






























































































































































Test Materials and Supplies 

The greatest benefit from a test session can be realized 
only if complete documentation is brought to the 
test center. A consistent system of notation should be 
adopted and all material marked so that it can be 
easily associated with the corresponding program. A 
check list of materials follows: 

76 

1. All pertinent block diagrams. 
2. Punched and verified source program decks. 
3. Assembled program listing and object deck. 
4. Verified listings of master file data and test 

input. 
5. Test samples, intermediate checkpoint results, 

and predetermined final results in output 
format. 

6. Layouts of card input and output, disk pack 
records, and core storage. 

o Title 

f DESCRIPTION 

o 

o 

Figure 56. Loop Halt Register 

7. List of halt definitions and restart procedures. 
8. Operator's check list. 
9. Carriage tapes and preprinted forms. 

10. New source decks to be assembled. 

Other useful supplies would be blank layout and 
programming forms, reference manuals, paper, pen­
cils, erasers, marking pens, rubber bands, rulers and 
flowcharting templates. 

Most of the materials listed thus far will be used 
chiefly for the debugging periods between machine 
sessions. During the actual testing, only the necessary 
minimum amount of materials should be taken into 
the 1440 room. 

Particular attention should be given to preparing 
detailed instructions for programmed halts ( Figure 
56). Each halt should be identified by either its 1-
Address Register or A-Address Register setting, or 

Loop I Halt Register 
PAGE 
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both, and the specific reason for the halt should be 
given. This documentation should include information 
for restarting the program and the action to be taken 
specifically regarding this halt. Testing is greatly 
facilitated when the people involved in the test pro­
cedure are thoroughly familiar with the programmed 
halts and necessary action. Often a great deal of time 
is wasted because a legitimate halt is not recognized 
or the proper corrective action is not known. 

Decks to be used more than once, such as utility 
routines or those containing input cards that will have 
output information punched into them, should be pre­
pared in duplicate to prevent loss of time at the test 
center in case the cards become mutilated or out of 
order. 

Emphasis should be placed on the necessity for 
labeling all material clearly and plaCing it in the same 
sequence as the order of programs to be run. This is 
essential for an efficient, well coordinated test session. 

Schedule of Operations 

A test schedule of operations should be developed. 
This schedule will help assure that all tests are per­
formed in their logical order, use the proper data, and 
arc checked to the proper r.esult in the most efficient 
manner. Provision should be made to log any signifi­
cant result or departure from the expected operation. 
r n addition, there should ~e a method for recording 
any program changes, and there should be a pro­
cedure for handling any unexpected errors or halts. 

Sufficient time should be allowed between machine 
tests for careful debugging, checking the effect of 
corrections and additions to the program, and for re­
organizing the next session in the light of the one just 
completed. 

Final Review 

The last step to be accomplished before the test 
session is a review of all preparations. At this time it 
is important to redefine the objectives of this session 
and see that they are completely understood by all 
concerned. 

The test center operation is a verification of past 
effort, and the most significant test result is one that 
proves this effort has been nearly perfect. If any of 
the preparations are incomplete or inadequate, the 
tcsts should be canceled and the trip rescheduled for 
a later date. 

Test Scheduling 

Early in the installation period it should be decided 
what programs will be tested and how much time will 
be needed. An experienced systems person can help 
estimate the time required to write the programs, tak-

ing into consideration the programmers' experience, 
aptitude, and job complexity. On the basis of esti­
mated completion dates, test time can then be set up 
on a long-range basis. The results of the first test 
session will determine when further testing should 
begin and how much time should elapse between test 
sessions. This may vary according to the number of 
programmers, the magnitude of the job, and the dis­
tance to be traveled. Initial programs will need more 
testing per instruction than those written after the 
programmers gain more experience. 

Some groups find that about two weeks are required 
between sessions for corrections and additional prepa­
rations and that scheduling two or three sessions 
every second or third week answers their needs best. 
Other groups, with a test center easily accessible, may 
find that one session two or three times a week will 
better suit their requirements. Remote testing is advis­
able as soon as the programmers complete initial 
familiarization with testing procedures. 

The amount of time required for testing should be 
requested well in advance. Information on test allow­
ances and options, testing locations, and necessary 
procedures will be supplied by the IBM representative. 
General information about test center system specifi­
cations, materials and supplies, transportation, and 
accommodations should be reviewed in detail several 
weeks before the scheduled date of the first test 
sessions. Special attention should be given to the 
specifications of the testing machine to make sure any 
particular programming considerations will be accom­
modated. Testing dates at the data processing center 
can then be arranged through the IBM representative. 

If desired, materials may be shipped to the test 
center before the scheduled testing date. Ample time 
should be provided for their arrival, and the test 
center manager notified as to the method of shipment 
and/or the carrier. Materials should be clearly labeled 
and itemized and arrangements made for their return, 
since most test centers have limited storage facilities 
and cannot retain the material between trips. Source 
and object decks should be duplicated, particularly 
when being shipped, to prevent the necessity of re­
punching, should losses occur. 

Testing Sessions 

First Test Session 

The first visit to the test center should be scheduled 
as early in the programming effort as practical. A 
prime objective of the initial test should be to 
familiarize the programming group with Autotest and 
system operation and to confirm their programming 
concepts. 
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Plans should be made for the testing of only a few 
simple programs. Emphasis should be placed on 
proper machine operation and testing procedure at 
that time rather than complete testing of the pro­
grams. The main highlights for the group are the 
learning of machine handling and techniques, the 
observation of utility program usage, and instruction 
in Autotest and the procedures for testing programs. 

Two or three machine sessions of a half-hour each 
can be scheduled for the first day, about three hours 
apart. The first session is usually devoted to an orienta­
tion on the 1440 system and Autotest, and is gen­
erally conducted by one of the test center representa­
tives. He explains each unit of the system in detail 
and demonstrates its operation. Particular attention 
is given console operation to prepare the group for 
its later use in testing. The programs brought by the 
group can then be assembled, and will give the group 
an opportunity to learn this aspect of testing. After 
the initial machine session, the group can use the time 
before the next session to check the postassembly list­
ings for errors and make any necessary corrections. 

During the next machine session, an IBM represen­
tative will again be present to assist in the actual 
running of the programs. The group should be as 
interested in learning testing techniques and program 
debugging as in seeing the results of their programs. 
Machine setup preparatory to running the program, 
quick recognition of the reasons for machine halts, 
necessary corrective procedures, program restarts, and 
the retrieving of all required information for later 
analysis should be highlighted during this session. 

After these first sessions, the group will be better 
prepared to begin work on the more complicated pro­
gramming efforts and will· be able to handle the test­
ing of larger, more complex programs with greater 
facility. 

Arrival at the Test Center 

Early arrival should be planned, particularly on the 
first visit to a test center. Time is needed to become 
familiar with the surroundings and test center pro­
cedures. In addition, test center representatives are 
a,vailable to give the latest information on program­
ming systems, suggest helpful methods for testing and 
debugging, and answer any questions. 

A conference room or cubicle is assigned to the 
group for use while at the test center. This room can 
be used for the work to be done between machine 
sessions and for storing all testing materials. 

Before going to the 1440 room, materials should be 
checked and everyone given an outline with the se­
quence of programs to be tested. The group should 
be in the computer room with the materials, ready to 
go on the system promptly at the appointed time. 
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Only the people actively involved in the testing 
should be present during the machine session. The 
presence of too many people around the system tends 
to slow down the testing and inhibits a smooth and 
efficient operation. 

Autotest 

Autotest is used at the test centers to facilitate testing. 
It is a monitor program which allows application pro­
grams to be batched sequentially for testing; provides 
automatic file generation, automatic storage and file 
dumps; allows individual program operating instruc­
tions and program patching; and permits areas of core 
storage to be printed at particular points in the pro­
gram (a "snapshot"). (The features of Autotest are 
outlined in the "Programming Aids" section of the 
manual and are described in detail in Autotest for the 
IBM 1440. Preliminary Specifications, C24-3058.) 

Program decks to be tested in this manner are set 
up with appropriate control cards, master file data, 
operating instruction cards, object program and test 
data. The programs can be batched in order of im­
portance and in any quantity. The Autotest package 
will print the operating instructions and allow the 
operator time to implement them, create the disk files, 
load the object deck and begin processing of the test 
data. When the program test is completed, automatic 
storage and disk printouts will be given and the next 
program called in for the same procedures. Complete 
information concerning each program appears on the 
printer and in the punch pockets. 

If a processing error occurs as a program is being 
tested, the operator can record the information dis­
played on the console (Figure 57) and manually re­
turn the computer to control of the Autotest package. 
The monitor will give the storage and file printouts, 
skip the rest of the test data for that program, and 
then go on to the next program. 

