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E f f i c i e n c y  of t h e  U N I V A C  1108 computer i s  f r e q u e n t l y  
c o n t r o l l e d  more b y  t h e  programming o f  Input /Output  t h a n  i t  i s  
b y  t h e  programming o f  t h e  computa t ions .  Programs w r i t t e n  i n  
t h e  FORTRAN language  (as  most of Bellcomm's a r e )  e f f e c t  t h e i r  
Input /Output  t h rough  i m p l i c i t  u se  of  a s e t  of s u b r o u t i n e s  
c a l l e d  t h e  FORTRAN 1/0 l i b r a r y .  

A new Exec 8 l i b r a r y ,  B C M I O ,  has been  programmed at 
Bellcomm to conform to t h e  s t a n d a r d  format  e s t a b l i s h e d  by  t h e  
UNIVAC S t a n d a r d  Exchange ( U S E ) .  I n  o rde r  t o  use  t h e  l i b r a r y ,  
i t  i s  n e c e s s a r y  to c o n v e r t  da ta  f i l e s  to t h e  BCMIO f o r m a t ,  
b u t  program a l t e r a t i o n s  are not r e q u i r e d .  T h i s  l i b r a r y  has 
been pa r t  of  t h e  r e g u l a r  o p e r a t i n g  sys tem a t  Bellcomm s i n c e  
December, 1 9 6 9 .  It i s  now undergoing checkout  a t  two o t h e r  
i n s t a l l a t i o n s ,  p r i o r  t o  g e n e r a l  r e l e a s e .  

B C M I O  r e d u c e s  program e x e c u t i o n  t imes  by  20-85%. 
Taking 50% as t h e  midpoin t  of t h i s  r a n g e ,  and assuming t k a t  
half  of  t h e  machine t ime i s  devoted  to program e x e c u t i o n  
t h e r e  i s  a U N I V A C  1108  throughput  i n c r e a s e  of 33% r e s u l t i n g  
from u s e  o f  t he  new l i b r a r y .  
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TECHNICAL MEMORANDUM 

I n t r o d u c t i o n  
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d 
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On a computer as f a s t  as t h e  UNIVAC 1108, most 
programs a r e  1/0 ( Inpu t /Ou tpu t )  bound. T h a t  i s ,  computa- 
t i o n s  can be  done i n  l ess  t ime t h a n  tha t  r e q u i r e d  to r e a d  
i n  t h e  data  and p r i n t  o u t  t h e  r e s u l t s .  Thus, t h e  e f f i c i e n c y  
o f  computer u t i l i z a t i o n  may depend more on t h e  1/0 p r o c e s s  
t h a n  on t h e  computat ion a l g o r i t h m s .  

Most programs a t  Bellcomm are w r i t t e n  i n  t h e  
FORTRAN language .  Such programs do t h e i r  1/0 through a 
s e t  of  l i b r a r y  s u b r o u t i n e s ,  c o l l e c t i v e l y  c a l l e d  t h e  FORTRAN 
1/0 l i b r a r y .  T h i s  l i b r a r y  has been r e w r i t t e n  a t  Bellcomm 
i n  o r d e r  t o  o b t a i n  g r e a t e r  e f f i c i e n c y  from t h e  computer and 
mass s t o r a g e  d e v i c e s .  The r e s u l t ,  c a l l e d  B C M I O ,  i s  now be ing  
used s u c c e s s f u l l y  a t  Bellcomm. U t i l i z i n g  r e c o r d  packing  and 
b u f f e r i n g ,  it reduces  program e x e c u t i o n  t i m e s  by  20-85%. 
C a p a b i l i t i e s ,  f e a t u r e s  and c h a r a c t e r i s t i c s  o f  B C M I O  a r e  
d e s c r i b e d  i n  t h i s  memorandum. 

