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Bowery Savings Bank - Electronic Data Processing Division
PROGRAM PLANNING AND PROGRESS CHART

PROGRAM NAME

PROGRAM NUMBER APPLICATION
PROGRAMMING EFFORT ESTIMATE ___DAYS RUN TIME ESTIMATE HOURS
DEGREE OF PROGRAMMING DIFFICULTY INVOLVED IN THIS PROGRAM
1 ESTIMATED ACTUAL
saction | To ax compLETED PRIOGR TO Y [ ovant |Compr, [KiApsto || START | Comsi. |KLAPSED| COMMENT
THE FIRST TEST SESSION DATE DATE DAYS DATE DATE DAYS

GENERAL STATEMENT OF PROBLEM

LOGIC DIAGRAM

1/0 DESIGN INCLUDING FORMS

DETAIL BLOCK DIAGRAM

CODING

PREPARATION OF TEST DATA

PRELIMINARY DOCUMENTATION

KEYPUNCH, EAM AND DESK CHECK

VARIANCE IN DAYS
TOTALS (EST)es(ACT,) I:I

TIMATED ACTUA
]
sxcTion |l To sx accompLIsHED DURING oy [ormr T oo erars | svant 1 s Tecaver - T
AND AFTER TESTING DATE DATE BAYS DATK DATE OAYS

FIRST ASSEMBLY

DESK CHECK

ASSEMBLY TEST AND DEBUG

FINAL. DOCUMENTATION

CONVERSION PROCEDURES (IF ANY}

VARIANGE 1N DAYS

PROGRAM TESTING LOG

DATE

MACHINE HOURS

MAN HOURS

Fig. 9-4. Program Planning and Progress Chart. (Courtesy, The Bowery
Savings Bank)

detailed record-keeping, although it is now applied to the programming
staff, and cannot be obtained mechanically. This is a difficult problem.
Programmers often do not want, and will not take the time, to keep
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minute records of their own activities. An argument frequently heard
against performance standards is “How can I ask my programmers to keep
any more records than they now have to keep, when I have difficulty
getting them to endorse their paychecks?’ Yet the entire concept of
management control demands enforcement of these simple requirements.

Performance measurement data must be obtained by program, by
task, and by programmer. Three kinds of performance data must be
obtained: time, quality, and validity of standards.

Measurement of Quality—The measures which are established to
evaluate the quality of performance are partially subjective, and partially
factual. Subjective measures include a rating of the documentation, and
an evaluation of the logical completeness. These are discussed in more
detail in a later section.

Measuring the Validity of Standards—Data gathering should include,
for comparison to the standards:

Number of test shots (also a measure of quality)
Number of compilations

Number of pages of documentation

Program size

Measuring Programming Time.—The time spent by each programmer
on each task can be obtained in a number of ways:

1. From a report of progress by program, requiring the programmer to
record weekly the time spent on each task. If the programmer has
worked on 10 programs, he must submit 10 such reports; the totals of
all, plus any “indirect” time, must add to total paid time. Figure 9-5
shows such a report. The programmer fills out the days or fractions
thereof spent in any one week on any task of the program, and also
estimates each week the number of days which he believes are required
to complete task. The programming manager accumulates the days
spent to date, and compares these with the days scheduled for each task.
The programmer’s estimate is used only to signal the need for review
of status when the sum of the days needed to complete and the days
spent exceeds the total days scheduled. Figure 9-6 is a variation of
this form, set up for key punching.

2. From a weekly report on which the programmer records all of his
time. Distribution by program must then be done separately. Figures
9-7, 9-8, and 9-9 demonstrate this type of reporting, one closer to normal
production reporting methods.

3. From a “Program Follower Ticket”: When a program is assigned,
a basic record and recording form is created to stay with the program
until completion. This method enables detailed evaluation by program,
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BOWERY SAVINGS BANK-E.D.P. DIVISION
WEEKLY RECORD OF PROGRESS

PROGRAMMER WEEK ENDING

273

PROGRAM NAME

PROGRAM NO. APPLICATION

DAYS SPENT | DAYs SPENT | DAvYs REQ.
.FUNCTION THIS WEEK TO DATE |TO COMPLETE

SCHEDULED
MAN-DAYS

%
1. Problem Definition

%

2. Macro-Logic

-
o Lo 7

7
7

7

5. Coding

6. Desk Checking / /

7

7. Test Data

7

7
7/

%
9. Documentation ////

W

TOTALS

REMARKS:

ER 2592x

Fig. 9-5. Weckly Progress Report by Program, by Programmer, and by Task.

(Courtesy, The Bowery Savings Bank)
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COMPUTER DIVISION - WEEKLY PROGRAM RECORD

PROGRAMMER 'S NAME PROJECT NAME
1
CARD CODE
2 3 5
: 9
PROGRAM NO.
PROGRAMM ING SYSTEM LJ%]J_J] DATE
12 13 14 15 16 17 18 19
PROGRAMMER'S CODE ED
25 26 27 28
s (L11]
PROGRAM 29 30
STEPS LOGIC l ] l I
TOTAL lﬁfﬁfﬁ]
37 38(Hrs.) 39
COORDINATION OF SYSTEM LOGIC TO COMPUTER | l
43
BLOCK DIAGRAM Eﬁ
45 46 f f
CODING
Eﬁ Estimated
DESKCHECK 55 5 Completion

Time (Weeks)
SET UP TEST DATA

R1N

CORRECTIONS AND REVISIONS

o
3
o~
=

VOLUME TEST

DOCUMENTAT ION

FILE CONVERSION AND BUILDUP

D

PARALLEL RUN

OTHER ACTIVITY (Explain reverse side)

REAEBERRAT

NO. OF MACHINE TESTS

Please zero fill all blank column numbers.

Fig. 9-6. Weekly Program Record. (Courtesy, Atlantic Refining Company)

but does not permit easy reconciliation with the total hours worked by
any employee. To stay current it must remain with the work-in-progress;
the manager, to make a status evaluation, must therefore go to each work
station and assume that the latest figures have been recorded. This kind
of report is shown as Figure 9-10a, and a variation is shown as Figure
9-10b. ,

There are, of course, other methods of reporting and recording time
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Emp. No. Grp.

Name Week Ending Tot. Hrs, S.T. Hrs, O.T. Hrs,

Daie | Aslgn- | Code | e, 1O Remarks Daue | Asien- | Code | g, 1O Remarks

01 Problem Definition 11 Job Instructions _Suffix Codes

02 Phase 1II % 12 EAM Planning 1. New Job—Recurring

03 Systems Flow Diagram 13 Console Assistance 2. Special Request

04 Program Flow Diagram 14 Assisting Operations 3. Reprogramming

05 Detail Logic Diagram 15 Assisting Dispatch 4. Revision—Customer

06 Customer Contact 16 Instruction 5. Revision—Departniental

07 Coding 17 Non.Job Related 6. Program Error Corr.

08 Desk Checking 18 Supervision 7. Operations Error Corr.

09 Test Data Preparation 19 Tardy—Short Time

10 Test Checking 20 Absent

Fig.

9-7. Weekly Reporting by Programmer. (Courtesy, Lockheed-Georgia
Company, A Division of Lockheed Aircraft Corporation)

spent by program, task, and programmer. The unit of measurement used,
however, is sufficiently inexact so that a more formal means is not re-
quired generally. The smallest unit usually used is one-half man-day,
occasionally 14 man day. It is neither necessary nor meaningful to collect
performance data in smaller units, unless this information is also used as
a basis for payroll. In this case a time clock or other measurement device
may be used.
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EMPLOYEE WEEKLY LABOR DISTRIBUTION SHEET oF
EMPLOYEE NO. I NAME OF EMPLOYEE HOME DEPT. & FUNC. | SHIFT lZ“K ENDING
AUTHORIZED SHIFT WORK DEPT. SIGNATURE OF EMPLOYEE
[ vouvnr [O ruarsaianr  fsmanr eno H

TO BE FILLED-IN BY EMPLOYEE AND KEPT ON HIS DESK AVAILABLE AT ALL TIMES TO TIMEKEEPER

[ wae BENEFIT MON. TUES. WED. THURS, FRI. SAT. BUN.
ACCOUNT OR STA PEJO - FRR DEPT TOTAL
eo START START START START START START START
work oroer | c.c - Tosn P * * wE P * * * e e | HouRs
perr | sToP sToP sToP sToP sToP SToP sToP

ArTicLe T ivem

TOTAL ELAPSED TIME PER JOB
* TO BE COMPUTED BY TIMEKEEPER I TOTAL HOURS

POSTED AND INITIALED BY TIMEKEEPER

CONVAIR | ABTRONALTICS FORM AI9S MEV. 12881

Fig. 9-8. Weekly Labor Distribution. (Courtesy, General Dynamics/Astro-
nautics Division)

WORK-IN-PROGRESS REPORT

GROUP NUMBER [ NAME i FUNCTION “KNo-[ weeK EnDing [MOYTHT OAY TR
{2i3] HEA e fsimwl [uie]sinlis
IND CHG BENERIT | P DATE MAN_HOURS EST'D | o PROGRESS GRAPH 3
awo | o wap | JoB NO. | “coie | THIS | REGDTO | o | % 8
EWO BEGIN SCH. COMP, | EST. COMP. | EST'D week | Comer et | HOURS | V| & P.S, T,V 2
IR I ENE BIE 35| 36| 37 a4z 6|47 si]s2__ ss|se selso e2lea  es|ss[67 eolror 72|73 7s|7s vmlmeieg
CHECKED * ON TITLE LINE ENTER JOB NUMBER (27-31) AND 408 TITLE {32-78)
sY: "= € 12 = DELETE AND ADD TO HISTORY FILE ADD JOB ENTRY LINE
23 = ADD TITLE LINE 14 = CHANGE ENTRIES CHANGE TITLE
44038 (2-62) A® = BEGIN G = COMPLETE D = DEVELOP £ = ESTIMATED L = LeAve P = PRODUCTION S = SCHEDULED
= (BLANK) T = TRAINING V = VACATION

Fig. 9-9. Work-In-Progress Report. (Courtesy, General Dynamics/Astro-
nautics Division)



PERFORMANCE STANDARDS: PERSONNEL 277

PROGRAM No. APPLICATION
PROGRAM NAME ASSIGNMENT DATE
TASK
NO TASK SCHEDULE [P0 )
I MACRO-LOGIC (#s)
(Auacyst
ASSIGNED TO: DATE: |1 5. re)

2 MICRO -LOGIC

ASSIGNED TO: DATE:
3 CODING
ASSIGNED T0: DATE:

4 DESK CHECKING

ASSIGNED TO: DATE:

5 TEST AND ASSEMBLY

ASSIGNEDTO: DATE*

6 DOCUMENTATION

ASSIGNED T0 .. DATE:

NUMBER OF TEST SHOTS —
MINUTES

50

DATES:

Fig. 9-10a. Program Status.

EVALUATION AND USE OF PERFORMANCE DATA

The astute manager is now in a position to analyze the collated per-
formance information, and use it for positive management control. The
objectives to be met in analysis and evaluation may vary, but generally
include the following:

1. Progress Reporting—By measuring overall “efficiency” from overall
performance, it is simple to determine the exact status of the entire
development program, as well as the completion date of particular
systems, applications, and individual runs. This overall efficiency factor
can be used to modify the overall schedule and all future planning.

2. Budgetary Control—If the standard proves effective the time and
cost required to develop the remainder of the program can be firmly
established.

3. Personnel Evaluation~—The most common reason for performance
evaluation is to enable an unbiased evaluation of the members of the
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PROGRAM STATUS

APPLICATION

PROGRAM
El

NUMB!

R

PROGRAM
NAME

WEEK
ENDING

FROGRAMMER

PROGRAMMER

ORIGINAL SCHEDULE

ORIGINAL.

ESTIMATED
MAN-DAYS.

START

COMPLETE

REQUIRED

CUMULATIVE
MAN-DAYS
EXPENDED

THRU LAST WK.

MAN-DAYS
EXPENDED
THIS WK,

ESTIMATED
% COMPLETED
Now

REVISED SCHEDULE

REVISED

ESTIMATED
MAN-DAYS

START

COMPLETE

REQUIRED

ANALYSIS OF PRESENT
OPERATION & REPORT DATA

PROGRAM DEFINITION

BLOCK DIAGRAM

cope

DESK CHECK

PREPARE TEST DATA

PREPARE RUN BOOK

TEST

PROGRAMMER TO PREPARE REVISED SCHEDULE WHEN ORIGINAL SCHEDULE CANNOT BE MAINTAINED.

NUMBER NSTRUCTIONS WRITTEN: CUMULATIVE THIS WK,

PROGRAM ASSEMBLY:

MEMORY LOCATION

MEMORY NUMBER
FROM Rl REQUIREMENTS _INSTRUCTIONS

1. DA

2. INSTR

3. be

4. SUBROUTINE
5. locs

6. LITERALS
7. PATCHES

PREPARED BY

BY SR,

APPROVED BY SUPERVISOR

ToTAL
3112 (3:02)

Fig. 9-10b. Program Status. (Courtesy, General Dynamics/Astronautics
Division)

staff. This is far preferred to intuitive evaluation, which tends to favor
the extroverted programmer.

4. Functional Specialization of Personnel—One of the most interest-
ing byproducts of the use of task-oriented standards is the ability to
recognize functional specialization. A number of programmers prefer
program testing, but almost as many consider machine operation, memory
print evaluation, and all other tasks associated with testing demeaning,
and prefer to concentrate on logical analysis. Others prefer coding, and
some the rapid production of good documentation.

The development of task-oriented performance standards tends to
show which programmers are most capable in each task. As a result,
management may decide to establish “functional” teams, consisting of
a programmer skilled in logical analysis, a good coder, a good tester,
and a junior member responsible for documentation. This may prove
quite economical even though communications problems are increased.

5. Program Assignment—The use of performance standards allows
accurate estimation of the time needed to complete a task. If a program
is required before the standard date, it is wise to assign a programmer
whose efficiency is greater than standard. Similarly, an evaluation of the
total time necessary to complete a series of programs may lead to the
important, but often undetected, choice of the programs to be started
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first. This is important in a development program where the total load
of required programs exceeds the time available before machine installa-
tion. Rather than eliminate the documentation function, at great risk
and cost, it may be possible to delay the development of programs not
immediately required, such as those to be run annually.

6. Setting Meaningful Delivery Dates.—The use of effective per-
formance standards can assist in pinpointing a realistic equipment
delivery date long before the system is shipped, because the date of
completion of programming will be known.

Evaluation Methods

To satisfy the objectives outlined above, and to provide sufficient in-
formation for management action, the following analytical factors should
be derived from performance measurement data:

Overall departmental efficiency
Overall departmental efficiency by task
Programmer efficiency

Programmer efficiency by task

The following procedure may be used to record and retain the analyti-
cal data:

1. Establish a program fact sheet, illustrated in Figure 9-11. The
fact sheet summarizes all program data by task, and assists in evaluation
of the performance of the programmer(s) assigned to the task.

2. Summarize performance by programmer for each task performed.
This is illustrated as Figure 9-12.

8. Summarize departmental performance by task, illustrated in Figure
9-13. Part 1 of that form shows work completed, with efficiency rated.
Part II shows the work to be completed, applies current efficiency to it,
producing a tentative completion date.

4. From the summaries, obtained the factors necessary to determine
the efficiencies, and the progress to date, as shown on the illustrations.

These summaries can be made up as frequently as desired. The ap-
proach depends on the urgency of installation; if the equipment is
scheduled to arrive in the next few months, a frequency of two weeks
is not unreasonable. If the installation is in operation, with limited new
development, monthly evaluation will probably suffice. The summary by
programmer can be made more frequently, if desired, especially in the
early stages of the installation, when the effectiveness of the staff is
still below the operating standard. In this case, the effectiveness by
task can be plotted on a typical “learning” curve, such as has been
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PROGRAM NAME Aosehone oreler PROGRAM No. 79 %0
APPLICATION QawtnZory DATE ASSIGNED: 3/& /43 e | 2 |2 | ¢4
PROGRAMMER PORTION / TASK_ PROGRAMMER PORTION / TASK

A 3 Lt - Srp Task 12 c. —_
B. 7. hmao e Ao D. _
TIME PERFORMANCE .
TASK BY-LETTER | SCHEDULED ACTUAL DIFFERENCE  [% EFFICIENCY
TASK 1~ MACRO-LOGIC A 1h / + Yo /S0
TASK 2- MICRO-LOGIC A 94 9 + Y /06
TASK 3- CODING B /0 9 +/ 7
TASK 4- DESK- CHECKING B 4h K —% 70
TASK 5— TESTAND ASSEMBLY 8 Ly 9 - 95
TASK 6- DOCUMENTATION B 1y 3% +/ l2p
TOTALS: 38 % 36 /o +2 106
BY PROGRAMMER: A 1/ /0 +/ /0

B 227 26 Y +/ 103

c

D
VALIDATION
FACTOR SCHEDULED ACTUAL  |DIFFERENCE " REASONS
SIZE 7 77 — v
PAGES OF DOCUMENTATION 2 17 4 Lo PMJ Holle
TEST SHOTS as 28 3 29, F+
COMPILATIONS s y ] 1209, £-2
OTHER:
QUALITY RATINGS: Lyee. OK ~Tact * Yo ERRORS AFTER PRODUCTION: /~  ¢/2#/6s
DOCUMENTATION QUALITY ~ 25//00 OK

- ° SUPERVISOR APPROVAL' @- DATE _¢///s

Fig. 9-11. Example of Program Fact Sheet.

illustrated in Figure 9-14. This reflects staff efficiency by task, and may
be made up for each programmer or for the entire department. It
can be maintained for as long as is necessary in order to pinpoint
reductions in efficiency caused by changes in operation, methods stand-
ards, morale, and the like. The graph clearly indicates that the particular
programmer is much more proficient at coding, desk checking and
documentation than at testing; this has held true throughout the
learning process, but may change. Certain testing techniques require
a great deal more experience than the other tasks involved.
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PROGRAMMER: 7~ lmeo SUPERVISOR: Teen ACCOUNTING PERI0D: /2/43
WORK COMPLETED IN PERIOD MANDAYS SaHnEpuLEp
INITIAL FINAL TEST | COM-
PROGRAM RATING STATUS &% | STATUS & % Tl T2 13 T4 T5 | T6 |TOTAL SHOTS |PILES
Tizm | 8-32|T2-1007% | T4-1007% ¢ L2h 6h | — | —
To4p |D-3/#|T2 100} |73~ S0 $ S | — | —
To3m |C-4/4 |74 =100 |75~ 800 4 4| 1Y 4
To4m |A-3h |\T3-S0} |78 — /000 172/ 3 9 |13
TOTALS 10k s | 24 23 (| 23| 7
ACTUAL TIME SPENT * BY TASK 9 Yh| 8l 22 || 28 | ¢
EFFICIENCY 7 | /| 88 | — 104} 92| 1/4
LAST PERIOD g7 | M2 | — — | /08 | t06 || — | —
Fig. 9-12. Example of Programmer Performance Summary.
PART | - WORK COMPLETED ACCOUNTING PERIOD: /2-43
INITIAL FINAL TEST| COM-
PROGRAM|RATING STATUS 8 %|STATUS & % PROG| Ti | T2 | T3 | T4 | TS | T6 (TOTAL SHOTS|PILES
TUD |B3f a o o
702D |9 ¥l ) o o
To3D |€ Y |60 7 o
04D |0 Y4 |[Ta-s00% |75 50% |dowes s 5
Toso |8 |To 73-00% Sk | s | F |3 | 7
papy Tbrars — | — | — | 7 |3 F /2
i ——— s I N
—_— —
Twa | £ Y T7-r00% (T4-/0% |S5mrh 54 4
TIZA &% |17 -r00% bre- 100% | Doe 34 - ,;& 34 2 |le& | v 7
HWWUA, TaTAL: 5 |veh | # d 1es| 3 | oo |4 &
GRAND TOTAL 29 (74|47 |26 |37 | &2 764\l /37| 3¢
ACTUAL DAYS SPENT 3¢ | 52 |394) 2/ | F |VF |er || 72| 34
EFFICIENCY s | 92 |08 | 22| 95 |s0%] 9| 90| s08
LAST PERIOD $4 | 9 |ro5| 120 | 77 |sa2 | 923 || %2 | lo5
Fig. 9-13a. Example of Installation Performance Summary: Work

Completed.
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PART IL: WORK TO BE COMPLETED ACCOUNTING DATE: Mamh I, 1963
INITIAL | FINAL TEST| cOM-
PROGRAMIRATING| o oo beratus gool PROS[I T1 | T2 | T3 | T4 | 15 | T6 foTALC = 1o PE
Tan |&8¥y | o ° N o3V | 4 [a%f3a | 3 (Al u |3
To2b [A%a |o o \ “Win |4 ja%isval 3 5%l |3
To4o (b7 Ta-50% |Jowes 5§ (4% g 4% |aal|as |
Tosp |B3/3 T3 -100 % [Sewtly 3 [3%] 3 %] 9 | 3
DALY ThTALs 145 15% s [ [hfes |54 [14
ISt .
TwaA |es 54 -1007 [Smit : A% 4% |14 [aq | &
ANNUAL TOTALS ) w36t | e [a4 [na [a3
TOTAL NET/DAYS: 498 | GRAND TOTALS ] 3¢k 43 76‘{;q 174 [ha. | 505(4%3 | 4¢
NO.OF PERSONNEL: 9 | (FROMPART I}
V.08 PERSONNEL: * | CURRENT EFFICiENCY || 8\ | 92 [ V0¥ |13 95 [104
LAPSED DAYS: 55/,
CURRENT COMPLETION EST: NET DAYS TO GO 3.\ 4& "I'\ 63 \%7 \O‘t 4‘\%
&4
COMPLETION FF ELIMINATED: et e roan ™ b9 f33') ag || 94
T ‘ QUARTERLY TQUARTERLY PROGRAWS ] e an
—%‘-‘—L NET DAYS TO 6O EN [ 1l | a9 [ 2349

Fig. 9-13b. Example of Installation Performance Summary: Work To Be
Completed.