The greatly increased throughput speed made pos­
sible by the use of Autotest enables many more pro­
grams to be tested. In addition, reduced operator 
intervention and automatic card handling eliminate 
many operating errors and help increase the produc­
tiveness of the session. 

Completion of Machine Session 

The above Autotest procedures are used for each 
program to be tested until either the· testing is com­
pleted or the allotted time has passed. The group 
should then vacate the area promptly, being careful 
to run remaining cards out of the 1442, remove print­
outs from the 1443 and 1447, and collect all other 
materials. Before leaving the machine room, the group 
should check with the test center representative to 
see how much of the test allowance was used. He 
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Figure 57. Console Status Sheet 

should be informed at that time of any time lost dur­
ing the session which was not chargeable to the group, 
so that it can be immediately deducted from the 
elapsed time. 

Desk Debugging 

Upon completion of each machine session, the group 
can return to the assigned room or cubicle to debug 
any programs . which failed to reach the end of job 
or did not produce correct results. To locate and 
correct program defects, the program listings, record 
layouts, block diagrams, disk pack dumps, storage 
prints, and console recording sheets are used. 

The storage print or memory dump is a primary 
tool in the program checking. Programmers are often 
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CHECK 
RESET 
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STOP STOP DIAGNOSTIC WRITE 
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tempted to ignore the fact that the storage print and 
not the program listing is the last word on what 
storage contained. The storage print and console sheet 
should first be checked to see what caused a program 
error. Then comparison can be made with the pro­
gram listing. The storage print is especially useful in 
determining the contents of input, output and work 
areas at the time of the error. 

In addition, the storage dump allows the pro­
grammer to inspect the results of any program modifi­
cation and provides a complete listing of all intermedi­
ate and final results computed up to the point of the 
dump; it shows exactly what test data was used, and 
allows the programmer to determine whether anything 
in storage has been modified which should not have 
been. 
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To locate an error, the programmer should start at 
the point where the program stopped and work 
backward, analyzing each instruction until he finds 
the one which caused the problem. Frequently this is 
an instruction some distance away which set up a 
condition causing a stop later in the program. Logic 
instructions, such as Compare or Branch If Zone, can 
be the cause of this type of problem. Also, instructions 
which erroneously alter storage areas will cause sub­
se'quent operations to be performed incorrectly. 

If the programmer has already surmised that the 
error halt was caused by a condition occurring some 
time previously in the program, he may start his check­
ing from a point at which the program was known 
to be functioning correctly and then work forward 
to the error halt. 

A good rule while checking is to assume that each 
step i6 wrong until examination of storage contents 
proves otherwise. Reference to block diagrams, record 
layouts, listings, and input listings simplifies the task. 
If the programmer has difficulty in locating an error, 
it may help to have someone assist him since errors 
can frequently be located more easily and faster by 
someone who has a different perspective on the job. 

The programmer should not be satisfied when the 
error which caused the stop is located. He should 
step further through the program to make sure that 
the next instruction or routine will not cause another 
stop. He should strive for perfect output from each 
test. 

Programs which did not stop during the test run 
have to be checked against the precalculated results 
to determine whether they were operating correctly. 
Arithmetic and editing errors are prevalent here. Pro­
grammers should be careful to analyze disk printouts 
as well as the card and printer output. 

Another important checkout is the verification of 
the intermediate or partial results. This allows the 
source of errors to be narrowed down successively. It 
also assists in proving the correctness of a program 
and in checking that no undetected errors remain. The 
intermediate results may be obtained by using the 
snapshot feature of Autotest. 

If a program seems to be completely correct, final 
checking should be done back at the home installation. 
A program which seems to have satisfactorily com­
pleted its tests should be reviewed in complete detail 
to verify its accuracy, and then should be checked 
with the persons responsible for the data in the report 
and for the use of the report to be sure it incorporates 
all of their req~irements. 

Correctiol.1s of Errors 

All errors encountered in the test session should be 
thoroughly analyzed with two questions in mind: 
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How does the correction of the error affect the rest 
of the program? And has the same error been made 
anywhere else in the program? A poor job of desk 
debugging has usually been done if the same type of 
error occurs again in the next test of the program. 

With this in mind, correction of the errors can take 
place. In the case of a simple error such an an incor­
rect address, a correction can be made by repunching 
the object program card. In other cases, additional 
instructions have to be inserted in the program by 
patching. To do this, patch cards are punched in 
the Autopatch format and are inserted at the end of 
the object program deck. When a number of patches 
have accumulated in a program or when extensive 
program revision is required, the necessary changes 
should be made to the source deck and the program 
reassembled. 

After corrections have been made and materials up­
dated and reorganized, the group can then go back to 
the 1440 to test the programs again. The same pro­
cedure is followed until the program is free of errors. 

Post-Test Evaluation 

Each visit to the test center should be followed by an 
evaluation of the total test session. Pretest preparation 
should be reviewed to decide whether it was adequate 
or whether improvement is needed. Errors should be 
analyzed to see whether any area of weakness in the 
coding was revealed and, if so, what steps can be 
taken to improve it. Performance during machine ses­
sions should be examined for effectiveness and correc­
tions made to improve techniques. The status of each 
program should be reviewed to determine what addi­
tional work is needed. 

Consideration should be given to recording the 
status of programs on a test log sheet, such as the one 
shown in Figure 58, to provide a current report of test­
ing progress. The log should show which programs 
have been assembled and the number of times each 
has been tested; it will thus be a record of what has 
been accomplished to date and what further work 
needs to be done. 

Objectives set for the test session should be re­
viewed to see whether they were accomplished. Future 
testing schedules should be considered to see whether 
any changes or revisions are needed. 

When it is felt that a program· is completely tested 
and can be filed, all related materials should be care­
fully checked for completeness and accuracy. The 
established system of documentation will help keep 
all materials properly organized. No program should 
ever be set aside unless all its documentation is up 
to date. 
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Assembly Procedures 

Careful planning is needed to get maximum use of the 
machine time required for program assembly. In ad­
dition to the machine and desk-checking procedures 
stated earlier, programs should be thoroughly checked 
for inclusion of the required control cards, proper 
sequence, labeling, etc., before being taken to the ma­
chine for assembly. At the computer, careful attention 
should be given to the setup so that time is not lost 
in restarting the assembly process. 

A minimum of two or three hours should ordinarily 
be allowed between assembly of a program and its 
first test. If possible, it is more desirable to allow at 
least a week between assembly and test of a program 
to enable the programmer to make all patches needed, 
become familiar with the assignment of core by the 
assembly program, etc., and to continue to do some 
desk checking with the assembled program listing. 
Many users assemble new programs during a test ses­
sion of other already assembled programs, and take 
the cards and the assembly listings to the home loca­
tions for checking prior to attending a subsequent test 
session. 

After programmers have gained experience in run­
ning assemblies on the computer, they can begin to 
take advantage of the remote assembly facilities 
offered by test centers. This is a service available to 
testing groups which enables them to send source pro­
grams to the test center to be assembled by the IBM 

personnel there. Post-listings are returned in time to 
permit checking and patching before the actual test 
session. 

Decks sent to the test center for assembly prior to 
the test session should always be duplicated and 
should be clearly labeled. Explicit instructions should 
be enclosed for the assembly operation, and clear di­
rections given for disposal of decks and post-assembly 
listings. Sufficient time should be allowed for their 
processing and return before the scheduled test ses­
sions. Machine time used at the test center for running 
remote assemblies is charged against the test allow­
ance and provision should be made for recording this 
time. 

D se of remote assembly facilities will save time and 
effort for the programming group and increase effi­
ciency both in pretest preparation and testing opera­
tions. 
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Remote Testing 

After sufficient experience has been gained in the test 
center to understand the problems involved in testing, 
the group can begin to use the remote testing service 
offered by IBM. They need no longer go to the test 
center in person but can send their programs to be 
run by test center personnel. 

Complete data should be sent - Autotest control 
cards, decks, test data, special instructions and direc­
tions for return of materials. The test center personnel 
will run the program, using Autotest. They will not 
debug or alter the program in any way. All decks and 
output material will then be returned promptly, with 
a notation as to how much test time was used. 

Autotest is especially useful for remote testing. It 
incorporates all the features necessary for having pro­
grams run on a remote basis and helps insure that the 
programmer will not forget any details necessary for 
the proper running of his program. It also makes re­
testing of programs much easier and simpler. Once 
the decks are set up in the proper sequence and with 
appropriate control cards, they need not be changed; 
only the patch cards making necessary corrections 
will be inserted in preparation for the next test. 

