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THE IBM 701 SPEEDCODING SYSTEM* 

By J. w. BACKU$ 
In te rna t iona l  B u s i n e s s  M a c h i n e s  Corp. ,  

New Fork,  IV. Y .  

The  IBM 701 Speedcoding System is  a 
set  of instruct ions which causes  the 701 to 
behave l ike a three-address  f loating point 
calculator .  Let  us cal l  this  the Speedcoding 
calculator .  In addition to operat ing in float- 
ing point, this Speedcoding calculator  has  
extremely convenient  means for gett ing in- 
formation into the machine and for printing 
resul ts ;  i t  has an ex tens ive  set  of opera- 
t ions to make the job of programming as 
easy  as poss ib le .  Speedeoding also pro- 
v ides  automatic address modification, flex- 
ib le  tracing, convenient  use of auxiliary 
storage, and built-in checking.  The  system 
was developed by IBMPs New York Scien- 
t i f ic  Computing Service.  

Since this  f loating point Speedcoding 
calcula tor  is  slower than the 701, despi te  
the conveniences  that it offers,  you might 
ask: Why go to a lot of trouble to make an 
extremely fast ca lcula tor  l ike the 701 be- 
have l ike  a slower one? There  are two 
principal reasons.  The first is  that some 
computing greups are working against  time, 
and the e lapsed  time for solving a problem 
may often be reduced by minimizing the  
time for programming and checking out the 
problem even though the running time is  
thereby increased.  

The  second and most important reason 
for having a Speedcoding calculator ,  in 
addition to the 701, is  a matter of economy. 
Often, the expense  of operating a computing 
ins ta l la t ion is  almost equally divided be- 
tween machine cos t s  and personnel cost .  
Furthermore, machine time spent checking 
out problems is  frequently a very appre- 
c iab le  percentage of the total machine time. 

It is  c lear ,  therefore, that programming 
and tes t ing  cost  often comprise between 

* P r e s e n t e d  at the meeting of the A s s o c i a t i o n ,  
Sept. 9-11. 1953. 

50 and 75% of the total cost  of operating a 
computing instal lat ion.  Since Speedcoding 
reduces coding and tes t ing  time consider-  
ably, and i s  fairly fast in operation, it will  
often be the more economical  way of solv-  
ing a problem. 

Speedcoding is  an interpretive system. I 
have implied that Speedcoding i s  a three- 
address system. Actually th is  is  not quite 
the case.  In a f loating point system data 
and instruct ions have completely different 
forms and are  treated differently. Therefore,  
it was thought des i rable  to have  separate  
methods of deal ing with each of these  two 
types of information. Thus,  each Speed- 
coding instruction has two operation codes  
in it ca l led  OP 1 and OP 2. OP 1 has  three 
addresses  A, B, and C, a s soc ia t ed  with it 
and is  always an arithmetic or an input- 
output operation. OP 2 has  one address ,  D, 
a s soc ia t ed  with it  and is  always a logical  
operation. OP 1 dea ls  with floating point 
numbers, OP 2 dea ls  with instruct ions.  Th i s  
arrangement was a lso  adopted because  it 
makes eff ic ient  use  of the space  avai lable  
for an instruction and because  it often 
speeds  up operation by reducing the number 
of instruct ions which must be interpreted. 

OP 1 operat ions cons is t  of the usual  
arithmetic operat ions plus square root, 
s ine,  arc tangent,  exponential ,  and loga- 
rithm. There are also orders for transferring 
arbitrary blocks of information between 
e lec t ros ta t ic  s torage and tapes,  drums or 
printer. These  input-output orders have  
built-in automatic checks  for correct trans- 
mission.  Accompanying the OP 1 operation 
code is  a code to specify that any or all  of 
the three addresses ,  A, B, C, should be 
modified during interpretat ion by the con- 
tents  of three assoc ia ted  specia l  regis ters  
(B tubes)  labeled RA, RB, R C. Th is  feature. 
often enables  one to reduce the number of 
ins t ruct ions  in a loop by a factor of 1/2.  

