
I~~
ATAC O

~IFUTER SUPP OR T OF ~~EIS~~IC DATA ~A C T I V I TY 1

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

-

~ ay I , 197u tu  J~~Iy ~1 , I97~

(JI ,
--

c~~j~Noj DA 9~~~-7~~-C-O~~27

~~~~~~~~~ FA Order~~~~
f

~~

D D ~~
f —

~~~~~~~ ..o.  MA R 29 1977

D e F  r.~ e A v ~~i~ ej  R~~;carch  P~~c~~e~~t A - ~~~y L114 0 D  ~:ib: oi ~~ i 1 v ~~~ 1 í u
T~~1 ~~~~~~~ ~~ ~~~~~~~~~ ?2~~ )~

A t t c t ~t L: ~~~~~ F i l s o n

u —i

~~~cz

_ _  _ _



Computer Corporation of America ~575 Technology Square
Cambridge , Massachusetts 02139

Datacomputer Support of Seismic Data Activity

Quarterly Technical Report

May 1, 1976 to July 31 , 1976

This research is supported by the Defense Advanced Hest~ir’c’ h

Projects Agency of the Department of Defense under ~~. u tr a c t
No. MDA 9O3_7L~_C_ 0227. The views and conclusions co t:ii ~~ J

in th i s  document  are those  of the  a u t h o r s  :n~~ sb c u~~J not he

i n t e rp re t ed  a~; necessa r i ly  r e pr e s en t i ng  th ~ ~ t ’f ~ c1~~1 p o l ic  ~~~~~~~~~

e i the r  ~x pres~~.d or i m p l i e d , of the  D e f e n ~~ ~\ v i ~~~i ’ ~~~:~~’ch
P ro jec t s  Agency or the U.  S. Government .

~ 

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



¶

Table of Contents

Page

1. Summary 1

2. The SIP and Arpanet Considerations I

2.1 Operations 2

2.2 Arpanet Difficulties 2

2.3 SIP Software 3

2.3.1 Disk Failure Robustness 

2.3.2 Improved fIP—Datacomputer Transmission....

2.3.3 CCP Changes 5

3. Coordination with the Sei~ rnic Community 5

~~~. The TBM 6

~4.1 Site Preparation 6

~.2 Acceptance Testing 6

5. The Datacomputer 7 



--~~~ 

1 . dwr ~m :i r y

The purpose of this project is to provide seismic data storage

and retrieval services. These services are to be provided via

the Datacornputer being developed and maintained by Computer

Corporation of America (CCA ) for  ARPA under a separate Contract
No. MDA 9O3—714—C— 0225 . The seismic data is to be r e ce i ved  over

the Arpanet and made available to computers on the Arpanet in

a convenient and timely manner.

To provide the requisite services the Datacomputer has been

augmented by a mass  memory system to provide additional ~torar~e

mu by a ainal l  Seismic Inpu t  Processor  ( S I P )  to c o n t i n uou s l y
co l l ec t  real t ime  da ta  over the  n et w o r k , r e f o r m a t  and b u f f e r  it ,

and p eniod ica i ly  dump i t  in to  the  D a t a c o m p u t e r .  An A m p e x
rf to,ab i t  Memo ry . fy st e m  ( TBM ) w i t h  a c a p a c i t y  of a ! m o s t .  t w o  h u n d n ’ - J
b i l l i on b i t s  has be en  i n s t a l l ed  at CCA as t i i ’ ;;~~ss rnor to : ~y sy s t e m .
A DEC 11/14 0 compu te r  w i t h  RP O I 4 d i s k s  and an  A r v a n e t  i n t e r f ac e

has been purchased  as the SIP .  The ~1P is in s t a l l e d  and

ope ra t iona l .  Development  c o n t i n u es  on ~ TP enh~~n c e m c n t s .

