t h e  c a p a b i l i t y  t o  compose and store such i t e m s  as d e s c r i p t i o n s  o f  a n a l y t i c a l  
techn iques ,  d e t a i l e d  e x p l a n a t i o n s  o f  unexpected a n a l y t i c a l  r e s u l t s ,  and memos. 

MUMPS was n o t  des igned f o r  
Spec ia l  

The LIMS was to  p r o v i d e  access t o  DSM-11 s y s t e m  o p e r a t i o n s  f o r  managing 
and m a i n t a i n i n g  the database.  
a b l e  o n l y  to  t h e  manager c l a s s  o f  use rs .  
t i e s  i n c l u d e  r o u t i n e s  for  q u i c k  sea rch ing  and e d i t i n g  o f  the  database, f o r  
m a i n t a i n i n g  t e r m i n a l s  and p r i n t e r s ,  and fo r  p e r f o r m i n g  system backups. 

Access t o  t h i s  p a r t  of t h e  LIMS was t o  be a v a i l -  
The most u s e f u l  o f  t h e  DSM-11 u t i l i -  

LIMS SOFTWARE CONTRACT 

The LIMS design was f o r m i d a b l e  and the  p r e l i m i n a r y  s t u d i e s  de termined t h a t  
no  e x i s t i n g  commerc ia l l y  a v a i l a b l e  LIMS c o u l d  p r o v i d e  a l l  t he  f u n c t i o n a l i t y  
reques ted ,  p a r t i c u l a r l y  t h e  ne twork ing  c a p a b i l i t i e s .  
t o  have t h e  so f tware  custom w r i t t e n  and a vendor was se lec ted .  D u r i n g  n e g o t i a -  
t i o n s ,  some o f  the LIMS f e a t u r e s  were des igna ted  as o p t i o n a l ,  t o  be implemented 
i f  t i m e  and fund ing  p e r m i t t e d .  These i n c l u d e d  t h e  q u a l i t y  c o n t r o l  subsystem 
and the  o n - l i n e  he lp .  The vendor proposed a schedule for  so f tware  development, 
s y s t e m  t e s t i n g ,  and a n a l y s t  t r a i n i n g .  A f t e r  app rox ima te l y  e i g h t  months, t h e  
system was d e l i v e r e d  f o r  i n i t i a l  t e s t i n g .  I t  was q u i c k l y  apparent  t h a t  t h e r e  
were  s e r i o u s  problems w i t h  t h e  so f tware  package. E r r o r s  i n  d a t a  e n t r y  o f t e n  
caused r o u t i n e s  to c rash  and leave t h e  user  a t  t h e  DSM-11 system prompt 
i n s t e a d  o f  d i s p l a y i n g  an e r r o r  message and p rompt ing  t h e  user  t o  e n t e r  another  
response. 
so f tware .  A t i m e  e x t e n s i o n  was gran ted ;  however, d u r i n g  the  second a t tempt  a t  
o n - s i t e  t e s t i n g ,  i t  was q u i t e  e v i d e n t  t h a t  t h e  LIMS would be unusable w i t h o u t  
major  r e v i s i o n s  and t h a t  t h e  vendor was n o t  i n  a p o s i t i o n  t o  p r o v i d e  t h e  r e v i -  
s ions  s a t i s f a c t o r i l y .  

A c o n t r a c t  was drawn up 

The vendor reques ted  b o t h  t i m e  and f u n d i n g  ex tens ions  t o  c o r r e c t  t h e  

LIMS R E V I S I O N  

A t  t h i s  p o i n t ,  t h r e e  o p t i o n s  were a v a i l a b l e :  abandon t h e  p r o j e c t ,  
reques t  a d d i t i o n a l  funds  f o r  another  vendor t o  f i n i s h  t h e  p r o j e c t ,  o r  f i n i s h  
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i t  in-house. T r y i n g  t o  secure a d d i t i o n a l  funds  to  c o n t i n u e  w i t h  ano the r  vendor 
was n o t  a p o s s i b i l i t y  s i n c e  the  p r o j e c t  was beyond i t s  comp le t i on  da te  and was 
w e l l  ove r  budget .  