PROGRAMMER: 7 /s
PERIOD| T I (T 2{T 3[T4{T5|T6
120
T4 Nov 62 76 | 94| 63
/x Dec 62 5099 |65 | 7
ot
" XT3 Vam63 |93 |03 68| 90
100 x 16 Fab 63 98 [r07] 68| 96
/ / Mar 63 so1 | 15| 76 | 98
90 Apné3| 106 |18 | 81 | 101
sol- // /Ts
70}
X
"
60}
50 ! P ! ' N i

NOV. DEC. JAN. FEB. MAR. APR. MAY JUNE

Fig. 9-14. Example of Learning Curve for Programmer.
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MANAGEMENT ACTION

Performance evaluation will provide management with basic informa-
tion about the operation. Management might learn, for example, that

The installation will not be completed in time

A particular programmer is consistently under or over standard

A particular programmer is consistently over standard in some

functions and under standard in others

® The cost of a given change has been excessive

® The cost of a certain requirement of a new system could be
markedly reduced by the elimination of some simple items

® The staff is functioning poorly under new supervision, salary,

or other conditions, as shown in the performance graph.

The management action that results can be measured with the same
system, The kinds of action which improve operations include the
following:

1. Increase or Decrease Staff.—Performance measurement may show
the need for a more realistic schedule. Its completion dates can be
modified by varying manpower.

2. Provide Incentives.—If the entire staff is operating below or close
to standard, it may be possible to improve morale and productivity by
providing direct incentives. With a direct measure of performance, it
is possible to demonstrate that an increase in productivity will lead to
direct rewards.

3. Develop Functional Specialization—By knowing the tasks or areas
in which each member of the staff excels, it is possible to set up a mean-
ingful functional approach: establishing teams of people with com-
plementary capabilities.

4. Reduce the Immediate Workload.—This can be done by eliminat-
ing programs with low frequencies, such as annual or quarterly runs, or
by eliminating a section of the application that can continue to be
done in the existing manner. .

5. Speed Up Training.—If the efficiency of newer employees is too
low an increase may be forced by intensifying training either in the
normal training program or through extra on-the-job training.

6. Alter Procedures—Low productivity may point to inefficient pro-
cedures or to negative external influences. One solution may be to alter
the procedures used. Another solution may be to change the work place,
or the environment.

7. Lower Quality Standards.—Although this is not recommended, it
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may be found necessary to reduce quality requirements. This may be
done by reducing the documentation specifications, or by reducing the
requirements of each task. Even though this is the most frequent action
taken, it is never the most economical.

8. Delay Equipment Delivery.—Although the staff usually prefers to
get the machine in the house as soon as possible, providing more test time,
if the schedule shows that the programs will not be ready it never
pays to bring the equipment in early. It is almost impossible to accom-
plish conversion while incomplete programs are being tested. The
machine should not be brought in until a sufficient number of applica-
tions are completely tested and documented, to provide an economic
breakeven point.

Obviously, many other management actions can be taken. They all
depend to a very large extent on the availability of accurate and timely
information; this is one of the major needs of data processing manage-
ment in both the planning and operating stages.

ESTABLISHING CONCURRENT MEASURES OF QUALITY

The performance measurements so far outlined cover only the satis-
factory completion of programmers’ tasks in a given period. These
standards place a premium on quantity: the ability to produce much
material in a short time will enable a programmer to reach or exceed
standard. They do require that the program produced must be accurate,
i.e., that is it must create the specified output from the indicated input,
with all necessary controls.

There has been no emphasis on quality up to this point. It is possible
to produce an inefficient program while exceeding standard; a carefully
thought out program might be more efficient, but would not allow the
programmer to exceed standard. Similarly, the writing of sloppy, incom-
plete documentation would provide an opportunity to exceed standard
on this task without meriting the indicated efficiency rating.

It is necessary to establish equally rigorous measures of quality, con-
current with measures of quantity. Quality measures should always indi-
cate the minimum standard to be attained for a given quantity. A num-
ber of points of qualitative review should be established, among which
are the following:

Program Efficiency

The measure of program efficiency is a function either of the execution
time of the program, or of the total memory space it uses. Most often
it is a direct function of execution time, which in itself may depend
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on the memory space used. Techniques used to evaluate program quality
include

® Comparison of actual running time against the original estimate
® Comparison of actual size against the original estimate
® Review of the program for areas capable of optimization

Running Time.—The systems analyst originally estimates program
running time as the sums of input time, output time and process time
for “active” and “inactive” records, (Figure 3-14a, page 62, shows a sample
timing calculation) taking into account possible overlap, multiple proc-
essing, and time sharing. This estimate, at a given level of volumes, can
be used to measure program efficiency, by running the program at the
same level (which should be a minimum of twenty minutes to include
all possible conditions and provide accurate timing), and the efficiency
is calculated as:

Estimated running time

Actual running time

On the basis of the figure obtained, the quantity standard previously
obtained can be adjusted in three ways. The first is to divide the quality
rating by this figure. The second is to multiply the two ratings together,
thus reducing the higher standard by the lower one. (A programmer who
has produced a program at 130%, of standard with an efficiency of 909,
would have an overall rating of 117%,; a programmer preparing a pro-
gram at 1009, of standard with an' efficiency of 1209, would have an
overall rating of 1209,.) The third method is to set a minimum quality
standard which must be achieved before the quantity rating is considered
acceptable, thus, if the minimum quality standard is 959, all programs
which fall below this requirement will have to be rewritten or modified
to bring “efficiency” up to the minimum. After the rewriting, if the
quality standard has been reached, the total of writing and rewriting
time will be considered in determining the quantity rating.

Size—In a small-core machine, the size of the program may be a
reasonable measure of its efficiency. An efficiency factor is derived by
relating the estimated size to the final size:

Estimated size

Final size

The factor developed can be used as above to adjust the quantity stand-
ard, but because the measure of size is less accurate, it should be given
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a lower weight; a weighting of 4:1 in favor of the performance standard
is suggested.

Program Review—The third method for measuring qualitative ef-
ficiency is to have the finished program reviewed by a senior program-
mer. If it is assumed that the program has been 1009, optimized and the
reviewing programmer is given a fixed amount of time for each review,
a factor can be established for each instruction and memory word or
character that the senior programmer can eliminate. For example, if a
rule is established that the same programmer will always perform the
quality review, spending one hour for each unit of program size, the
number of program words he eliminates can be multiplied by a factor
and the total subtracted from the quantity rating.

Documentation Quality Evaluation

Output documentation should always be reviewed for adequacy. If
a documentation quality rating factor is desired with which to modify
the quantity rating, a system of documentation rating may be used,
as shown in Figure 9-15, which evaluates individual sections of the
documentation. This review should always be performed by the same
person. Each section of the program is rated, and the point value as-
signed is multiplied by the weight of the specific section. The total of
the weighted values, divided by the maximum obtainable value, is the
effectiveness rating. In order to retain optimum standards, a rule may
be established that all sections rated below “fair” must be redone and
the time for redoing included in the evaluation.

Testing Adequacy

A third factor affecting program quality is the adequacy of testing.
The best measurement of testing adequacy is the number of errors found
in the program after it has been turned over to production. Since this
number is somewhat affected by running frequency (an annual program
will not have very many errors turn up in the first year, a daily program
may have many more) it should be put on a per run basis. Thus, if in a
10-week period, three errors are uncovered in a weekly program, the
number of errors per run is .3.

Others

Three other factors relate to the quality of the program and the
programmer. These factors have been discussed before; they are the
comparison against standard of:
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PROGRAM NUMBER

PROGRAM NAME

COMPLEXITY RATING | | | ,

STANDARD NUMBER OF PAGES:

BY

APPLICATION *ACTUAL PAGE COUNT
NUMBER||EXCELL| GOOD | FAIR | POOR
R i o i
. 4 3 2 !
GENERAL DESCRIPTION * 2 8
FLOW CHART | 4
DETAILED DESCRIPTION  |* 4 16
MACRO - LOGIC CHARTS 2 8
MICRO - LOGIC CHARTS 10 40
SET UP INSTRUCTIONS * 3 12
OPERATOR'S INSTRUCTIONS | * 3 12
PROGRAM HALTS * 6 24
FEATURES,OPTIONS,ETC. |* 5 20
SPECIAL LISTS * 3 12
LAYOUTS- TAPE 2 8
- CARD I 4
— PRINTER I 4
- MEMORY I 4
LISTING COMMENTS 4 16
OTHER SECTIONS * 8
TOTALS 50 200
*ADDED PAGES PER CENT OF MAXIMUM:

DATE

Fig. 9-15. Rating of Documentation.

® Test shots

® Number of compiles

® Number of pages of documentation

All of these factors can be taken into consideration in evaluating ef-
fectiveness of a programmer at somewhat lower weight than the previous
factors. Figure 9-16 illustrates the manner in which one company evalu-
ates a programmer after completion and operation of his pfogram. All
of the above factors are included to come up with a composite score.
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This composite score is the best poss1ble manner in which to evaluate
and compare all of the programmers in an installation.

All of the standards discussed have been rated through a combination
of subjective and mechanistic measures. By using the same person as a
rater, the measurement is objective in showing relative performance.
It does not, however, provide for an absolute evaluation of the staff. If all
of the programmers in a group are poor, and some are worse than others,
the individual differences among them will be obtained in this manner;
unless similar standard measurements of another installation are avail-
able for comparison, the fact that all of the programmers are sub-standard
will not be discovered. To avoid this it may be possible to obtain an
outside programmer, from another installation or from the manufac-
turer, for short periods of time to act as a control in establishing the

PROGRAMMER NAME PROGRAMS COMPLETED:
RATING 8Y A.
DATE 8.

C.
CALCULATION PROG. No.: | A, 8. C. Lamele
A, STANDARD DAYS FOR THIS PROGRAM ARE 244
B. ACTUAL DAYS FOR THIS PROGRAM ARE 22
C. PERFORMANCE EFFICIENCY A+8 Za
D. PROGRAM OPERATING EFFICIENCY 97
E. NET PERFORMANCE: —< 32 /04
F. NUMBER OF ERRORS FOUND~ REVIEW AND OPERATION: | — 2z
6. ADJUSTED EFFICIENCY: E-2F 100
H. DOCUMENTATION QUALITY PERCENTAGE o
L. ADJUSTED EFFECTIVENESS: -LH+2043¢. 1015
J. COMPILATION PERCENTAGE _ — 108
K. TEST SHOTS PERCENTAGE _ _ o8
L. PAGES OF DOCUMENTATION PERCENTAGE _ - 102
M. NET EFFICIENCY -LLtEELIETL

1012

Fig. 9-16. Programmer Evaluation.
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absolute relationships. This is almost always necessary when using a
less mechanistic method such as proficiency testing.

OTHER TECHNIQUES FOR PERFORMANCE MEASUREMENT

A number of other techniques have been used to measure performance.
None of these techniques has been found to be as effective as that de-
scribed here, but they are preferred by some because they are easier
to install and simpler to operate. Brief descriptions of methods for the
establishment of standards and comparative rating of programmers
follow:

Maintenance of Historical Records

The simplest and most economical of all techniques is to develop
detailed historical records about past performance. Nevertheless in many
installations even the simplest records of performance have not been
maintained and all of the valuable experience data has been irretrievably
lost.

A historical record is set up for each program as it is assigned. The
programmer is generally given responsibility for accumulating all re-
quired statistics, by task and program segment. A basic time record
appears as Figure 9-17. ;

In addition, the programmer would record such facts as:

Number of test shots

Number of compiles

Total machine time used

Number of pages of block diagrams
Number of pages of documentation

This information would be used for program cost analysis, but more
important, would be filed with the program for future reference. If
another job is required of a similar nature, or requiring segments similar
to those of a completed program, the historical record can be used as a

TIME IN DAYS:
PROGRAM SEGMENT |MACRO|MICRO[CODING [ DESK CHECK| TEST |DOCUMENT| TOTALS
SEGMENT |
SEGMENT 2
SEGMENT 3
TOTALS

Fig. 9-17. Basic Time Record.
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guide in estimating the cost of the new assignment. There are several
advantages to this method: the cost is low, the amount of record keeping
is small, and there is no cost of after-the-fact evaluation. Disadvantages,
which probably outweigh the advantages, include these:

@ There is no comparative evaluation by programmer

@ It is difficult to get an estimate of final completion

@ The basis for comparison is the performance of someone whose
efficiency or training is not known.

Nonetheless, if no other records are maintained, there is a considerable
amount of value in recording vital experience data.

Personnel Evaluation: Proficiency Testing

Two basic personnel evaluation techniques can, when combined with
historical records of performance, provide some insight into staff ef-
ficiency and aid in estimating performance. The first is a proficiency
testing technique, used in several installations to determine the relative
proficiency of the programming personnel. The basic test is assigning
the same programming problem to all members of the staff at the same
time. This can be a small subroutine or a moderate size program, depend-
ing on the time available.

Each programmer is given a detailed specification of what is to be
accomplished by the routine. Each is told what he is supposed to produce,
i.e., documentation, block diagram, flowcharts and the like. If it is a
simple problem, it may be completed within one day; if it is more
extensive, the programmer time should be carefully logged on each of
the tasks performed. The factors measured include:

Elapsed time by task

Number of instructions used or memory space used
Running time of the routine on sample data
Number of errors uncovered

Amount of machine time used

Quality of documentation

Each of these factors is weighted and the score is totalled for each
person. For control purposes one or more “outsiders” should be invited
to sit in on the tests. These may be obtained from another installation,
from the manufacturer, or from a consultant. Some indication should be
obtained of the quality of the outside persons, to enable some judgment
as to the ranking of the staff.
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Personnel Evaluation: Ranking Tests

A second method of personnel evaluation is used for relative proficiency
ranking. This technique must be used with extreme caution and a
detailed explanation to the staff, since it may have an adverse effect upon
morale. The basic technique is to ask each person, by questionnaire,
who he considers to be better than himself, worse than himself, etc.
Typical questions could be:

Who do you think is the best programmer in the installation?
Who do you think is the worst programmer in the installation?
Who, in your opinion, is best at testing? at documentation? etc.
If you required technical assistance, to whom would you go?

To whom would you never go for help?

oo e

On the basis of these questionnaires, which can remain anonymous, a
ranking can be established of all programmers.

Personnel Evaluation: Ranking Tests

A simple measurement standard, a direct function of program size
alone, is time per program instruction. A common standard is one in-
struction per hour, taking into account definition, macro, micro, coding,
test, and documentation. A program requiring 250 instructions, would
require 250 hours to complete. Assuming an 8 hour day, this would be
3114 man days. Another way of stating this standard is as cost per
instruction.

An installation with 10 programmers, at an average annual cost of
$10,000 including all fringe benefits, producing 20,000 instructions in a
year has an average cost per instruction of $5. Since each of 10 pro-
grammers works 241 days and 8 hours per day, the total number of
hours is 19,280. It therefore requires approximately 1 hour for each
finished instruction.

STANDARDS FOR OPERATING PERSONNEL

The major tasks of operating personnel are:

Program set-up

Console operation

Housekeeping

Log record keeping

Program take down

Emergency handling (less frequent)
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Performance standards can be applied to set-up and take-down; the
other functions are overlapped with machine operation, so that their
efficiency is of limited concern. Standards for set-up and take-down have
already been discussed in Chapter VIII, so that little remains to be
said about specific performance measurement for operating personnel.

Another technique for establishing operating performance standards
is the application of time and motion study to the set-up and take down
functions.

PERFORMANCE STANDARDS FOR SYSTEMS ANALYSIS

The systems analysis functions are not as well defined as those of
programming. Nevertheless, the same approach to personnel performance
standards can certainly be used. The techniques described below are
experimental in that they have not been validated by extensive field
experience as have the techniques for programming performance. They
are presented here to show a logical approach to the problem.

Systems Analysis Parameters

Several parameters can be defined as critical in systems analysis. These
appear to be:

Complexity.—As in programming, one of the most critical parameters,
with a similar direct relationship to performance time, is complexity. To
avoid confusion the same definition and scale of complexity as evolved
for programming can be used, i.e.:

Simple

Moderate

Difficult

Complex

Very Complex
Impossible—out of range

HEOOW

The size of a systems analysis assignment is not easily stated. Special
factors must be developed to describe required analysis time.

Number of Documents—The number of documents currently pro-
duced, or to be produced influences time required, since it represents
the number of different reports that the analyst must analyze or design.

Number of Functions—The number of manual functions currently
performed to produce the system output is another important time
factor. The number of steps to be included in the new process is another.
The total steps to be performed is the sum of the old steps and the



PERFORMANCE STANDARDS: PERSONNEL 293

new steps, in effect the number of symbols to be drawn on the flowcharts
of both the new and the old system.

Tasks of Systems Analysis

Although systems analysis tasks are different under different circum-
stances, it is necessary to establish a fairly formal set of tasks if a similar
approach to that used for programming is desired. System analysis tasks
vary according to

Whether the existing system is a manual system or on punched
cards

Whether the new system is totally new to the company

The amount of redesign desired

It is nevertheless possible to define common tasks, and if they are
sufficiently detailed, the estimator who develops specific standards for
each job can eliminate those which are not to be performed. These
tasks are:

Assembly of available data

Initial interviews of persons involved in current system
Additional interviews of others involved in current system
Development of present system flowcharts

Analysis of present system documents

Analysis of present system files

Flowcharts of the new system

Document design or re-design

General description of both systems

Layouts

Timing

Job specification completion

Relationships between Tasks and Time

The following are experimental relationships which have been de-
veloped to illustrate the approach and provide an example for use in
the construction of specific, meaningful standards.
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Assembly of Available Data

Man-days for level
of complexity

Yo A
Yo B
1 hour for each document value plus 1 Cc
1y, - D
2 E
Initial Interviews for Each Function
Hours for level
of complexity
0 A
Yo B
1, hour for each function code plus 1 Cc
11, D
2 E

Interviews of Additional Persons per Function

Interview time for each person on each function equals 14 hour

Development of Present System and New System Flowcharts

Man-days for level
of complexity

0 A
Vs B
14 hour per function plus 114 C
21 D
314 E

Document Analysis: Present System and New System

Man-days for level
of complexity

1 hour for each document plus

WS OO N = O
HOOWP
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Analysis of File Retention

2 hours for each file

Document Design

2 hours for each document to be designed or changed

General Description, Layouts, Timing and Job Specification

Man-days for level
of complexity

21, A
314 B
5 Cc
7 D
814 E
Summary for Average Systems Design
Complexity: C
Number of functions present system: 32
Number of steps in the new system: 14
Number of documents to be changed: 16
Number of new designs: 2
Number of interviews per function: 2
Number of files retained: 4
Hours
Function Man-Days (converted)
Assembly of Data 2.6
Initial interviews 6.0 48
Additional interview 2.0 16
Flowcharts of present system 2.5
Document Analysis 4.0
File retention 1.0
Flowcharts of New System 2.0
Document Design 5
Job Specification 5.0
Total 25.6 man-days

A simplified approach to this problem, developed somé years ago by
The Diebold Group, Inc, is illustrated as Figure 9-18. In this instance,
the complexity of the application was not included in the analysis, and
only the functions and the document designs have been included in the
time evaluation. Nonetheless, a chart such as has been illustrated could
be used easily as a simplified estimate of time.



AREA PERFORMANCE BUDGET
PLANNING AND DEVELOPMENT

A. Operations Analysis

b. d. e.
a. Standard time per Adjusted No. of Std. time for <.
* No. of functions initial person on c. occurrences of incremental f. Total Time
or steps function aXh same function™ person dXe cHf
40 90 min. 3600 23 20 min. 460 4060 min.

* The adjustment involves eliminating the “original” person on each function.
The figure here represents the total occurrences of such a situation, rather than no. of people. If a total of two people each do three different
functions, then the number here would be 3 or (2 X 3) — 3 = 3.

B. Inputs, Outputs and Files

h, i
Standard Number of

J- "
time occurrences hXi (j totaled)
Input form ........oviiiiiiiiiiiii i 30 2 60
Output form ....... ..o 40 6 240
File Reference .......ccuvevivniinenninneennnnnennns 10 7 70 370

C. Total Time—System Study

Column g ........oovvvnvnn. 4060
Column k .................. 370

4430 man minutes

The same form is used as estimates and recapitulation. For the recapitulation, the numbers in columns a, d, and j, are actual rather than estimated.
Similar forms, with column titles changes as necessary are used for system design and programming.