P r o j e c t a c t i v i t y  can be d i v i d e d  in to  fo ur  i t c~~~ r i e s :  ( 1

~ I F deve lopment ;  and ne twork  b a n d w i d t h  cons ide i ’a t  I c - n o ;  (~~
coo r d i n at i o n  w i t h  the  se i smic  c o m m u n i t y ;  ( 3 )  Tifl\~ ar~ aIo i1 ~on
and in teg i ’at ion  in to  the D a t a c o mp u t e r ;  and  ( 1 4 )  seismic rn l a t  c~
Datacompu te r  deve lopment  . One sec t  Ion be low  In t h i s  ~~~
d evo te d to each of these  c a t e g o r ie s .

‘ h u ~~ ID and Alj~anet  Cons  idei n t .~~ono

-c i sm ic  a r ray  data  is  co l l ec t ed  f r o m  t h e  ~i~A C ~‘ ni~~~~~~ a~
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aiid Con t ro l  Pr ocessor  ( C C P )  o ve r  t h e  A r p a n e t , b u f f ~~~oa , ant

r e f o r m a t t e d , al l  by the CCA Seismic  Inpu t  Processor  ( S T P )
w h i c h  r e t r a n s m i t s  the data to the  D a t a c o m p u t e r .  The SIP is
equipped with disk  storage a d e q u a t e  for  t w e n ty - fo u i ’  hour
buffering of a 15 kilobit per second data stream .

2.1 Ope r a t ions

The SIP was ope ra t iona l  for most of the  m o n t h s  of J~a y ,  June ,
arid J u l y .  Re al se i smic  array data  was c o n t i n u o u s l y  b u f f e r e d
by t he S I P , re fo rmat ted , a rid pe r iod ica l ly  wr i t t e n  i n t o  t es t
f i l e s  in the  Vers ion I Da tacompu t er  and la t e r  i n to  f i l e s  in a

deve lopmenta l  Da t acompu te r . B ecause  these  D a t a c o mp u t e r s  u sed

di sk s torage , the  t es t  f i l e s  wer e only  a few h o u m s  l ong  a n d

data was sho r t l y  ove rwr i t t en  by newer d a t a .  CCP s t a t u s  wa s

also sto red d u r i n g  t h i s  period and i t s  smal l er  v o l um e  m e an t

tha t  it could  be stored and saved in norma l f i l es , w i t h o u t
o v e r w r i t i n g .

To ward the  end of J u l y ,  d ur i n g  the  TB~I a c c e p t a n c e  t e s t , r e al

se i smic  da ta and s ta t u s  i n f o r m a t i o n  w ere  st or e i  for  se v e r a l
days by t h e  d e v e l o p m e n t a l  D a t a c o m p u t e r  on rpp ~~ t a p e .

A pr e l i m i n ary  SIP Op -or ator ’ s I~an u a l  has  been prepar ed and

dis t r i b u t e d .

{mnrovemen t s  were made in the  SIP d u r i n g  the  r ep or t  i n s  pt  r c i

as de sc r ibed  in Sec t ion  2.  ~ b e l o w .