The i d e a  to  abandon t h e  p r o j e c t  was g a i n i n g  f a v o r  w i t h  management f o r  sev- 
e r a l  reasons. The in-house development of  t h e  i n t e r f a c e  t o  t h e  l o c a l  a rea  n e t -  
work was n o t  g o i n g  smooth ly .  The f requency on t h e  broadband cab le  t h a t  had 
been a l l o c a t e d  for  t h e  p r o j e c t  had been changed a f t e r  most o f  t h e  programming 
o f  t h e  i n t e r f a c e  u n i t s  had been done. T h i s  had r e q u i r e d  major  hardware modi- 
f i c a t i o n s  a t  s i g n i f i c a n t  c o s t  i n  o rde r  for t h e  u n i t s  to  o p e r a t e  a t  t h e  new 
f requency .  
i n t e r m i t t e n t  problems,  t h e  most ser ious  of which caused s i n g l e  t e r m i n a l s  t o  
randomly l o c k  up. 
to  t h e  a f f e c t e d  t e r m i n a l  was t o  r e s e t  a board  on t h e  LIMS computer which would 
a d v e r s e l y  a f f e c t  o t h e r  use rs  access ing  t h e  LIMS o v e r  t h e  network.  
remained unsolved d e s p i t e  many months of effort and c a s t  s e r i o u s  doubt  on  t h e  
p rospec t  o f  u s i n g  t h e  ne twork  for a l l  t e r m i n a l  connect ions  t o  t h e  LIMS. 

The communications between t h e  LIMS computer and t h e  BIUs had 

The o n l y  apparent  means f o r  r e e s t a b l i s h i n g  communicat ions 

Th is  problem 

Res is tance to  t h e  LIMS was s t i l l  b e i n g  vo i ced  by t h e  a n a l y s t s  i n  t h e  
m i c r o s t r u c t u r a l  l a b o r a t o r y .  They had n o t  been conv inced t h a t  t h e  LIMS would 
p r o v i d e  them w i t h  any r e a l  b e n e f i t s  and t h e y  were concerned t h a t  too much t i m e  
and e f f o r t  would be r e q u i r e d  t o  i n p u t  t h e i r  a n a l y s i s  r e s u l t s  i n  a LIMS- 
compa t ib le  fo rmat .  

An in-house p r o j e c t  team was consu l ted  as t o  t h e  f e a s i b i l i t y  o f  f i n i s h i n g  
t h e  p r o j e c t  a t  Lewis.  
v a r i o u s  stages of i t s  comp le t i on  t h e  team concluded t h a t  by r a d i c a l l y  m o d i f y i n g  
t h e  o r i g i n a l  des ign ,  a scaled-down v e r s i o n  of the  LIMS c o u l d  be implemented for 
use i n  the  chemical c h a r a c t e r i z a t i o n  l a b o r a t o r y  o n l y .  

Reviewing t h e  s t a t e  of the  p r o j e c t  and assess ing  the  

The m o d i f i c a t i o n s  i n c l u d e d :  

e l i m i n a t i n g  t h e  m i c r o s t r u c t u r a l  l a b o r a t o r y  from t h e  des ign  
des ign ing  t h e  v i d e o  o u t p u t  s p e c i f i c a l l y  f o r  V T l O O  t e r m i n a l s  
debugging t h e  manager c l a s s  of programs and r e w r i t i n g  t h e  a n a l y s t s  

i n c l u d i n g  o n - l i n e  h e l p  
pos tpon ing  t h e  i n v e n t o r y  and i n s t r u m e n t  r e p a i r  l o g s  

and customers programs 

LIMS IMPLEMENTATION AND T R A I N I N G  

The in-house team spent  seven months r e w r i t i n g  t h e  sof tware w h i l e  work 
con t inued  on s o l v i n g  t h e  B I U  communications problem. The sys tem was t e s t e d  for 
major  f l a w s  and r e v i s e d  a c c o r d i n g l y .  
a n a l y s t s  w i t h  a two-day seminar on the LIMS, i n c l u d i n g  hands-on demonst ra t ions .  
D u r i n g  t h e  n e x t  two months, t h e  a n a l y s t s  p rov ided  t h e  f i n e  t u n i n g  o f  t h e  sys- 
t e m ,  f i n d i n g  s u b t l e  e r r o r s  i n  t h e  programs and r e q u e s t i n g  improvements i n  t h e  
d i s p l a y  and r e p o r t i n g  f e a t u r e s .  
1 year  w h i l e  t h e  LIMS database proved i t s  r e l i a b i l i t y  and t h e  a n a l y s t s  handled 
a l l  o f  the  d a t a  i n p u t  t o  t h e  LIMS. 