Fig. 9-18. Performance Evaluation: Systems Analysis. (Courtesy, The Die-
bold Group, Inc.; © 1958, ADP Co., Inc.)
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CHAPTER SUMMARY

The parameters explained in Chapter VIII for the definition of pro-
grams are used to develop time relationships for the tasks involved in
programming. These tasks include the initial analysis, the development
of the macro- and micro-block diagrams, and the coding, testing and
program documentation.

After the necessary performance standards for programming have been
established, a schedule is developed. The schedule assists in the evalua-
tion of performance data, gathered in the same detail with which the
standard was established. The data evaluation provides management with
accurate information on programmer performance and the progress of
work and helps in the specialization of personnel by capability and the
measurement of personnel training time and effectiveness.

Management can now take action based on realistic standards and
timely performance information. The same methods of reporting and
evaluation can be used to assess the effects of management action, and to
adjust it if necessary. This is the basic definition of management control.

Equitable and useful personnel performance evaluation requires that
measures of quality be established. Performance efficiency ratings must
be adjusted by quality measurement.

Other techniques for performance evaluation are briefly explored.
They include the use of historical records, and the evaluation of per-
sonnel on a ranking or direct proficiency basis. The Chapter closes with
a brief analysis of a possible approach, parameters, and formulas for
systems analysis standards. '

Questions for Review

1. Considering the parameters selected for programming, indicate
others which you might use for programming and systems analysis.
2. Design a simple system to process a weekly payroll, and retain the
necessary records for quarterly and end-of-year processing. Rate the
programs which you have developed, select the machine, and estab-
lish the performance measurement standards which apply.
Indicate measures of quality which you would apply to the programs.
4. Why is it so important to have only one person rating quality and
other subjective measures?
5. Develop a progress reporting system for the programmer(s) which you
will assign to the payroll problem.

e
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6. Establish evaluative techniques to provide management with infor-
mation required to effectively manage the development program.

7. Assume that the following information has been returned to you
about the payroll programs designed in Question 2:

Program %

Number Complete . Reported Time

‘ T1 T2 T3 T4 T5 T6 Total Days
POIW 100 . . 2 4 6 8 6 4 30, Programmer 4
PO2W 50 1, 5 7 2 1514, Programmer B
PO3A 75 4 6 12 4 2 28, Programmer A4
Po4wW 100 1 4 6 3 11 25, Programmer B

Develop relationships between programmer 4 and B; establish their
individual ratings, and the tasks at which each appears most
proficient. When will the total job be completed, at current efficiency?

8. If the tasks needed to be completed one week sooner than the
current schedule above indicated, what action would you recommend
to management to speed it to an earlier completion?



Chapter X

OTHER USES
OF PERFORMANCE STANDARDS

INTRODUCTION

Management can derive additional benefits from performance stand-
ards. These benefits are achieved through evaluation of the information
supplied. The use of standards falls into several categories, namely:

® In the personnel program, standards are used to gauge training
effectiveness and speed, and to obtain and evaluate experienced
personnel from external sources.

® In the development schedule, standards are used to provide
management information necessary to alter progress, plan and
project future actions, and determine phase completion dates.

® In the projeciion of future needs, specifically in assessing the
effect of management decisions upon data processing requirements
and the actions needed.

® In establishing a realistic budget, which cannot be done meaning-
fully without performance standards.

® In estimating costs of changes to a system, new development, and
continued operation.

® In proper cost accounting, development and operating functions.

These topics are discussed in greater detail in this Chapter.

THE PERSONNEL STAFFING PROGRAM

The personnel program established for computer installation develop-
ment, or for maintaining an operating installation, consists of the follow-
ing elements:

299
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® Determination of personnel sources
® Methods of recruitment and selection
® Training and evaluation.

Performance standards are used in the latter two, to evaluate new
personnel and to establish a meaningful learning curve. Some considera-
tion should be given to the sources of available personnel, and the
methods standards to be applied to the hiring and selection process.

Personnel Sources

The first major decision to be made by management is whether to
promote from within or to go outside for experienced personnel. If
inexperienced personnel are suitable, there is little excuse for not promot-
ing from within; only when experience is desirable should external
sources be considered. In either case the selection process is the same,
except that experienced outside personnel should be evaluated against a
performance standard in order to determine the value of their previous
experience.

Personnel obtained from within come from a number of sources.
This fact is strongly brought out in a study of 20 large corporations
performed by the Bureau of Labor Statistics.* A summary of this study
is shown in Appendix G, Table C-1.

Outside sources are also varied. Advertising may be used to attract
experienced programmers at an approximate cost of $250 per program-
mer hired. Similarly, personnel agencies perform a screening function
(sometimes extremely valuable), at an average cost of $400 per program-
mer. College recruitment is not satisfactory in that very few experienced
programmers can be obtained in this manner; if trainees are desired this
method is valuable, provided that all eligible employees have been given
first consideration.

Standards for Selection of Trainees

Table C-2 of Appendix C shows a distribution of traits considered
desirable by corporations interviewed in the Bureau of Labor Statistics
study. To determine possession of these traits and the general suitability
of the trainee, the following procedure is suggested.

1. Determination of Interests, Hobbies and General Attitudes—An
interest questionnaire is suggested. This questionnaire should pinpoint
the basic interests, hobbies and external sources of relaxation. This will

* “Adjustments to the Introduction of Office Automation,” Bulletin No. 1276,
Bureau of Labor Statistics, 1960.
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enable an evaluation of the candidate’s motivation and personal
circumstances.

2. Determination of Aptitudes—A conventional aptitude test may be
used. This can be obtained from the manufacturer, or any qualified or-
ganization specializing in the selection of data processing personnel.
Available tests include general machine operator aptitude tests, pro-
grammer aptitude tests, and tests for the evaluation of analysts. Some
caution should be used in the evaluation of test results; correlation has
been satisfactory, but success in the tests does not guarantee success in
the job. Similarly, a failure in the tests should not alone disqualify the
applicant, if other characteristics point to strength undetected by the
tests. Older applicants will generally have more difficulty with the tests,
because they have been removed much longer from an environment in
which competitive tests are administered.

3. Determination of Motivation—The only satisfactory method of
establishing the motivation of a candidate, extremely important to his
productivity potential, is a personal interview. This requires considerable
experience in personnel work rather than a deep understanding of data
processing functions.

Standards for Selection of Experienced Personnel

If experienced personnel must be obtained outside of the organization,
the selection process will include the procedures commonly used for
professional personnel. This includes the job application and the inter-
view; it may also include psychological tests. The basic programming
aptitude test should also be used, but it is entirely possible that the
same or a similar test has been given to the experienced programmer
before.

Of major importance in the hiring of experienced personnel is the
testing necessary to determine the value and extent of experience. These
tests often pinpoint both the quality of prior experience, and the pro-
ductivity level the applicant has achieved.

The test design should cover:

® General knowledge of equipment characteristics, programming
languages and techniques, and the like

® Accuracy and attention to detail

® Logical ability :

® Performance as measured against the standard.

The test should include a series of questions about the equipment as
well as small combinations of instructions in error which the applicant
may be asked to correct.
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Another part of the test should consist of an established subroutine
or problem full of errors which the candidate should be asked to correct
and identify. The candidate should be told the exact number of errors
in advance, so that he will continue to work on the problem until it
is error-free.

Also included should be a small incomplete block diagram with the
basic linkages left open. To complete the diagram, the candidate must
possess an understanding of block diagramming and of logical analysis.
All parts should be time limited.

The final test should be the programming of a complete subroutine
or small program, which normally should be accomplished in 3 to 4
hours. Required should be a block diagram, the requisite coding, and a
brief statement of necessary documentation, or the documentation itself
in simplified form. Scoring should measure time used against standard
quantity and program quality, measured by neatness, accuracy and logical
completeness.

Standards for Personnel Training

A regular training program should be established for new data proc-
essing personnel, especially in programming and systems analysis. The
program should include:

1. Formal Schooling—The equipment manufacturer operates training
schools for computer operators, programmers, and systems analysts. In
most cases these schools should be used to impart the rudimentary
knowledge necessary for performance in one of these positions.

2. On-the-Job Training.—Six to 9 months are generally required for a
trainee programmer to become a productive worker. During this critical
period, the work assignments should be carefully organized under the
direct supervision of a senior programmer who is also a capable in-
structor. The stages of on-the-job training should follow this rough
sequence:

a. Assignment of a simple problem to be completed under the
control of the senior programmer (this may require 4 to 6 weeks). The
problem is used strictly for training and the output is discarded.

b. Assign the programmer-trainee to assist a programmer or senior
programmer in the simpler tasks of a usable problem. The first task
assigned usually is documentation; the second is part or all of the
coding. :

c¢. After the trainee has become proficient at the simpler tasks (759,
of standard), assign a simple problem to be completed in its entirety
under continued supervision.
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d. Assign a more complex problem until an acceptable percentage
of standard has been reached.

3. Continued Education.—A program of continued professional de-
velopment should be initiated. This might take the form of weekly
sessions in techniques, new approaches, and the like. Programmer
trainees should be exposed to sessions on technique. Senior programmers
should be exposed to sessions on systems analysis, operations research,
and other advanced disciplines.

Evaluation of Training

Programmers are often classified exclusively by tenure. It is common
to see a personnel qualification such as the following:

1 to 6 months—Programmer Trainee
7 to 18 months—Junior Programmer

18 to 36 months—Programmer

Over 36 months—Senior Programmer

This classification fails to take individual differences into account.
One programmer may require a longer time to become qualified because
his learning rate is lower than average; another may be extremely adept
and become a qualified programmer or senior programmer in a short
period of time. A better approach to classification would be to use per-
formance standards as a basis in qualifying the staff, for example:

Programmer Trainee—An employee will remain a trainee until he
has the ability to do productive

Coding at 759, of standard (909, quality)
Testing at 609, of standard (909, quality)
Documentation at 809, of standard (809, quality).

His classification may not be changed in the first three months.
Junior Programmer—An employee will remain a junior programmer
until he has achieved the following:

Block diagramming at 659, of standard
Coding at 1009, of standard

Testing at 959, of standard
Documentation at 1059, of standard

No classification change will occur in less than 6 months.
Programmer.—An employee will remain a programmer until he has
achieved the following standards:
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Macro-logic at 1009, of standard
Micro-logic at 1109, of standard
Coding at 1209, of standard
Testing at 1009, of standard
Documentation at 1209, of standard

The overall quality rating of a programmer must be at least 1009, before
promotion to Senior. No classification change will occur in less than
12 months.

On the basis of the above rules, the best trainee would not be able
to achieve Senior Programmer in less than 21 months. The Senior Pro-
grammer classification should be restricted to individuals who consistently
exceed standard.

Similar rules could be developed for operators, whose classification
would probably include only

Operator trainee
Operator (sometimes called peripheral operator or tape handler)
Lead operator (or console operator).

Promotion depends upon an evaluation of performance against the
standards and also a review of the attitude and interest required in a
really good operator.

Continued Personnel Evaluation

After training, the most obvious use of performance standards is evalua-
tion of the performance of each staff member, as explained in Chapter
IX. Another use of personnel performance standards, indicated in Chap-
ter IX, is as an aid in functional specialization of the staff.

The continued maintenance of a learning curve, also illustrated in
Chapter IX, provides an indication of the learning trend: i.e., a positive
slope indicates continued improvement, a straight line indicates maxi-
mum absorption in the present job, and a negative slope indicates a
change of interest or attitude. This is a management tool which should
be maintained for each programmer.

THE DEVELOPMENT SCHEDULE

Accurate performance standards are obviously necessary to the estab-
lishment of a realistic development schedule. By developing the systems
flowcharts, and by rating the programs of which it is composed, the
detailed development time can be readily determined.

The schedule normally set up should be segregated by programmer.
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Each programmer should be assigned to a series of programs, by himself
or as a member of a team.

The assignment of programs is usually based on the experience and
competence of the programmer, the application area in which he has
experience or interest, and the complexity of the program. The detailed
schedule should generally be given to the programmer. In cases where
programmers are consistently unable to meet the established deadlines,
‘it is usually better not to give out the estimated completion date; it will
only discourage the less able staff members.

The overall schedule completion date can be readily determined at
the outset of the development program. This date should be regarded
as tentative, because of its assumption that all members of the staff will
work at 1009, of standard. As soon as some experience has been obtained,
however, actual efficiencies can be applied to the schedule as illustrated
in Chapter IX. This permits recomputation of the completion date, tak-
ing into consideration the effectiveness ratio of the staff in each function.

The completion date should continually be checked to insure that no
major changes in efficiency have occurred. Once it has been firmly estab-
lished, it can be used to plan for equipment delivery, site preparation,
which may require a six month lead time, and the training of operators
and other personnel.

Figure 10-1 is part of a typical programming schedule, developed on the
basis of established performance standards. Buffer areas are included
within the schedule, to allow for illness, personal time off, or other
possible delays.

PROJECTION OF FUTURE NEEDS

Because of the long lead time required to develop a program, it is
important to determine rapidly the future use of data processing man-
power and machines. All data processing resources must be scheduled
well in advance and a method must be available to estimate quickly
future requirements.

Current equipment utilization, based upon the standards developed in
Chapter VIII, can be measured and estimated accurately. Using the same
standards, volume projections can be made for the future, and costs,
which increase correspondingly, can be estimated. If volume is estimated
to increase by 409, and this requires a 309, increase in data processing
productive time, the standard ratios for rerun time, unscheduled main-
tenance, and the like, can be applied to arrive at total workload. If
no new applications are developed in the period under consideration,
the estimated set up time will remain fairly constant, and the testing
and assembly time strictly proportional to the percentage of changes made.



306

MANAGEMENT STANDARDS FOR DATA PROCESSING

If projections indicate that the machine will no longer be adequate,
a long range plan must be developed for meeting this condition. At this
point there are several alternate routes:

Changes in operating procedures to permit existing equipment to

handle the increase

Adding a smaller machine to handle overflow, sorting, and the like
Adding a second identical computer
Changing to a larger computer.

Exacting performance standards permit direct- estimation of the
costs which are involved in each alternative. Personnel costs of repro-
gramming, or of converting certain programs to a smaller system, can
be estimated in detail. Another decision factor may be timing. Only
with adequate performance standards and knowledge of operating ef-
ficiency, can a reliable estimate be made of the completion date of
alternative courses of action, and this can show the latest point at which
a choice among them can be made.

PROGRANNER NONTH 11 WONTR 12 WONTH 13
PROGRAM: _POIW ¢ 6/5 P030 P04 POSD
P
ROGRANMER A - 12 1 s T2 [ e 15 T 12
PROGRAM_PO10 PO2¥_ | | PO3M
PROGRAMMER 8 ,
n T2 €] 8| T T4
POID F020
PROGRAMMER ¢
15 % |8 il T2 13
POAM_ | P020_[vACATION P020 POIN
PROCRAMMER D
T3 | T4 | vacaTion 15 T6 n T2
KEYPUNCHING P02 [POaM POIW POIQ

Fig. 10-1. Programming Schedule for Payroll Application.
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ESTIMATING

Data processing management is responsible to the user of its services
to accurately estimate costs of the job before undertaking the assignment.
In those companies where the data processing function is established as
a service it should be asked to bid on the performance of work by ac-
curately estimating operating and development costs.

In many cases, operating management has no idea of the costs involved
in data processing. It is not at all uncommon for an operating manager
to request a report, or a change in a report, without any understanding
of the costs of such a request. The data processing department, not
realizing why the request is made, makes the change regardless of its cost.

This has created a number of problems in communications and in
relations between operating departments and data processing. A proce-
dure should be set up which forces the data processing group to estimate
the cost of the request, and to submit this cost to the user for prior
approval. This will enable the operating manager to judge whether or
not the need warrants the cost.

In order to establish such a procedure, it is necessary to have accurate
performance standards. Without standards, the programmer is respon-
sible for estimating his own time on the job. If the request is for
a change to an existing program, the programmer will usually over-
estimate the cost. If the system is currently operating on the computer
the programmer may overestimate the cost in order to force the user away
from making the change. If the user goes ahead anyway, the extra time
easily can be used by the programmer and charged to jobs that were
underestimated. :

When performance standards are uniformly administered by one
person, these attitudes cannot affect estimating of development time and
operating cost. The user is given an honest representation of the costs,
and can fairly estimate his own need against the cost to the company.

Figure 10-2¢ illustrates a form used to estimate the cost of a data
processing job from original systems analysis to documentation. The
reverse side of this form is shown as Figure 10-2b, and is used to estimate
operating costs.

Comparative Cost Estimating

An interesting use of personnel performance standards is for estab-
lishing comparative costs of programming and development for different
machines or different programming languages. The latter was illustrated
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Fig. 10-2a. Data Processing Job Cost Estimate, (Courtesy, General Dy-
namics/Astronautics Division)

in Chapter IX, where different standards were developed for programs
written in Autocoder III and COBOL, and for programs written in
FAP and FORTRAN. The reduction of programming costs is clearly
demonstrated by these examples. The FORTRAN program took 43
days; if it were written in FAP it would take 5914 days. A COBOL pro-
gram which could be completed in 47 days would take 56 days in
Autocoder. By rating every program to be written, and calculating the
cost of programming using the performance standard as the base time,
a cost comparison can be made of COBOL vs. Symbolic, or any other
two languages. Lower programming cost and time must then be weighed
against possible loss in program efficiency. (Appendix B shows approxi-
mate losses in efficiency against the cost saving for the higher level
languages).

A comparative cost estimate can also be made for programming of
two different machines. Using separate standards, and designing the basic
system separately for the characteristics of each machine, it is quite
feasible to arrive at independent programming cost estimates. This
comparison is very useful in the equipment selection procedure.
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Fig. 10-2b. Data Processing Operations Cost Estimate. (Courtesy, General
Dynamics/Astronautics Division)

Another useful function for which performance standards may be
used is estimating the cost of conversion programming. No matter what
conversion method is used, the tasks to be performed are measurable
in relation to program size, complexity, and input-output requirements.
If, for example, the block diagrams are current and usable in the new
system, the only necessary tasks are coding, desk checking, testing, and
change of existing documentation.

A similar use of performance standards is for evaluating different
methods of performing a programming task. If, for example, a given
system is to be developed using contract programming, the cost of this
programming can be compared to the cost of doing it “in-house.” If other
methods of performing the task are possible, the same kind of comparison
can show which is cheapest and fastest.
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BUDGET

A typical operating budget for a data processing department might
be set up as follows:

Budget Last Actual Last Budget This
Object Period Period Period

- Supervision

Operating Personnel

Programming Personnel

Clerical Personnel

Equipment Rental

Peripheral Equipment-
Punched Card

Personnel Fringe Benefits

Supplies

Overtime

The budget should also include allocations for space charges, light, heat,
power, telephone, postage, etc.

The major budget items that can be established by using performance
standards as the basic guide are:

® Personnel overtime
® Equipment overtime
® Programming and clerical personnel.

In every one of the expense objects listed above except equipment
operation, cost is a function of the amount of work to be. performed.
Equipment operators and base equipment rental do not vary with
workload; the basic cost must be paid regardless of the operating volume.

Overtime costs can be estimated by determining the standard pro-
duction volume achievable in a basic shift operation, e.g., 10,000 employee
payroll, 200,000 inventory items with 59, average activity, 40,000 customer
accounts updated daily, etc.

The curve on a graph of production capacity against projected volume
should indicate whether overtime or a second operating shift is needed,
depending on the amount of additional time needed.

Another method of budget estimating is to use a linear relationship
of costs to volume. Although this is not entirely accurate it is fairly con-
servative. Operating costs of the machine are basically linear with volume,
although this depends on the slope of the cost/volume line (as illustrated
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in Chapter VIII). An increase in volume will not, however, increase the
cost of set-up, nor will it affect the cost of testing and assembly in a
linear manner. These costs must always be estimated separately.

The programming personnel cost included in the budget consists of
two functions: program development and maintenance. The latter is,
of course, a function of the number of operational programs and the fre-
quency and complexity of changes. The former depends on the number
and difficulty of new applications required. However, available machine
time, which depends on volume, will affect the amount of new develop-
ment work.

The development of a realistic operating budget involves the follow-
ing steps:

1. Estimate the volume of business in each current program and in
new programs scheduled for operational status.

2. Calculate machine time required: productive time as a function
of volume, set-up time as a function of the number of programs, rerun
time as a standard percentage of productive time, and so on.

3. Calculate the basic cost of machine rental and overtime required.
Calculate the overtime cost of personnel or, if necessary, the cost of
an extra shift.

4. Calculate the number of maintenance programmers on the basis
of the number of changes expected. Assuming an average size and com-
paratively few changes, estimate the approximate standard cost per
change, and so derive the number of maintenance programmers required.

5. Determine if sufficient machine capacity is available for the
inclusion of desired new applications. Estimate the programming cost
of the new applications according to the standards and using standard
costs, distributing these costs over the time required. Based on this,
estimate the number and cost of the new development programmers
required.

6. According to the estimated size of the staff, estimate the number
and cost of the supervisory personnel and the number and cost of clerical
support personnel.

7. The cost of supplies, fringe benefits, and the like can be calculated
as a percentage of labor and machine costs.

Budgeting a New Development Program

Techniques used to established a budget for a new development or
installation program are quite similar to those given, to the extent that
performance standards are used to estimate the costs required. The cost
categories are:
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Supervision

Systems analysis staff

Programming staff

Personnel recruitment and training

Supplies

Space charges

Fringe benefits

Site preparation, air conditioning, decorating, etc.