2 A r p a n e t .  P ¶ H i c u l  t ies

~~~ P~~ ft ~ - ’ P a t : i c o m p a t ’r snp~~~r ’t c i  s t i s r i c  h i :  : c ~ V _i_ t V ,  t i i ~~
Arpa  v t  Hi i r I t. ha a r e  v a I rt i . ‘ I i  v A t m  I 0 : - fl ‘U t l  St S a t a  1
be ah l e  to Prey l i t  t h e s e  b a u d w l : t  I s ;  he ’ \ ‘V t : , w ; i I e : : W

2 .
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difficulties have been encountered . It should be pointed out ,
concerning the discussion below , that Arpanet b a n d w i d t h  pro-

blems are not within CCA ’s purview. CCA must rely on those

r e spons ib le  for  Arpanet  o p e r a t i on  to provide  t h e  r e q u i r e d
se rv ice .

The most i n t r a c t a b l e  ne twork  problems encoun te red  are due to

limited assembly buffers at the CCA IMP. These problems were

detailed in our Quarterly Technical Report covering Sebruary 1 ,
- : to April 30, 197 6.

Dur ing  the qua r t e r  covered by th i s  repor t , a ne:” net- wor k  s , ,’s t  em
was d i s t r i b u t e d  to all  IMP ’s w h i c h  fu r t he r  r ed uced  t h e  in a : e :u at e

number of reassembly b u f f e r s  at CCA.  ( Th i s  r.ew n e t w o r k  sy s t - ~m
also requir ed  some very minor  changes  in the  SIP saC: w a r e . )
Compensa t ing  for  t h i s , the t r a f f i c  level  to the  P I P  P r om th t -
SDAC COP was reduced by t e r m i n a t i o n  of d a t a  foes; t h e  AL PA se i s :H c

array and by co r rec t ion  of a prob lem in  t h e  SP-A C P L k ~~BU2 l;,~h: ,
w h i c h  had p r e v i o u s l y  re ta ined  a l l o c a t i cr ,  of e x c c O s i v c  b u f f e r s

in the  OCA IMP and did not  use or release t h en .

Besides h i g i t  r eassembly  b u f f e r ’  r e q r _ i  r ’e n en t s  , the  h i g h  i_
f rom the  SIP to the  Datacomp u t c : r a l o n g  w i t h  o t her  t t e  f f ~~c r ~- o :
co ns ide rab le  p rocesso r  p o w e r ’  in t h e  C C A  I M P .

These p r o o l e m s  w i l l  b ecome i n c r e a s i ng l y  s e v e r e  as t h e  set on
t r a f f i c  grows an d th e  only  l o n g — t v  r n  ,;o let  i c r  a r - r ear ’s  t o  1-c t : r e

i r st a l l a t ion of ’  a h i g h e r ’  c a p a c i ty  ~PP at  ‘ ‘A , r - - r  s - n : n : i - i ,v an

:r 1 r r’t r i’~ :rt ’ly c c r i f l r ’ r r a - r P L U H l ~ ’- I ’ ’  fl’ I’ .

2 .~ 
- : : -  -
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the  SIP so f twa r ’e . rI~he most  s i - n i f i  c a n t  of’ t he se  r e lat e  to a

f a i l u r e  r o b u s t n e s s  and improved  t e c h n i q u e s  for  wr i t i n g  s ei sm i c
data  in to  the Datacoraputer.

2 .3 . 1  Disk  F a i l u r e  R o b u s t n ess

Prior to this improvement , the SIP could not survive the sudden

failure of a disk it was currently accessing. This is undesir-

able since the SIP has two disk drives and could continue on

the other drive. The SIP code was mod ified to recover from

d isk failures or from manual intervention at a disk drive (such

as manually write locking a disk while the SIP is writing on it).

The SIP will transfer buffered data from a w r i t e  locked dick

to the Datacomputer but will not try to write new data on the

disk. The SIP was also changed so that it responds properly

to interrupts caused by changes in a disk’ s ava ilability stators .

The SIP was further mod ified to probe the disks periodIcally to

detect other status changes which do not  cause  i n t e r r u p t s .

2.3.2 Improved SIP—Datacompu ter Tr~ nsmiosion

In the past , the SIP transferred data for all files for’ rae

hour before writing any data for the f o l l o w i ng  h our ’ .