1. C a p a b i l i t i e s  

B C M I O  does n o t  r e q u i r e  any changes t o  any FORTRAN 
programs. It meets f u l l  A N S I  FORTRAN s t a n d a r d s .  It  meets 
a l l  U N I V A C  s p e c i f i c a t i o n s  w i t h  t h e  e x c e p t i o n  o f :  1) a l t e r -  
n a t e  symbiont s u p p o r t ;  2 )  d i r e c t  s e t t i n g  of  random a c c e s s  
addresses; and 3 )  u s e r  e r r o r  c o n t r o l  i n  c e r t a i n  "de layed  
e r r o r "  s i t u a t i o n s .  I n  a d d i t i o n ,  i t  p r o v i d e s  some new 
f a c i l i t i e s :  most n o t a b l y  t h e  s u p p o r t  of  m u l t i r e e l  tape f i l e s .  

I n  t h e  f o l l o w i n g  d e t a i l s ,  "Mass s t o r a g e "  r e f e r s  to 
word-addressable  drum, FASTRAND, and magnet ic  tape ( i n c l u d i n g  
m u l t i r e e l  f i l e s ) .  "Symbionts" r'efer t o  u n i t  r e c o r d  d e v i c e s  
such  as c a r d  r e a d e r s ,  p r i n t e r s ,  c a r d  punches,  remote t e r m i n a l s ,  
t e l e t y p e w r i t e r s ,  e t c .  
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1.1 D e t a i l e d  Suppor t  
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B C M I O  s u p p o r t s :  

a. b i n a r y  r e a d s  and writes.(FORTRAN 11, I V ,  & V )  on 
mass s t o r a g e ;  

b .  f o r m a t t e d  r e a d s  and w r i t e s  (FORTRAN 11, I V ,  & V )  on 
mass s t o r a g e  and symbionts ;  

e .  ENDFILE on mass s t o r a g e ;  

d .  BACKSPACE on mass s t o r a g e  ( n o t  a l lowed over  r e e l  
boundar i e s  on m u l t i r e e l  f i l e s ) ;  

e .  REWIND on mass s t o r a g e  ( t o  s t a r t  of  1st r e e l  on 
m u l t i r e e l  f i l e s )  ; 

f .  NAMELIST r e a d s  and wr i tes  on mass s t o r a g e  and 
symbionts ;  

g .  CLOSE on mass s t o r a g e  and symbionts ;  

h.  END and ERR c o n t r o l  f o r  a l l  1/0 c a l l s  i n  which t h e  
FORTRAN compi le r  w i l l  p a s s  t h e s e  t o  t h e  l i b r a r y .  ( B C M I O  w i l l  
g i v e  u s e r  c o n t r o l  on these c o n d i t i o n s  on ly  i f  t hey  a r i s e  
b e f o r e  c o n t r o l  has been  normally r e t u r n e d . )  

1 . 2  U N I V A C  F e a t u r e s  n o t  Suppor ted  

a .  B C M I O  does n o t  s u p p o r t  a l t e r n a t e  symbionts .  It  
d e a l s  w i t h  f i l e s  i n  t h e  USE s t a n d a r d  SDF format  ( s e e .  2 )  i n  
which t h e r e  a r e  no s e p a r a t e  a l t e r n a t e  symbiont f i l e s .  (How- 
e v e r ,  i n c l u s i o n  of  t h i s  f e a t u r e  would, i n  f a c t ,  be e a s y . )  

b .  B C M I O  does  n o t  suppor t  t h e  U N I V A C  r o u t i n e  SETADR. 
Although implementa t ion  of t h i s  would be t r i v i a l ,  t h e  f e a t u r e  
i s  f e l t  t o  be t o o  dangerous f o r  g e n e r a l  use i n  an env i ron -  
ment of f i l e s  w ' i t h  c o n t r o l  words. 

c .  There i s  a l s o  a r e s t r i c t i o n  on u s e r  c o n t r o l  i n  
t h e  c a s e  of  END or o t h e r  ERRor c o n d i t i o n s ;  some e r r o r s  
a r e  no t  d e t e c t e d  u n t i l  a f t e r  normal c o n t r o l  has r e t u r n e d  t o  
t h e  u s e r .  ( Indeed ,  i t  i s  p o s s i b l e  f o r  s e v e r a l  de l ayed  
e r r o r s  t o  r e v e a l  themselves  a l l  a t  once! )  I n  c a s e  of  such  
ambigui ty ,  B C M I O  w i l l  e r r o r  t h e  e x e c u t i o n  w i t h  a p p r o p r i a t e  
d i a g n o s t i c s .  
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1.3 New Features in BCMIO 

a. BCMIO supports multireel tape files. 