Travel and other testing costs (possibly including machine time)
Conversion: machine time, supplies, unit record preparation, etc.
Parallel operation of a dual system

Consultants, architects, engineers

Magnetic tapes

Computer room hardware, including equipment used to set up
tape library, carts, shelves, fireproof vaults, etc.

Normal budgeting methods can be used to estimate the cost of
supplies, space charges, magnetic tapes, and outside consultants. The
cost of site preparation results from competitive bidding and the cost of
the miscellaneous computer room hardware can be obtained from appro-
priate manufacturer’s catalogues.

A basic system has already been designed for the “bread and butter”
application as part of the feasibility study. It is therefore possible to
use the techniques outlined in Chapter IX to establish the exact number
of man-days required to develop the system, for systems analysis and for
programming. This man-day estimate can easily be translated to man
years: there are 241 man-days in a man year, if there are 7 holidays, 2
sick days, and 10 vacation days to reduce the 260 weekdays available.

The man year estimate indicates the work to be performed; elapsed
time is a function of the number of men used. Twelve man years of
programming can be done by 12 people in one year, by 6 people in
2 years, by 4 people in 3 years, or by 3 people in 4 years. The date when
the major application must be finished depends on such factors as return
on investment, rate of business volume increase, and other factors not
necessarily known to data processing management. After top management,
knowing the cost, specifies that the work will be done over a given period,
the number of programmers and their annual cost is easily derived.
The cost of supervision varies with the number of programmers—an
average of one lead programmer, or group supervisor, is required for
administration and guidance of 12 programmers, in addition to the
Data Processing Manager.

The remainder of the budget requires little calculation. The cost
of hiring is proportionate to the number of people required, the immedi-
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acy of the requirement, and the experience level. The cost of training
may vary from six months for an apprentice to one month for an
experienced programmer new to the organization.

Fringe benefits costs are, of course, directly proportional to the annual
payroll, as are clerical costs directly attributable to supervision and
documentation. Travel and miscellaneous costs for testing depend on
the location of the nearest available compatible computer system. If it is
within the same city, the travel expense will be limited; otherwise, travel
costs may become substantial; after each programmer has obtained some
machine experience, remote testing should be instituted to reduce both
travel expense and the direct testing costs.

If machine time for testing is charged, an estimate must be made.
Again, performance standards will be used, since a direct count of the
number of required test shots should be available. By multiplying the
number of machine shots by average machine time (including set up
if this is charged for), the total machine time requirement can be obtained
easily. Even if some of the testing is done after the equipment has
been delivered, a cost is attached to its use, and it should be appropriately
budgeted. :

Conversion cost may be quite heavy. Included is the cost of writing
data conversion programs, unless the system programs provide for such
conversion. If present data is in card form, the conversion may only
involve reformatting or the operation of a card-to-tape conversion
program. If some of the data is available in card form and other data
is new, the new data must be coded and punched into cards. If the
current system is completely manual, all of the data must be punched
into cards or tapes and converted into the desired format. Other con-
version costs are training of affected personnel, training of operators, and
the time not included in the standard required for programmers to
assist in the conversion.

A conversion factor often ignored is validation of input data. If the
data is currently available in card form or on paper and is to be
converted to cards, its validity must be checked. Stray column punches
creep into card data files and do not affect the card operation, but they
may cause havoc in a computer. New information must be coded in a
form not previously used, and this must be equally rigorously validated.
Most programming logic assumes that the information on tape is valid
and that no further checking need be done. Therefore all checks must
be built into the conversion operation, or the logic of the daily work will
fail completely.

Parallel operation costs must be separately estimated. This depends
on the length of time the system will operate in parallel, which will vary
with the accuracy of programming, the accuracy of conversion, and the
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type of system from which conversion is made. It may be a minimum
of one week and up to six months at a maximum. The budget for this
operation is usually the cost of operating the computer systems; i.e., the
cost added to the normal operation. A second factor, often ignored, is the
cost of checking the output of both systems, and when one is in error
tracing the error to insure that it is corrected properly (a parallel opera-
tion frequently uncovers major errors in the old system as well).

A new development program, regardless of its budget, can be capi-
talized and amortized over the period in which the savings are expected
to occur. This reduces the adverse effect on earnings which a large
scale development program may create.

COST ACCOUNTING

Distribution of the operating costs of a data processing operation has
already been discussed in some detail in Chapter VIII. The methods
given based charges on utilization, or on an estimated percentage dis-
tribution among users. In many instances it may be necessary to charge
data processing costs as a direct operating expense, that is, as part of
product costs.

In this case the two basic accounting methods available are job cost
accounting (project or direct cost accounting) and standard cost account-
ing (indirect cost accounting). The first establishes a job number for
each product or project and all labor and machine rentals are charged
accordingly. This simple system is helpful in product profit-and-loss
accounting. In data processing this method has some disadvantages; for
example, the cost of rerun would be directly charged to the project
whose work was being redone, even though the basic cause was machine
or operator failure. Similarly, the costs of testing, set up, assembly, and
the like would be charged directly, and operator or programmer inef-
ficiency would be charged to the project on which it occurred.

Standard cost accounting avoids this kind of situation. Under this
method, established performance standards are converted by the account-
ing department into standard job costs, on which basis charges are made,
including all equipment rental and costs related thereto, operators,
programmers, and all indirect charges.

Variances from standard job costs which actually occur represent gains
or losses in efficiency. The variances should never be charged to the
individual job account, since the job should not gain or lose on the basis
of the performance of the data processing department. As a result, a
separate variance account is established to post all charges over standard,
and all credits for performance better than standard. If the net variance
of the department is positive, a departmental profit and loss statement
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should be enhanced. This method of standard cost accounting is both
equitable to the using department, and represents a greater incentive to
the departmental manager and his staff.

CHAPTER SUMMARY

This Chapter has further explored the uses that can be made of per-
formance standards. Included is a brief discussion of the use of per-
formance standards in establishing a good personnel program, both
in personnel selection and training. It was first necessary to explain briefly
selection and training techniques and to demonstrate methods for
evaluating personnel during training, for salary review and promotion.

Other performance standard uses include the setting up of a develop-
ment schedule and using the same concepts, forward management plan-
ning of all types. Performance standards are also used to estimate the
cost of making changes and creating new applications. The same kind
of cost estimating techniques can be used to compare machines, methods
of programming and the use of various programming languages.

A natural outgrowth of the development of realistic standards is the
ability to develop a meaningful budget. This in turn leads to the develop-
ment of an equitable cost accounting system.

Questions for Review

1. Assuming that you have an established personnel program, relying
heavily upon personnel performance standards in programming and
machine operation. Develop a method for using these performance
standards to enable direct incentive payments through:

a. a system of -payment for work produced (i.e. plecework
programming).

b. a system of paying an incentive bonus, based upon accomplish-
ments as a function of the standards.

c. a system for providing merit raises at periodic intervals to
persons reaching certain levels of standard.

2. Develop the entrance requirements for experienced systems analysts.
Develop the same requirements for trainees for that position.
Do you feel that an analyst must have programming experience?

3. Develop a personnel budget for the development of a payroll pro-
gram. Assume that you have the following staff:

I Trainee $ 92 per week
1 Programmer $145 per week
1 Programmer $160 per week

1 Senior Programmer $207 per week
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What is the “standard cost” which you would use? How would you

accomplish this development? Would you be able to do it more

economically on a different basis, assuming that performance varied
directly with salary?

Set up a performance schedule for this program.

5. Develop a cost accounting system which would equitably charge
the departments using the payroll system for the programming,
based on standard. Assuming that the programming took 30 weeks
for each person, develop a variance.

b



Chapter XI

METHODS AND PERFORMANCE
STANDARDS FOR PUNCHED
CARD INSTALLATIONS

INTRODUCTION

Punched card installations, unlike most computer installations, gen-
erally exhibit the control functions required for effective management,
One reason for this is the slow growth in use of punched cards with us
since the Census of 1890. A more important reason lies in punched
card technology: the control of punched card machines is largely ex-
_ternal, and punched card processing resembles manual clerical process-
ing, in the manner in which the work is organized and controlled.

It is none the less necessary to consider installation of methods and
performance standards in punched card installation. Also, most computer
installations have some punched card equipment peripheral to the
computer.

This chapter will therefore briefly outline the methods standards re-
quired in a punched card installation. It will cover only those standards
which differ from a computer system, since the latter have already been
fully discussed. Performance standards will be covered for operating
personnel and for wiring technicians. In a punched card installation,
only personnel performance is generally considered important, since
equipment performance is almost completely controlled by operator
performance.

METHODS STANDARDS FOR PUNCHED CARD INSTALLATIONS

The development of a punched card installation is quite similar to the
development of a computer installation. The major phases are:

317
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@ Systems analysis and design
® Programming (more often called “‘wiring”)
® Operation

For each of these phases, methods standards should be developed along
lines similar to those of preceding chapters. Some of the standards dis-
cussed previously are directly applicable; in these instances a reference
is made.

Methods Standards: Systems Analysis

Punched card systems analysis is quite similar to computer analysis
work. The description of the existing system will generally refer to a
manual system, the report layouts will previously have been manual
reports and ledgers, and the new systems design will require standards
for the following functions:

® Card layout
® Printer layout
® Flowcharting

The job description manual need not be as complex as that produced
for a computer system. Program specifications will not be needed; they
will be self evident from the card and printer layouts. File retention is
usually explained in the card layouts. Card layout standards and printer
layout standards are discussed in Chapter IIT and will not be repeated
here. Although flowcharting standards are also discussed in Chapter III,
a separate section is included here because of differences in the process.

Flowcharting Standards—Suggested methods standards are listed
below:

1. A complete flowchart must be drawn for each application designed, on
814 x 11” white bond paper.
2. The symbology to be used in flowcharts is that shown below. [See Figure
11-1.]
3. Each symbol on the flowchart must represent a single operation. The fol-
lowing must be indicated for each operation:
Card type or electrotype number(s)
Operation name
Card columns involved
Approximate volumes (cards and/or lines produced)
Panel number to be used (if any)
4. Each symbol on the flowchart must be given a unique step number, con-
sisting of the appllcatlon letter and a sequentlal two-digit number, to be
assigned in the sequence in which the operations are to be processed.



STANDARDS FOR PUNGHED CARD INSTALLATIONS 319

DESCRIPTIVE ITEMS

FILE FOR STORING PUNCHED CARDS' ALSO USED FOR A " TUB" FILE
USED FOR PULLING CARDS.

VERTICAL FILE FOR STORING UNIT RECORDS

REPORT OR OTHER QUTPUT DOCUMENT

PUNCHED CARD

SOURCE DOCUMENT

OPERATIONS

ANY KEY—DRIVEN OPERATION; KEY PUNCHING, KEY VERIFYING
DATA COLLECTION, TELETYPE ,PORTABLE PUNCHING

SORTING , COLLATING, OR OTHER DATA ORDERING

ACCOUNTING MACHINE OPERATIONS; TABULATING, LISTING,
SUMMARY PUNCHING

CALCULATOR OPERATION

AUXILIARY EQUIPMENT OPERATION ; INTERPRETER OPERATING,
REPRODUCING, CARD~TO- TAPE, TAPE ~TO— CARD, ETC.

00000|00 0 mm|)

Fig. 11-1. Flowcharting Symbols.

5. Each flowchart shall be accompanied by a separate “procedure” chart,
which further defines the operation to be performed. This chart shall include
at least one line for each operation step number, and shall include

File to be processed

Origin of the file

Kind of processing

Equipment and card columns to be used

Report produced, and the ultimate disposition of the information
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6. All files shall be given a unique file number, consisting of the application
letter, a two digit sequential file number, and a one character file description
letter, as follows:

Master File
Detail File
Source File
Table File
Header Card File
Pulling Deck
7. A procedure manual will be constructed from the flow and procedure
charts, with the procedure chart always opposite its flowchart.
[Figure 11-2 is a typical punched card operation flowchart and Figure 11-3 a
form that can be used as a procedure chart.]

viIZH»*UORg

APPLICATION A: DAILY UPDATING

KECOT _—A02M “
> A
ACCOUNT
NOTICE MASTER FILE '
4 8,000

AQ2

ET#37892
FILE: AOID

INACTIVE
ACTIVES ACCTS

CALCULATE
NEW STATUS,

PANEL: | LIST A/C DAILY

CHANGE
AQST | CHANGES REPORT

MERGED |FILE

PANEL:{TABULATE
AO8T |TRIAL

{ Fos

Fig. 11-2. Typical Flowchart.
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CLIENT NANE
PROCEDURE FOR
FREQUENCY PAGE OF
p IPMENT NANE 0F CARD COLUMNS| FILE OR | meposimion
NUSHT§ER EQUUSEDEN FILE TO ORIGIN PROCESS FOR REPORT [ o FILE
BE PROCESSED SORTS MERGES | PRODUCED
r—~—— 4 L/

Fig. 11-3. Procedure Chart. (Courtesy, The Diebold Group, Inc.)

8. Permanent panels shall be assigned a number as follows: the first letter
" is the application letter, the next two digits a sequential panel number, and
the last letter the type of machine for which the panel is used, for example:
T Tabulator
C Calculator
9. All reports shall be assigned a report number consisting of the application
letter, a two-digit sequential report number, and the frequency code, for
example:
D Daily
W  Weekly
10. Other documentation which must be supplied in addition to the flow
and procedure charts is:
All card layouts and electro-type drawings
All printer layouts and spacing charts required
A list of permanent panels required
A list of reports created

Wiring Standards

The wiring is generally performed by wiring technicians, or pro-
grammers. All permanent panels shown on the flow chart must be wired
and completely tested. Since each panel performs only one function,
such as printing or calculation, the complexity of the wiring task is
less than that of its counterpart in computer programming. Wiring
standards fall into two categories: standards for guiding the technician
in performing the function, and standards for documentation required
for the completed panel.

Functional Wiring Standards—Suggested rules follow:

1. All panels to be wired for a permanent function shall be done with
permanent wires.

2. Loose leads must be taped and properly covered.

3. Dominoes must be taped and covered.

4. A proper wire length must always be used. If multiple splits are desired,
multiple split wires must be used rather than dominoes.
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5. The wiring trays must be kept neat, with each wire in the appropriate
bin, as indicated by the sample taped to the edge.

6.. Whenever a permanent panel is complete it should be covered and the
cover fastened with at least three screws.

7. Wiring tools shall be used to insure that self-contacting panel wires are
making the proper contact; the tools must also be used when removing
permanent wires—pulling, stripping or plier manipulation is not allowed.

8. All wiring shall be done in accordance with the machine timing charts.
A properly wired panel should never blow a fuse on the machine during testing.

9. Filters, selenium rectifiers, or external selectors should not be used on
any panel without the specific permission of the supervisor.

10. A complete set of test data must be prepared. One of the first tests to be
performed on tabulating panels is done with a set of line finder cards prepared
as follows: '

Card 1 columns 1 - 9 0000000000
columns 10 ~ 19 1111111111
columns 20 — 29 2222222222
columns 30 ~ 39 3333333333

columns 40 — 49 4444444444
columns 50 — 59 55555565555
columns 60 — 69 6666666666
columns 70 — 79 TTTTTTITT
column 80 8
Card 2 column 1 1
column 2 2
column 3 8
column 4 4
column 5 5
column 6 6
column 7 7
column 8 8
column 9 9
column 10 0
column 11 1
column 12 2
column 79 9
column 80 0

The line finder cards will print (in two lines) in the wired report field the
column number which is the source of the data.

Standards for Panel Documentation.
1. All panels must be fully documented.

2. Panel documentation shall be kept in ‘a specially designed envelope.
[See Figure 11-4.]
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CONTENTS CHECK MACHINE NO. APPLICATION

| PANEL NO.

TEST DATA CARDS  [RENSONIDATE | BY CHANGE

DOCUM.
CHANGED

LINE FINDER LIST 0
TEST DATA LIST
STEP LIST

CARRIAGE TAPE
CARRIAGE TAPE LAYOUT
REPORT LAYOUT
CARD LAYOUT

PILOT SELECTORS ALTERATION SWITCH NUMBER
112(3[4]5(6]7 |8

SET UP CHANGE EFFECTED

APPROVALS:

CO-SELECTORS

COUNTERS

WIRING

LINE SELECTORS

PRINT ENTRIES

SYSTEMS

COMPARING UNITS

COINCIDENCE UNITS

OPERATION

AND CIRCUITS

SUPERVISOR

OR CIRCUITS

ALPHA STORAGE

NUMERIC STORAGE
SWITCHES

TEAR DOWN
REVIEW

Fig. 11-4. Panel Documentation Envelope Cover.

8. Wiring diagrams need not be made a part of panel documentation,
except in the case of extremely simple panels. A more effective form of panel
documentation is to list the use made of the various machine components.

4. A usage list shall be prepared for all panels. A separate list shall be

made for each of the following components:

Pilot selectors

Co-selectors

Counters

Line selectors

Separate print entries
Comparing units
Coincidence units

“AND” circuits

“OR” circuits

Alphabetic storage registers
Numeric storage registers
Alteration or toggle switches
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5. For machines which operate in a serial, stepped manner, such as a
calculator, a separate step list will be made up, showmg the steps executed
in sequence.

6. The panel documentation envelope shall contain the following for
each panel:

The usage lists, prepared as indicated in rule 4

The step list defined in rule 5

A deck of test data cards, to be used if changes are to be made
An output listing or deck of the last test, using the test data
A report layout, and a print-out of the line finder deck

A card layout

An extra carriage tape

A carriage tape layout

A form that can be used as a multiple purpose usage list is illustrated
as Figure 11-b. A separate step list is shown as Figure 11-6.

Additional standards may be developed for panel documentation,
depending on the types of equipment used.

The basic concepts of documentation, and change administration pre-
viously described should be retained in developing punched card stand-
ards. A revision page may be included with the application systems man-
ual, with the panel documentation, or as a part of the envelope which
contains the documentation. The supervisor should file all the materials
in one place, under control, so that unauthorized people will not have
access to this material. Because of the nature of the material, and
because it is infrequently required, retention of duplicate copies may
not be warranted.

Standards for Punched Card Operation

The operation of a punched card installation is unlike that of
a computer installation. There are several obvious reasons for this,
among which are the following:

® The emphasis on one machine in a computer installation is not
present; there are many machines, and there are often more than
one of the same machine

® Processing requires a considerable amount of card handling;

neatness is therefore a much larger problem

Operators must constantly feed and watch the machines

Job scheduling is performed by job and operator, rather than

machine availability.

Separate operating standards must therefore be made available-to the
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MACHINE NO. APPLICATION PANEL NO.
CIRCLE THE UNIT |CONDITIONS(FILLINTYPE,ETC.) |USED FOR/BY
APPROPRIATE

LIST: NUMBER

PILOT SELECTORS

CO-SELECTORS
COUNTERS

LINE SELECTORS
PRINT ENTRIES

COMPARING UNITS

COINCIDENCE UNITS

AND CIRCUITS
OR CIRCUITS
ALPHA STORAGE

NUMERIC STORAGE

ALTERATION
SWITCHES

REGISTERS
FILTERS

OTHER:
DRAWN UP BY:

DATE:
APPROVED:

DATE:
REVISION NUMBER |
[¢]

Fig. 11-5. Usage List—Variable Conditions.

machine operators in cases where they are responsible for both a computer
and punched card equipment.

Housekeeping—Housekeeping rules do not differ significantly from
those for computer installations; the only important difference is that
smoking is generally allowed in punched card installations while fre-
quently not allowed in a computer installation. In the latter case, the
dust and ashes tend to interfere with the proper operation of the tapes
and other electromechanical equipment; in the former case, the inter-
ference is less noticeable.

Other housekeeping rules will be the same as the rules developed in
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Fig. 11-6. Step List.

Chapter VI. Orderliness, room layout, and the procedures established for
the replacement of cards and forms are vital.

Machine Time Logging—Because of overtime provisions required by
the manufacturer, it is extremely important that exact machine logs be
retained by machine. This can be done in several ways:

® The use of a manual time record for each machine, as indicated
in Chapter VI

® The use of a bar chart recorder with more than one machine
attached, as indicated in Chapter VI

® The use of elapsed time recorders.

The last method is illustrated in several forms in Figure 11-7. Included
are an elapsed time recorder which merely counts time, a recorder which
counts the number of cards processed or the number of lines printed, and
recorders capable of recording both time and volume. The latter item
is of great value in exact performance evaluation based on volume. They
are available for all types of punched card equipment, including key
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driven equipment, where the elapsed time is calculated as a function of
the continuity of punching using a DC relay. This equipment is sur-
prisingly inexpensive, and well worth the installation.

Control Functions—The control functions used in a punched card
installation are not much different than those of a computer room.
Report distribution control, data control and data coordination are
equally if not more important. Scheduling is often handled differently;
this is the only exception.

Scheduling.—Whereas in a computer installation the scheduling is for a
single machine or at most two or three machines, in a punched card
installation there are many machines, some of which are exact duplicates
and may therefore be regarded as the same. Since the performance of
each project involves the use of various machines in a pre-determined
sequence, and since in each case an operator is required to attend the
machine, scheduling must first be accomplished by job and operator;
machine loading is generally secondary to the availability of operators
and the priority of the projects to be done.