caused a reference pattern characterized by s w i _ t a h i r : - ” t a r - i d l y

from one large file to another’.

in a TBM based Dataccn~ liter , ra~~i l  r e  f’er v n c e a  1 0  trait :’- ,’ I u r g e ’
f i l e s  may cause  t h i ’o s h i _ n g  art -u ( ‘x e e s s L v e  st - ’ g n g  J e J , ,’r,’s.  ‘ i t O . ’
p a r t s  of t h e  f i l e s  w I l .t r i o r u ; t l l y  be at  : , a’ ’o l  t o ::et ’o n - r u r ’’ ,’ at ’ c r a g ’ ,

i t  is b e st , to m ak e  m a n y  r e f er e n ces  t o  one 1,’ ; r ’ ’ : e P1 l v  r u ’?
I i g  or: to t i e  n e x t  . The SI P cc i ’  w a s  n e t  P1 i s t  I P , t

no: ‘e I : -air ci tt ~’ P ‘ is ot ’ h u t ’ t ’v r e ~ ha t a I’:,; ‘ a ;  1 a - - ‘ :  .1 - :  a ‘ r i - i
t h e  d ata i _ n t e r c. ’ i  I ’ : ’ one Il : i t ~aa e n ; - u 1 - ’ : ’  ‘ l i t :  :

‘
- - : ‘  s- ’ ’v ’ ’ : ’ : l i r r  u r s ,

24
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t h e n  advance  to  da ta  i n t ended  for  t h e  n e x t  D a t a c o r n n u t c ’r ’  P i l e ,
rather’  than send ing  all the  da ta  for  one b u f f e r e d  hou r b e f o r e
advanc ing  to the next buffered hour.

Another problem with past SIP/Datacomputer interaction was t he

pract ice of initializing complete files with default values so

that data could be added via an update in place. The complete

initialization of seismic files would be a very lengthy process

for some of-the planned monthly files. In addition , the
Datacomputer can now append to the end of a file as efficiently

as it can update in place. For these reasons , and s ince the

se ism ic data is normal ly  wr it ten  by the SIP in ch ronolog ical
order , the SIP code was mod if ied  to ap pend data to se ismic f i les
wherever possible. In the case of gaps in the data , the grin

area is filled with default values and when the m i s s i ng  data
arrives , an update in p lace is pe r fo rme d .

2.3.3 CCP Changes

A new version of the CCP was brought up during this quarter.

This impacted the SIP because the CC? began sen ring air extremely

high volume of s t a t u s  messages  m i x e d  w i t h  b ad c h e e k a : ,’m — h a t a

m e s sages .  A p p r o p r i a t e  d e f e n s i v e  m o d i f i c a t i o n s  w e l t  m a d e  it (he

S I P .

3. C o o r d in a t i o n  w i t h  t h e  Se i sm ic ’  C o ri r r a r t i t y

CCA c o n t i n u e d  to coop n ’ate  w i t h  VIC rai d SDA C Li i  t h e  r ’e t , i ’ i ’va l  of

real se i smic  da ta  a vu l  l ab i e  fr’o:;: test fi le : ;  in t ic ’  i e v e l c i ’m ’ ’n ’ a I

D a t a c c m ; r p : r t e r .  ~J e :’:’y i” r a ’ r ’ e il  o r ’ -L’A ‘ r. ;SI H-t ’ l tI: I t o O  t~ I c

t o r ies APUI in p i t t : lu g  for ’  : ;e i s m ic  t r : i t u  u s e .

_ _ _
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CCA also cont inued to assist SDAC in developing, files that will

be written directly by SDAC (i.e. this d a t a  wi l l  riot be r o u t ed
through the SIP). These are ant icipated to be the ILPA data

f i l e s , event summary files , seismic waveform files , and the
instrument status and calibration file. Problems were en-

countered with the event summary file due to a table (the “do

stack”) size limitation and limits on maximum description length

in the Datacomputer. These were overcome by increas ing the size

of the  tab le  and by making minor  changes  to  the  event  surrr ma r ’y
f i l e  d e s c r i p t i o n .

14 . The TBM

An Ampex Terabit Memory System (TBM) is being integrated into

the  D a t ac o m p u ter  to p rov ide  the  r e q u ir e d  large am o u n t  of Oti -

