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at the IBM Reslearch Computing Center 
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During the week of July 21-25, I served as an apprentice 704 operator at the 
Research Computing Center. The main object of this tour of duty was to ob-
imrve the'kernota control'iype of operation. Thia memorstndum describes 
the operation, which haia important implications for 7000 eystems. Two con- 
cluelone are thut we need programmable unlaadiag 04 tapas and that proper 
disk facilities can aiwume a laurprisingly large part of the tererk of tapes on 
the 704. 

Phyaical Facilitiee 

GP 
The 	Computing Center has a 704 with--drumera 3ZK memory end an on-line 
prlnter, reader and pun&. T f i i m  ammnbhg&will CoUectively be called the 

. 	 computer. There are also a 714 peripheral card reader, a 722 peripheral 

card punch, and two 717 peripheral 150 lpm printera. The eyatem also in-

cluder thirteen 727 tape mechianiexns and a "United Aircraft" Tape Selector, 


flmanufactured by J .  18. Lewia and Go. 

The tape selector permite any of the physical tape units to be operated am any 
logical tape unit of the computer or to be connected to any of the peripharal 
uaita.  The tape mechaniems a m  denoted by letters: A,B,C, I),33,F,0,H, 
L, M,N, P,Q. The machine room is arranged a e  ehown in Figure 1. 

The 	Tape Selector 

The T a p  Selrsator has 8~ amal l  panel on which the keys and lights of the on-line 
devices are repeated. This panel is physically adjacent t o  the 712 card reader. 
It a1810 include$ duplicates of the SEX senea switcher, the clear, rqdet, load 
cande , rand load tape key8 and lighte which ohow,when any tape 6v  &urn is 
being read or written, and the l o g i d  adckaare of any scslectcad tape. 

The mafa panel of the devica haa  controls for fifteen tape units. 
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r 
For each Wpe there are: 

a. an srrrrignment knob 

b. 	 keys for Load -Rewind 

Relaet 

Start 

Reset Indicator 

Write End of File 


C. 	 light8 for tape @tatus, vis, 

Sels ct e d 

Ready 

File Protect (and Rewinding) 

Tape Indicator (Endof File) 


d. 	 lighte for arsasignrnent etatw, vie. 

Available 

Hold 

Conne ct ed 

The asuignrnent knob can be puehed, pulled, and turned. It has two etable 
in-out states and a inrnart momentary contact state. In the out state, the 
t a p  is aw-, and the knob can be freely turned. In the in-state, the 
Wpd ir in h a  dtatus and cannot be turned. Further momentary depression 
eatamear thetaplb to betcome connected, The knob can be rotated to 18 porsitionar: 

l o g i d  tape 0-9  
printer 14I 
punch 1-11 
reader 1-11 
arpare 
blxnk. 


A8 the knob rotateg a eymbol rhowing its podtion appears in a window just 
above. 

On each of the peripheral units i u  mounted a eromewhat diffepent knob and 
ligkte and keye for the tape. This knob can be rotated to any of light8 A-Q, 
and OITI be momentarily depressed to connect the unit to the designated tape, 
Tbie irr  only palerible when the light for the tape ie illuminated, indicating 
that the main areignment knob for that tape is aet in hold statue and rotated 
to the pcrrition for that particular unit. Momentarily rairing the knob at the 
unit dirrcsnnreta the tape and returns it to hold etatue, 
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A Typical Run 

The geoplta concerned with performing a typical mnachiae run tm a single 
pragrarn a re  the p * o g n d e r ,  a cle??k, a tape operator, a coneole operatorl 
and one or both of tbs two peripheral operatore. The console operator 
operatea Ore tape selector rand the 704, The tape operator mounts and dis-
mount$ all tapea. One peripheral operator operates the reader, punch, and 
me p r h t e r .  Tlna other operate8 the other printer and a tranaceiver. 

J,' 
'1 ' 

Whkn the programmer desiree a debugging run, he bring8 hi8 deck to the 
c 
 d a r k  With a remote control card, ' Thipr is prepared a B  

a- in Figure 2, indicating the sense switch settings, the account number, 
what to do for stoptv, and other pertinent information. Any tapes that a r e  
uaed are marked with the logical unit desired and the reel number to  be 
mounted, If the tape is used only for external storage or output to be printed, 
MR i e  specified fox the reel number, indicating that a 'kachine reel" is to  be 
umd. 