Considerable savings in time and expense can result 
from use of this remote testing'service. Since the trans­
portation to the test center, the living expenses, and 
the time and effort involved in the conducting of a 
test session can be costly, efforts should be made to 
convert to remote testing as soon as feasible. The pre­
installation period can be facilitated and simplified by 
use of this method. 
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Postinstallation Testing 

The final check that should be made on a data proc­
essing program is a volume test, or what is known as 
pilot operation. A large number of actual transactions 
from a previous period are used, so that any possibil­
ities which may not have been considered in making 
up original test cases are brought to light. The results 
produced by the computer system can be checked 
against the results produced by the previous manual 
or unit record methods. Since the transactions have 
already been processed, there is no pressure for results 
and time is available for careful analysiS of the pro­
gram operation. 

One of the benefits of pilot operation is that it 
enables the department for which the work is being 
done to see whether the program actually does what 
was intended. It is easy for people to give an incorrect 
impression when stating a problem, or to overlook 
some special conditions and situations which may 
arise. Therefore, the . program cannot be actually 
finished until it has been proved that it produces pre­
cisely correct results using actual data in volume. 

This means that testing will be a continuing process 
after the 1440 is installed. Programs need completion, 
modifications will be made, new applications devel­
oped, and more requirements added. The fact that 
testing procedures used in the preparation period are 
carried into this stage constitutes another reason for 
developing good habits when first going into the test­
ing phase. 
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Physical Planning 

General Considerations 

A 1440 installation requires that certain physical re­
quirements be considered early in the preinstallation 
planning stage and that these requirements be com­
pleted before the system arrives. While the 1440 sys­
tem does not impose as extensive environmental prep­
aration as earlier nontransistorized systems, certain 
tolerances must be maintained. 

Electrical Power Supply 

The amperage requirements vary with the model of 
the system and the number of components and can be 
determined by referring to page 6 of IBM 1440 Data 
Processing System Installation Manual- Physical 
Planning (A24-3007). Power sources should be 
avoided that supply, in addition to the 1440 system, 
large cycling loads such as elevators, air conditioning 
units, arc welders, etc. The electrical requirements of 
the 1440 system are 208 or 230 volts, 60 cycles, 3 
phase, 4 wires. The fourth wire is a noncurrent-carry­
ing ground wire, and should be an insulated ground­
ing wire carried back to the electrical service ground 
or other suitable building ground. 

Power to the 1440 system is furnished through a 
power cord attached to the 1441 unit. This cord is 
rated at 60 amperes and is terminated in a Russell and 
Stoll plug #7328. IBM furnishes the plug on the power 
cord; the receptacle which will accept this plug should 
be furnished and installed by the user. Sufficient lead 
time must be allowed on ordering and installing elec­
trical equipment to assure that the receptacle is in­
stalled and power is available when the IBM customer 
engineers are ready to apply power to the system. 
There should be several 115-volt convenience outlets 
located adjacent to the 1440 system to facilitate serv­
icing. 

The power feeder serving the machine room should 
be equipped with a remote-operated main-line cir­
cuit breaker. This will permit all power to be shut off 
from a single location in the event of an emergency. 

If sufficient power for the 1440 system is dependent 
on other equipment being released, it should be re­
membered that for the installation and conversion 
period, it will be necessary to have power on both the 
1440 system and the equipment it is replacing. 

Environmental Conditions 

The 1440 system with power on requires room tem­
perature between 60° and gO°F. and relative humidity 
between 10 and 80%. (If other equipment, such as the 
1412, is installed in the same room, closer limits pre­
vail.) Air conditioning requirements can be approxi­
mated by determining the total BTU output ( see 
page 6 of the 1440 physical planning manual) and al­
lowing 12,000 BTU/hr. per ton of refrigeration. Other 
factors to be taken into consideration are the normal 
room load (lights, solar load, etc.), the number of 
people, volume of traffic, and the amount of offline 
equipment that will be in the 1440 room. Design con­
ditions of 75°F. and 50% relative humidity are often 
recommended since it is not desirable to operate the 
system at or near any of its limits. A slightly lowel 
relative humidity of 35-40% may be desirable in the 
winter to minimize condensation on windows. 

It should be remembered when evaluating the exist­
ing building air conditioning system that this system is 
often used to heat the building in winter and might be 
incapable of sufficient cooling on a year-round basis. 
Also, if second or third shift operation is planned, the 
use of an independent air conditioning system for the 
1440 room may be necessary to eliminate running cen­
tral air conditioning systems at night. 

An instrument with a seven-day chart recording 
both temperature and humidity should be provided 
in the machine room. This can be a valuable aid in 
sensing impending temperature or humidity problems 
caused by air conditioning malfunction or other fac­
tors. A pilot-light indicating system to warn when the 
room conditions are re~ching specified limits is help­
ful and may prevent interruption of machine opera­
tions. 

Flooring 

The 1440 system should be installed on a sound build­
ing floor capable of supporting the weight of the vari­
ous units (see page 1 of the 1440 physical planning 
manual) . If the soundness of the floor is in doubt, 
the services of a structural engineer should be se­
cured. If a raised floor is installed to conceal inter­
connecting cables and power receptacles, it should 
be constructed of noncombustible, nonconductive ma-
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terial. For safety reasons, there should be no exposed 
metal on the floor surface. A floor covering which does 
not crack or Hake, such as pure vinyl, is reoommended. 

If a raised floor is not installed, a machine arrange­
ment should be devised which will allow the inter­
connecting cables to be placed out of the traffic area 
around the machines. The use of ramps to protect 
the exposed cables should be considered. 

Work Space 

The need for a proper amount of work storage space 
in the 1440 machine room cannot be overemphasized. 
Work tables, card cabinets and disk pack storage 
cabinets should be strategically placed so as to fulfill 
the requirements of the operating and programming 
personnel present in the machine room. An area should 
be allotted within the machine room, or directly ad­
jacent, for customer engineering use. 

Room Preparation 

The installation of the 1440 may' require adding a 
room or renovating existing space. One effective way 
of handling this problem is to engage the services 
of an architect and advise him of all the requirements 
which must be met. Another approach is to engage 
individual contractors to handle the speCific items 
necessary in the site preparation. Regardless of the 
method, a scale room layout ( form X24-3083 con­
tains scale templates of the 1440 components) specify­
ing all the requirements must be drawn and agreed 
upon to allow the interconnecting cables to be ordered 
on schedule. The time allowed for room construction 
prior to the time the system arrives will depend on the 
extent to which the room is being modified. Room 
preparation should be completed at least one week 
before the system is shipped. 

The movement of supplies and machine units should 
be considered in the selection and preparation of a 
computer site. The path the equipment will follow 
from the delivery platform to the 1440 room must be 
surveyed to determine tbe adequacy of the doorway 
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dimenSions, elevator capacity and clearance space in 
halls, especially at corners. 

Paint, draperies and carpets all add to the attractive­
ness of an installation. However, the material in the 
draperies and carpets should be lint-free and easily 
cleaned so as not to create a dust factor which might 
be detrimental to good machine operation. Paint and 
soundproofing material should be of a type that does 
not flake or dust. 

All intended construction should meet with insur­
ance requirements as well as local building and elec­
trical codes. As a safety factor, the room should have 
portable carbon dioxide fire extinguishers located in 
easy-to-reach places. A fire alarm system incorporated 
in the room provides an additional safety device. If 
the construction of the building makes the use of 
sprinklers necessary, the sprinkler heads in the 1440 
room should have a minimum rating of 175°F. in 
order to minimize the possibility of accidental dis­
charge. 

Cleanliness and Appearance 

A neat and well organized machine room will promote 
the operating efficiency of the system. Dirt, dust and 
other foreign particles can be a definite hazard to 
good machine operation. Arrangements should be 
made to have the room cleaned daily by cleaning the 
floor with a damp or treated mop and by vacuuming 
any rugs in the area. Sweeping, cleaning with dust 
cloths, and other cleaning methods which create dust 
in the air should not be used. Any floor wax used 
should be applied very lightly and buffed until it has 
a hard surface; waxes which have a tendency to flake 
after application should not be used. No steel wool or 
other abrasives should be used in buffing the floor. 

Further details on the above subjects are available 
in the following manuals: 

IBM 1440 Data Processing System Installation 
Manual- Physical Planning A24-3007 

Physical Planning F24-1052 



Conversion 

Basic Considerations 

The conversion from the old procedure and equip­
ment to the new one should be as thoroughly planned 
as the permament operating procedure. Some of the 
key decisions to be made in conversion planning in­
volve the scope of the intial data processing functions, 
in what order the functions will be converted, and 
how the cutover will be tested. The major considera­
tions in these decisions are briefly discussed below. 