T r a i n i n g  began i n  August, 1984 for  the  

The manual paper s y s t e m  was ma in ta ined  fo r  

D u r i n g  t h a t  yea r ,  minor  m o d i f i c a t i o n s  and improvements were added to  the  
The LIMS computer was moved i n t o  the  l a b o r a t o r y  where t e r m i n a l s  were s y s t e m .  
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p o s i t i o n e d  for easy access b y  b o t h  a n a l y s t s  and r e s e a r c h e r s .  Because t h e  BIU 
communications problems had n o t  been s a t i s f a c t o r i l y  r e s o l v e d  t o  a l l o w  f o r  r e l i -  

LIMS computer.  I n  January,  1986 t h e  researchers  became LIMS users  and were 
r e q u i r e d  t o  e n t e r  t h e i r  own sample a n a l y s i s  r e q u e s t s  t o  t h e  LIMS. 

I a b l e  ne twork  communications, a l l  user  t e r m i n a l s  were connected d i r e c t l y  t o  t h e  

T r a i n i n g  for  t h e  researchers  was done on an i n d i v i d u a l ,  as-needed b a s i s  
w i t h  t h e  a n a l y s t s  and LIMS manager s e r v i n g  as t u t o r s .  The h e l p  screens were 
compi led i n t o  a manual and i n f o r m a t i o n  sheets  f o r  access ing  t h e  system were 
r e a d i l y  a v a i l a b l e  a t  t he  r e s e a r c h e r s '  t e r m i n a l s .  A remote t e r m i n a l  was s t i l l  
ma in ta ined  f o r  the  a n a l y s t s  and i t  i s  c u r r e n t l y  u s i n g  a d i f f e r e n t  t y p e  o f  
modem. 
t e r m i n a l s  and personal  computers i n  use a t  NASA Lewis.  

T h i s  t ype  p r o v i d e s  t h e  connec t ion  t o  and from t h e  LINK f o r  most o f  t h e  

FUTURE LIMS PROJECTS 

~ The i d e a  o f  d i r e c t  d a t a  t r a n s f e r  from t h e  a n a l y t i c a l  i ns t rumen ts  t o  t h e  
LIMS i s  s t i l l  be ing pursued. The I C P  emiss ion  spec t rometer  computer,  a PDP 
11/23, w i l l  be connected v i a  t h e  LINK w i t h i n  t h e  n e x t  y e a r .  Th i s  w i l l  a l l o w  
f o r  t h e  d i r e c t  t r a n s f e r  o f  I C P  a n a l y s i s  r e s u l t s  t o  t h e  LIMS computer and a l s o  
p r o v i d e  t h e  I C P  te rm ina l  w i t h  t h e  LIMS t e r m i n a l  c a p a b i l i t i e s .  

There i s  some d i s c u s s i o n  about  imp lement ing  a smal l  LIMS i n  t h e  mic ro-  
s t r u c t u r a l  l a b o r a t o r y  t o  hand le  bookkeeping f u n c t i o n s ,  schedu l i ng  o f  user  
i ns t rumen ts ,  and m a i n t a i n i n g  an i n v e n t o r y  o f  s u p p l i e s .  The LIMS has demon- 
s t r a t e d  t a n g i b l e  b e n e f i t s  t h a t  c o u l d  a p p l y  e q u a l l y  w e l l  t o  t h e  m i c r o s t r u c t u r a l  
l a b o r a t o r y .  

MAINTENANCE 

The LIMS has r e q u i r e d  v e r y  l i t t l e  maintenance, b o t h  i n  hardware and sof t -  
ware. P e r i o d i c  maintenance i s  per fo rmed a n n u a l l y  on the  hardware t o  ensure 
optimum performance and l o c a t e  p o t e n t i a l  hardware problems.  Disk backups a r e  
c u r r e n t l y  performed t w i c e  a week on t h e  da ta  and any t ime  a change i s  made t o  
the  system so f tware .  A r c h i v i n g  o f  a n a l y t i c a l  d a t a  i s  done so t h a t  o n l y  t h r e e  
years  o f  d a t a  i s  s to red  on a d a t a  d i s k .  