The clerk otsrnps the front of the card with the time received, enter8 the 
tine and programmer'e name in a log, and puts the deck into a ready bin. . 

The tape operator pick$ up the deck and finds the time accounting card for 
that prtDgramrner and fobnumber. If the program called for no tapes to be 
mounted, he would deliver the deck and time accounting card to the conrnole 
operator. Xn the prearent caset, however, he take8 the deck to the tape file. 
Here he ecblectar the needed tapes (29 and 46) and prepare8 them for mounting. 

Few program# require more than two tapes to be mounted. (Although many 
pxogramr U L I ~more than two tape mechanisms, moat use several MR's . )  
Mechanisms E,F,0,  and M are used for mounting ELU tapes. Mechanisms 
AID, L-N, and P,Q ginerally a re  untouched, Occasionally an exceptional 
program will require more than four tapes to be mounted and ~ o m eof 
mechan$rrnbA-Dare wed. 

In the typical catw, though, ktiechaniom6 E-H a re  ured for mounting tape@, 
and ofthere, two, say E and F,will be connected to the computer for the 
run in progress. Xf no other program is waiting for tape mounting, the tape 
operator than mountr tape reel 29 on -n%eekanirmG and reel 45 on mechanism 
H. He mark$ thie on the card as shown in Figure 3, and per8ses the deck to 
the console operator, together with the time accounting card. Mechanisms 
G and H a re  set to the blank poaition and a re  in hold etatur, 

. 
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When preceding programs are done, the conrole operator logs this program 
in by punching its card in hia clock. He turns the knob for mechanicam G to 

/

logical tape 1and fully depresses it t o  connect it. Similarly, he connects €3 
as tape 3. He: connects two other mechanisms, rsay L and M, a s  logical 
tapes 2 and 8, H e  depresses load-rewind for all four mechaniams. He then 
pfibcee the deck in the reader and depresses the clear memory and Load crrde  
keys. The program runs a little, printing Some on-line, and otops at 4538. 
According to inatructione, tho console operator wishes to dump memory on 
the output tape. The dump program uses logical tape 10, so he reconnects 
mechanism M a8 tape 10. He notes the stop on the, control card, and deprsleme 
the load cards key. At the next stop he knows the program is finished. H e  
returns mechanism L to available statue. H e  returns mechaniams G and H to 
hold status, and tells the tape operator that they a re  f ree .  The C O ~ B Q A ~apera-
tor turns mechanism M to  PRl (printer 1) and plircoaa it  in hold statuss, We 
marks the output facts on the control card, and p t r  the deck in the drawer of 
decke awaiting off-line print. He tears the pages of on-line print-out from 
the printer and puts them in a slot marked "incomplete printell, He stamps 
th6 time accounting card for  this program out, and that for the next program 
in. 


The tape ope;partor dismounts tapes 29 and 45 and returns them to  the file. He 
uace'mechanisms G and H to mount tapes for any waiting programe. 

cl 	 'The peg5pheral operator at printer 1 sees that the light for mechanism M is 
~~Uminated,indicating that it is awaiting printing. When his preceding job@
arb done, he gets the deck from the bin to Bee if there are special printing 
instructions. There are none. He turns his control knob to mechanimm M 
and depraeees it, connecting the tape t o  the printer. Me then depresses the 
rewind key, and when the tape returns to ready status, he depresrres the start 
key on the printer, When the tape reaches end of file, the printer stops. Her 
restores the carriage. The notations on the reverse side of the card indicate 
both output and dump are on mechanism M, 80 he depresses start again. This 
is repeated until the distinctive dump format appears, The end of this is the 
end of tho material to  be printed, It i p l  probably masked by mveral end of 
file indications, generated by the console operator when he dismissed the 
problem, T h e  peripheral operator rewinds the tape and pulls out his knob to  
dbconnect it, He then notifies the console operator that mechanism M is free. 
The console operator sets it to available status. 

The peripheral operator picks out the earlier on-line print from the incomplete 
prints bin and takes the deck and the prints to the clerk. She nrtamps the time: 
on the luack of the deck and logs it out. The prints are placed in the file folder 
of the programmer in a file at the clerk's location. The typical run ie, complete.
The total elapsed time in this c a ~ ewould have a mean of one-hour with a stan-
dard deviation of about a half-hour. n 
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Schedule 

The Computing Center ordinarily operates two lahifts. The day shift i e  
reserved for debugging runs and assemblies, One hour of the night *shift 
ice similarly resewed, The rest of the night arhift is used for production 
rune, generally in blockr of one hour. 