Dividing the Conversion Job 

It is unlikely that anyone has ever converted a com­
plete data processing installation all at once; pro­
vision is usually made to divide the functions and 
install them sequentially. One method of doing this 
is to completely prepare one application (or a limited 
number of applications) for operation at installation 
time, leaving the other applications for subsequent 
dates. For example, if payroll were to be converted, 
it would include all plants, branch offices, depart­
ments, etc., from the outset. Under this method con­
version plans for one or a few applications extend 
throughout the organization. 

Another approach is to plan initial conversion of a 
greater number of applications, but to simplify them 
by handling them on a partial basis - that is, as they 
affect only a few departments or a portion of the busi­
ness. For example, payroll could be cut over one de­
partment at a time, or billing, one cycle at a time. 

Another method is to follow very closely, at first, 
the approach used previously and, as experience is 
gained, change to a more integrated one. For example, 
a unit record procedure could be closely paralleled 
at first and later modified to take greater advantage of 
1440 capabilities. 

These are only some of the possibilities; in choos­
ing the approach bear in mind that there is a tendency 
to underestimate what is required and that it is easier 
to speed up an underambitious approach than to effec­
tively modify an overambitious one. 

Sequence of Applications to Be Converted 

Another basic decision to be made is the sequence in 
which the various applications will be converted. One 
consideration is the saving to be realized when a 
given job is on a production basis. Since each appli­
cation will have its own justification, an analysis will 
normally indicate which jobs should be started first. 

A second consideration is the complexity of the 
conversion job. Some of the applications will not be 
changed as much as others, and thus will probably 
present an easier conversion task. For example, appli­
cations already being processed on unit record equip­
ment will usually not be as difficult to convert as jobs 
presently performed on a manual basis. 

Release of installed equipment will be another fac­
tor. Present machine utilization for each application 
should be considered. Availability of time on the 1440 
during the conversion is another consideration. Work­
ing with the estimates of machine usage a determina­
tion can be made of the workload on the system at 
each point during the conversion operation. Time esti­
mates for one-time jobs that will be run during con­
version should be included. System utilization for a 
given job will be somewhat greater during conversion 
than it will be during production. Reruns may also be 
necessary in those cases where verification of output 
indicates incorrect processing of one or more data rec­
ords. Revisions to programs or procedures to correct 
such discrepancies may increase the running time. 

Pilot and Parallel Operation 

The two basic methods for proving the accuracy of a 
new procedure are parallel and pilot operations. Some 
installations will use a combination of these methods 
because of varying application requirements. 

Parallel operation is the simultaneous processing of 
source data through both the old and new procedures. 
The results of the two procedures are then compared. 
This operation is usually continued for at least one ac­
counting cycle. 

Pilot operation consists of processing data from a 
previous period, usually on a full-volume basis. The 
output is checked for accuracy by comparison with 
the results from the previous period. Under pilot oper­
ation it is not necessary for the two systems to have 
access to the same records concurrently, and for this 
and other reasons, pilot operation is usually a better 
approach to select. 

In some cases it will be difficult to compare results 
of the old and new systems because reports will have 
been added or eliminated and other changes made in 
the functions of the system. A further problem is that 
discrepancies found may not all represent errors in 
the new procedure. In these instances it will be neces­
sary to examine the results of the new procedure in 
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considerable detail, manually duplicating some por­
tions to verify accuracy. 

When agreement is reached that the new procedure 
is accurate and functions properly, the old system can 
be discontinued. The amount of parallel or pilot proc­
essing to be performed will not be the same in all in­
stances, and extremes should be avoided. 

Conversion Time Schedules 

A realistic time schedule for conversion should be de­
veloped, based on the amount and type of work to be 
done as well as on the personnel and equipment avail­
able. Additional personnel and/or equipment may be 
needed on a temporary basis to complete preparations 
for conversion. 

The job of converting each application should be 
assigned as a specific responsibility. Some of the tasks 
involved in a conversion operation are listed below 
and are discussed in subsequent paragraphs. 

• Orientation of personnel. 
• Gathering the data required for the master files. 
• Editing the files for completeness, accuracy and 

correct formats. 
• Creating new files and procedures to maintain 

them until production starts . 
• Providing for training personnel in the depart­

ments which supply source data or receive proc­
essed data. 

• Establishing schedules for cutover to the data 
processing system. 

• Planning for pilot or parallel operation. 
• Coordinating actual conversion. 
• Cross-checking the results of processing by the 

two systems. 

Orientation of Personnel 

The conversion will be more easily implemented if 
all personnel involved have a clear understanding 
of what is to be done. ' 

Preparation of the source data for the system is one 
of the essential areas. The persons responsible for· this 
preparation must be thoroughly familiar with what 
will be required. It is necessary that they know the 
reasons for changes to previous procedures and the 
effect of various types of data on the overall system. 
It is important to issue clear, detailed instructions in 
written form. These instructions should cover all 
phases of coding, card punching, and creation of in­
formation. 

In some instances it will be necessary to provide the 
same input data in different formats during the con-
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version period. This means an extra workload for the 
department supplying the data, and adequate facilities 
must be provided to assure that all schedules can be 
met. 

Education of the people responsible for the source 
records will prevent many problems that could other­
wise prolong the conversion period. Cooperation from 
these people will be of great assistance toward a 
smooth transition. 

Persons who will receive the output from the sys­
tem should also be educated as to the results of the 
system. Some reports will be produced in revised 
form, and all users of these reports should understand 
the revisions. Similarly, everyone should be advised 
of any changes in the schedules for the preparation of 
various reports. Misunderstandings in this area can 
be a source of considerable controversy but can be 
minimized by keeping everyone informed. 

It will normally be necessary for departments re­
ceiving documents from the new system to verify the 
completeness and accuracy of the reports. A procedure 
should be established for reporting discrepancies so 
that the data processing department can make the 
necessary system revisions. Close cooperation between 
the departments will facilitate the job of locating and 
correcting problem areas. 

Conversion of Master Files 

Conversion of master files should begin before actual 
machine installation. Often the data to be included is 
gathered from several sources and its compilation and 
editing may require extensive clerical effort. Emphasis 
should be placed on the accuracy of the information. 
Control totals should be established where applicable 
and the new card or disk pack files balanced to these 
totals. 

After the master files have been established, they 
must be maintained until they are used in production 
procedures. Controls and routines for additions and 
deletions should be set up and all personnel should be 
briefed in these procedures. One person should be 
assigned the responsibility of maintaining the files and 
the accuracy of the control figures. 

In generating the new files, it is often desirable to 
use installed unit record equipment. Gang punching 
or reproducing information can reduce the card punch­
ing load. Unit record equipment can be used for list­
ings as well as for assigning numbers, sequence check­
ing, and editing for valid codes. Usually several special 
1440 programs are required for converting the data 
to disk pack records or for editing and verification of 
card files. 
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Initial Loading of Disk Packs 

Programming aids such as the card-to-disk utility pro­
gram or the file organization programs can often be 
used to load the disk packs with the information con­
tained in card files. This will result in savings in pro­
gramming time and effort since the programming re­
quired can be limited to the preparation of control in­
formation, stated in terms of the desired results. The 
possibility of errors is reduced by the limited quantity 
and the simplified nature of the programming. 

During this stage of conversion, it is important to 
make sure that audit trails are provided. It may be 
advisable to create duplicate disk packs containing 
the newly created master information. Another point 
to note is that the interchangeability of disk packs 
may allow for initial file loading on another system 
(1440, 1401, 1460, 1410) prior to installation. Use of 
the data center or a service bureau for this purpose 
may facilitate conversion. 

Conversion of other disk files, such as the 305, in­
volves considerations similar to the above, in addi­
tion to the necessity of punching out the information 
from the RAMAC® file. . 

Conversion Pointers 

Conversion procedures often represent a major por­
tion of effDrt in installing a data processing system. 
Application design should be compatible with the 
ability to realistically gather and incorporate the re­
quired data. 

When faced with extensive conversions, thought 
should be given to an interim system approach short 
of final objectives. While such a two-step approach 
can be criticized for increasing the prDgramming 
effort, the advantages of smoother conversion and 
faster system production are powerful incentives to 
adopting it. An added advantage lies in the fact that 
a two-step programming effort will allow the program­
ming group more time for the development of tech­
niques and skills. The second-step programs should 
be of a higher degree of quality and sophistication 
than the first-step programs. 

Combining punched card files in consolidated disk 
records often exposes many hidden errors. Edit runs 
should be performed .on each file, testing for invalid 
punching, coding errors and completeness of data. 
Reconciliation procedures need to be worked out be­
forehand in the event of unmatched conditions aris­
ing. A suggestion is to maintain card files separately 
until such time as all errors are resolved, rather than 
combining incorrect data and then attempting to clean 
up the errors and missing elements. 

Develop a detailed conversion schedule well in ad­
vance. Define starting and completion dates for each 
segment of the conversion. Programs necessary for 
conversion should be accorded ample time and CDn­

sideration. If volume keypunching is required, per­
form a pilot study to establish time requirements. 