The LIMS manager i s  r e q u i r e d  t o  have exper ience  w i t h  MUMPS programming 
and have an unders tand ing  o f  t h e  database s t r u c t u r e .  He or she i s  r e s p o n s i b l e  
f o r  m a i n t a i n i n g  the so f tware  and fo r  schedu l i ng  maintenance o f  t h e  hardware. 
On-s i te  c o n t r a c t o r s  p r o v i d e  t h e  hardware maintenance suppor t .  Bo th  maintenance 

have a l l owed  imp lementa t ion  o f  use r  suggest ions  t o  t h e  so f tware .  
I c a p a b i l i t e s  have p rov ided  q u i c k  response t imes f o r  L IMS-re la ted  problems and 

ENHANCEMENTS 

Enhancements have been made t o  t h e  system i n c l u d i n g  an e l e c t r o n i c  t ime  
card  f u n c t i o n  w i t h  which the  a n a l y s t s  can r e c o r d  t h e  amount o f  t i m e  t h e y  spend 
on d i f f e r e n t  p r o j e c t s .  
chers c o u l d  rece ive  t h e  a n a l y t i c a l  r e s u l t s  from those w o r k s t a t i o n s  f i n i s h e d  
w i t h  t h e i r  p a r t  of t h e  a n a l y s i s .  I n  t h e  o r i g i n a l  des ign ,  researchers  had t o  

A p a r t i a l  r e p o r t  o p t i o n  was added so t h a t  t he  resear -  
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w a i t  for a l l  t e s t s  reques ted  a t  a l l  w o r k s t a t i o n s  t o  be completed be fore  rece 
i n g  an a n a l y s i s  r e p o r t  on a b a t c h  of samples. 

BENEFITS 

V-  

The LIMS has p r o v i d e d  a number o f  b e n e f i t s  t o  t h e  a n a l y t i c a l  l a b o r a t o r y  
t h e  c e n t r a l  s to rage  of a n a l y s i s  r e s u l t s ,  t h e  ease of d a t a  r e t r i e v a l ,  and a 
v a r i e t y  o f  management r e p o r t s  to name a few. A s i d e  b e n e f i t  i s  t h a t  t he  ana- 
l y s t s  have become more computer l i t e r a t e  due t o  t h e  in-house development e f f o r t  
and a r e  l e s s  r e l u c t a n t  t o  t r y  new computer ized equipment. 

Personal  computers have a l s o  found t h e i r  p l a c e  w i t h i n  t h e  research  o rgan i -  
z a t i o n  and a r e  used i n  v a r i o u s  c a p a c i t i e s ,  from word p rocess ing ,  spreadsheets,  
g r a p h i c s  and databases t o  d a t a  a c q u i s i t i o n  and i n s t r u m e n t  c o n t r o l .  The growth 
o f  t h i s  i n d u s t r y  and i n c r e a s e  i n  s torage c a p a c i t i e s  of t h e  new PC, i n d i c a t e  
t h a t  a persona l  computer may be a good cho ice  for t h e  main computer o f  a smal l  
LIMS. 

CONCLUSIONS 

When t h i s  LIMS was b e i n g  designed, i n  t h e  l a t e  1970s, t h e r e  was ve ry  
l i t t l e  i n  t h e  l i t e r a t u r e  t o  a s s i s t  w i t h  choos ing  a LIMS or t o  warn p r o s p e c t i v e  
LIMS des igne rs  o f  t h e  p i t f a l l s  i n  a custom-designed system. 
changing r a p i d l y  i n  t h e  computer i n d u s t r y  and s tandards  were s t i l l  be ing  
dec ided upon i n  t h e  a rea  of l o c a l  area ne tworks .  
ava i  l a b l e  LIMS so f tware  was i n  t h e  $60 000 or more range w i t h  custom so f tware  
r a n g i n g  upwards of $150 000. 