b. Elements LRCIN and LRCOT [A,B]* provide reentx-ant 
interfaces to BCMIO for multiprogramming FORTRAN activities. 
Further, LRCIN permits reading FORTRAN records of unknown 
length. 

c. POSEND [ C ]  positions a file for continuation, regard- 
less of how it and/or its creation was previously terminated. 

d. BCMIO distinguishes between batch and demand runs 
for diagnostic purposes. As a spin-off from this, several 
functions regarding the run are available in element DEMAND 
CDI. 

e. Alternate calls to TRCFIO [E] turn on and off a 
trace mode on a l l  non-symbiont I/O. 

2. USE Format - Tape Conversion 
i3CMIO implements the FORTRAN part of the USE 

standard on 1/0 formats [l]. The format was designed with 
the primary objectives of: 1) across-the-board interprocessor 
compatibility within Exec 8; 2) 1/0 efficiency; and 3) ability 
to recover data past errors. A minor design consideration was 
deliberate incompatibility with past Exec 8 tapes. (It is 
cheaper to convert tapes than to carry the programming over- 
head for compatibility,) 

Thus, it is necessary to convert all old files to 
the USE format in order to use BCMIO. (However, the USE 
format is so much more efficient for most files, that the 
conversion is paid for within 1 or 2 uses of the converted 
file.) 

A conversion routine, CNVTFT, is included in 
BCMIO [F]. This converts files according to data card 
direction. It will accept Exec 2 FORTRAN tapes, 7090 FOR- 
TRAN tapes, and Exec 8 FORTRAN binary tapes as input, pro- 
ducing USE tapes as output. 

3. Techniques 

BCMIO achieves efficiency of the CPU and mass 
storage devices by packing logical records together into 
fixed size physical records. This minimizes the amount 
of real physical I/O. 

*Bracketed letters indicate appendices; bracketed numbers 
indicate references. 
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T h i s  packing  i s  done i n  a p o o l  of  b u f f e r s ,  each  of  
which can b e  a t t a c h e d  to any l o g i c a l  u n i t  as needed. The 
Bellcomm v e r s i o n  has 1 0  b u f f e r s  i n  t h e  p o o l ,  which makes 
B C M I O  t h e  same s i z e  as t h e  smallest U N I V A C  l i b r a r y .  T h i s  
number can be a l t e r e d  b y  changing only  one c a r d  i n  e lement  
BFFERS. It i s  des i rab le  t h a t  t he re  b e  a t  l e a s t  as many 
b u f f e r s  as there  a r e  l o g i c a l  u n i t s  a c t i v e  a t  a g i v e n  t i m e .  
( S p e c i a l  u s e r s  can have t h e i r  own v e r s i o n s  of  BFFERS.) 

B C M I O  eoes  i t s  1 / 0  asynchronous ly ,  c o n c u r r e n t l y  
w i t h  computa t ion .  It i s  i n t e r r u p t  d r i v e n ,  comple te ly  s e l f  
c o n t a i n e d ,  and r e q u i r e s  no changes t o  t h e  e x e c u t i v e  or to 
t h e  programs u s i n g  i t .  

4 .  R e l a t i v e  E f f i c i e n c y  

" E f f i c i e n c y "  i s  d i f f i c u l t  to d e f i n e  i n  any o v e r a l l  
s e n s e  i n  a n  environment such  as Exec 8 where v a r i o u s  programs 
a r e  s h a r i n g  t h e  computer f a c i l i t i e s  a t  any g i v e n  moment. 
Fu r t i i e r ,  t h e  g a t h e r i n g  of  d a t a  f o r  a s t a t i s t i c a l l y  adequate  
measurement of  t h e  e f f e c t s  of  an  1 /0  package i s  unduly expen- 
s i v e  even i n  a s i m p l e r  environment .  For  i n s t a n c e ,  a l though  
b u f f e r i n g  has long  been r ega rded  as h i g h l y  impor t an t  to 
computer e f f i c i e n c y ,  i t  shou ld  n o t  be impor t an t  i n  a m u l t i -  
programming machine; t h e  machine shou ld  be a b l e  t o  execu te  
computat ions f o r  one program w h i l e  a n o t h e r  program i s  do ing  
I / O .  However, p r a c t i c a l  c o n s i d e r a t i o n s  i n d i c a t e  t h a t  b u f f e r i n g  
i s  s t i l l  a lmost  as impor t an t  as e v e r .  B C M I O  i s  b u f f e r e d ,  
b u t  b u f f e r i n g  b e n e f i t s  a r e  n o t  cons ide red  below. 