Depending on programming and systems people 
to carry the full load of conversion is usually not ad­
visable. A better suggestion is to employ the person­
nel who will eventually become the system operators 
to aid in conversion. This will give these people a bet­
ter understanding of the application, plus valuable 
experience in systems operation. 

Remember that many departments within an or­
ganization will affect and be affected by the new 
system and that the establishment of good communi­
cations and controls between departments prior to 
conversion is of the utmost importance. 

Introduction of proper data control techniques is 
neccessary during the conversion period. This is the 
best time to instill good habits. in the area of controls 
and audit trails, as the pattern that is set during the 
conversion will become permanent practice. It is im­
portant that all changes made to the programs or the 
procedures during the conversion be properly dDCU­
mented. 

One common error in preparing for the installation 
period is the lack of a realistic conversion time sched­
ule. Conversion transitions take time, much of it hid­
den. Following are some of the areas requiring careful 
consideration: 

Final program testing. - Time must be allowed for 
extensive program testing. Ideally, production data 
should be used in final tests. If the change in applica­
tion design dictates otherwise, it is suggested that 
the test data be compiled by .other than the program­
mers. This is one good method for eliminating many 
of the errors that too often do not show up until pro­
duction runs are attempted. 

Clerical retraining. - It takes time for clerical and 
keypunching personnel to develop speed and effi­
ciency in handling and preparing new SDurce data. 
Coding errors are to be expected, especially during 
this initial period. Editing is an important function 
of an EDP system. Normally, editing functions should 
be accomplished in short, preproduction programs, 
rather than be incorporated into main programs where 
cumbersome and difficult restart prDcedures can be 
encountered. 

Program run times.' - Allow for realistic initial pro­
gram run times, remembering that optimum run times 
cannot be expected during initial installation periods. 
Job setup times are bound to be out of proportion 
until operator prDficiency improves through experi­
ence. Program reruns are to be expected. 
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Planning and Progress Control 

Each of the areas described previously - education, 
systems design, programming, physical planning and 
conversion - requires that a great many related activ­
ities be carried out. To assist in the planning, schedul­
ing and control of these activities, it is advisable to 
establish a series of installation schedules. These 
schedules provide both a check list of the jobs to be 
done and a means of scheduling and following up 
work. Some typical schedules and the reasons for 
their use are described below. 

General Preinstallation Schedules 

One of the first tasks of the data processing manager 
is to prepare a general overall preinstallation schedule. 
The schedule should be established as realistically as 
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possible and modified, if necessary, as the detailed 
study and programming get under way. Frequent re­
views should be made and action taken when needed 
to assure that the program is progressing satisfactorily. 

Figure 59 is a typical overall planning schedule set­
ting up target dates for all major activities. Note that 
where required - for example, under "Conduct Edu­
cation Programs" - reference is made to other sched­
ules providing more detailed information. The eleven 
points shown on the form refer to the IBM eleven­
point program for installation planning. 

While it is impossible early in the installation cycle 
to pinpoint the exact dates for detailed systems de­
sign, program testing, etc., target dates should be set 
to represent either estimates as to when these steps 
can be accomplished or the dates for establishing the 
detailed plans for the required areas. 

~'-~~""~.'---------+--~--------------~~-r---r---r---+---+---+------~ 
: < • . r. " Pl. 

Figure 59. General Installation Planning Schedule 
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STUDENT NAME TYPE NO. 
CLASS DAYS 

Figure 60. Education Schedule 

Education Schedules 

Setting up an education schedule requires a knowl­
edge of the available classes, their starting dates and 
prerequisites, any possible schedule conHicts with 
peak load variations, etc., as well as a knowledge of 
the individuals' training needs. The IBM training pro-

WEEK BEGINNING DATES 

gram brochure (R25-1629) is an excellent aid in these 
considerations. The first page of the brochure lists the 
class descriptions, the middle pages provide an aid in 
assigning classes on the basis of the various prerequi­
sites, and the last page (Figure 60) can be used for 
scheduling the classes to prevent conHicts with vaca­
tions, peak loads and holidays . 
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0 0 0 
[l = Scheduled Start 

APPLICATION DEVELOPMENT SCHEDULE 0= Scheduled Completion 
APPLICATION X = Started or Completed 

Start Date End Date 
ACTIVITY PERSON ASSIGNED Est. Actual Duration Est. Actual 

Design Record Layouts 
Design New Cards and Forms 
Establish Accounting Controls 
Re-Evaluate System Design 
Determine File Conversion Procedures 
Write Special Cutover Programs 
Wire Control Panels for Cutover 
Determine Parallel Operation Procedures, 

Controls, Personnel and Machine Requirements 

Start Date 
Blk 

PROGRAM NAME PERSON ASSIGNED Est. Actual Diag. 

l. 

2. 

3. 

4. 

5. 

6. 

7. 

8 •. 

9. 

10. 

Figure 61. Application Development Schedule 

Application Development Schedules 
As soon as the data processing manager or the systems 
analyst gains sufficient insight into the general system 
design, he should determine the amount of time and 
effort required in the areas of systems work, program­
ming, testing and debugging, conversion, offline and 
computer procedure writeups, etc., to complete the 
total installation plan. Every application area, and as 
many programs as possible within each area, should be 
defined, and the total number of man-days in each of 
the systems and programming areas should be esti­
mated. This will aid in determining whether there will 
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Duration End Date 
KP Desk Run Oper Peri ph 

Coding Prfrd Check Test Book Instr. Instr. Doc. Est. Actual 

be enough time among the people concerned to meet 
the installation date. It can also serve as a basis against 
which actual progress can be measured to determine 
whether a proper timetable of events is being kept. 

When determining whether there is enough man­
power available to meet deadlines, it is important to 
think of miscellaneous occurrences that could consume 
the time of the people directly involved with the in., 
stallation of the computer. Such items as schooling, 
vacations, holidays, test sessions, meetings and other 
business responsibilities often account for a surpris­
ingly large portion of available time. 
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Figure 62. Illustrative Programming Progress Chart 

Program Progress Charts 

This type of chart (Figure 62) is helpful in oontrol­
ling and showing an overall picture of programming 
progress. The programs are listed vertically on the left 
side of the chart, grouped by application. Across the 
top of the chart, calendar periods are shown start­
ing with a date some time prior to the delivery date 
and ranging up to or after the delivery date. The 
length of the periods and the total amount of time 
involved will vary depending on the nature of the pro­
grams involved. 

For each program two horizontal rows are provided, 
the top one representing planned dates and the bot­
tom one indicating dates of actual completion. In this 
way a comparison between the plan and its imple­
mentation is always available. A number code or a 
horizontal bar consisting of several colors may be 
used to represent the different phases of program 
development. 

As programming proceeds, planned dates will some­
times turn out to have been unrealistic and the esti­
mates will have to be revised. Whenever such revi­
sions are made, a new chart should be made up. The 
latest chart will then reHect the new expected com­
pletion dates. The old ones should be retained for 
purposes of historical record. 

The chart provides a compact, overall view of plan­
ning and progress. It is well, however, to maintain in 
addition more detailed records of progress. These 
serve two purposes: they facilitate frequent evalua­
tions of progress and they make up a detailed record 
of experience which is valuable in future planning. 

A convenient form for recording progress on a pro­
gram is illustrated in Figure 63. A form such as this 
may be submitted each week by each person working 
on the program. 

The information contained in these records may be 
posted to a record-of-progress chart (see Figure 64), 
which spells out information contained in both the 
program development chart and the weekly progress 
record. The programs of an application are listed 
down the left side of the form and the activities asso­
ciated with each are listed horizontally across the 
top. The percentage of completion for each activity 
is shown. In addition, the number of days each activ­
ity was expected to take, as well as the number of 
days actually invested in it, is given. 

DATA PROCESSING DEPARTMENT 
-Programming Section-

WEEKLY RECORD OF PROGRESS 

Project -L~'-L:~==~~~t§Al= __ Week Ending 

Run No. _~,;?::.c:O~/ ____ _ Programmer 

TITLE: r~~1dd 

Days Spent 
Est. of Remaining 

ITEMS 
This Week 

Days Needed for 
Completion 

1. Problem Definition 
2. General Block Diagram 
3. Detailed Block Diagram 
4. Coding ."1 .3 
5. Desk Checking - $I 
6. Data Preparation ~ I 
7. Test and Revision '! 
8. Run Log 7,7»- 'i 

TOTALS 

Remarks: 

Figure 63. Weekly Record of Progress 
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Figure 64. Record of Progress Chart 

Conversion Planning Charts 

A conversion planning chart (Figure 65) should be 
established spelling out the actions required to ac­
complish the conversion. I terns to be included, by 
dates of performance, ar~ the conversion of present 
card formats to the new formats, conversion of present 
card files to disk files, additional keypunching, a list­
ing of the one-time machine runs to create the master 
files, etc. 