Technology was 

The c o s t  o f  commerc ia l l y  

Today, much has been w r i t t e n  on t h e  s u b j e c t  o f  LIMS d e a l i n g  w i t h  methods 
fo r  d e t e r m i n i n g  i f  your  l a b o r a t o r y  can b e n e f i t  from a LIMS, what LIMS fea tures  
a re  necessary t o  meet y o u r  needs, choosing t h e  r i g h t  hardware and so f tware ,  and 
what t h e  s t a f f i n g  requ i rements  a r e  f o r  m a i n t a i n i n g  a LIMS. P r i c e s  f o r  commer- 
c i a l l y  a v a i l a b l e  minicomputer-based LIMS systems depend on t h e  number o f  f e a t -  
u res  i n c l u d e d  and t h e  t y p e  o f  hardware d e s i r e d .  I n  1985, p r i c e s  f o r  bo th  
hardware and so f tware  c o s t s  ranged from $15 000 t o  $600 000. 
so f tware  was and i s  s t i l l  p r i c e d  w e l l  over $100 000. PC-based LIMS sys tems  
have been developed and PCs i n  t h e  l a b o r a t o r y  can be networked t o  f u l l y  u t i l i z e  
t h i s  type  o f  LIMS. 

Custom designed 

Joseph Goulden o f  L a b o r a t o r y  Management Systems I n c . ,  a New York consu l t -  
i n g  f i r m  ( r e f .  1 > ,  adv i ses  t h a t  LIMS may n o t  be s u i t a b l e  to  a l l  l a b o r a t o r i e s .  
He proposes t h a t  i n  a smal l  l a b o r a t o r y ,  " t h e  l a b o r  sav ings  may n o t  j u s t i f y  a 
system purchase. Maybe j u s t  a change i n  p rocedure ,  i n  l o g g i n g  i n  or r o u t i n g ,  
can c l e a r  up a p rob lem."  
a l l  t h a t  i s  r e q u i r e d  f o r  d a t a  hand l ing .  

A database management program r u n n i n g  on a PC may be 

One o f  t h e  major reasons LIME i s  not accepted i r !  & !&mya tmy  i s  t h a t  
the  users  a r e  n o t  c o n s u l t e d  about  t h e i r  needs or those needs a re  i gno red  by the  
des igne rs .  When t h e  i d e a  i s  s t i l l  i n  t h e  des ign  s tage,  users should be asked 
for t h e i r  i n p u t .  Henry Ledgard ( r e f .  2 ) ,  a p r i v a t e  c o n s u l t a n t  s p e c i a l i z i n g  i n  
so f tware  e n g i n e e r i n g  and educa t ion ,  s t a t e s  t h a t  i f "human f a c t o r s  a re  impor- 
t a n t ,  t hey  shou ld  be a concern from t h e  beg inn ing  to  t h e  end o f  the software 

9 



l i f e  c y c l e  . .. Human e n g i n e e r i n g  i s  n o t  someth ing t h a t  can be g r a f t e d  on t o  an 
e x i s t i n g  system. I t  i s  t h e  f i b e r  of t e c h n i c a l  development . "  How menus a r e  
o rgan ized ,  i f  spec ia l  f u n c t i o n  keys m igh t  be h e l p f u l ,  what n o t a t i o n s  a re  t o  be 
used f o r  d a t a  e n t r y ,  e t c .  a re  t h e  types  of q u e s t i o n s  good t e c h n i c a l  des igne rs  
shou ld  c o n s i d e r .  When users  a r e  g i v e n  a chance t o  have i n p u t  and make recom- 
mendat ions,  they  tend t o  f e e l  more comfor tab le  w i t h  t h e  f i n a l  p r o d u c t .  