The t o t a l  s i z e  of  B C M I O  ( a s  d i s t r i b u t e d  w i t h  1 0  
b u f f e r s )  r u n s  about  t h e  same as t h e  s i z e  of  t h e  s m a l l e s t  
U N I V A C  package,  s o  memory r equ i r emen t s  are n o t  changed: 

F i g u r e  1 shows FASTRAND (or drum) packing  f r a c t i o n s  
f o r  each of  t h e  two packages .  I n  g e n e r a l ,  B C M I O  s e r v e s  as 
an envelope  to t h e  b e s t  p o i n t s  of  t h e  d i s c o n t i n u o u s  U N I V A C  
graph .  For  t h e  ave rage  l e n g t h *  b i n a r y  r e c o r d  of  31  words, 
B C M I O  p u t s  n e a r l y  t w i c e  as much data on t h e  same amount o f  
FASTRAND. F i g u r e  2 shows the  same data f o r  magnet ic  t a p e .  
Here, B C M I O  exceeds  by a f a c t o r  of  3 f o r  t h e  ave rage  r e c o r d  
s i z e ,  b u t  does n o t  do as w e l l  i n  some s e l e c t e d  r e g i o n s .  

*According to an  unpubl i shed  Sand ia  s t u d y .  
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E f f i c i e n c y  w i t h  r e s p e c t  t o  speed v a r i e s  w i t h  how 
o f t e n  t h e  d e v i c e  i s  a c c e s s e d .  It i s  a f u n c t i o n  of l o g i c a l  
r e c o r d  l e n g t h  and of t h e  d i s t r i b u t i o n  i n  t i m e  of t h e  a c c e s s e s .  
I g n o r i n g  the  b e n e f i t s  which B C M I O  d e r i v e s  from b u f f e r i n g ,  t h i s  
can be  reduced  t o  a number of a c c e s s e s  s i t u a t i o n .  F i g u r e  3 
shows number of data words p e r  a c c e s s  as a f u n c t i o n  of r e c o r d  
l e n g t h .  A t  t h e  ave rage  l e n g t h  o f  3 1  words,  B C M I O  shows a 7 
t o  1 advantage .  However, as r e c o r d  l e n g t h  i n c r e a s e s  t h e  
UNIVAC peaks w i l l  ahow b roade r  r e g i o n s  above t h e  B C M I O  c u r v e .  
Somewhere above 2000  words UNIVAC w i l l  c o n s i s t a n t l y  be  b e t t e r ,  
approaching  13% above B C M I O .  T h i s  i s  e n t i r e l y  due t o  c h o i c e  
of b lock  s i z e .  The B C M I O  f i g u r e  was chosen f o r  c o m p a t i b i l i t y  
w i t h  o t h e r  U N I V A C  p r o c e s s o r s ,  r a t h e r  t h a n  speed .  

I n  p r a c t i c e ,  BCMIO has proved 6 t o  7 times as good 
as UNIVAC on h e a v i l y  1/0 bound programs ( i n  s t a r t l i n g  agree-  
ment w i t h  t h e  Sand ia  f i g u r e  f o r  ave rage  r e c o r d  l e n g t h ) .  It 
shows approximate ly  a 20% improvement on BCMASP, our l a r g e s t  
compute-bound r u n .  These f i g u r e s  a r e  based on the  Bellcomm 
charge  a l g o r i t h m  [ 2 ] ,  a weighted  sum of  C P U ,  c o r e ,  and 1/0 
usage .  

T h i s  cha rge  a l g o r i t h m  does n o t  r e f l e c t  any 
advantage  f o r  over lapped  I / O ,  s o  t h e  t o t a l  b e n e f i t  t o  t h e  
i n s t a l l a t i o n  probably  i s  b e t t e r  t h a n  t h i s .  