The daytime,ochedule i l e  further complicated by the fact that decks whose 
programmerr are at the Lamb Estate arrive at noon. They must be run 
and printed in time for the reaulte to return to Lamb on the 2:OO P . M .  
rhuttle, These programcl thus huve a priority during these two hours, 
and little local work gate done at thie time. 

In the typical day, the machine ie, received from the custsmsr engineerrs at 
9 : O O  A.M. Several decks are already waiting and many other8 arrive be-
&re 9:30 . Theee a re  p r o c s ~ a s d  and printed. Meanwhile, BCD cards for 
SAP orssembly have been put on a MR tape by the aecond peripheral operator. 
About ten ox ten-thirty, the main frame is caught up with the! debugging rune, 
1.0 the SAP tape i m  mounted and all assemblies are run. 

Meanwhile the printed results from the f i r a t  round of debugging rune are 
trickling out. Some buge are easy, and a small second round of debugging 
rune ir ready by eleven or  IQ when arrsembliee a re  finishad. These aqe 
done, and things are apt to get slack about 11:30 . Generally, standby or 
idle-time programs which have little printed output land can be arbitrarily 
started and stopped are waZting, and these may be run Borne until noon. 

The areembliera have genesated BL lot of print, ao the printers are generally 
fully operating at thie time. They urually get the morning work done before 
the Lamb work ie Pgrdy for Ght ing ,  however, The Lamb work usually fills 
the computer tirna frem noon to one or onelthirty. When it i l a  complete, 
another round of local debugging runa has piled up. T h i s  keeps things hopping 
until three-thirty 0r so, when another round of aaaemblies is done. Things 
nay then be $lack until four-thirty, when a final burst of debugging runs ap-
pear. Any af these nat completed by the end of the rhift at  five are run during 
tbss night shift. 

A rtsadily-increaoing quantity of FORTRAN work i r  being run. At present, 
it $c)emathat rzbsut one-fifth of all debugging rune are FORTRAN. Eaeh such 
campilation require@from ten to twenty minutes, mo these provide a break in 
fhe ordinarily hectic routine of short problems. FORTRAN compilations 
&loogenerate a good bit af printed output, most of which conrists of the corn-
piled program in SAP language. It would be interaoting to know how often 
&is is used in subsequent debugging runs, 
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Evaluation of the 704 Operation 

The 704 is operated on a production-line basis under a system which doe8 L 

good job of keeping the main frame bury. This type of operation is immensely 
facilitated by the Tape Selector. Insofar aIs we expect any future system to 
be operated under the slame type of conditions, we must make provisiontP for 
solving the problema that are solved by the Tape Selector. 

The operating results at the Computing Center range from fair to  good. 
Elapsed t i n e  on decks ranges from one to two hours, except for those that 
are elbowed aeide by Lamb work, Average uaerB remark that they can easily 
get from two to  four runs per day on a single deck. In extreme caBes, thie 
may go up to six, bwt this takes vigilance and etrategy. 

Moat of the elapsed time is spent awaiting prints of output and especially 
dumps on magnetic tape. One feels that a relicable 500 lpm printer would 
replace both 150 lpm printers, releaere an operator, and significantly improve 
service. Also, abandonment of the practice of putting several dumps on a 
single tape would noticeably improve service, This would be posaible in the 
704 Sy8tctm only by adding tape mechniems, but the general problem hae 
otber solution#, which will be discussed below. Finally, a lot of unneceersary 
printing i m  done. It would be more useful to  have the programmer present 
during print-out than at any other time. 

The Tape Selector worke well and ira well designed. It does not include faci- 
litielr for enough comfflunication between operating rtationra, so the operators 
muot talk to each other. This can lead to e r ro r r .  

The rignirlling Pacilitba do not permit the peripheral operator to requeet a 
tape mechlliniem for loading cards. The console can, however, notify him 
when a tape i e  arreiglned and which tape, The peripheral operator cannot 
eignaf when the tape is ready for use, but this 118 not much needed, since the 
operating inetructisne must change hande at thi$ time, anyhow, 

So far a a  the tape operator iap concerned, he would be aided by 81 signal that 
rnachanisrms a re  free. This could be most conveniently accomplished by 
giving $he conraolor operator a duplicate of the unload key. 