To provide a basic schedule, each job is analyzed to determine

Volume of operation

Operations required

Date the input information is available
Date the output information is required
Frequency

On this basis, and on the basis of the established standard times, a

&
2
&
@

i
&
&

i

- .
L . BRI

Fig. 11-7. Elapsed Time and Card Counting Recorders. (Courtesy, Engler
Instrument Company)
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project fact sheet is derived. This fact sheet will indicate the times
required, the tasks required and the latest day or time that the job must
be started in order to complete the final tasks in time. A sample fact
sheet is illustrated in Figure 11-8.

The project fact sheets derived for each job are summarized to obtain
the total time capacity of each kind of equipment for each day of the
month, and for each month. Summaries by day and by month are shown
in Figures 11-9 and 11-10 respectively.

The daily summary of projects can be used to formulate a personnel
and equipment schedule. A personnel assignment sheet can be prepared,
such as is illustrated in Figure 11-11. If preferred, a schedule by machine
type and operator can be made up. The choice is largely dependent on
whether the installation uses functional operators or project operators.
In the former case, each operator operates a specific machine, or series
of machines. The schedule will then be by machine type, and will show
the sequence of projects which the operator must do on his specialized
equipment. This type of schedule is illustrated as Figure 11-12. If the
installation assigns operators to follow specific projects completely
through, the schedule will merely show each operator to which projects
he is being assigned for the period. The operator is familiar with the
project, since he is always responsible for it, or he will use the flowchart
to supply him with the sequence of steps that he must perform.

USER PROJECT
DEPARTMENT APPLICATION NO.
FILE NO.___[FILENO.___|FILE NO.___| APPROVALS

AVERAGE VOLUME STANDARDS
MAXIMUM VOLUME

MINIMUM VOLUME

SOURCE OF DATA FILE. SUPERVISOR
DATE /DAY INPUT AVAILABLE FREQUENCY

DATE /DAY OUTPUT REQUIRED LONGEST TASK

LATEST STARTING DATE TOTAL MANHOURS

RELATED PROJECTS
STEP NUMBER STANDARD | STANDARD

FROM TASK TO BE PERFORMED NO.OF | MACHINE UNIT TOTAL
FLOWCHART PASSES| TYPE TIME TIME
il
OVER [ | TOTAL TIMES:

Fig. 11-8. Project Fact Sheet.
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DAY: DATE: SPECIAL TIMING:
PROJECTS REQUIRED TODAY:
PROJECTS TO BE STARTED TODAY:
PROJECTS IN PROGRESS: APPROVAL:
© ol ™ ~| o o o ~|ww w
- |28|28| 8|bBlL8|Eellug|Es| =
=15 5 a — o <t <t ] o —
ac (o > — o« < =4 = 5‘ 8 = c—; [
[~ > x ¥ [2 | [@ |@ |2 [z |o [
PROJECTS i | |8 |z (8 & |2 |2 |8 |5 |8 |3
r F\ 1
TOTAL REQUIRED HOURS
TOTAL AVAILABLE HOURS
(8 HOURS / MACHINE ) 40.0]16.0 [24.0/16.0 | 24.0j16.0| 8.0[16.0| 8.0 80| 8.0
NET VARIANCE

Fig. 11-9. Daily Project Summary

The latter type of operation generally works better in installations
with completely trained operators, familiar with all equipment. It
requires less communication between operators, and a great deal less
data coordination. If proficiency can only be obtained in a limited
number of machines, however, the functional methods works adequately
if the number of projects is not too large.

General Machine Operation—A number of basic machine operating
rules can be formulated. Some of these are generally applicable to all
machine types; others are strictly a function of the individual machine.
Typical of general rules are the following:

1. When starting a job on a machine, remove the panel in place and return
it to the proper panel rack, located by number.

2. When completing a job, do not remove the panel. This will protect the
panel contact points from dust and other interference.

3. Always reset a tabulator to the top of the page.

4. When finished with a machine, turn power off if no one else is waiting
to use it.

5. Always replace excess paper on the stock room shelf.
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APPROVALS: MONTHLY EQUIPMENT MONTH:
UTILIZATION SUMMARY 19
I Wy © m|—r~ w|w o [V ~ | W [1Y]
pav | oaTe ano 25|28 3§3E3§5§3§3§31 = |
No. | DAY OF wEEK |~ (= |& [& |2 | |12 |B |3 [£ |8 |2
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3
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5
6
7
8
9
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Il
12
13
14
15
16
17
18
19
20
2]
22
23
24
TOTAL
FOR MONTH
AVAILABLE
INMONTH
NET
VARIANCE

Fig. 11-10. Equipment Utilization—Monthly Summary

6. Always remove carriage tapes from the machine and replace them on
the special carriage tape mounting board.

7. Immediately notify the supervisor if errors occur because of machine
failure. The engineering log will be filled out completely by the supervisor,
so that recurring problems can be rapidly corrected.

8. If the machine has a wired machine stop, always notify the supervisor
when the stop occurs.

9. Always perform basic checks on initial data, to insure that the set-up
has been made correctly. These checks consist of the following, for the machines
indicated:
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EAM DAILY ASSIGNMENT SHEET

DATE SHIFT

OPERATOR JOBS TO BE WORKED IN L TO R PRIORITY REMARKS R-'E%&

Fig. 11-11. EAM Daily Assignment Sheet. (Courtesy, Lockheed-Georgia
Company, A Division of Lockheed Aircraft Corporation)

DATE DAY OF WEEK MACHINE NO.
SHIFT TOTAL SCHEDULED HOURS MACHINE TYPE
SPECIAL INSTRUCTIONS: OPERATOR:
SCHEDULED TIME| DATA DATA S| ACTUAL TIME
COMING [PROJECT| PANEL | GOING |35
FROM |NUMBER |NUMBER| TO |¥3Z
FROM TO  [MACHINE MACHINE °§ FROM TO
=

Fig. 11-12. Functional Assignment Sheet
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Machine No. or Type Checks To Be Performed

Card punch If programmed, punch and review sample cards

Card verifier If programmed, verify several cards; force errors

Sorter Review column setting; review selector setting;
check to insure that desired counters are operative

Interpreter Check line setting; pass two cards through and

review the interpretation; use line finders if
- unfamiliar with panel
Collator When merging, check several merged cards from
all pockets; when matching, review the cards in
each pocket; force sequence error to insure proper

panel
Reproducer When reproducing, check at least three cards;
when gang punching check first to last of a group
Tabulator Check line-up; review set-up change switches; pass

several cards through; clear final total; check
hopper stop, last card read out, and all other
functions

Calculator Check the first few cards to insure accurate
calculation

Other rules which exemplify good operating practices can be developed
in each installation. These rules should be carefully enforced, and
should be provided in written form to all trainees.

Emergency, Supply, and Exception Procedures—All of the above are
the same as those outlined for a computer installation, pages 171-174,
Chapter VI.

Panel Storage and Control—To avoid operator time waste in looking
for the right panels, or in wiring temporary panels when permanent
panels are available, panel storage should be carefully established. Panel
racks are almost always required, and are available in all sizes. Each
panel should be assigned its own location in these racks, and all panels
should be carefully replaced in their proper location, as indicated in the
rules below:

10. All panels must be replaced in the special racks provided in the correct
size rack and the location established by number. Standard panels (80:80,
90:90, 60:60) must also be stored in a special location; they are numbered
starting with a U for utility panel. There must always be available at least
one blank panel of each type.

11. All panels shall be tightly covered. No operator may remove a cover or
modify a panel. All panel changes shall be made under the immediate super-
vision of the operations supervisor.

12. Whenever a temporary panel is called for on the procedure chart, the
operator shall review the requirement with the Senior Operator or the
Assistant Supervisor. If a similar panel is available, or a slight change can
be made to an existing panel to fulfill the temporary requirement, the Assistant
Supervisor must approve this action. In all other cases, the Senior Operator
shall prepare the temporary panel.



STANDARDS FOR PUNCHED CARD INSTALLATIONS 333

13. In the event of machine failure, attributed to panel difficulty by the
maintenance engineer, the supervisor shall assign a Senior Operator to review
the wiring with the maintenance engmeer

14. Whenever a cover is removed, it must be replaced at the end of the
shift, even if the change is incomplete. All changes to panels must be duly
recorded in the documentation envelope.

Documentation Control.

15. A central file shall be maintained in the data processing room, containing
the following:

Systems manuals containing flowcharts, procedure charts, and layouts
for each project or applicati. 1

Panel envelopes containing the complete panel documentation

Machine manuals showing the operation and wiring of the equipment

16. The central file shall be kept in the following order:

Systems manuals, by application code

Panel documentation, by number

Machine manuals, by machine number

17. A separate supply of cards is to be available, close to the central file,
for signing-out any documents.

18. Anyone removing a folder from the central file must observe the
following rules:

The entire folder or envelope must be removed; separate sections may
not be removed from the envelope.

A person removing a folder or envelope from the file shall substitute
in its place an ‘“out” card, indicating on it the date, panel number,
machine number, or systems letter, and his name.

19. Changes made to the documentation must correspond exactly to the
changes made to the system or the panel; the change and revision number must
be approved by the Operations Supervisor.

PERFORMANCE STANDARDS

The approach used for establishing performance standards is generally
similar to the approach used in developing personnel standards for com-
puter operation. The overall cycle is the same:

Development of Standards
Development of a Schedule
Measurement

Evaluation

Action

There are several areas for which performance standards can be estab-
lished: equipment utilization, operator performance, and the perform-
ance of wiring technicians.
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Equipment Utilization

Since equipment performance is largely dependent on operator per-
formance, equipment standards should be restricted to the calculation
of a utilization percentage. It is difficult to determine the effectiveness
of utilization, since the equipment will usually operate at the rated speeds
if the operator performs properly.

The project fact sheet created for each project provides a “standard
time” for each step in the operation. This is obtained, as described later,
by adding equipment set-up time to the time necessary for the equipment
to process the indicated volume, modified by an “operator handling”
factor. This value is then posted to a daily and monthly recapitulation,
which shows the total theoretical usage of each equipment item.

The effective utilization rate is then determined by dividing the
standard time for the assigned work by the available hours. This gives
the utilization percentage, based upon the established standard, for a
given period as follows:

Utilization, %, = Total standard time for all work assigned in period

8 (hours per day) X No. of days in period X No. of machines

This percentage should be graphically recorded on a daily basis, to
indicate the utilization factor of each equipment class. An increase in
usage for a class of machines may warrant action to prevent future
bottlenecks or overtime. This might be the addition of another unit,
the replacement of this unit with a faster model, or changeover to a
different type of unit.

Similarly, a decrease in utilization percentage might forecast reducing
rentals by removal or by reduction in speed, or it might indicate that the
machine operators prefer an alternate type of processing. For example,
when two types of sorters, collators, or tabulators become available, the
utilization of the most popular unit will continually increase and the
other type will suffer from dperator obsolescence.

Operator and Equipment Performance

Standards for operator and equipment performance cannot be easily
separated. Operator performance is a function of how well he keeps the
machine supplied; i.e., how close to the rated speed he can make the
system perform. The machine generally operates at the rated speed when
it is properly supplied with information, otherwise it does not operate
at all. For each machine, therefore, a handling allowance is established,
for emptying -stackers, filling hoppers, and the like. In addition, the
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standard includes a small amount of time for set up, as required for
the particular machine.

For each of the following machine classes, the standards indicated are
suggested as starting points. Total time is expressed in minutes, and key
driven operations are expressed in hours, because of their normal length.

Machine Class: Key Driven; Machine Number: IBM 024, 026, 031;
Remington Alphabetic Key Punch
Standards for Punching (Including Set-Up):

Key Strokes per Hour

All alphabetic punching 5,000
Mixed alphabetic/numeric 4,000
Large percentage numeric, little alpha 8,000
All numeric punching 10,000

To calculate the number of key strokes required:

Number of cards X Average number of columns per card — Total key
strokes

(If less than 15 columns are punched per card, add a factor of 109, for
card release.)

Machine Class: Key Verifier; Machine Number: IBM 056; Remington
Photo-Electric

Time Standards: Same as for key punching but add a factor of 3%, for
error detection stops.

It is good practice to use different operators when key-verifying cards
since this prevents the repetition of errors by the same person. If the
number of errors made by the key punch operator is excessive, the time
standard for the verifier operator will be unfair, since many more stops
will be encountered. In addition, the time standard for the key punch
operator must be disregarded, because of the large percentage of errors.
Measurement should only be considered if the error percentage is
reasonably constant; an increase in error percentage should cancel meas-
urement of both key punch and key verifier and result in some action
with respect to the punch operator.

One solution to this problem is to establish a group standard. With
this concept, a total productivity standard is established for the key
punching and key verifying group, or a productivity standard is set
for punching and verifying of the specific project. If, for example, a
project consists of 2,000 cards, average 40 columns, all numeric punching,
the standard would be set as follows:
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2,000 X 40
10,000
Key Verifying Time = 8.0 X 1.03 = 8.24 hours

336

Key punching Time = = 8.0 hours

The group standard for the project will be 16.24 hours, which will be
used to evaluate the total performance of the “team.” If all of the work
in the key punch verifier section is lumped into a total group standard,
this would provide an evaluation only of the performance of the section
as a whole,

The major disadvantage of group standards is that it prevents an ac-
curate analysis of individual employees. This can be overcome to some
extent by applying the group standard to individual teams of punch and
verifier operators. By determining the performance of each team, and
then by varying the team make up, it is possible to arrive at a determina-
tion of which operators make the largest contribution.

Machine Class: Sorting;

Machines: IBM 080-1, 080-2,‘082, 083, 084, Remington Sorter
Time Standard in Minutes:

Number of cards X (Number of columns + No. of alpha columns)
Sorter Speed (Modified by handling factor)

Models Sorter Speed Handling Factor Net Speed
080-1 250 cpm 20% 210
080-2 450 cpm 259, 360
082 650 cpm 259, 520
Remington 800 cpm 309, 620
083 1000 cpm 309, 770
084 2000 cpm 20%, 1660

These handling allowances may be modified if the jobs do not allow
overlapped stacker removal, or operators are operating more than one
machine.

Machine Class: Collating;

Machine Types: IBM 077, 085, 088; Remington Reproducing Collator

Merging Time =

Matching Time =

Total input cards

Output card speed

Total input cards

Output card speed

X 1.20

X 1.25 + 1 minute set up
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Machine Class: Reproducer;

Machine Number: IBM 514, 519; Remington Reproducer Collator

Number of cards to be gang punched

Single Feed Usage Time — X 1.05

Gang punching speed

Number of cards to b duced
Double Feed Usage Time = umber of cards to be reprocuce x 1.10

Reproducing speed

In each case a 1 minute set up time should be added.
Machine Class: Interpreter;

Machine Type: IBM 552, 557; Remington Interpreter

Number of cards to be interpreted

Time = X 1.05

Interpreter speed
Machine Class: Calculator;
Machine Number: IBM 602A, 604, 605, 607, 609; Remington Univac

40, 60, 120

Numb 1
Time = umber of cards to be calculated x 1.10 + 15 minutes set up
Calculating speed

The calculating speed is determined by dividing the maximum speed
by the number of cycles each calculation requires; from this it is possible
to determine the net card speed in cards per minute.

Machine Class: Tabulator;

Machine Number: Remington Model 3, Univac 1004, IBM 402, 403,
405, 407, 408, 409, 419
Set-up time 2 minutes per form

Operating Time:

Number of lines to be printed

For Listing = X 1.10

Listing speed

dstob d
For Tabulating = Number of cards to be rea % 1.10

Tabulating speed
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The operating speed of a tabulator is a function of both the number
of cards and the number of lines to be printed. If, for example, the rated
maximum speed of the tabulator is 150 cards and 150 lines per minute,
a listing job requiring 2 cards per line will operate at a maximum of
150 cards and 75 lines per minute. If the machine is tabulating, it will
operate at a maximum of 150 cards per minute. Most machines require
only one cycle to perform all of the required functions; included in
these functions are reading, adding to counters (tabulating), and printing
of one line. If only these functions are performed, the speed of the
machine will be the rated speed. If, however, “total” cycles or spacing
cycles are required extra time will be used, which will reduce the total
rated speed of operation. The simplest way to determine the exact speed
of any job is to make an empiric analysis of operation by a simple time
study, or by simply measuring the interval to process a known number
of cards, or print a known number of lines.

The Univac 1004 operates in an almost asynchronous mode, similar to
the stepped functioning of the calculator. As a result, timing must be
analyzed more carefully. The rated speed of the card reader, for example,
is 300 cpm; the speed may be increased up to 400 cpm by merely releas-
ing the read mode after the first 40 columns have been brought in to the
machine. By designing the cards so that all required information is in
the front, it therefore may be possible to increase the speed beyond the
rated speed.

In almost all cases of calculator and tabulator timing, because of
differences between panels, machines, and types of desired operation, it is
wise to do a short time analysis. Gross inaccuracies in timing can be recti-
fied: if the job takes far too long, it can be corrected through modification
of the panels or through change of the procedures.

Standards for Wiring Technicians

The wiring of a panel is much the same as the coding of a program. It
requires a certain amount of advance planning, or logical analysis, to lay
out the manner in which the machine’s components will be used to fulfill
the requirements. After completion of the planning, the actual wiring is
done, much like the coding of a program, thus fulfilling the analysis and
translating it into the language of the machine. Completion of the wiring
leads to testing, sometimes preceded by the preparation of the requisite
test data, although live data is usually available.

After the testing has been completed, the panel must be documented,
much as a program must be documented.

The tasks that must be performed, therefore, are:
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® Logical analysis
® Wiring
® Testing
® Documentation

Wiring is generally somewhat simpler than programming. The size of
the task is usually smaller, since punched card equipment is basically
unifunctional, and does not integrate functions as a computer does.
The analysis is usually expressed in a simpler format and takes hours
rather than days. Testing is performed on-line: the panel is mounted
and tested and corrections are made on the spot.

Wiring Parameters—The parameters that affect the time required to
wire a panel are similar to the parameters defined for programming. The
first parameter, complexity, is completely unchanged; viz.,

Simple Panel
Medium Panel
Difficult Panel
Extremely Difficult
Most Complex

HOOW >

The size parameter cannot be expressed in the same terms. The most
suitable unit of size is the number of wires to be used in the panel.
These may be counted by counting the open hubs, subtracting from the
total hubs available and dividing the difference by two, or by giving
the technician a standard complement of counted wires, and counting
all of the wires left over. A third method is to weigh the panel before
and after wiring; the difference is the weight of the wires, which can
be translated into an approximate count.

For easier handling, the size unit is expressed as the number of wires
divided by 100 and rounded. This parameter is estimated in advance
and is validated by a count or weighing at the completion of the panel.

Other parameters could be included separately, or as part of the
complexity parameter:

® Number of card formats used
® Number of report formats produced
® Number of steps to be used in a serial step machine

For the sake of simplicity, the only parameters considered in this evalua-
tion will be size, complexity, and a machine component factor which
reflects the inherent difficulty of the specific panel and the number of
components available. Component factors for representative punched
card systems are as follows:
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Machine System Factor
Interpret: IBM 552 1
IBM 557 2
Collate: IBM 077 2
IBM 085 3
IBM 088 4
Reproduce: IBM 514 3
IBM 519 5
Punch: IBM 521 7
IBM 541 7
Read /Punch  IBM 533 9
Sort: IBM 101 8
IBM 108 10
Tabulate: IBM 402, 403 10
IBM 407 15
IBM 408, 409 16
Univac 1004 16
Calculate: IBM 602A 12
IBM 604, 607, 609 14
Univac 40/60 15
Univac 120 16

This factor assesses the inherent complexity of the panel to be wired,
while the other two factors, size and complexity, assess the difficulty of
the specific project.

Relationship between Tasks and Time—The following formulations
have been derived to establish the relationship between the tasks outlined
above, the above parameters, and the time required to complete the job.

Task 1—Analysis and Assessment
The first task involves:

Familiarization with the problem

Review of the requirements

Analysis of layouts

Development of preliminary component usage

The time required to accomplish this task is expressed as follows:

Hours for Level of Complexity

0 A

s B

14 hour for each machine factor unit plus 1 C
114 D

214 E
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Task 2—Wiring
Included in this task are the functions of:

Wiring the panel
Noting in preliminary form the component usage

The time required is a function of number of wires, and of the task
complexity:

Man-Hours for Level of Gomplexity

1 hour for each unit of size plus

N
HOOW >

Task 3—Testing

Panel testing involves

Preparation of required test data
Punching of a line finder card set
Testing of the panel

Correction of the panel

Time is a function of size, complexity, and a slight factor to reflect the
machine component complexity:

1%, hour for each unit of size plus
14 hour for each machine factor plus

Man-Hours for Level of Complexity

0 A
s B
14 c
214 D

4 E

Task 4—Documentation

Panel documentation includes

Envelope

Usage charts

Carriage tape, and its layout
Test output listings
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Man-Hours for Level of Complexity

s

1

14 hour per unit of size plus 114

HOOWH

2,

Summary:

Assume that an IBM 407 panel is required, with an estimated com-
plexity of -C, and an estimated wire count of 850:

Task 1 15 X 14 + 1 = 4.75 hours
Task 2 8 4+ 2 = 10.00 hours
Task 3 4 4+ 15 X 14 +11% = 9.25 hours
Task ¢ 2 + 11, = 3.50 hours
Total time 27.5 hours, or 3.5 days

Assume that an 088 panel is required, complexity A, with approxi-
- mately 150 wires required:

Task 1 4 X 1 + 0 =1 hour
Task 2 1 = 1 hour
Task 3 115 = 1.5 hour
Task 4 W+ Y = .75 hours
Total time 4.25 hours

It should be noted that the machines with a lower machine factor
generally also have a smaller panel, therefore accommodating fewer
wires. As a result, the wiring time is low; testing and analysis time are
relatively much higher.