Taking the  midd le  of  t h i s  20-85% improvement, 
and assuming t h a t  ha l f  o f  our computer t i m e  i s  s p e n t  i n  
e x e c u t i o n ,  t h i s  i n d i c a t e s  approximate ly  a 25% r e d u c t i o n  
i n  t o t a l  computer system r e q u i r e m e n t s ,  a 33% throughput  
i n c r e a s e  e 

1’ ---j//L _, <,% - , 
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Appendix A 

Function NLRCIN 

Purpose To provide reentrant input for FaRTRAN programs, 
and to provide input without knowledge of record 
length. 

Call NG@T=NLRCIN(NUNIT,NWANTD,WHERE,$E@F,$ERR) 

where (letter @, not digit 0 )  
NG@T will be set to the number words read, 
NUNIT = the unit used, 
NWANTD = the maximum number of words wanted, 
WHERE is the name of the array to receive the input, 
E@F is the statement number to receive control if 
an end is read,.and 
ERR is the statement number to receive control on 
an error. 

Effect Up to NWANTD words are read from unit NUNIT into 
array WHERE. NG@T is set to the number actually 
read. 

Note NLRCIN provides the most efficient form of input 
for F@RTRAN programs. 

Note If NUNIT is a symbiont, then it is an error, and 
control will go to ERR. 
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Appendix B 

Subrou t ine  NLRCgT 

Purpose To p rov ide  r e e n t r a n t  o u t p u t  f o r  FgRTRAN programs. 

Cal l  CALL NLRC@T(NUNIT,XWDRDS,WHERE) 

where ( l e t t e r  @, n o t  d i g i t  0 )  
N U N I T  = t h e  F@RTRAN u n i t  number t o  use, 
NWDRDS = t h e  number of  words t o  o u t p u t ,  and 
WHERE i s  t h e  name of  t h e  a r r a y  c o n t a i n i n g  t h e  
words t o  o u t p u t .  

E f f e c t  NWDRDS from. WHERE a r e  o u t p u t  on to  u n i t  number 
N U N I T .  

Note N L R C I N  p r o v i d e s  t h e  most e f f i c i e n t  form of FDRTRAN 
o u t p u t .  

Note If N U N I T  i s  a symbiont,  t h e n  i t  i s  an  e r r o r .  
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Appendix C 

Subroutine PaSEND 

Purpose To so position a unit as to be able to continue 
output from where it was last written. 

Call Call PDSEND(NUN1T) 

where (letter $3, not digit 0) 
NUNIT = the number of the unit to be positioned. 

Effect Unit NUNIT is positioned to j u s t  before either 
an end of file, error, or the end of information. 
It is left positioned there. 

(Use of END and ERR control is not adequate to 
achieve this purpose, as these do not distinguish 
between end of file and end of information for 
the user, but leave the position past on end of 
file but in front of the end of information.) 
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Appendix D 

Element DEMAND 

T h i s  e lement  p r o v i d e s  f u n c t i o n s  which e n a b l e  
FgRTRAN programs to g e t  a t  l o a d  t i m e  parameters  
from t h e  RUN and XQT c a r d s .  

B@@L=DEMAND(any number of dummy a r g s )  

True if and only  i f  demand r u n .  

NH@LLR=MNDYYR (any number of dummy a r g s )  

6 H o l l e r i t h  c h a r a c t e r s :  1st pair=month,  2nd=day, 
3 rd=yea r .  

N=N@PTS(any number o f  dummy a r g s )  
( l e t t e r  121, n o t  d i g i t  0 )  

N=option word b i t  10=1 ++ A o p t i o n  on XQT 
b i t  35=1 +* X o p t i o n  on XQT 

( b i t  O=sign, b i t  35=[b ina ry l  1) 

B@@L=@PTI%N(any number o f  arguments)  
( l e t t e r  %, n o t  d i g i t  0 )  

each  argument i s  H o l l e r i t h ,  c o n s i s t i n g  only  o f  
l e t t e r s .  