In setting up the schedule, remember that regard­
less of the planning done, unforeseen circumstances 
frequently arise to slow the schedule down. If proper 
allowances have been built into the schedule, these 
circumstances can be handled without delay to the 
operation as a whole. 
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Progress Meetings 

The personnel responsible for the installation program 
should meet periodically to evaluate the progress of 
the installation effort. These meetings are frequently 
scheduled on a biweekly basis and run from one to 
three hourse in duration. They normally include an 
examination of the performance during the period 
since the last meeting and the development of plans 
for the coming period. When any applications or pro­
grams are added or deleted, they should be accounted 
for. If the schedule shows that the effort is falling 
behind, steps must be made to speed it up. This 
might require additional manpower, overtime, or pos­
Sibly outside programming aid. 
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Appendix 

• 

Seek 
Cylinder 00 

Read 
Finder Item 

Initialize 
DCF 

Read Sector 

of Cylinder 
Table 

Compare to 
Field in 

Cylinder Table 

Seek 
Cylinder Using 

Adjusted 
DCF 

Rei niti alize 

Compare of 
Cylinder Table 

Inititate 
Disk Scan 

to Locate 
Record 

NO 

Modify 
Compare 

Instruction 

Add 000200 
toDCF 

YES 

Reinitialize 
Compare 

Instruction 

Modify Read 
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Figure 66. Record Retrieval-Cylinder Table on Cylinder 00 and Scan Disk Feature 
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Figure 67. Record Retrieval-Cylinder Table on Cylinder 00, Track Table on First Sector of Each Cylinder 
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Figure 68. Illustrative Block Diagram-Creation of Cylinder and Track Tables 
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Technical Newsletter 

Ch~nges to IIPlanning for an IBM 1440 
Data Processing Systemll (F20.0340) 

The material in this newsletter should be inserted in 
Planning for an IBM 1440 Data Processing System to 
incorporate new material on the 1301 Disk Storage and 
the 7335 Magnetic Tape Unit, which were announced 
after the initial edition of the manual was printed. 
The changes to be made are as follows: 

Add additional copy to pages 21, 24, 33 and 35 of the 
original manual. 

Add the following pages to the appendix: 
NewPage 

FILE ORGANIZATION AND FILE TECHNIQUES 96 and 97 

These pages cover the same infor-
mation for the 1301 as previously 
given for the 1311 on pages 20 and 
21 of the initial edition. 

DISK STORAGE TIMING-1301 DISK STORAGE 

These pages cover the same infor­
mation for the 1301 as previously 
given for the 1311 on pages 46 and 
47 of the initial edition. 

SORT TIMING-SORT 5 OBJECT PROGRAM 
TIMING ESTIMATES 

This page shows approximate sort 
time for the Sort 5 object program 
when used on the 1440. 

IBM 7335 TAPE TIMING 

This page contains timing formulas 
for the IBM 7335 Magnetic Tape 
Unit. 

98 and 99 

100 

101 

File Number 1440-00 

Re: Form No. F20-0340 

This Newsletter No. N20-0008 

Date February 7, 1964 

Previous Newsletter Nos. None 

Changes to be entered in f20-0340 

The first two changes below have been made in some 
of the first-edition copies and may therefore not have 
to be made in your copy. 

On Figure 12, page 21, replace the wording "Track 
99" with the wording "Cylinder 99". 

Insert the following in the right-hand column of 
page 24: 

The disk storage statement takes the fonowing 
form: 

Insert the following at the bottom of page 33: 

Disk Storage/Tape Systems.-Disk file reorganization 
can ordinarily be performed very qUickly on sys­
tems containing both disk and tape storage. Where 
two or more 1311 Disk Storage Drives are installed, 
the disk files can be reorganized either as described 
above under Multi-File Systems or as described in 
the paragraph below. 

On disk storage/tape systems containing one or 
more disk storage units, the file to be reorganized 
is read from disk storage and written on tape. Ad­
ditions or deletions can be incorporated while the 
records are written on tape or on a subsequent 
processing run. The reorganized records are then 
written back into disk storage. 

IBM Corporation, Technical Publications Dept., 112 E. Post Road, White Plains, N. Y. 10601 

Printed in U.S.A. N20-0008 



Insert the following on the bottom of the right-hand 
column on page 35: 

Disk Storage/Tape Systems.-Since the information in 
disk storage can quickly be entered on magnetic 
tape, these systems permit rapid reconstruction 
procedures. Daily, or periodically, the updated disk 
file is written on tape. If it ever becomes necessary 
to reconstruct the disk file, the information on tape 
is first written back into disk storage. The disk file 
is then updated by the transactions (if any) that 
have occurred since the tape was created. Next 
the updated disk file is used to create a new mag­
netic tape; the disk file is then available for subse­
quent updating. 

o 

o 

o 
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Staple Here 

Staple this page to page 96 of "Planning for an IBM 
1440 Data Processing System

u
(F20-0340). 

Staple Here 



File Organization and File Techniques 

File Concepts 

File organization (the way the various records are 
stored in disk storage) and the manner in which disk 
records are retrieved for processing greatly aHect 
systems throughput and programming eHort. Choos­
ing the best file organization and retrieval technique 
for .a particular application is thus a key systems de­
sign function and requires consideration of many 
factors. Among these are: 

• The number of files in disk storage and the size 
and number of records in each file. 

• The number of additions and deletions to the 
disk files. 

• The ratio of the number of transactions processed 
to the number of records in the master files (the 
activity ratio). 

• The size of the control fields of the transactions 
and the disk records. 

• The core storage available for the record re­
trieval portion of the processing program. 

• The functions of the IBM disk file organization 
and input! output control system programming 
packages. 

• The number and type of disk storage units and 
input! output units on the system. 

Discussion of the major file organization and re­
trieval techniques will be preceded by a brief section 
on the physical organization and operation of the 
1301 Disk Storage unit and the type of information 
that can be stored in disk storage; readers familiar 

f • k Top 0 Dls~ 

Bottom of Disk.J 

Insert shows read write heads 
at the outside track position 

Vertical Shaft, 

--

I I 

,-::::; 

with this material may prefer to skip to "Basic 
Methods on File Organization and Processing", page 
25. 

IBM 1301 Disk Storage (Models 11, 12, 21, 22) 

As many as five 1301 Disk Storage modules can be 
attached to the 1440 system. Each module has a 
capacity of 20,000,000 alphameric characters, divided 
into 200,000 individually addressable 100-character 
sectors. o Both the 1301 and the 1311 disk storage units 
can be Simultaneously connected to the 1440 system, 
so that the maximum online disk storage is 110,000,000 
characters 0 (100,000,000 characters of 1301 storage; 
10,000,000 of 1311 storage). 

Each 1301 module consists of 21 magnetic disks 
for recording data. Each surface of the 21 disks, ex­
cept the upper surface of the top disk and the lower 
surface of the bottom disk, is used as a recording 
surface-a total of 40 recording surfaces per module. 

A comb-type access assembly with 20 access arms, 
each containing two read-write heads, is mounted ver­
tically on each module. The access assembly is used 
to position the read-write heads relative to the disk 
surfaces (Figure 70). Each of the access arms, with 
its two read-write heads, is located between the bot­
tom surface of a disk and the top surface of the next 
lower disk, and is capable of reading or writing data 
on both of these surfaces. 

o In the sector mode. In track record mode (special feature) the track 
is not divided into sectors, and the maximum capacity of each module is 
25,430,000 alphameric characters; maximum online disk storage (1301 
and 1311 together) is 142,050,000 alphameric characters. 

/ 
/ 

/ 
./ 

Horizontal Movement of Access Mechanism 

"" "" 

Access 
Mechanism 
with 
Multiple 
Access 
Arms 

Figure 70. Disk Array and Access Mechanism for One Module of 1301 Disk Storage 

96 

o 

o 

o 



c 

As the disks revolve, the read-write heads cover 
circular paths (called tracks) on the disk surfaces. 
The 40 tracks that are exposed simultaneously to the 
40 read-write heads are referred to as a cylinder. A 
cylinder, in this sense, is a quantitative concept de­
scribing the data that is available at one setting of the 
access mechanism. One 1301 module may be thought 
of as 250 cylinders of data, each cylinder consisting 
of a particular track on each of the 40 disk surfaces. 
The 40 read-write heads can be positioned at anyone 
of the 250 cylinders. 