Development of a Schedule

For the operating department, schedule development has already been
discussed under methods standards for punched card operation. For
the wiring technicians the schedule developed can be quite similar to
the “bar chart” schedule set up for programmers in Chapters IX and X.

Gathering of Data

There is no difference in the methods used to gather data in a punched
card operation and a computer operation. The machine log, a separate
operator progress report or operator schedule, may be used as illustrated
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earlier in this chapter. The wiring technicians should use a reporting
technique identical to the reports turned in by programmers, broken
down by panel number and task.

Evaluation

Evaluation of wiring technicians corresponds exactly to the method
of progress reporting and individual evaluation outlined in Chapter IX.
Evaluation of operators is somewhat different, since the data on which
their evaluation is based is in a different format. The basic concept is
the same. Actual performance is compared to the standard to come up
with an efficiency factor, broken down by

® Project, to evaluate project performance
® Operator, to evaluate personnel
® The entire punched card installation

Measures of Quality

Each installation must establish measures of quality to accompany the
quantitative measures established. Each supervisor must establish require-
ments for minimum acceptable quality, or he must develop quality
standards which modify the quantity performance standards. The follow-
ing are suggested as possible measures of quality for a punched card
installation:

Key punching: Number of errors detected by key verification should be
less than 1 in 1750 key strokes

Key Verifying: There should be no errors remaining after verification

Sorting: The number of sequence errors detected in a sorted file
should be 1 or less for each 20,000 cards

Reproducing:  There should be no uncorrected comparing errors

Interpreting:  Information should be 1009, correct

Tabulating: There should be no “reset check” or “auto stop” indica-
tions that remain uncorrected; forms alignment should
be within 1/32nd of an inch; there should be no card

jams

Calculating: ~ There should be no detected errors

Collating: Subsequent sequence checks should indicate no further
€rrors.

Other measures of quality can be introduced for the overall quality
of output, such as the total number of final reports rerun, the number
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of balance proof errors detected at the end, or the number of punching
errors found on the final output.

CHAPTER SUMMARY

Using the precepts developed in preceding chapters, this chapter out-
lines methods and performance standards for punched card installations.
In many instances the standards are similar; in others the methods used
vary and completely separate standards are desirable, even in cases
where a punched card installation and a computer installation operate
side by side.

Methods standards for punched card installations include the systems
analysis function, the wiring function and operation. Performance stand-
ards are developed for equipment and operator performance, and guide-
lines are drawn for the development of performance standards for wiring
personnel. The chapter organization parallels the organization of the
book, in that it represents a condensed view of the standards developed
for computer installations. This condensation is possible because the
scope of punched card operation is generally smaller than the scope of
computer operation. '

Questions for Review

1. What are the significant differences between punched cards and
computers?

2. Why does this contribute to the differences in standards? What are
other contributing factors? Why do you feel that punched card
standards are necessary?

3. Develop a documentation control system for a punched card installa-
tion which shared its documentation with a computer group.

4. Flowchart a payroll system through a punched card installation.
Develop the necessary rough specifications, and rate the size and
complexity of each of the panels required for all of the machines.

5. Develop the total time required to wire and document these panels.

6. Set up a schedule to accomplish the wiring of these panels.



Appendix A:

JOB DESCRIPTIONS
IN DATA PROCESSING

Manager of Electronic Data Processing
Reports To:  Comptroller or other senior officer
Supervises: Supervisors of all operating shifts

Programming Supervisor

Systems Analyst

Responsible for the analysis, feasibility study, installation, scheduling
and administration of the company’s electronic data processing operation.

Determines the equipment specifications and requirements; determines
the personnel requirements and prepare the budget and expense reports
on activities subject to his authority.

As a member of the Electronic Committee, he participates in policy
making decisions affecting the mechanization of applications within
the company. If it is the company’s policy to sell a part of the avail-
ability of the equipment it is his function to act as representative of
the company and to maintain customer satisfaction through proper
scheduling.

Programming Supervisor
Reports To:  Manager of Electronic Data Processing
Supervises: Programmers

Coding Clerks

Is responsible for the design and maintenance of the framework in
which the data processing system operates. Must be thoroughly familiar
with the applications for which the sytsem is used and the methods
employed.

Under his supervision are programmers and coding clerks who carry

345
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out the creation of the system as designed by him. Must be familiar with
all forms and inputs in use and with all applications under consideration.

Is responsible for the selection of personnel to fill jobs in the pro-
gramming area, and for the establishment of operational and develop-
mental standards under which the system will operate.

Systems Analyst
Reports To:  Manager of Electronic Data Processing

Responsible for the examination of existing and proposed systems,
in order to evaluate the relative economies. Responsible for the overall
design of the system in conjunction with the Programming Supervisor.
Documents and outlines the system preparatory to programming.

Since the incumbent must work independently of schedules and
pressures, he should not report to the Programming Supervisor.

Programmer
Reports To:  Programming Supervisor
Supervises: Coding Clerks

Must be thoroughly familiar with the complete problems to which
the computer is applied; must be capable of preparing a methods analysis
or feasibility study. Must act independently under control of the Pro-
gramming Supervisor, subject to the standards previously established.

Must be capable of drawing flowcharts and block diagrams, outlining
both the current and the proposed systems. Must take into account the
scheduling, volume of activity and the elapsed time required to perform
the operation in order to establish comparative costs.

Is responsible for a part of the supervision of the coding clerks. Must
arrange for and supervise the testing of all proposed operating systems.

Coding Clerk
Reports To:  Programming Supervisor

Given technical assistance and instructions by Programmer.

Is responsible to commit to memory the language in which the com-
puter operates and must be familiar with the library of subroutines avail-
able from the manufacturer and the installation. Must be familiar with
the capacities of the computer system in order to translate into machine
language the instructions received from the programmer.

Must be temperamentally suited and have aptitude and interest for
performing detailed and complicated clerical work.

Is not required to understand the overall logic of the complete system
nor the economics of automation.
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Operating Supervisor (Console Supervisor)
Reports To:  Manager of Electronic Data Processing
Supervises: Console Operators

Tape Librarian

Responsible for the effective utilization of equipment and personnel
and for the conformance to schedules and error correction procedures
as previously established. Responsible for the maintenance of standards
of accuracy and quality of output in accordance with the requirements
set down. Must be familiar with all forms, reports and inputs used.

Is required to act independently on situations of an operating nature
which are not anticipated. His authority includes the direction of all
operating personnel, including the maintenance of logs of operation,
and supervision and control of the tape library.

In a multiple shift operation he is required to turn over the operation
to the next shift supervisor in a manner enabling transition without
interruption. »

~ Console Operator
Reports To:  Operating Supervisor

Under direction of the Operating Supervisor the incumbent carries
out operations according to operating manuals created by the Program-
ming Group. Must be thoroughly familiar with tape file operation, tape
splicing and handling techniques, computer console operation, peripheral
equipment operation.

Is responsible for the maintenance of the operating log and should be
able to recognize malfunction and determine whether the malfunction
is caused by a machine failure, a program failure or a data failure.

Tape Librarian
Reports To:  Operating Supervisor

Is responsible for the maintenance, external labeling, orderly filing and
assembling of tapes for each job that must be handled by the installation.
Is also responsible for the maintenance of error free available (“scratch”)
tapes, with appropriate beginning and end markers.

Is responsible for the current maintenance of all program files and
* their coding; of all operating manuals and their coding; of all special
control cards used in connection with each job; of all program lists used
by the operating group.

The incumbent must be constantly aware of the contents of the tapes,
and must use them in such a way as to prevent inadvertent destruction
or alteration of the information recorded.
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Appendix B:
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SCIENTIFIC DATA PROCESSING ONLY
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Appendix C:

TABLE C-1

PREVIOUS WORK EXPERIENCE

(20 Corporations)

Percentage Distribution of EDP Employees

Administra-
Previous Job tive & Planning &
Classification Total Supervisory Programming Operation
Accounting and
Professional 35.5 449 435 9.6
Administrative and
Supervisory 13.3 40.6 11.9 9.8
Tabulating and
Keypunch 1 13.1 2.9 44 40.6
Posting, Checking
and Filing 10.7 2.9 9.3 17.5
Statistical 5.4 — 6.0 4.7
Correspondence
and Secretarial 2.0 — 1.7 3.7
Non-clerical 1.2 1.4 1.1 14
New Employees 18.9 7.2 22.1 12.7
Total 100 100 100 100
Numeric Distri-
bution 915 69 637 209

Source: Bureau of Labor Statistics,
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TABLE C-2

PERSONAL TRAITS REQUIRED
(16 Corporations)

Trait

Trait

Report writing ability

Rapid arithmetic

Observation

Understanding of underlying principles
Rapid coordination

Rapid manipulation of small objects
Adaptability to a variety of duties
Responsibility for planning
Adaptability for repetitive operations
Judgment based on quantity
Judgment based on quality
Adaptability to deadlines, pressure
Adaptability to precise standards
Knowledge of theoretical mathematics
Knowledge of calculus

Knowledge of accounting

Knowledge of decimals, fractions

351

Number of Corporations Listing

Trait

Programmers

15
11
12
16

0

0
14
15

5
13
12
12
13

4

5
11
11

Source: Bureau of Labor Statistics.
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SAMPLE STANDARDS MANUAL

Manual of Data Processing Standards
for

Financial Publishing Company

Prepared by
The Diebold Group, Inc.
and

Financial Publishing Company
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General Information
Data Processing Standards

Standards are rules set up and established by authority to provide
meaningful information in a consistent, usable form. When complex and
detailed problems are analyzed and solved in a similar manner, standards
are necessary for the useful exchange of information. Standards are used
to give us a guide for gathering pertinent information which is needed.
From the initial statement to production operation, standards establish
the procedures to investigate, develop, and solve a problem, Standards
are called for when problem solving techniques or groups of problems are
related by a common need. To those who must analyze and solve problems
or operate complex machines, standards are the source for information and
instruction to carry out this work.

In data processing and the use of computers, standards are necessary
for the successful computer shop. Because of the many detailed steps to
be taken before a problem is ready for production operation the need for
gathering and recording pertinent information accurately and in sufficient
detail, becomes important. A programmer in making an analysis gets into
ramifications of a problem which, in the days before computers, were the
proper business of several people, No one considered it necessary for a
single person to become acquainted with all the ins and outs of a job be-
cause the manual or mechanical operations formed their own division of re-
sponsibility. The computer unifies all these aspects, thus the need to
know all the details which must be recorded in a useful manner.

In setting Data Processing Standards a method of operation is developed
which sets guide lines for obtaining the necessary information. This method
is the sequence of steps followed in gathering information and the techniques
developed for using a computer to solve a problem, Standards relieve the
programmer of the many little bookkeeping decisions by establishing a uni-
form way of assigning program labels and organizing the program.

This manual of Data Processing Standards, the foundation for exchange of
information among all people in data processing, provides:

1) a common frame of reference,

2) effective communication among people,

3) effective communication between people and machine,
L) clear cut definitions of terms,

5) personnel responsibilities, and

6) procedures of operation.

NN NN NN

The manual is the programmer's working tool, The programmer is asked
to learn and understand the use of these standardse. The successful pro-
grammer masters these precepts,
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Scope of this Manual of Data Processing Standards

The manual, designed to explain the details of programming and operating
standards is divided into five major sections.

Program Analysis and Problem Definition

This section is an outline of steps taken to solve a problem offering
a description of development from the original problem definition to pro-
gramming, and a tabulation of information to be recorded.

Programming Standards

The standards and conventions of programming are defined here., The
most important reference is to flow charts and labels, Each programming
task is explained and related to logical program development.

Documentation Standards

Documentation is the orderly collection and arrangement of informa-
tion about a program. The Program Manual gives the interested person ine
formation about every aspect of the problem and reflects the care, under-
standing and ability of the programmer.

Operation Standards

Standard practice for machine use and the function of the program
library are described.

Appendix

The appendix contains programming techniques, and glossaries of computer
terms, Financial Publishing Company terms and standard abbreviations for
documentation.

Manual: Care and Use

Additions and revisions to this manual will be made only with approval
of the Company Secretary. Suggestions may be directed to the Secretary for
review, Each programmer will be responsible for keeping this copy current
as additions are made,

You are expected to understand and apply the standards established in
this manual, Your success as a programmer is measured by the success of
your program, by the understanding, exposition and organization of the in-
formation in your program manual, and by the simplicity and clarity of your
operating instructions,
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General Information
Equipment Specifications

Specifications of the IBM 1401 Data Processing System at Financial
Publishing Company:

1401 Processing Unit, Model B-3
1402 Card Read-Punch
1403 Printer, Model 2

Special Features

Core Storage, 4000 Positions
Multiply-Divide

Index Registers

Store A Address

Store B Address

Move Record

High-Low-Equal Compare

Additional Print Control, 132 print positions
Numeric Print Control

Interchangeable Chain Cartridge Adapter
Early Card Read

Supporting Equipment

Key Punch 026
Card Verifier 056
Sorter 082

Reproducing Punch 514
Software Programs

SPS - The Symbolic Programming System
Prelist

Assembly

Postlist

Memory Printout

Card-to-Card Utility (80-column reproducer)
Card-to-Printer Utility (80-column list)
D.CAL Systen

D.CAL l-Input Data Validation Program
D.CAL 2-Card-to-Card Calculation Program
D.CAL 3~Card-to-Card Calculation and List Printer Program
D.PCH = Memory Punch Routine

FARGO

RPG

JOCAL
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Problem and Program Development

A problem evolves into a program through a series of 6 steps:

(1) Problem Definition
Numerical Analysis
Program Definition
Program Identification
Input and Output Design
Program Development

NN~~~
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The first five steps consist of gathering necessary facts and display-
ing them in reasonable order for use in step six, programming. The logical
order of these steps should be followed 1in gathering facts, developing in ap-
proach, and cataloguing the necessary information in a manner and form which
permits both a check list and quick reference for needed information.

Problem Definition

A written description of the problem defines the major considerations
and the special characteristics affecting the problem solving approaching.
Information included in this step will include:

(1) Purpose
(2) Input
Source, form, sample
(3) Output
Form, sample
(4) Special Characteristics
(5) Problem Glossary
Defines terms unique in meaning to this problem

This general statement of the problem describes elements to be developed
in detail by the program definition,

Numerical Analysis

The numerical analysis of arithmetic operations show the factors, where
they come from (input from card or computed by program), the arithmetic
operations, and the intermediate and final results., When a formula is used
it should be stated in the most general form, in the specific form to be used,
and the transformation from one to the other. Equations using a representativ
example of the calculations show the actual arithmetic operations. Indicate
the ranges and limits of the factors imposed first by the problem and second
by the capacity allowed for in the program. Show where adjustments in the
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answer are made; for example, the rounding 5 to adjust half cents or greater
up to the next cent. This is a fact gathering section; the sequence and
manner to be used by the program is determined in the Program Definition.

Program Definition

The development of program specifications from the problem definition
produces a program definition. Several programs developed from a single
problem definition form a program system. The program definition is explicit
in the detail information required, the mathematical techniques, the control,
the inputs and outputs and its relationship to other similar programs. Step
three will cover the following information:

(1) Purpose
(2) Input
describe fields on card layout forms;
type; source; composition; limits; volume
(3) Output
describe field on card layout and print
layout forms; type, source; composition;
limits; volume
(4) Factors
examples of the calculations; specifically
the sequence and manner the program will
use in calculations
(5) Special considerations
restrictions; exceptions; effect on current
practice; relationship to other programs
(6) Program glossary
defines terms unique in meaning to this
program

Program Identification
Identification numbers will be assigned to all programs. The assigh-
ment will be made when the exact definition has been established. The
identification is a five-digit alphanumeric number in the following format:

54321

Digit l-alphabetic application code

Digits 2, 3, 4~identification number,
assigned chronologically in sequences
within application code

Digit 5-revision number, version number

The SPS card allows five columns, 76-80, for the identification number
to be punched. This is done in the source deck and is automatically carried
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through to the object and condensed decks. If the source cards for one pro-
gram are used in the development of a second program care should be exercised
to get the old program number out and the new one in.

The alphabetic application code used as the first character is:

Accounting

Bond values

Consumer finance

Insurance premium charts
Schedules

Mathematical, financial tables

HNnYOoO W

Example: A revision to program B0015 will be numbered B 0016;
if B001l6 includes B 0010 through B 0015, its number
will revert to B 0010.

Input-Output Layout

Layouts will be prepared for the formats of all inputs used and outputs
produced by the program. This shall be done, without exception, before pro-
gramming. The detail of these layouts may be changed during the design of
program logic and reanalysis of program specifications, Neat, accurate
documents reflecting the current format of inputs and outputs must be avail-
able; if a change is made they provide the point of departure. These layouts
will be incorporated in the program documentation.

Card Layout

On the IBM Card Layout form used to illustrate all card input and out-
put fields, describe fields by name, field limits by vertical lines. In the
space on the form give the following information, in as much detail as neces-

sary:

Field Data Consistency
Column Size Name Description Source Type Limits

Alpha limits of
field

Numeric limits of
codes

limits of
range

Describe briefly the card preparation procedures for each kind of card.
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Printer Layout

On the 1403 Program Planning and Testing Format for High Speed Printers,
illustrate all printed output, identify by the report name and the program
number that produces it, Show the following on your printer output layout:

Write in preprinted headings, underline

Write in emitted headings

Write two sample lines for each type of detail printing
Show punctuation for every edited field

Indicate maximum value in each field

Show all total levels

Show entire vertical and horizontal dimension of form
Emit headings and identification for output on blank
paper

PNINITNITNINININN
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Program Development

The steps of problem analysis described in the preceding pages provide
the necessary information for developing a program. Programming is composed
of the five tasks: logic design, coding, test preparation, program testing,
documentation, considered and executed sequentially., The importance, detail
and complexity of these tasks require standards defined in Chapter 3, Pro-
gramming Standards.

Logic Design

Three stages of program logic must be completely designed and documented
before any subsequent programming tasks are begun.

1. Analysis and program organization-analysis of the program
definition to establish specifications for designing the computer oriented
logic.

2. Design of the general flow of program logic-MACRO flow chart-
the major logical elements, illustrated in a flow chart, required to meet
program specifications.

3. Design of the specific logical processes-MICRO flow chart-the
individual logical steps, illustrated in a flow chart, within each major
Jogical element. Micro flow charts show the connecting linkage.

A third level of flow charts, called the ABSOLUTE flow chart,
represents each instruction by a separate symbol to explain and illustrate
a complicated logical structure.

A summary of the three flow chart levels makes the following
distinctions:

Macro Flow Chart - one symbol for each major logical
function; one symbol per routine.

Micro Flow Chart - one symbol for a series of instruction
within a routine; one symbol for
several instructions.

Absolute Flow Chart - one symbol for each instruction.
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Coding

Coding is the statement, in machine-acceptable language, of the logic
described in the flow chart, Coding must be written legibly and accurate-
ly to minimize key punch errors. You will follow this sequence in which
basic program components will be organized to permit the standardization of
program continuity:

Program Description

Standard Halts and Non-Standard Halts
Housekeeping Routines

Input-Output Routines

Main Logie

Work Areas

Special Subroutines

Test Preparation

Test data, used to verify the accuracy and reliability of a program in
meeting the requirements of program definition, shall be developed during the
first two programming tasks. As decisions, logic tests and control functions
are considered, test data shall be prepared to verify logic and coding. Test
data should be reviewed by someone familiar with the problem definition to
insure that no obvious condition has been overlooked. Test cases shall be
used for desk checking the program logic. The flow of logic will be checked
by processing simple test data in the dry run mode. Key punch, coding and
logic errors can be detected in this way. You are responsible for preparing
the test data and organizing the test plan.

Program Testing

A program with test data and operating instructions is submitted to
the operations section for test (or assemble or list as the case may be).
Sufficient past test information should be called for to provide a clue to
your trouble if the test failed. This includes memory dump, register ad-
dresses, and the output. You should,, after each test, record the results
and measure your progress with regard to the overall test plan, When all
requirements are met, the test data and test output are retained in the pro=-
gram documentation. To be sure you have understood and satisfied all the
program specifications, review the test results with the program director.

Daily test sessions are provided for testing and assembling programs.
This period, under the supervision of the machine room, is not a time for
prograrmers to operate the 1401, Programmers may make arrangements with the
Operations Supervisor for machine time.
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Documentation

Descriptive material is compiled throughout problem analysis and pro-
gram developments., The final task is to review, organize and edit for ac-
curacy and legibility all this information included in the permanent program
record. Important points of logic should be clearly defined; the purpose and
capabilities of the program described in non-technical language. All this
documentation is collected in a Program Manual, and includes:

Problem Definition
Program Definition

Flow Charts

Input, Output Layouts
Formulas and Equations
Assembled listings

Test Data and Test Results
Operating Instruction
Program Abstract
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Programming Standards

Programming standards, established in the common program areas of flow
charts, organization, coding, testing, provide consistent, reliable proe
gramming techniques. These standards are the starting point for a good pro-

gram,

Flow chart terminology and practice, adapted for computer use, acquire
new meaning and application, Our symbol definitions when used intelligently
gives the necessary information demanded of a flow chart.