The conslole operator can signal the peripheral operator asr to when and which 
tapes are t o  be printed. The peripheral operator cannot signal that he ie 
through with a. tape and that it ie thus ready to be reabsignod. 

-6 .. 
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Conduoionla 

When IL sy8tam grf aperation such BIPthat w e d  at thb Computing Center rsucceede 
in attaining a very high utfliaation rate for the equipment, this seeme to det-
m n s t r a t e  its darrirability. 

Against thirr muat be placed the concludon of many p r o g r a m e r s  that they i e t  
better service from the PDL 704, which doee not have remote control prate* 
durer,  In the PDL center, each programmer has the machine for a 15 minute 
block. Ha,then tends hie off-line print@. The 704 is unblabtedly in aLct-1 
automatic operation a lower percentage of the time thon ark the Research Center 

What ia the axplanation fox the impreedon of better rrervice from the “lers 
efficiently” operated inotallrtion 3 There are several possible explanations. 

1, 	 T h e  impression might be an illusion, When a progradrimer Is 
present and participating in the time-consuming activities he may 
accept the amount of elapsed time, m o r e  readily than d e n  he 
wait8 blindly for things to be done, 

2. 	 The aervica may be better for reason# that ate independent of the 
mode of operation, If there a re  fewer total: usera, each will 
notaurally tend to get better service. This may completely mask 
the^ affect of the operating mode. ft should be observed that thie, 
depends upon the number of different high-denarity users rather 
than upon the total amount of computing work they impose on the 
eyrtem. 

The service may be better for some uaers iand poorer for others. 
The remote control operation tends to spread eervice deficiencies 
unfiarmly among lall uaera. Thie can be ereen by conaidering the 
overloaded inetsrllation in each mode of operation, In the remota- 
control installation, the lag of things waiting to be run or  printed 
would build up, and tho average throughput time would appreciably 
increase, for all programe. In the other installation, thoee pro- 
grams which were run at all would be completed with maximum . 
efficiency, brrt Borne work would have quite long dabye ,  

4, 	 The imprearion may bQ accurate. One mode of operation may in 
fact give significantly batter rserrvice than another for the same 
true workload, This can be true in spite of the fact that the other 
method uees a higher percentage of available machine time. 
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Tkiu paradox can be explained by the fact that remote control 
operation very often requires more computing and printing to 
be done for the 8ame umful output. Very frtsbuently, ppograme -are run for acsvcbral minutes after the urreful point, bercauor the 
prsgPrrPjrrss i o  not on the mene. In even more cam$, page 
after page of unneceeeary printing is done. becouee the program-
mer is not preaent to atop it. I believe that thie unn~cesaary 
printing, which includes a lot of uanecersary memory dump, i u  
the biggest source of delays, and poor mrvice  in the Research 
Computing Center, In short, the very nature of the remote 
control operation generates a lot of extra computing and printing 
work, which the system handlea with blind efficiency. The net 
effect of remote control operation is not necessarily greater 
efficiency in solving problems. X believe this fourth explanation 
to be tho true cause of the impression that the' PDCC philosophy 
gives better service. 

A second type of con~lusian concerns the equipment itself. In the system as 
it i u  u r d l y  operated, only four (maximum,six) of the tape mechanisms a re  
uosd as tapes. The other nine are used a a  external stowage media, and the 
nuunbar of mechnnirmrr ir much more important than their capacity. It 
aewna to be quite pare for %ore than 400 feet of an MR tape ta be used, 
One program r8qutred lOOO,,w\ils I war there; this was considered proof0 positive that there wao a bug, and the problem w m  dumped, (It waa a bug.) 

fn rhorf, nine of the thirteen tapes could be replaced by nine diuk areas of 
na mora than 19-20 thoursnd words each. 

"hie confirms the importance of making available! a euitable disk unit with 
all ltvaslra of 7000 machinae ata a standard item. The economies in equipment 
and in Exchange channel utilieation a re  large when a disk unit can be used in_-
place of tnpee in t&ia manner, 

Another ineacapabl~.conclusion is that the program rhould be able to unload 
tape mechanisrnr. Such action save8 operator time and isavee eeparate 
signalling equipment which would otherwise be required in a rytatem to notify 
the tape operatm to diemount tapee. Furthermore, provision of this facility 
is equivalent to furniehing an UNLOAD key at the operating conaofe, and this 
is desirable in some mode# of operation. 

FPB /pkb 
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