The  OP 2 operation in an instruction is  
executed after the OP 1. By means of th is  
operation one can obtain conditional or un- 
condit ional  transfer of control. One can 
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in i t i a l i z e  the  con ten t s  of any of the R-reg- 
i s t e r s  or one can,  in one operat ion,  incre-  
ment any or all  of the R- reg i s t e r s  and  
t ransfe r  control .  Another OP 2 operat ion 
al lows one to compare the  con ten t s  of an 
R-regis ter  with the  given D-address  and 
skip the  next  ins t ruc t ion  if they are equal.  
OP 2 a lso  provides  a se t  of opera t ions  for 
us ing  a fixed point accumulator  for compu- 
t a t i ons  with a d d r e s s e s  and for comparing 
the con ten t s  of t h i s  accumulator  with the  
D address .  F ina l ly ,  OP 2 provides  a con- 
venien t  means  of incorpora t ing check ing  in 
a problem if  desi red.  Th i s  feature  c o n s i s t s  
mainly of two opera t ions ,  START CHECK, 
and END CHECK; al l  ins t ruc t ions  be tween 
t h e s e  two orders  may be  au tomat ica i ly  re- 
pea ted  as  a block and at the  end of the  
second repet i t ion  two sepa ra t e  check sums 
which have  been  accumula ted  during the 
two cyc les  are compared and the ins t ruc t ion  
fol lowing the  END CHECK skipped if  they 
agree. 

Ins t ruc t ions  or data  may be  s tored any- 
where in e l ec t ro s t a t i c  or auxi l iary s torage  
as  s ing le  Speedcoding words. Average ex- 
ecut ion  t imes  for var ious  Speedcoding opera- 
t ions  are a s  follows: 

Add: 4.2 mi l l i seconds  
Multiply: 3.5 mi l l i seconds  
Read Tape;  14 mi l l i seconds  a c c e s s  

plus  1.6 mi l l i s econds  per 
word 

Trans fe r  Control: .77 mi l l i seconds  

E l ec t ro s t a t i c  s torage  space  ava i l ab l e  i s  
about 700 words. 

Le t  us  follow a problem from i t s  coded 
form on programming s h e e t s  and da ta  s h e e t s  
until  i t  i s  checked  out and ready to run. 
F i r s t  the  ins t ruc t ions  and data  are punched 
on decimal  cards  whose  formats are ident i -  
cal to t hose  of the shee t s .  If there  are any 
data  or i n s t ruc t i ons  which the program re- 
quires  from tapes  or drums, loading control 
cards  are punched (one for each block of 
information) which will c ause  the loading 

sys tem to put t h i s  information in the  proper 
p laces  in auxi l iary s torage.  The  deck of 
binary cards  for Speedcoding i s  p l aced  in 
front of th i s  decimal  deck c o n s i s t i n g  of 
ins t ruc t ion  cards ,  data  cards ,  and, poss ib ly ,  
loading control  cards ,  and the  en t i re  deck 
i s  put in the 701 card reader.  When the  load 
button i s  p ressed ,  the information will be 
s tored in e l ec t ros t a t i c  s torage,  on t a p e s  or 
on drums as  ind ica ted  by loca t ions  on the  
cards .  When the  las t  card i s  read,  execu t ion  
of the  program will begin  automat ica l ly .  