Mnemonic or uniquely systematized labels are not built on the general,
underlying principles required to accommodate a large number of varying labels.
Standard labels eliminate the need for each programmer to build his own system.
Private label systems are incomplete, quickly become meaningless, change be-
tween programs, and defy the exchange of information. Private labels will not
be used.

Each section in Chapter 3 is important; you should understand and practice
them all in each problem you do. They eliminate the unrelated detail associ-
ated with the clerical tasks of programming,- free the programmer for the im-
portant job of problem solving. Your success will depend on how you understand
and accept these principles,

Logic Design-Flow Charts

A flow chart, the picture representation of a problem to be put on a
computer, and the basic flow of information shows the sequence of operations
performed by a computer in the execution of a problem. A4n operation usually
consists of a number of program steps,

A flow chart must have a set of symbols to show the following:

(1) The kind of operations to be performed.

(2) Changes in the sequence of operation as the result
of a test.

(3) Changes in the sequence of operation as the result
of modifying an instruction.

(&%) Explanatory information and initial conditions,

(5) Connection links to a part of the problem which
is continued on another page.

Two kinds of flow charts are referred to in this manual. The macro flow
chart shows: the major operation symbols in their logical context within the
general construction of the problem; the major decision points, inputs and
outputs, major starts and halts; the over-all considerations of the problem
and how they tie in and relate to each other, This is the initial statement
of what the problem is and how to solve it,
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The micro flow chart develops in detail the contents of each major
operation symbol, A major operation involves the logical operations of
arithmetic storing, comparing, branching., The micro flow chart shows with
symbols and explanation the precise logic to solve the problem. Each symbol
and its contents must give the necessary information so that the program may
be written directly from the micro flow chart, A well prepared micro will
be so clearly drawn that a programmer may write the program without hesita-
tion. The work of a program is in the flow charts; the coding is a matter
of writing only.

A third level, referred to as an absolute flow chart, shows each pro-
gram step in a symbol, To explain a complex decision operation this degree
of detail may be necessary.

A flow chart identification system assigns an alphanumeric code to each
symbol, This code becomes part of the branch label to insure a direct cor-
relation between coding labels and flow chart symbols. The micro flow charts

are developed at a level allowing the programmer to code directly from it
even though each symbol represents more than one instruction.

Flow Chart Symbols

The following flow chart symbols shall be used.

Stari Stop Symbol

HALT This symbol is used to indicate starting
WS0002 and stopping points in the program

] For a "hard" halt (no further processing),
the arrow returns to the circle.
OFF

Test Symbol

This symbol is used for all test and branch
= instructions, It indicates a logical choice

in the program based upon a decision. The

normal flow of logic should be from the top

# to bottom, the exception going to the right.

A special use of this symbol is to test the

condition of a switeh. The initial state of

the switch is shown in ( ) inside the symbol,
ON .
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& "DO" Box
COMPUTE This is the all-purpose symbol to illustrate
I LINE specific operations.,
'Set, Symbol

This symbol indicates setting of switches,
index registers, and address modification.
It does not include within it the limit test
which normally follows or precedes this
symbol.

Input-Output Symbol
This symbol indicates all input-—output
PRINT .
operations: read, print, punch.

Connectors

This is a connector; the arrow points
generally in the direction of the entry.
The next operation is Alé,

The next operation is on page 3, symbol C7.

This is an entry, normally placed out of the
main logic flow,

beef@ -

This symbol indicates transfer to a programmed

routine which includes the return transfer

back to the original point of exit in the flow-

chart. In this example, X2 is the start of a

routine which, when completed, will transfer

A3 back to A3. The routine at X2 may be large and
complex, ‘

|
®

THIS PATH Flags

E\":REDNF%II\RIS’ :3 This is an assertion box used to provide more
] information than is given in the flowchart

symbols.
Index register flag, index register number in
the flag., This symbol is used whenever index

L registers are used,
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Symbols help to graphically illustrate a problem and how it is solved.
Decision points and input-output operations are easily found, since these
are the most likely places for changes., The symbols are not sufficient in
themselves, however, and pertinent documentation in the symbols, and flags,
must be used.

Flow Chart Conventions
(1) The Standard Symbols shall be used to describe logical functions.

(2) The Standard financial and data processing notations and authorized
abbreviations shown in the Appendix shall be used.
A legend page must define all exceptions to these standards.

(3) A macro flow chart shall be drawn for every program. It shall
identify and illustrate every logical operation with a separate
symbol., Each program shall be divided into at least five and no
more than 17 logical operations; the macro flow chart shall be
diagrammed on one sheet of 8 1/2 x 11 inch white bond paper.

(4) An alphabetic A-Z code shall be assigned in sequence to each symbol
on the macro flow chart. The following letters will not be used: I,
g, Q, U, and V. These are either reserved for special purposes in
the Standard lLabel System or are restricted because of the tendency
to confuse them with other handwritten alphabetic or numeric characters.

(5) A micro flow chart shall be drawn for every significant operation
shown on the general flow chart. It shall illustrate the logical
process that occurs within each major operation. This level of flow
chart shall specify the linkage between operations. Each micro chart
may contain up to a2 maximum of 99 symbolic figures and shall be on
one side of 8 1/2 x 11 white bond paper.

(6) BEach micro flow chart shall be identified by the alphabetic code of
the symbol on the general chart which it represents. Every symbol on
the micro chart shall be assigned a two-digit numeric code 1-99.
Every symbol is identified by a three~digit numeric code.

Digit 1 - Alphabetic code assigned to macro flow
chart symbol

Digit 2-3 Numeric code assigned to micro flow
chart symbol

(7) Every page shall have an identification block (2" x 3") in the upper
right-hand corner of the page. It shall contain

program name and number
block letter and functiocnal name
programmer's name
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(8) Both levels of flow charts must accurately and consistently repre-
sent the program logic. They must be updated with all changes
made.

(9) - A1l connectors and entry points must be shown and identified.
All input and output operations shall be shown as distinct
symbols on the macro flow chart and shown in micro flow chart
form when other than a single instruction is required.

(10) Each symbol shall contain a brief description of the logic it
represents. Standard notations and abbreviations shall be used.
(see Rule 2)

(11) A closed subroutine shall be illustrated as a separate operation.
(12) Flow charts shall read from top to bottom.
Program Organization

General groups of operations such as housekeeping, input, output, main
logic, work areas, accumulators, counters, and constants which occur in
every program, shall be found in the same place in program coding sheets,

The SPS card allows two digits for page numbering: The following
page numbers are assigned to specific operationse.

Coding Sheet Sequence

(1) Page 00 Comments: Program title and identification
Programmer name
Assembly date and number of
assembly
Console set up conditions
Componznts used, punch, reader, printer
Radial stackers if other than normal
Punch and normal read
Special 1403 instruction
carriage control tape
alpha numeric print chain
6 or 8 inch vertical spacing
Restart address
Halts identified by label, I and A
address and cause
Comments cards describing the program
at some length
Input cards identified by type, name,
code

(2) Pages 01-10 Housekeeping
Standard Halts
Normalizing of counters, switches,
connectors, accumulators
Print registration routine
Memory print out routine



(3) Pages 11.20

(4) Pages 21-30

(5) Pages 31-80

(6) Pages 81-89

(7) Page 90

(8) Pages 91-99
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Input; cards read, tested for
sequence or code and the input
stored in work areas

OQutput; transferred from compute work
areas to print areas, edited and
printed

Main Logic

Work areas usually set by a DCW.
A separate page for each category
of work area should be used.

ACCUMULATORS and COUNTERS are work
areas set aside in which to do
arithmetic operationse

CONSTANTS such as numbers, edit words
and alphabetics to be printed in the
heading.

Memory Layout

Input-output areas, index registers, and machine timing bits occupy
fixed positions of core memory. Other positions are assigned to constant-
ly used program operations. The 4000 positions of core are assigned as

follows:

From

0001

0082
0087
0092
0097

0101
0182
0187

0201

0334
0338
0342
0346
0350
0354
- 0358
0362
0501

To
0000

0080
0081

0086

0089

0094

0099

0180
0186

0199
0332

0337
0341
0345
0349
0353
0357
0361
0500
3998

0010

0200
0333

3999

Use
Reserved for machine read timing and parity
check
Card Read Area
Record Mark, set by program
Parameter Card Count
Index Register 1
Index Register 2
Index Register 3
Reserved for punch timing and parity check
Card Punch Area
Line Print Count
Machine Utilization Routine
Cleared by print area clear
Print Area
Blank to clear print area
Standard Halt 1
Standard Halt 2
Standard Halt 3
Standard Halt 4
Standard Halt 5
Non-Standard Halt
Non-Standard Halt
Memory Correction
Housekeeping, main program, constants and
work areas
Not available
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Coding

Coding involves writing instructions from flow charts; assigning labels
to branch points, areas, constants, halts; and writing comments, punched in
cards along with the instructions, to describe constants, steps and opera-
tions in the program.

Character Writing Standards

Numbers and characters may be misread by key punch operators when
penciled coding sheets are being keypunched unless care is used in writinge.
The following style of writing numbers, alphabetics and special characters
will be used.

Numbers
12345678 90

Alphabetics
ABCDEFGHIJKLMNOPPRS TUVWXYEZ

Special Characters
(These eleven are standard on keypunch)

& 12 ampersand (plus zero)
0-3-8 comma
12-3-8 period

12-4-8 lozenge

11 dash %minus Zero)
11-3-8 dollar sign
1l-4~8 asterisk

0-1 slash

O-4-8 per cent sign
3-8 pound sign

L-8 at sign

D XA kel [Jeo

In addition to the 10 numbers and 26 alphabetic characters the 1401
understands 28 additional special characters.

The 6 bit binary coded decimal arrangements permits 64 different code
patterns, Special characters are names given to different code patterns,
apart from the numbers and the alphabet, which are usually odd multipunch
codes in the card. If punched into a card they will be read by the machine.
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They may be used in aritimetic but will give hash results. They may be
compared, moved, or used as a d-modifier; some will print, all will punch,
and some are operation codes.

The special characters listed below are in low tovhigh collating sequences:

Card Code

12.3.8
1248
12-58
12.6-8
12.7-8

12
11-3-8
11-4-8
11-5-8
11

0-1
11-7-8

D~ «w— % H A~ T

blank

period

lozenge

left parenthesis
less than

group mark

ampersand

dollar sign
asterisk

right parenthesis
semi colon

minus

slash

delta

-H-nh’jv" @ O =3 = |A-

Card Code
0=3=8 comma
0-l48 percent
0-5-8 equal, word spearator
0-6-8 apostrophe
0-7-8 tape segment mark

cent (program
generated)
pound sign
at sign
colon
greater than
tape mark
plus zero
minus zero
record mark

The following letters will not be used to tag a flow chart symbol:

too easily
too easily
too easily
too easily
too easily

< cCcoOw™H

Labels identify program entries in coding.

confused with 1 (one)
confused with O (zero)
confused with O (zero)
confused with V
confused with U

Labels

SPS allows for a 6 digit

alphanumeric label which becomes a machine address in a subsequent operation,
All of our labels will be 6 digits.

The following table, describing our label system, provides maximum in-
formation about the referenced area, branch point, constant, or halt; it is
directly related to the flow chart identification; it provides for every pos-

sible label.
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STANDARD LABEL SYSTEM

Character | Char,
1 2 A-Accumulater R-Read card area X-Index Register
Area C-Counter T-Print area
P-Punch card area W-Work area
Z 3-4 Size of area; positions of core
5=6 Sequence number
Branch 2 Block letter from macro flow chart
point
T) 3=l Block number from micro flow chart
J 5-6 Sequence number
Constant 2 A E H L M S T X
Address Edit : s :
Constant | word Heading |Literal|Message | Numeric|Switch |Table | Others
K 3=l Size of constant
5 Number Size,
of
Sequence decimals value of
number m Heading conosﬁant
6 number [line No, Sequence Number sequénce
number
Halt 2 H-absolute (hard), or dead end halt; S-intermediate, soft halt
H 3-6 Sequence number
Character 123456
Area ZA1207
Branch point BC1903
Constant KAO0304
Halt HHOOO1
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Area

An Area is a section of memory, defined by a DCW, DC, or DS statement,
used for storing input-output data, results of calculations, or a field in
which to perform arithmetic.

An Area may comprise:

ACCUMULATORS to add, subtract, multiply, or divide.

COUNTERS, a special form of accumulator, used for sequence
numbering and loop control, Usually they will be
only of two or three digit capaecity.

PUNCH CARD AREA, the storage area of a field prior to being
transferred to a punch field. The linkage between
the punch card area and the punch field would con-
stitute a variable type of output format.

READ CARD AREA is the storage area to which a field is transfer-
red after card read and before processing,

PRINT AREA is the storage area of a field prior to being trans-
ferred to a print field., The linkage between the
print area and the print field in columns 201-332
constitute a variable type of output format.

WORK AREA, the storage area for holding temporarily results of
arithmetic operations.

INDEX REGISTER, a special type of counter.

Branch Point

A BRANCH POINT is the instruction to which the program branches as
the result of a successful test,

Character 1 is B
: 2 is the macro flow chart block letter
3-4 is the micro flow chart block number
5-6 is the sequence number

Constants

A.constant is a value or field which is not subject to change. The
gxceptlon to this is a switch which may be in one of several states depend-
ing on action taken as the result of a test.

ADDRE&S CoggTANT is a 3 position core storage address defined

y a DSA,

EDIT WORD is the control field containing the punctuation for
the printed output data and the zero for automatic control
of zero suppression. KE 0821 b,bb0.bb

READING is alphabetic and numeric information for printing head-
ings on blank paper prior to tabular listings.

LITERAL is an alphanumeric constant,
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MESSAGE is alphabetic and numeric information which is subject to
print under program control to inform the operator of a
condition such as "last card has been processed", which can
be determined by program testing.

NUMERIC is a numeric constant.

SWITCH is a one position field which can be tested and altered as
a result of test.

TABLE is a list of values in order by some argument to be referred
to for a particular value in the list.

OTHERS which do not fit this scheme, to be identified by an X in
character 2 and the size, or value, or name of the constant
in characters 3-6., Any program entry which defies the standard
label system may be assigned a KX xoxx label,

Halts

Standard Halts shall be located in memory in positions 334.353. All
Halts shall be four-position instructions. The A operand of absolute halts
(hard halts) shall contain the address of the halt instruction's operation
codes The A operand of temporary halts (soft halts) shall contain the ad-
dress of the instruction to which the branch is taken after corrective action.
An absolute halt condition precludes any further processing; a temporary halt
condition indicates that a processing stage has been campleted and that operator
intervention may be necessary before processing can be continued.

There are five Standard Halts:

Memory Positions Label Instruction Condition

334-337 HH 0001 H 0334 Final Halt
338-341 HS 0002 H aeme Restart

342345 Hb 0003 H emew Sequence Error
346349 Ho 0004 : Q— Error

350-353 HS 0005 ); Q— Print Registration

Non-standard halts may be developed by the programmer when necessarye.
They must, however, conform in format and content, and will be assigned
memory locations following the standard halts., Non-standard halt labels
shall be numbered in sequence with the standard halts. The second character
of the halt label shall be H to indicate hard halt; S to indicate soft halt.

Comment Cards

Comment cards are to be used throughout the programe At the beginning
they will describe the problem, list options and switches, describe forms,
input cards and stacker selection, output punched cards and stacker selec-
tion. This will also be part of the run manual, Do not abbreviate in comment
cards.

Interspersed in the program, comment cards will describe segments of
the program, and what loops go in or out of the segment.
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In debugging put in an unconditional branch to the next segment at the
end of each segment; these are to be removed before final assembly of ob-
ject deck. After this unconditional branch DCW descriptive cards of the
segment will show in the memory dump as comments. These are to be removed
before final assembly.

The switches indicated in the first paragraph are the last card switch
and any internal switches set by a card.

Comment cards appear only in the listing, taking no space in memory. The
listing will be part of program documentation, the original coding sheets will
not.

Comments cards, preceding the coding, will specifically describe the
following:

Bach routine represented by a macro flow chart symbol.

Special programming and mathematical techniques.

Each phase of a multi-phase program, summarizing the
purpose and relationship.

Significant input, output, work areas.

Decision, control and exception processing.

The first page of coding will contain the following information:

Program name and number

Programmer name

Brief description of problem

Brief description of program

Formulas

Special codes

Special instructions

Input and output devices used

Identification of input

Identification of output

Restart address

Halts, cause and summary of corrective action

High-order position of memory used

Console setting

Estimated average run time

NN NS
o E WD
P N S

Program Testing

Program Testing answers these two questions: Have we met the job re-
quirements? Have we made an accurate translation in programming? Testing
is done for (1) elerical errors such as wrong keypunching, incorrect constants,
insufficient area and counter capacity; (2) interpretive errors in coding from
the flow chart; (3) logic errors in the flow chart; (%) validity errors in
the original understanding and statement of the problem.

Clerical errors plague us all and can best be eliminated by careful
writing and thorough preliminary planning of all the factors involved in
arithmetic, storage, editing and printing.
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Interpretive errors evolve from insufficient documentation of micro
flow charts, Tbe micro chart should show enough detail, in both words
and symbols, to permit coding directly without stopping to work out further
logic, Elimination of this kind of error comes with using and writing flow
charts. A good flow chart explaining exactly what is to be done is difficult
to draw.

Logic errors result from a misunderstanding about how an operation works
or how it ties into subsequent operations. It usually comes from trying to
imply too much in an operational symbol of the micro or, just the opposite,
from an absolute flow chart of every instruction which gives no clear-cut
separation of operations. Complete certainty about the operation and accurate
diagramming will eliminate logie errors,

Validity errors involve the entire problem logic as distinguished from
the preceding errors which are concerned with program logic. Understanding
of the entire problem field and the relative position of your program in the
field will greatly reduce the chance of this kind of error.

Testing begins once a program has been coded. Desk checking of each
segment, SPS pre and post list, and label table are all first level aids
in weeding out clerical, label and interpretive errors. Testing will pro=
gress along the flow of macro logic. Take advantage of memory print outs,
interrogate memory, and stop at the end of a macro logic block to print out
positions of core. Testing a program for accuracy and validity can take as
much time as all the other tasks.

Testing

Considerable care should be exercised in the preparation of sample data.
Test cases should be constructed to allow progressive checking of each
logical branch within the program. It is vital that test data include all
necessary code punching and control fields., The volume of data should be
held to a minimum to facilitate testing. Actual data should not be used
until artificial test samples run correctly. Repetition of data should be
avoided, as it wastes machine time and increases the time needed for prepara-
tion. The block diagram should be checked using cases prepared to test all
possible conditions. These cases should then be used for testing.

Although the output of one run may become the input to a subsequent
operation, it is unwise to plan on using this output, until the program is
fully tested.

Location of program errors is not an exact science., It is a matter of
applying logical reasoning processes to the available evidence determining
which program steps did not accomplish the expected result. The best approach
is to locate a point at which the program was functioning correctly, then
check each succeeding step up to the error halt. In many cases, the real
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cause of the error will be found at a point in the program much earlier
than the stop. The error may have created a condition, such as unintention-
ally changing an area of program storage, which caused a subsequent opera-
tion to be performed incorrectly.

A methodical approach will accomplish far more than random theorizing
as to possible causes, Examination of the memory printout will usually give
a quick answer as to the incorrect condition causing the halt. The problem
is to find out what created the incorrect condition. Tracing the program
step-by-step to locate the error is a tedious task and sometimes quite
frustrating. In many cases, a person other than the programmer can locate
errors faster and easier. The best rule is to assume that every step is
wrong until examination of the contents of storage proves otherwise. Refer-
ence to the block diagram and listing of input simplifies the job.

Progressive checking should start with the simplest example of input
data to prove out the main flow of logic. Once we have arrived at the end
with correct figures for the very simplest case we then progressively add,
one at a time, each condition planned for in the program. In the micro
block this will be a test of both exits of a decision symbol. In the macro
block this will show the variations of input and output.

A test plan will be used to focus your attention on the step-by-step
sequence of operations to be checked., Often, it is enough to know you ar-
rived at a certain address. Other times you will need to know the results
of arithmetic. Work out a schedule based on success but with check points
along the way listing the address or results you expect. Use the test plan
form. Record your progress. When the program is completely tested, sum-
marize the number of tests, the number of errors, and what they were,

Common Coding Errors

1. Presence or absence of word marks as a result of prior operations
Absence of B-field word mark in compare operations
Improper setting and clearing of word marks
2. Edit control word shorter than field to be edited (data field)
3. Loss of high-order zone bits when modifying addresses by subtraction
4, Different length fields when comparing
Signs in units position causing incorrect compare
Signed fields compared to unsigned fields
5. Key punch errors: 2 and Z, 5and S, L and I, 0 and ¢
6+ Address arithmetic and character adjustment errors due to
faulty counting or program revisions
7. Undefined symbolic operands
8. Lack of A-field W for Move and Suppress operation
9. Improper setting and clearing of record mark



10.
1l.
12.
13.
14,
15.
16,
17.
18.
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Incorrect labels on instructions causing wrong indexing in assembly
Constant areas overlapped with program

Attempting to partially chain operations other than Move and Load
Wrong d-modifier

Failure to provide exit from a loop under all conditions

Confusion on Hi-low-equal compare

Last card test

Arithmetic overflow

Loop control counter off by one

The following documents will be complete, accurate, and available be-
fore any test data is run.