r a t o r y  has a very e f f i c i e n t  manual s y s t e m  for h a n d l i n g  a n a l y s i s  reques ts  and 
r e p o r t i n g  sample r e s u l t s .  
management t h e  p o t e n t i a l  problems a s s o c i a t e d  w i t h  t r y i n g  t o  r e p l a c e  t h i s  sys tem 
w i t h  a computerized one. The a n a l y s i s  r e p o r t s  genera ted  by SEM, TEM, and X-ray 
D i f f r a c t i o n  a n a l y s i s  a r e  n o t  numer ic  i n  n a t u r e  b u t  r a t h e r  photographs and t e x t  
which cannot  r e a d i l y  be p u t  i n t o  t h e  r e q u i r e d  computer f o r m a t .  The f e a s i b i l i t y  
s tudy  d i d  n o t  p resent  enough advantages i n  t h i s  a rea  t o  war ran t  t h e  f u l l  LIMS 
c a p a b i l i t y  for the m i c r o s t r u c t u r a l  l a b .  P r o t o t y p i n g ,  had i t  been done, would 
have r e v e a l e d  some o f  the  weaknesses a s s o c i a t e d  w i t h  t h e  o r i g i n a l  LIMS des ign .  
A m o d i f i e d  ve rs ion  which i n c l u d e d  schedu l i ng  for t h e  user  i n s t r u m e n t s ,  an 
i n s t r u m e n t  l o g  f o r  maintenance and s u p p l i e s ,  a sample submiss ion form and an 
a n a l y s i s  comple t ion  r e c o r d  c o u l d  have p r o v i d e d  enough d a t a  f o r  management 
r e p o r t s ,  sample s t a t u s  and i n s t r u m e n t  usage i n  t h e  m i c r o s t r u c t u r a l  l a b o r a t o r y .  

T h i s  i s  one area  where o u r  LIMS des ign  f a i l e d .  The m i c r o s t r u c t u r a l  labo-  

The f e a s i b i l i t y  s tudy  f a i l e d  t o  impress on o u r  

I r a  C o t t o n  from Booz-Al len and Hami l t on  C o n s u l t a n t s ,  has a s e l e c t i o n  
c r i t e r i a  f o r  choosing a l o c a l  a r e a  network which can a l s o  be a p p l i e d  when 
s e l e c t i n g  a LIMS. 

F u n c t i o n a l i t y  - c a p a b i l i t i e s  p r o v i d e d  
Performance - speed o f  r e t r i e v a l ,  error h a n d l i n g  
M a i n t a i n a b i l i t y  - r e l i a b i l i t y  
Extens i  b i  1 i t y  - g rowth  p o t e n t i a l  
Vendor s t a b i l i t y  - exper ience ,  r e p u t i b l e  
P r i c e  - w i t h i n  budget  ( r e f .  3 )  

F u n c t i o n a l i t y  and per formance requ i remen ts  shou ld  be de termined by examin- 
i n g  what you r  l ab  does, how d a t a - f l o w  i s  handled,  and what s teps  a r e  r e q u i r e d  
by b o t h  t h e  submi t te r  and the  a n a l y s t .  Th i s  s t r u c t u r e d  a n a l y s i s  shou ld  be 
i n c o r p o r a t e d  i n  the i n i t i a l  des ign .  Once the  des ign  i s  completed,  those 
r e s p o n s i b l e  for  managing t h e  l a b o r a t o r y  shou ld  dec ide  whether t h i s  s t r u c t u r e d  
env i ronment ,  which LIMS may impose, i s  d e s i r e d  i n  the  l a b o r a t o r y .  John Domanico 
( r e f .  4 > ,  sen io r  q u a l i t y  eng ineer  for Warner-Lambert, r e c a l l s  t h a t  "we d i d  n o t  
i d e n t i f y  a l l  our  needs i n  depth  before go ing  o u t  and buy ing  t h i n g s ;  as a r e s u l t  
we had t o  do more work t o  f i x  t h e  so f tware . "  Tak ing  the  t i m e  t o  do a thorough 
a n a l y s i s  p r i o r  t o  d e c i d i n g  on a LIMS may save t ime ,  money and much f r u s t r a t i o n  
1 a t e r  . 

M a i n t a i n i b i l i t y  and e x t e n s i b i l i t y  a r e  t h e  n e x t  c r i t i c a l  f ea tu res  of a 
A s  we have learned,  i f  a sys tem i s  u n r e l i a b l e  due t o  e i t h e r  hardware o r  

A few c o n s i d e r a t i o n s  when imp lement ing  a LIMS acco rd ing  t o  

LIMS. 
so f tware  f a i l u r e s ,  new users  w i  1 1  be uncomfo r tab le  w i t h  and t h e r e f o r e  r e l u c t a n t  
t o  use t h e  system. 
Raymond Dessy, p ro fesso r  o f  c h e m i s t r y  a t  V i r g i n i a  P o l y t e c h n i c  I n s t i t u t e ,  a re :  
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( 1 )  No more than a day shou ld  be r e q u i r e d  t o  l e a r n  t o  use t h e  system. 
( 2 )  No more than a month should be r e q u i r e d  t o  become a s k i l l e d  

programmer. 
( 3 )  The a b i l i t y  t o  implement change q u i c k l y  and f r e q u e n t l y  i s  a n e c e s s i t y  

( r e f .  5 ) .  