Each of the 250 tracks on a disk surface is divided 
into 20 equal-size parts known as sectors. The sectors 
contain a preassigned six-digit address and provide 
storage for either 100 characters of data without 
wordmarks or 90 characters of data with wordmarks 
(Figure 71). All sectors are addressable, with each 
module providing 200,000 sectors that may be ac­
cessed for reading or writing of data. This figure can 
be arrived at in the following way: 

20 sectors 
per track 

800 sectors 
per cylinder 

x 40 tracks 
per cylinder 

X 250 cylinders 

800 sectors 
per cylinder 

200,000 sectors 
per module 

The sector addresses run sequentially within track, 
cylinder and module starting from the outermost cyl­
inder in a module, as indicated in the table below: 

Sector 
I Address Cylinder Track Sector Module 

000000 First First First First 
000019 First First Last First 
000799 First Last Last First 
199999 Last Last Last First 
200000 First First First Second 

Perhaps the cylinder concept can best be under­
stood by visualizing 250 cylinders arranged concen­
trically, with each of the cylinders successively 
smaller in diameter to permit placement of one in­
side the other, as shown in Figure 72. Imagine the 
cylinders as turning and standing on end. Around 
the circumference of each cylinder are 40 tracks for 
the magnetic recording of data. To gain access to the 
data on any particular cylinder, the access arms must 
be first directed by the program to move "through" 
the cylinders until the desired cylinder is located. 
All data recorded on the 40 tracks in the cylinder is 
then available at the one setting of the access mech­
anism (a total of 80,000 alphameric characters). 

6-'Character 
, Address 

I I --- ------

100 Data 
Characters 

on each Sector 

- .... L- -,J------

~ 20 Sectors ~ 
----.on each ~ . 

Disk Surface 

Figure 71. Arrangement of DatJl on Disk Surface (in Sector 
Mode) 

250 
Cylinders 

Figure 72. Visualization of Cylinder Concept 
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Disk Storage Timing (IBM 1301 Disk Storage) 

The following factors are involved in timing disk 
operations: 

Seek time - time required for the movement of the 
access mechanism from one cylinder to another. 

Rotational delay - the time required for the de­
sired record to rotate to the read/write head after 
the previous function has been completed. 

Read, write and write-checking time-the time re­
quired for the reading, writing and write-checking 
of the disk record. 

Head select time - the time required for the head 
circuitry to prepare for transferring data bits. A 
head select time of 1.66 ms is involved whenever a 
disk read, write or write-check instruction is called 
for. 

Process time - the time required to process the rec­
ord. 

Scan disk time - the time required to scan a por­
tion of a file when the optional Scan Disk feature 
is used to locate a disk record. 

These factors will be clarified below and are also 
discussed in the file organization section of the man­
ual. 

SEEKING DISK STORAGE RECORDS (ACCESS TIME ) 

The time required for the access mechanism to move 
from one cylinder to another depends on how far the 
mechanism moves, within certain machine-defined 
limits. For purposes of calculating access time, the 
250 cylinders in a module are divided into five areas 
of 50 cylinders with each area subdivided into six sec­
tions as shown below. 

Access motion time from a record on one cylinder 
to a record on another cylinder is 50 ms within a sec­
tion, 120 ms from section to sectiop within an area, 
and 180 ms from one area to another. For example, 
an access movement from cylinder 0 to cylinder 9 
(within a section) requires 50 ms; from cylinder 0 to 
cylinder 10 (section to section in one area) . requires 
120 ms; from cylinder 0 to cylinder 50 (area to area) 
requires 180 ms. 

Area Cylinders 

1 2 

A 0-49 0-9 10-19 
B 50-99 50-59 60-69 
C 100-149 100-109 110-119 
D 150-199 150-159 160-169 
E 200-249 200-209 210-219 
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Figure 73 can be used to determine seek time from 
one cylinder to another, or from one sector address 
to another. The access time in milliseconds is indi­
cated by the point of intersection of two lines on a 
coded area of the figure, one line drawn horizontally 
from a FROM sector address or cylinder and the 
other drawn vertically from a TO sector address or 
cylinder. 

For example, to move the access mechanism from 
track 000000 to 039999 requires 120 ms of access 
motion time. To move the access mechanism from 
track 039999 to 040000 requires 180 ms. 

After a seek instruction is issued, processing can 
continue until another disk storage instructio,n using 
the same disk drive or another input! output instruc­
tion is given. 

SEEK OVERLAP 

Seek overlap is a standard feature on the 1301, mak­
ing it possible to overlap seeking on the different 
1301 modules installed on a system. It also allows a 
disk read or write operation on one disk drive to be 
overlapped with seek operations on other disk drives. 
When both the 1301 and 1311 are installed on one 
system, the 1301 seek instruction is normally given 
first to allow overlap with 1311 file operations with­
out requiring the optional Seek Overlap feature on 
the 1311. 

ROTATIONAL DELAY AND READING AND WRITING TIME 

After the access mechanism is positioned on the cyl­
inder, the read or write instruction given will select 
one of the 40 read-write heilds (this requires a head 
select time of 1.66 ms) and begin comparing ad­
dresses until the desired record is found. It is un­
likely that the record will be under the head immedi­
ately; a short delay is normally necessary while the 
head waits for the record to rotate to it. If the ad­
dress is just coming under the head, the wait time is 
O. if the first character of the address just passed 
under the head, the wait time is 33.3 ms. This time 
is referred to as rotational delay and averages 16.7 
ms, the equivalent of half a revolution of the disk. 
After a record is found, reading or writing or write­
checking can take place at 1.66 ms per sector. After 
a write operation, a rotational delay of up to 31.7 ms 

Cylinders in each section 

3 4 5 I 6 

20-24 25-34 35-44 45-49 
70-74 75-84 85-94 95-99 

120-124 125-134 135-144 145-149 
170-174 175-184 185-194 195-199 
220-224 225-234 235-244 245-249 

o 

o 

o 
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CYLINDERS ADORES § ~ ~ ~ ~ 8 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ § ~ ~ ~ ;! :8 ~ ~ ~ ~ ~ ~ 
~----~------~~ 

0-9 000000-
10 - 19 080000 - 015999 
20 - 24 016000 - 019999 
25 - 34 020000 - 027999 
35 - 44 028000 - 035999 
45 - 49 036000 - 039999 
50 - 59 040000 - 047999 
60 - 69 048000- 055999 
70 - 74 056000 - 059999 
75 - 84 060000 - 067999 
85 - 94 068000 - 075999 
95 - 99 ' 076000 - 079999 

100 - 109 080000 - 0879991-------FLli.< 
110 - 119 088000 - 095999 
120 - 124 096000 - 099999 
125 - 134 100000 - 107999 
135 - 144 108000 - 115999 
145 - 149 116000 - 119999 
150 -' 159 120000 - 1279991------+----------, 
160 - 169 128000 - 135999 
170 - 174 136000 - 139999 
175 - 184 140000 - 147999 
185 - 194 148000 - 155999 
195 - 199 156000 - 159999 
200 - 209 160000 - 1679991------+------+-----
210 - 219 168000 - 175999 
220 - 224 176000 - 179999 
225 - 234 180000 - 187999 
235 - 244 188000 - 195999 
245 - 249 196000 - 199999 

Figure 73. Seek time-130l Models 11, 12, 21, 22 

(depending on number of sectors read) is required 
until the record is physically available for the write 
check. The rotational time can be used for processing. 

For an example of timing for rotational delay and 
disk reading and writing, see Figure 74 showing the 
reading, updating and writing of a one-sector record 
(100 characters). If possible, processing should be 
kept within the available rotation time; otherwise the 
total cycle time will be increased by increments of 
33.3 ms rotation time. Rotation time between the 
write and write-check operations can be used for such 
functions as updating control totals and arranging 
fields for printing. 

Process 

SCAN DISK TIME 

Through the use of the optional Scan Disk feature it 
is possible to search an entire cylinder in 1,350.3 ms 
(18.3 ms for rotational delay and head select time + 
1,332 ms for scanning the 800 sectors). After the de­
sired record is located, a read instruction is given to 
read it into core. If less than an entire cylinder is 
searched the time is reduced proportionally (for ex­
ample, a 100-sector scan would require 184.9 ,ms). 

Read Instruction 

I 
Head Average 
Se- Rotation 
lect Time Read 
1.66 16.7 ms 1.66 
ms ms 

• 50 Milliseconds 

~ 120 Milliseconds 

o 180 Milliseconds 

Note: Access time within one cylinder 
is 0 milliseconds. 