In check ing  out the program, use  will  be 
made of a feature  of Speedcoding which 
ha s  not been ment ioned yet. Each  Speed- 
coding ins t ruc t ion  inc ludes  a l i s t  code 
which may be a s s i g n e d  one of three  poss i -  
ble va lues .  A s s o c i a t e d  with each  of t h e s e  
va lues  i s  a swi tch  on the ope ra to r ' s  pane l  
of the 701. During execut ion  of a program 
all  i n s t ruc t i ons  will be  printed which have  
l i s t  codes  cor responding  to sw i t ches  which 
are on. If one ha s  properly a s s i g n e d  l i s t  
codes ,  one may then check out a problem in 
the fol lowing way: One beg ins  execu t ion  of 
the  program with al l  three  sw i t ches  on, 
after  see ing  the  most r epe t i t ive  por t ions  of 
the  program printed once  or twice,  one  of 
the swi t ches  i s  turned off, af ter  which only 
moderately repe t i t ive  par ts  of the program 
are l i s ted .  F ina l ly ,  the  second swi tch  i s  
turned off and only the  l eas t  repe t i t ive  in- 
s t ruc t ions  are seen .  If t rouble  i s  encounte red  
in the  l a s t  cyc le  of a much repeated loop, 
one can  approach th i s  point rapidly with a 
minimum of pr int ing and jus t  before  reach ing  
it  one can turn on all  three  sw i t ches  and 
see  al l  de t a i l s  of the  program. Each  ins t ruc-  
t ion i s  printed with a lphabe t i c  operat ion 
codes  jus t  as  i t  was or iginal ly  wri t ten on 
the programming shee t .  The  f loa t ing  point  
numbers  at A, B, and C, the con ten t s  of the  
R- reg i s te r s  and the add res s  accumulator ,  
are a l so  printed with each ins t ruc t ion .  

Now that  we have  briefly s een  how Speed- 
coding works, you might be i n t e r e s t ed  to 
know what our exper ience  ha s  been with it. 
At present ,  I be l i eve  that  f ive 701 in s t a l l a -  
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t ions  are  us ing  or plan to u s e  Speedcoding.  
Although many improvements  and exten-  
s i o n s  to Speedcoding are pos s ib l e ,  t h o s e  
who have  used  it  report  that  it i s  ac tua l ly  
easy  to use .  J u s t  th i s  week, in fact ,  one  of 
our cus tomers  arr ived at our computing cen- 
ter  in New York with a Speedcoding problem 
all  punched and ready to t e s t .  He had pro- 
grammed the  en t i re  problem at  h i s  own 
off ice  us ing  only the  Speedcoding manual .  
He got h i s  r e su l t s  with a minimum of help  
from us.  

We h a v e  done problems with Speedcoding 
which ran for 100 hours,  and problems 
which took th ree  minutes .  

Expe r i ence  has  shown tha t  many prob- 
lems which might require  two weeks  or 
more to program in 701 language  can be  
programmed in Speedcoding in a few hours.  
One reason  for t h i s  i s  the  smal l  number of 
i n s t ruc t i ons  required.  For  example,  a matrix 
mul t ip l ica t ion  program requi res  about  twe lve  
in s t ruc t ions .  The re  are  only two ins t ruc-  
t i ons  in the  pr inc ipa l  loop. 

Once a problem i s  coded one can  often 
have  it  punched,  checked  out  on the 701, 
and ready to run in s ide  of an hour or two. 

The  speed  of operat ion of Speedcoding 
makes i t  an economical  sys tem to use .  We 
have  so lved  some problems in Speedcoding 
for a f rac t ion of the  cos t  on other  equipment .  
Speedcoding i s ,  of course ,  par t icular ly  val-  
uab le  for smal l  problems and for such prob- 
lems i s  often cheaper  than 701 language  
programs,  s i nce  i t  r educes  the  c o s t s  of pro- 
gramming and tes t ing .  

One other  i n t e re s t ing  fact  which I learned 
yes t e rday  was  tha t  one  701 i n s t a l l a t i on  
has  deve loped  a mechan ica l  procedure  for 
t r ans l a t i ng  the i r  s t andard  CPC rout ines  into 
Speedcoding programs and have  already used 
t h e s e  programs qui te  a lot .  

To summarize:  
Speedcoding i s  a f loa t ing  point  three-  

add res s  sys tem which great ly  s impl i f i e s  
programming, and check ing  out a program. 
Speedcoding provides  conven ien t  input-  
output opera t ions ,  bui l t - in  checking ,  easy  
loading and pr int ing.  Therefore ,  Speedcoding 
reduces  programming and t e s t i ng  e x p e n s e s  
cons iderab ly .  T h e s e  e x p e n s e s  are  of ten a 
large  part  of the cos t  of opera t ing  a com- 
puting i n s t a l l a t i on .  Thus  Speedcoding  i s  
economica l  a s  well  as  conven ien t  to use.  