Vendor s t a b i l i t y  and p r i c e  should be cons idered i n  o r d e r  t o  de termine how 
much in-house suppor t  w i  11 be r e q u i r e d .  By u t i  1 i z i  ng t h e  i d e a  o f  p r o t o t y p i  ng, 
t h e  v e n d o r ' s  unders tand ing  o f  t h e  requ i rements  w i l l  be e v i d e n t .  T h i s  can a l s o  
r e v e a l  t h e  need for m o d i f i c a t i o n s  i n  t h e  des ign .  I n  o u r  case, i f  a p r o t o t y p e  
had been developed which d e a l t  w i t h  t h e  s p e c i f i c  needs o f  each l a b o r a t o r y ,  t h e  
p r o j e c t  team c o u l d  then  have t e s t e d  i t  f o r  weaknesses and suggested p o s s i b l e  
changes t o  the  des ign .  P r o t o t y p i n g  would have genera ted  a b a s e l i n e  system 
w i t h  a l l  t he  c r i t i c a l  f e a t u r e s .  Once t h e  b a s e l i n e  was o p e r a t i o n a l ,  add ing  t h e  
o p t i o n s  c o u l d  have been t h e  r e s p o n s i b i l i t y  o f  t h e  p r o j e c t  team. Had t h i s  pos- 
s i b i l i t y  e x i s t e d ,  t he  LIMS p r o j e c t  migh t  have had a b e t t e r  chance o f  b e i n g  
implemented i n  b o t h  l a b o r a t o r i e s .  

The e l e c t r o n i c s  i n d u s t r y  has been r a p i d l y  improv ing  c a p a b i l i t i e s  i n  d i s k  
s to rage ,  p rocessor  speed, c o m p a t i b i l i t y ,  and ne twork ing .  Many i n d u s t r y  s tan-  
dards  have been developed w i t h i n  the p a s t  5 yea rs  t o  make cho ices  on types  of 
hardware and software e a s i e r  fo r  the consumer. Our LIMS was des igned d u r i n g  
t h i s  p e r i o d  of r a p i d  g rowth  and as a r e s u l t  was o b s o l e t e  by the  t i m e  i t  became 
o p e r a t i o n a l .  Network ing  today  i s  more r e a d i l y  accompl ished th rough  i n d u s t r y -  
accepted s tandards which u t i l i z e  commerc ia l l y  a v a i l a b l e  l o c a l  a rea  networks 
( f o r  example, E the rne t  or Decnet) .  I t  i s  e v i d e n t  t h a t  once s tandards  have been 
e s t a b l i s h e d ,  i n d i v i d u a l s  or i n d u s t r y  as a whole can b e t t e r  u t i l i z e  techno logy  
i n  deve lop ing  a p p l i c a t i o n s  and improv ing  d a t a  management and communications. 
Labora to ry  i n f o r m a t i o n  management systems w i l l  c o n t i n u e  t o  be viewed as s t a t e -  
o f - t h e - a r t  for d a t a  management and communications i n  many l a b o r a t o r i e s  f o r  
years  t o  come. 
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APPENDIX A 

LEWIS INFORMATION NETWORK (LINK) 

The LINK, NASA Lew is '  l o c a l  area cab le  ne twork ,  was des igned by M i t r e  
C o r p o r a t i o n  of Bedford ,  Massachussetts and i s  based on CATV techno logy .  
s y s t e m  uses a p a i r  of p a r a l l e l  broadband c o a x i a l  cab les ,  one cab le  to  c a r r y  
t h e  inbound s i g n a l s  and t h e  othe-r  f o r  t h e  outbound s i g n a l s .  The f requency  
range extends from 50 to  300 MHz on each cab le  w i t h  t h e  f r e q u e n c i e s  d i v i d e d  
i n t o  6 MHz band channels .  Both data and v i d e o  s i g n a l s  a re  t r a n s m i t t e d  v i a  

a t  t h e  

The 

head-end thus  p r o v i d i n g  two-way communications. 
- t h i s  c a b l e  sytem w i t h  t h e  inbound and outbound s i g n a l s  b e i n g  coup led  

o f  B a t  i 

BUS INTERFACE UNITS (BIUs)  