Available 
for Process 
30 ms 

1 .66 ms for head se lect de lay 
16.7 ms average rotational time 

to find the proper sector 
1 .66 ms to read 1 sector 

30.00 ms for processing 
1.66 ms for head select delay 

1.66 ms to write 1 sector 

30.00 ms for processing 
1.66 head select delay 

1.66 ms to write check 1 sector 
86.66 ms. Total 

Write Instruction Write Check 
Instruction 

I , 
Head Head 
Se- Available Se- Write 
lect Write for Process lect Check 
1.66 1.66 30 ms 1.66 1.66 
ms ms ms ms 

In Figure 74, note that 1.66 ms of the disk rotation time is used 
to read one sector. This leaves 31.66 ms of rotation time before the 
record can again be accessed, 1.66 ms of which will be needed for head 
select time. The remaining 30 ms is available process time. Figure 74. Disk Storage Timing for a One-Sector Record 
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Sort 5 Obiect Program Timing Estimates 

Figures 75 and 76 show approximate sort times for 
the Sort 5 object program when used on IBM 1440 
Data Processing Systems equipped with 1311 Disk 
Storage and 4,000, 8,000, 12,000 or 16,000 positions of 
core storage. These times should be used for planning 
purposes only. 

Figure 75 shows the time required when the sort 
run is to terminate at the end of phase 4; Figure 76 
shows the time required when the run is to terminate 
at the end of phase 6. Times are shown for object 
program runs when the direct seek (DS) feature is 
used and for runs when a normal seek (NS) opera­
tion is used. 

The times are based on the following assumptions: 
disk input and output without any additional op­
tions; optimum input/output blocking; and the work 
area, input area, output area, and work cylinder 
optimally placed on the disk pack(s). The times do 
not include the time required to load the program. 

These times are the result of object-program runs 
with control field data (CF) of ten characters. With 
an increase of control field data, there is a correspond­
ing increase in processing time. 

Machine Record Input Estimated Times 

Size Length File Size OS NS 

20 2,000 1.50 1.70 

80 5,000 7.20 8.10 

4k 100 5,000 7.77 7.78 

10,000 16.30 18.00 
200 

25,000 46.90 * 

20 25,000 27.45 30.97 

40 5,000 3.10 3.30 
8k 

100 2,000 1.40 1.48 

500 10,000 11.50 12.70 

40 25,000 20.50 22.40 

12k 100 10,000 8.40 8.90 

500 5,000 4.40 4.80 

20 25,000 20.20 20.60 

80 10,000 8.08 8.14 
16k 

200 5,000 3.60 3.80 

500 10,000 9.40 9.94 

* Timing runs not made. 

Figure 75. Sort 5 (Phases 1-4) Run Time in Minutes 

100 

Machine Record Input Estimated Times 
Size Length File Size OS NS 

2,000 3.94 4.55 o 
20 

25,000 84.29 134.47 

5,000 15.75 21.69 
40 

10,000 35.64 52.15 

4k 2,000 7.02 S.99 
80 

5,000 20.80 26.93 

100 5,000 20.26 29.73 

10,000 54.30 73.14 
200 

25,000 164.70 * 

25,000 55.29 68.74 
20 

SO, 000 113.34 179.45 

2,000 3.47 3.S6 
40 

5,000 9.92 11.52 

Sk 80 10,000 25.69 41.52 

2,000 4.14 5.17 
100 

5,000 12.42 lS.S7 

2,000 9.22 11.95 
500 

10,000 67.57 79.15 

2,000 3.44 3.65 o 
20 

SO,Ooo 102.14 122.92 

«> 25,000 SO.60 76.70 

80 25,000 46.30 6S.94 
12k 

100 10,000 26.14 * 

2,000 5.29 9.10 
200 

10,000 ~5~07 55.14 

SOO 5,000 lS.~4 * 

25,000 47.62 54.52 
'20 

SO,OOO 99.77 113.S9 

2,000 3.66 3.69 
40 

5,000 S.S5 9.52 

5,000 9.55 11.«> 
16k 

SO 10,000 19.93 * 

25,000 61.49 * 

100 2,000 4.02 4.35 

200 5,000 12.10 * 

SOO 10,000 45.36 60.74 o * Timing runs not made. 

Figure 76. Sort 5 (Phase 1-6) Run Time in Minutes 
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Tape Timing-IBM 7335 Magnetic Tape Unit 

The 7335 Magnetic Tape Unit, Modell (one tape 
drive with control unit) or Model 2 (two tape drives, 
packaged together, with control unit) provides the 
1440 with tape processing capability. A maximum of 
two tape drives (7335 Model 2) can be attached to 
a single 1440 system. The units are governed by the 
tape control unit, which permits one tape unit to 
operate at a time. If one tape drive is busy, the other 
drive cannot be used until all operations on the busy 
one have been completed. 

TAPE OPERATIONS 

The 7335 records data on tape in BCD or binary 
form. During reading or writing, tape is moved from 
the file tape reel through a horizontal vacuum col­
umn to the machine reel. Tape speed is 36 inches a 
second. Tape may be backspaced over a record or 
may be rewound to the beginning of the reel. 

While tape is moving backward (machine reel to 
file reel), no reading or writing takes place. There 
are two speeds of rewind: high and low. High-speed 
rewind is approximately 2.2 minutes per 2,400 feet of 
tape per reel. Low-speed rewind is 36 inches per sec­
ond. Both rewinds will position tape to reflective 
spots. After a high-speed rewind, tape must be manu­
ally loaded into the vacuum columns for further 
reading or writing. 

TIMING FORMULAS 

The factors used in timing the 7335 Magnetic Tape 
Unit are given below: 

C = .050 ms, the character rate of the 7335. 

,; 
1 

N is the number of characters in the record block. 
Start time is the time necessary for the tape unit to 
accelerate to operating speed. 
Stop time is the time necessary for the tape unit to 
decelerate and stop. 
Record-check time is the time it takes to read or 
write the check character. This time is based on 
the read-write head gap (the distance that sepa­
rates the read and write heads) and the time it 
takes a single character written on tape to travel 
from the write head to the read head. 
Load point time is the time required to pass the 
tape from the load point to first record. When 
reading or writing from the load point, start time 
is increased by about 27 ms. 
The read and write operation timing formulas are 

as follows: 

Read Operation Timing.-During a 7335 tape-read 
operation, the tape control unit is interlocked 
20.5 + .050N ms (Figure 77). This includes: 

10.3 ms - start time 
9.8 ms - stop time 

.4 ms - record-check time 

.050N ms - record time 

During the same read operation, the processing unit 
is interlocked for lOA + .050N ms (Figure 77). This 
includes: 

10.3 ms - start time 
.1 ms - part of .4 ms record-check time 
.050N ms - record time 

Therefore, in a tape-read operation, processing can 
take place during 10.1 ms of stop time and record­
check time. A tape transmission error condition can 
be recognized .3 ms after the processing interlock is 
released. 

Record 
Check 
Time Start Time Record Time 

"'1·--I-0-.3-ms--·~I"'·-------------~5 .050 N ms 
Stop Time 

9.8 ms 

Tape Adapter Unit Interlocked 

I~·------------------------~S ~----------------------C-a-n-T-e-st-T-a-~~ 
20.5 + .050 N ms rError Indicator 

Processing Unit Interlocked .3 ms~ 

~1·-------------I-0.-4"""'5 .S'r-050-N-m-s ------------1-1.,.:.: ~'I 10.1 ms 

Available Processing Time 

Figure 77. Read Operation Timing 
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Write Operation Timing.-During a 7335 tape­
write operation, the tape control unit is interlocked 
20.3 + .050N ms (Figure 78). This includes: 

7.2 ms - start time 
4.4 ms - stop time 
8.7 ms - record-check time 

.050N ms - record time 

During the same write operation, the processing 
unit is interlocked for 7.2 + .050N ms (Figure 78). 
This includes: 

7.2 ms - start time 
.050N ms - record time 

Start Time Record Time 

"'1·~7-.-2-ms-... ·-+I"·---------~S 5 .050 N ms 

Therefore, in a tape-write operation, processing 
can take place during the 13.1 ms record check and 
stop time. A tape transmission error condition can be 
recognized 8.7 ms after the processing interlocked is 
released. 

If the tape transmission error test is given during 
the 8.7-ms record-check time, the processing unit is 
interlocked until the error indicator is interrogated. 
The difference between the reading record-check time 
of .4 ms and the writing record-check time of 8.7 ms 
is due to the read-write head gap time (8.3 ms). 

Record S 
I Check Time I T~: 
I 8.7 ms 14.4 ms 

Tape Adapter Unit Interlocked 

... 1.---------------------45 5 20.3 + 050 N ms 

Can Test Tape Errorlnd icator, 

I~.~-------------~( r)~-~P-ro-c-eu-i-n-g-U-n-it-l-nt-e-r1-o-ck-e-d-----------~+--8-.7-ms-~11 
) 7.2 + .050 N ms 

13.1 ms 

Available Processing Time 

Figure 78. Write Operation Timing 
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