(1)
(2)
(3)
(4)

A WL NS g

5
6
7
8
9

Flow charts

Card, storage and print layouts
Camage control tape
Operating instruction

Sample output data

Utility routines needed

Test data

Test plan

Source deck for assembly or
object deck for test

Testing Procedure

You will follow the following procedures when submitting programs to
the machine room for test or assembly.

(1)
(2)
(3)
(%)
(5)
(6)

(7)

Fill out a green TEST card and put in front of deck.

Source and assembly decks will be punched in SPS cards.

Test data cards will be plainly marked TEST DATA,

program #

The control ca.rd must be punched with the date and programmer's
initials in columns 40-55,

Operating instructions if more detailed than called for on
the TEST card,

A memory print out shall be produced at the end of each
test run,

Test assembly periods are scheduled once a day. Programmers
are not permitted to operate the 1401 during these test
periods. Programmers will have access to the machine after
all daily work is done. Arrangements must be made with the
machine room supervisor,

All test and assembly material will be returned to the
programmer by the machine room.

Programmers will review their testing and programming ac-
complishments at the end of each week.
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Documentation Standards

Program documentation presents in accessible and intelligible form all
relevant information concerning a computer program.

This information is used for different purposes according to the in-
dividual needs of those reading the documentation for instruction, The
machine operation will be concerned with operating instruction and input key
punching instruction. Company management is interested in an abstract de-
seribing the program, its limits, and its capabilities. A programmer wants
to find clearly drawn flow charts and documented listings to speed changes
and additions. The program director needs this in a neat, clean, pre-
sentable package.

A1l this material must be collected in logical, usable sections to be
readily accessible without limiting its effectiveness, This is your re-
sponsibility. .

Contents of Program Manual
The program manual is divided in three sections: general information,
operating instructions, programming. It contains all the documentation.
In outline form, the following summarizes the content,
I. General Information

(1) Title page, showing program name, number,
programmer, date completed

(2) Revision page

(3) Table of contents

(4) Problem definition, a written description

(5) Problem analysis, an analytic description, showing:

input faetors; numerical analysis; examples
of all calculation, size of all factors
involved, rounding, limits of numbers;
formulas - a relationship expressed in
algebraic symbols; equations - a relatione
ship expressed between factors and results;
varisbles defined.
(6) Program abstract

II. Operating Instructions

(1) Machine set up: console, reader-punch, printer

(2) Carriage control tape

(3) Forms and cards to use

(4) Programmed halts: I, A address, reason for halt,
corrective action

(5) Restart address
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6) Operating instructions

7) Average run time

8) Sample of output

9) Input key punch instructions

III. Programming

(1) Program definition
(2) Macro flow chart
(3) Micro flow chart
(4) SPS post list

(5) Label table

(6) Subroutines used
(7) Memory layout

(8) Print spacing chart
(9) Input, output card layout
(10) Test data

(11) Sample content

The outline summarizes the minimum required information included in
the program manual but this does not preclude other useful information de-
veloped in the course of programming, If switches are used extensively,
include a list describing this function., If a multipurpose program, show
relationship between factors, The criteria of additional information is that
it be useful,

Final review and approval of the finished program manual will be done
by the program supervisor.

Operating Manual -

The Operating Manual (the first two sections of the Programming Manual)
is the best source of information that the computer operator has, If he is
to do a good job running the program we must furnish him with pertinent ine-
formation, and we must anticipate difficulties he is likely to encounter and
give him instruction for corrective action.

The success of a program is reflected by the operation., A good job of
programming means simple, well directed instructions for preparing the card
input, precise machine set up directions, and proper identification of the
output. These factors contribute significantly to an accurate product pre-
pared consistently and reliably.

Disposition of Documentation and Program Cards

Two copies of the Program Manual and one copy of the Operating Manual
will be submitted to the program library when the program has been completed.
One copy of the Program Manual will be kept in the library. The second copy
will be kept in a separate location for safe keeping. The Operating Manual
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will be kept in the machine room,

Program Cards
Source Deck : one 1nterpreted copy of each deck
Assembled Deck ¢+ will be filed in the programming
department

Condensed Deck four copies of the condensed deck will
be made, two copies for the machine room,
one copy to be filed in the programming
department, one copy will be kept in a

separate location for safe keeping

-

A1l program cards will be labeled: on the first card with program identi-
fication number, date, F/C; on the last card with program identification
number, L/C; on the top with program identification number. The condensed
cards will be color coded:

Accounting A blue
Bonds B salmon
Consumer Finance C green
Premium Charts P yellow
Schedules S pink

A carriage control tape will be labeled with the program identification
number and filed in the machine room.

Program Abstract

A program abstract, summarizing the documentation, gives essential ine
formation to non.programming members of the company. It will be brief, to
the point, and contain the following information:

Program name and number

Programmer's name and date finished
Purpose and features

Mathematical approach, formulas, equations
Relation to other programs

Input and output

Four copies of the program abstract will be typed; they will go te the
following places:

One to each of the two program manuals

One to a file of abstracts in the program library

One to a file of abstracts for general reference
Subroutine Documentation

In addition to information called for in the program manual, subroutine
documentation will include:
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Subroutine Name
Purpose
Description
Programming Procedures

a. OSubroutine call

b, Entrance requirements

¢c. Entrance

d, Exit conditions

e. Bxecution time

f. Length of coding

g. Constants

h. List of other subroutines referred

Operating Procedures
Flow-charts

Coding

Program halts
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Operation Standards

The machine room supervisor, guided by these needs, will schedule and
control the computer operation:

(1) one day's work be done before another is started

(2) schedules, consumer finance and bonds be run each
day

(3) test time be provided

The machine shall be attended while running and even effort made to keep
it running continuously with a minimum of lost time.

Programmers submitiing new programs to be listed, assembled, tested or
run, will use a green TEST card giving full instruction for each request.
Production runs will be submitted with a blue PRODUCTION card giving the
set up, estimated volume and time, and disposition of finished work,

Computer operators should become familiar with the operating details of
each program and have a general understanding of its purpose. The Operating
Manual, kept in the machine room, should provide this information and provide
corrective steps when an unusual situation develops. Incorrect or inadequate
information should be referred to the programming supervisor for correction
or clarification,

A machine time record will be kept, by day, showing the kind of work,
the amount done and the time to do it. Included in the kind of work are the
following: production; test time; down time due to machine malfunction;
maintenance; training; time lost due to data error, operator error, program
error; ribbon change. Time is measured in hours and minutes.

Program Library

The Program Library will provide program numbers and will be the place
where documentation of the program is kept. Material kept in the program
library will be:

(1) Program Manuals
2) Program Cards
3) Program Abstract-third copy
4) Program Change Record.second copy
5) Program Index
6) Inventory of Jobs in Process
7) Machine Time Records

NN\ NN
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Programmers will remove, change, and correct this material only with
the permission of the supervisor,

Program Change Record

Any alteration to an approved program will be done only with the pro-
gram supervisor's permission, Reason for the need and method of change will
be reviewed with the supervisor before the change is made. A Program Change
Record will be followed and added to the Program Manual. A second copy of
the Program Change Record with the detail program additions and deletions
will be filed in the Program Library to be added periodically to the second
copy of the Program Manual,
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Key Punch Program Card

The 026 Print Card Punch uses a program card to control duplicating,
skipping, alphabetic and numeric punching, field definition, and left
zero print,

The card code to do these are:

Card Code Function Card Code Function
12 field definition 1 alphabetic shift
11 start automatic skip 2 left zero print
0 start automatic duplication 3 print suppression

For keypunching the SPS cards we have two program cards, one for ine
struction cards, the second for constants and work areas where the proces-
sor assigns the address, The second card provides for a sign punch in
column 23,

A1] identification and page, line fields should be punched, All
punched columns should be printed.

SPS INSTRUCTION CARD SPS CONSTANT AND WORK AREA CARD
Punch Punch
Col 1 0, 2 (s) Col 1 0, 2 (s)
2 12, 2 (B) 2 12, 2 (B)
3 2 3 2
b5 12, 2 (B) 4o 12, 2 (B)
6 1 6 2
7 12 7 12, 2
8 1, 22 8 1, 2
9-13 12, 1, 2 9-17 12, 1, 2
14 1, 2 18 11
15-27 12, 1, 2 19.22 12
28 1, 2 23 2 (to force Ampersand to print)
29-39 12, 1, 2 24.39 12, 1, 2
1, 2 4o 1, 2
41 1z, 1, 2 4l.55 12, 2
56 1 56 11
57=75 12 57-75 12
76 0, 1 76 0, 1

77-80 12, 1 (1) 77-80 12, 1



Chapter VI

PROGRAM ABSTRACT

Program Tdentification

Programmer Date

Purpose of the program

Capabilities of the program

Mathematical description; formulae and equations

Reference to other programs

Configuration requirements; core size of program and special features
Type of input and output
Standard subroutines used



Program
Programmer

Change initiated by

Chapter VI

PROGRAM CHANGE RECORD

Identification

Effective Date

Change Number

I. Deseription of change:
Memory correction Change in logic Supervisor's initial
IT. Check list for revision By Date

Machine language working
SPS Source deck

Ob ject deck

Condensed deck

Iisting

Micero flow chart
Manuals

Test data

Tested Before and After
Test results approved
Other changes

Previous documentation updated

Program decks replaced

Librarian

Date
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TESTS: Date

Programmer:

'hmmm#‘

Sense switch A on:
Final Halt - I address:

Restart address:

Machine Operator:

PRE-LIST:
ASSEMBLE:
Iterations:
TEST:
Memory dump- BEFORE:
AFTER:
Punch output:
card type:
Tape #
Paper
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Numeric

Customer

To be Photographed:

Form:
Paper Aligmment: ILeft Slot
Paper Edge:
Wire Guide:
Tape
Return to

Final Halt - I Address:
Restart Address:

Machine Operator:
Date Out:
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MATHEMATICAL SYMBOLS
+ plus or positive
- minus or negative

plus or minus
- positive or negative

- minus or plus
+ negative or positive

or

multiplied by
divided by

equals

does not equal
congruent

greater than

less than

greater than or equal to
less than or equal to
similar

therefore

square root of a

nth root of a

=)
aai' IZ NV AV Il i e

nth power of a

o
3

™M

summation of

-
~—~
-

function of

(2]
—
~

contents of

>
<

increment of y

absolute value of a

C —
a 2

a, presence of a, as in Venn diagram

2
o

no a, absence of a, not minus a, as in Venn diagram



Chapter VI

MATHEMATICAL SYMBOLS OF FINANCE

% Percent

$ dollars

¢ cents

[ at

P Principal present value

j®) Nominal rate (P conversion periods per year)

i, j» * Rate of Interest

S Compound amount of $1 for a periods
S = (1+)n
n Number of periods
v Present Value of $1 (n periods); V' = 1

aam

R Annual rent
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ALGOL, 28
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Assembly, 12, 112-113
set-up time, 219
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Association for Computing Machinery,
25
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and control standards, 102-103
installation, 13

Block diagrams,
coding standards, 77-78
complexity, 73-77
standards, 71

Budget, 310-311

Card layout standards, 43-46
Character writing conventions, 78-82
Closed shop testing, 123-124
COBOL, 28, 258
Coding, definition, 12
Coding scheme, 77-78
Coding standards, 82 ff.
format, 85
1401 Iabel system, 87-93
method, 85-87
mnemonics, 84-85
program organization, 94-99
Compiler, use of, 20-21
Compiling (assembly) time, 213-216
set-up time, 219
Complexity, 78-77, 207-208
Control coding, standards in, 57
Control functions, 160 ff.
data control, 165
data coordination, 165
dispatching, 163-164
report distribution, 165-167
scheduling, 161-163

Conversion, 13

planning, 19-21

programming cost, 309

task grouping, 252
Cost accounting, 237-245, 314-315
Creativity and standards, 29

Data processing,
cost of, 6
glossary of terms, 38-39
growth of, 2 ff.
implementation tasks, 7-14
job descriptions, 345 ff.
organization structure of, 30-31
personnel requirements, 3-7, 350-351
skill requirements, 4-5
Data Processing Management Associa-
tion, 25
Demonstrations, 231
Desk checking, 112
performance standards, 251, 253
testing standards, 115
Diagramming method, 73

'Dispatching, 163-164

Document and procedure analysis,
standards in, 50-54
Documentation,
contents of, 129 ff.
operating manual, 131-139
programming manual, 139-143
reasons for, 127-128
sample manual, 143
types of, 129
users of, 128-129
Dry run, 115 ’

Emergency procedures, 171
Equipment, performance standards,
and program parameters, 206-208
compiling (assembly) time, 213-216
demonstrations, 231
general approach, 206
ground rules, 205
idle time, 281-232
maintenance, 226-227
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productive time, 209
rerun time, 229-230
schedule, development of, 232
set-up time, 216-221
tape testing, 230-231
test time, 221-226
training, 231
utility failure, 227-229
Equipment, selection of, 9
Equipment utilization, use of data on,
233 ff.
as guide to management action, 245-
247
comparison of actual with standard,
233-236
cost, rental, and service accounting,
237-245
personnel, effectiveness of, 236-237
punched card, 334
quality, measures of, 247
trends, determination of, 245
Estimating, 307 ff.
Exception procedures, 170-171

Financial Publishing Co., Manual of
Standards, 353 ff.

Flowcharting, standards in, 57-64, 318-
321

Format rules, 71-72

FORTRAN, 28, 37, 85, 261

Grant, E. L., 229

Halts,
machine failure, 106
programmed, 104-105
standard, 105-106
Hollerith, Dr. H,, 2
Housekeeping, 151 ff.,, 325-326
IBM 1401,
353 ff.
label system, 87-94
IBM 7080, standards for, 258-260
IBM 7090, standards for, 261-263
Idle time, 231-232
Incentives, personnel, 196, 283
Implementation tasks, in data proc-
essing, 7-14
International Standards Organization,
25

standards for, 255-258,
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Job descriptions, 345 ff.
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Key punch, performance standards,
335

Key verifier, performance standards,
335

Labels,
areas, 87, 89-90
constants, 87, 90-94
external tape, 170, 176
halts, 94
IBM 1401 standard label system,
87-94
instructions, 86, 89
Languages, level of, 348-349
Language standardization, effect of,
27-29
Layout, standards in, 42-50
Logical analysis, standards for,
block diagrams, 71
coding scheme, 77-78
complexity, 73-77
diagramming method, 73
format rules, 71-72

Machine operation,
emergency procedures, 171
exception procedures, 170-171
normal, 168 ff.
documentation, use of, 168
set-up procedures, 168-169
take-down procedures, 169-170
Macro logic, performance standards,
251, 253
Maintenance programming, 143
performance standards, 265
task grouping, 252
Maintenance standards, 226-227
Manual,
job specification, 64
operation, 131
programming, 139
standards, 27, 353 ff
standards, maintenance, 200
Memory layout, standards for, 48-49
Messages, 106-107
Micro flowchart, 61-64
Micro logic, performance standards,
251
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Monitor control, 218-219
Monte Carlo solutions, 212

National Cash Register Company, 54
NELIAC, 28
Notation, abstract, 54-57

Object organization, 95-98
Open shop testing, 123-124
Operations,
control functions, 160 ff.
data control, 165
data coordination, 165
dispatching, 163-164
report distribution control, 165-
167
scheduling, 161-163
housekeeping, 151 ff.
machine operation: exception and
emergency, 170 ff.
emergency procedures, 171
exception procedures, 170-171
machine operation: normal, 168 ff.
documentation, use of, 168
normal operation, 169
program set-up, 168-169
take-down procedures, 169-170
program library organization, 174-
176
supply functions, 173
tape library organization, 176-180
time recording, methods of, 153-160
Operator decisions, 107-108
Operators (See Personnel, operating)

Pagination, standards for, 85
Parallel operation, 13, 114-115
Parameters,
program, 206-208
systems analysis, 292-293
wiring, 339-340
Performance standards, other uses of,
budget, 310 f.
for new development program,
311-312
cost accounting, 314-315
estimating, 307 ff.
cost, comparative, 307-309
future needs, projection of, 305-306
schedule, development of, 304-305

INDEX

staffing, 299 ff.
experienced personnel, standards
for, 301-302
personnel, continued evaluation,
304 '
sources of, 300
trainees, standards for, 300-301
training, evaluation of, 303-304
training, standards for, 302-303
Personnel, operating, standards for,
236-287, 291-292
Personnel, programming,
for,
and management action, 283-284
maintenance programming, 265-267
performance,
evaluation and use of data on,
277-282
gathering data on, 268-277
performance measurement,
other techniques, 289-291
quality, concurrent measures of,
284-289
schedule, development of, 267-268
Personnel requirements, 3-7, 350-351
Personnel, systems analysis, standards
for,
parameters of, 292-293
tasks of, 293
and time, relationship, 293-296
Power failure, 228
Problem definition, standards in, 54-
57
Proficiency testing, 290
Program change administration, 143 ff.
change procedure, 146-148
Program library organization, 174-176
Programmers (See Personnel, pro-
gramming)
Programming,
audit and control standards, 102-103
character writing conventions, 78-82
coding standards, 82 ff.
format, 85
1401 label system, 87-93
method, 85-87
mnemonics, 84-85
program organization, 94-99
control over operations
machine failure halts, 106

standards



INDEX

messages, 106-107
operator decisions, 107-108
programmed halts, 104-105
set up and take down, 103-104
standard halts, 105-106
documentation,
contents of, 129 ff.
operating manual, 131-139
programming manual, 139-143
reasons for, 127-128
documentation,
sample manual, 143
types of, 129
users of, 128-129
logical analysis, standards for,
block diagrams, 71
coding scheme, 77-78
complexity, 73-77
diagramming method, 73
format rules, 71-72
personnel  (See Personnel, pro-
gramming) '
program change administration,
143 ff.
change procedure, 146-148
rules for, 99 ff.
general, 100
machine-imposed, 100-101
symbolic translator, 101-102
scope of, 69-70 -
standard techniques and routines,
124-126
testing and program validation, 110-
111
testing, description of types,
assembly (compilation), 112-113
desk checking, 112
parallel operation, 114-115
production (volume), 114
program, 113
systems, 114
testing, “open shop” versus “closed
: shop,” 123-124
testing, standards for,
conversion, 122
desk checking, 115-116
documentation, 122-123
production and systems, 121-122
program, 118-121
program preparation, 116
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test data preparation, 116-117
test data sequencing, 117-118
use of job specification manual, 70-
71
Punched card, methods standards,
operations, 324-333
systems analysis, 318-321
wiring, 321-324
Punched card, performance standards
data,
evaluation of, 43
gathering of, 342-343
equipment utilization, 334
operator and equipment, 334-338
quality, measures of, 343-344
schedule, development of, 342
wiring technicians, 338-341

Quality, measures of, 247
Report distribution, 165-167

Schedule, development of, 161-163,
267268, 304-305, 342
SHARE, 26
Site, preparation of, 6, 14
Staffing,
experienced personnel, standards for
301-302
personnel, continued evaluation, 304
sources of, 300
trainees, standards for, 300-301
training, evaluation of, 303-304
training, standards for, 302-303
Standards
definition of, 2
enforcement, 182-193
. installation, 182-193
manual of, 27, 353
role in management control,
benefits of, 23
need for, 7-22
sources of, 23-24
Standards manual, sample of, 353 ff.
Subroutines, standards for, 124-126
Supply functions, 173
Symbolic organization, 95
Symbolic translator rules, 101-102
Systems analysis,
methods standards in, 37 ff.
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control coding, 57
definition of terms, 38-42
document and procedure analysis,
50-54
flow charting, 57-64
job specification manual, 64-67
layout, 42-50 ,
problem definition, 54-57
punched card, 318-321
parameters, 292-293
performance standards, 292-296
scope of, 33-37
Systems  analysts  (See
systems analysis)

Personnel,

Tape layout, standards for, 47-48
Tape library organization, 176-180
Tape testing, 230-231
Testing and program validation, 110-
111
Testing, standards for,
conversion, 122
desk checking, 115-116
documentation, 122-123
performance, 251, 341
production and systems, 121-122
program, 118-121
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program preparation, 116

test data preparation, 116-117

test data sequencing, 117-118
Testing, types of,

assembly ( compilation), 112-113

desk checking, 112

parallel operation, 114-115

production (volume), 114

program, 113

systems, 114
Test time, standards for, 221-226
Time and motion study, 19, 204
Time recording, methods of, 153-160
Transmittal check list, 200

United States Government, 25
UNIVAGC, 2, 24

UNIVAC 490, standards for, 263-265
Utility failure, 171, 227-229

Variances, 204, 227, 236

Wiring and wiring technicians, stand-
ards for, 321-324, 338-341
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