l ine  s torage . The TBl ” i has r equ i red  s i t e  m o d i f i c a t i o ns  at 2 2 A .

14 .1 Si te  P r e p a r a t i o n

All  s i t e  work for  the TBM at CCA is now com p l e t e .

Problems  w i t h  t he  h u m i d i f i e r  componen t  of a new r I l~aI l e  a i r ’
c o n d i t i o n e r  w h i c h  were r epo r t ed  las t  q u a r t e r ’  h av e  bee r :  o v v r ’c  cm -; .

1 4 . 2  A c c e p t a n c e  T e s t i n g

A gi ’eerr i ;r i t  on t ;ht ;  TBM a c c e p t a n ce  t e s t  p~’oct ~ U i t ’ ’ w a s  r e a c t ’ :  i i i

June , a f t e r  p r o t r a c t e d  n e g o t i a t i o n s .  r~ p~ t , e a t -  a r  5 m a r l  t i c - I  ‘ii

Ju ly  31 . The rrpr 1 h a r d w a r e  p er ’  f o r m ed  v e r y  v i  1 rut i _ m i g  t h i  a t e s t
ex c e e - r i m i g  t h e  a c c e p t a n c e  c t ’ i t er ’L o l :  i ry  a ccn ; ’ _ i : L ’: ’ , iL c r i ;  ‘y ! . c~ I

four dr ives were used and 25~~,295 seeks , l’( ? , 7 ( I ” L- l c c k  r ’ t ’ u t a , ar - i

31, 02.? b l o c k  w r i t e s  were pe r fo r ’a : t ’ i  . P-s h a - :  t r i t e ’  h I  s e k a  r e m  0
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e n c o u n ter e d , al l  da ta w r i t t e n  out  was e a s i l y  r et ; ’it ’ r ’ed , Otii

t he re  was no u n s c h e d u l e d  s y s t e m  down time for hardware r e a s o n s .

There were , however , a number  of s o f t w a r e  pr c ’ble:r . s encounter ed

w h i c h  resulted in some down time . By agreement with A r n e x ,
partial payment is being withheld pending fixes to these soft-

ware problems . Additional funds are still being withheld c’ro:ins

i n s t a l l a t i o n  of ce r ta in  so f twa re  TBM f e a t u r e s  r e q u i r e d  for
conven ient TBM operation at OCA.

5. The Datacomputer

The seismic related Datacomputer work this quarter i r ~i ’oo l v o r
p r e p a r a t i o n  for  use of the  TB Ii and i n i t i a l  e f f c rt s  t c , ’,a rd

i m p l e m e n t a t i o n  of the f i l e  groups featur’e .

The large size of TBM b locks  led to space ah o r - t a g e s  in t he
virtual memory of’ Datacomputer subjobs. Temporarily, buffer’s

assigned to inversion information were used , r r a i : ing  t h e  i n v er s i o n
fea tu re  and TBM usage incompat ib l e .  The pr ob lem was so lved
by i m p l e m e n t i ng  a new set of i n f e r i o r  forks  under’ the Par : ’; —
compu ter  s u b j o b s  to increase the  a v a i l a b l e  virtual rrerrur’y .

A f ea tu re  was  added to the  Da tacompute : ’  to aer :n it  t he  a s s ign-
me nt of all  newly  a l loca ted  space in a s u b — t r e e  of trio D a t a —

computer  d i r ec to ry  to a p a rt i c u l a r  Th I  t ;ap e  to  ‘1. p o r t  : c r ’
commands were added for’ activating, this feature a m i  s e t t i n ”
such volumes. This capability perr;iitr; gr’catt ’ r manual contr ol

of the  a l l o c a t i o n  of lar ge f i l es to 1PM r e e l s .

On J u l y  1 work began on i m p l em e n t a t i o n  of  t h e  t i l e  ‘ -‘ r o l l ;  fear o re .

7 .  
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This  e n h a n c e m e n t  g ives  t he  u s e r ’  c o n t r o l  over ’ how t o  b r e a k  ur

large volumes  of da ta  in to  p h y s i c a l l y  smal le r  and n cr -c  manage-
able  u n i t s .  Each u n i t  can be i n d i v i d u a l l y  accessed , dump ed ,
val idated , e t c .  At the  same t i m e , t he  uses can cr ’eaae ’ o r e  or’
more groups out of a subset of these logically reia t ed u n i ts
or subfiles. t’Jhen a r’equest is issued on a group , t h e  s:,’atc - :r;

decides wh ich subfiles must be accessed . 
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