Each argument i s  r ega rded  as a Boolean p r o d u c t .  
The v a l u e  of  t he  f u n c t i o n  i s  t h e  Boolean sum o f  
t h e s e  p r o d u c t s .  Thus,  
@ P T I O N ( I A B C ' , ' D E ~ , ' F ' )  would be  t r u e  i f  
1) t h e  XQT c a r d  c o n t a i n e d  o p t i o n s  A ,  B ,  and C ;  o r  
2 )  t h e  XQT c a r d  c o n t a i n e d  o p t i o n s  D and E;  or 
3)  t h e  XQT c a r d  c o n t a i n e d  o p t i o n  F.  
It would be f a l s e  i f  and only  i f  a l l  of  them 
[l-31 f a i l ed .  



Appendix E 

Subrout ine  TRCFIg 

Purpose To p rov ide  a t r a c e  on (non-symbiont) FQIRTRAN 
I/@- ( O r i g i n a l l y  in t ended  t o  debug BCMIPI, t h i s  
has proved v a l u a b l e  i n  debugging u s e r  r u n s . )  

Call CALL TRCFIg 
( l e t t e r  @, no t  d i g i t  0 )  

E f f e c t  The f irst  c a l l  t u r n s  on t r a c e  mode. The second 
t u r n s  i t  o f f .  I n  g e n e r a l ,  each c a l l  r e v e r s e s  
t h e  c u r r e n t  s i t u a t i o n .  

Note When t h e  t r a c e  mode i s  on, each I/@ c a l l  produces 
about 1-1/2 pages of o u t p u t .  T h i s  c o n s i s t s  of  a 
dump of t h e  u n i t  c o n t r o l  packe t s  and b u f f e r  heads 
(de f ined  i n  FI@DEF/PR@C). 
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Appendix F 

Program CNVTFT 

Purpose Conversion o f  FPRTRAN data t a p e s .  

Opera t ion  The program i s  d r i v e n  by (any number o f )  data 
c a r d s .  Each of  these c o n t a i n s  a n  i n p u t  u n i t  number 
(anywhere) i n  c o l s .  8 th rough  13 and an o u t p u t  u n i t  
number (anywere) i n  c o l s .  1 6  th rough  2 1 .  Each such 
c a r d  d i r e c t s  t h e  conve r s ion  of 1 f i l e  ( w i t h  a n  
ENDFILE) 

Method CNVTFT does  n e i t h e r  i n p u t  nor  o u t p u t  aside from i t s  
data c o n t r o l  c a r d s  and a FPRTRAN ENDFILE on t h e  
o u t p u t  t a p e .  I n p u t  i s  done by element GETFRC, and 
o u t p u t  i s  done by e lement  PUTFRC. These two e lements  
could  each  u s e  FgRTRAN I/@ and be  g i v e n  s e p a r a t e  
R-option c o l l e c t i o n s  w i t h  t h e i r  a p p r o p r i a t e  FPRTRAN 
I/@ l i b r a r i e s .  I n  t h e  v e r s i o n  d i s t r i b u t e d  w i t h  BCMIg,  
GETFRC u s e s  a s sembly  language  i n p u t  and r easonab ly  
e l a b o r a t e  i n t e r n a l  l o g i c  to d e c i d e  what t y p e  of i n -  
p u t  tape it  i s  r e a d i n g ;  PUTFRC u s e s  s h o r t c u t s  i n t o  
BCMIP i n  o r d e r  to save  program- .s ize .  

C a p a b i l i t i e s  The BCMIg v e r s i o n  of CNVTFT a c c e p t s  a l l  Exec 
I1 FgRTRAN data t a p e s ,  a l l  7 0 9 0  FgRTRAN DATA ‘tapes, 
and Exec 8 FaRTRAN b i n a r y  data tapes as i n p u t .  It 
does n o t  a c c e p t  Exec 8 FaRTRAN f o r m a t t e d  t a p e s .  
Subrou t ine  GETFRC ( p a r t i c u l a r l y  its i n t e r n a l  sub- 
r o u t i n e ,  NEWITM) would have to be  r e w r i t t e n  to 
change t h e  a c c e p t a b l e  i n p u t  s e t .  

Note There i s  no l i m i t  on r e c o r d  l e n g t h .  