These B I U s  were made by D i g i t a l  Communications Cor thesda,  
Mary land.  The B I U s  a r e  Z80lbased and were programmed in-house t o  p e r f o r m  the  
p a c k e t i z i n g ,  r o u t i n g  and e r ro r - check ing  o f  LIMS network-bound da ta .  The p r o t o -  
c o l  r u n n i n g  on t h e  LINK u t i l i z e s  the resource  s h a r i n g  concept  where each 
resource ,  whether i t  be a computer, t e r m i n a l ,  or p r i n t e r  i s  known t o  t h e  ne t -  
work and dec la res  i t s e l f  a v a i l a b l e  o r  u n a v a i l a b l e  and must s p e c i f y  t h e  number 
o f  use rs  i t  can hand le  s imu l taneous ly .  When users  want t o  access a resource  
they  e i t h e r  s p e c i f y  t h e  channel or make a c a l l  t o  a f r o n t - e n d  processor  which 
r o u t e s  t h e  c a l l  t o  t h e  a p p r o p r i a t e  channel .  Once t h e  channel i s  opened, i t  
remains open u n t i l  e x p l i c i t l y  c losed by e i t h e r  t h e  r e c e i v i n g  or t r a n s m i t t i n g  
end. The LIMS computer was con f igu red  t o  hand le  up t o  16 network channels  
s imu l taneous ly .  

DCA-205/11 STATISTICAL MULTIPLEXER C I R C U I T  BOARD 

The L I M S  computer c o n t a i n s  a DCA-205/11 s t a t i s t i c a l  m u l t i p l e x e r  c i r c u i t  
board  made by D i g i t a l  Communications Assoc ia tes  of Norcross ,  Georg ia .  The DCA 
board, which p lugs  i n t o  t h e  Unibus backplane on t h e  PDP 11/24, emulates a 
s e r i e s  o f  DEC DZ-11 s e r i a l  m u l t i p l e x e r  boards.  Because these DZ-11 boards a r e  
suppor ted  by t h e  PDP 11/24s, t h e  LIMS computer r e q u i r e s  no s p e c i a l  so f tware  t o  
communicate w i t h  users  v i a  t h e  DCA board. 
Data Communication Message P r o t o c o l  (DDCMP) t o  c o n t r o l  d a t a  t r a n s m i s s i o n  w i t h  
t h e  BIUs. An in-house program was w r i t t e n  for t h e  B I U s  t o  p r o v i d e  t r a n s l a t i o n  
between the  DCA-DDCMP p r o t o c o l s  and t h e  LINK p r o t o c o l .  T h i s  hand le r  program 
a l l o w s  t h e  16 user  1/0 p o r t s  on the  LIMS computer to  access t h e  LINK and a l s o  
i d e n t i f i e s  t h e  p o r t  number and channel r e q u i r e d  f o r  two-way communicat ions o v e r  
the  LINK network.  

The DCA boards use DEC's D i g i t a l  
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Laboratory Information Management System 
Add a User to LIMS 

User Initials: 
User Name 
Password 
Profes. Code : 
Org. Code : 
Phone 

Date : 

Class : 

Workstation Code: 
Mail Stop: 

. 

Figure 1. User Dictionary Entry Form 
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Laboratory Information Management System r Analyst Functions 

Analysis requests and assignments 
Enter analysis results and information 
Display workstation queue lists 
Reporting functions 
Time charging functions 
Miscellaneous functions 
Help 
Quit 

i------------------------------------------------- 

Figure 2. The analyst's menu 

Laboratory Information Management System 
Manager Functions 

Analyst Functions 
Management Reports 
Data Administration 
System Operations Function 
Miscellaneous Functions 
Read Mailbox 
Help 
Quit 

.___________________------------------------------ 

Figure 3. The manager's menu 

Figure 4 .  The customer/guest's menu 
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