




















































The effectiveness of an evaluation system is measured by the speed with 
which out-of-phase situations can be recognized and corrected. To permit 
this, PERT can be programmed on different computer systems. 

Network analysis should be in keeping with an established management 
policy regarding the level of risk to be assumed in meeting schedule dates. 
It may occur in the following manner: 

1. Analyze each component system within a subsystem independently, 
and compute all outputs on the basis of the component system only. 
(For example, analyze ballistic shell, propulsion, etc., each by itself.) 

2. Analyze each subsystem, and compute all outputs on the basis of the 
subsystems only. Analyze to show relationship within each subsystem 
only. 

3. Analyze the complete project, and compute all outputs on the basis of 
the �~�n�t�i�r�e� system. 

Upon completion of the analysis, top-level management or the technical 
direction staff may choose to (1) make adjustments and trade-offs in plans, 
schedules, resources, or performance specifications, or (2) test the effects 
of different decisions by simulating each on the computer. 

Continuous Operation 

The dynamics of the R&D development plan require that flow chart infor­
mation be current. PERT provides for this by requiring in-house managers 
and subcontractors to submit periodic reports from which changes are 
posted on a biweekly, monthly and quarterly basiso 

At intervals the manager or subcontractor reports on the status of all 
events that have been completed or scheduled for completion during the 
past two weeks. In addition he indicates' any anticipated changes, problem 
areas and corrective action to be taken. 

Monthly updating provides the means for examining those activities that are 
currently most critical. It does not affect the majority of the events in the 
R&D project. _ Therefore, it is necessary to evaluate the entire network 
quarterly. 

Essentially the same procedure is followed in revising flow charts quarterly 
as is used in setting them up originally. A team of representatives critically 
examines all events and times in the existing flow charts. Revisions and 
re-estimates are made whenever necessary. All changes are then con­
solidated according to standard procedures and incorporated in subsequent 
computer runs. 

Results of the quarterly updating provide management with information to 
re-evaluate the entire development and thus obtain a fresh prognosis. 
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As PERT is applied to more and more projects, it will be necessary to 
carefully plan the time at which reports will be submitted. Report cycles 
should be staggered for the various subsubsystems and components, with 
the biweekly, monthly and quarterly reports scheduled at different times. 
Such scheduling of reports should result in a constant workload with little 
week-to-week variation. 

DATA FLOW DIAGRAM - PERTTRANSMITIING BIWEEKLY REPORTS 
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Data Flow Diagram - PERT Transmitting Biweekly Reports 

Revised Plans 

Mter examining initial computer outputs for a particular component or 
subsystem, management may decide to develop and test hypothetical plans. 
Those events that are marked as "probably being reached ahead of schedule" 
indicate possible areas where resource trade-offs might be arranged. Events 
along the critical (zero slack) path indicate possible areas for reduction in 
performance r.equirements or increased resource application. 

If the schedule for a major event is jeopardized, it may be possible to 
replan and thus improve the outlook for meeting the schedule. This re­
planning could take the form of altering the sequence of events and thus 
postponing certain activities to a later point in time. For example, it might 
be possible in certain situations to forego some testing before a flight. 

23 



Thus replanning would not force the flight to await all the preliminary tests 
that were originally planned. 

In addition to the changes already mentioned, it is possible to set up the 
computer so that it will develop a new schedule based on some arbitrary 
set of criteria. 

Data on such changes can be read into the computer and the analysis quickly 
performed. 

Rescheduling Method 

One reasonable approach to rescheduling is to extend the scheduled date of 
the objective event. If the scheduled date of the objective event is changed, 
the latest times for all events must be recomputed. 

If the latest time occurs before the expected time, set the scheduled date 
at the latest time. Otherwise, set the scheduled date for the event at the 
point which maximizes the probability of its being met within the slack 
interval. This procedure is illustrated below. 

1. Slip Latest Scheduled Date 

2. Recompute All Latest Times 

c Id 
I 
I 

TOE 

To a Poi nt Between c & d 

At c: Pr Accomplishment =.25 (l chance in 4) 
At d: Pr Accomplishment =.50 (l chance in 2) 

A 

3. For Schedule of Interim Events -

Where TL < TE Set TS = TL 

TL ~ TE Set TS to Maximize 

Pr [e ~ TS~ R] 

After establishing the new schedule, appraise future possibilities by re­
computing the probabilities of "no slack" in the system. The use of 
probability varies among programs. For example, if the probability of 
no slack -is in excess of O. 5, redeployment of resources and/or changes 
in performance should be considered. If the probability is approximately 
O. 5, management should closely monitor progress. If the probability of 
no slack is less than 0.5, progress should receive only routine checking. 
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Scheduling 

By using this method of rescheduling, replanning becomes a continuous part 
of the PERT program. Therefore, program reduction is accomplished by 
replanning, elimination of desirable but unnecessary activities, the assumption 
of technological risk, or the utilization of parallel development. 

Although PERT is an effective management control tool, it is also effective 
as a scheduling tool by using the variations in probability as a basis for 
determining the expected time. 

When a PERT network is developed it must represent the plan for doing the 
overall task and the schedule must be realistic. Once established, it must 
be followed by the organization performing the activities. 

Intermediate milestone schedules are important since they generate targets 
or goals to be attained. They are essential for communication between 
people performing the work, suppliers, program management, top 
management and the customer. 

Establishing and maintaining a good schedule will require the following: 

• Constant evaluation of progress. 

• Good definition of activities. 

• Awareness of the effect created by a delay. 

• Events scheduled frequently. 

• A feeling on the part of persons who must meet the schedule that they 
helped to establish it. 

• Positive management direction. 

PERT will fulfill the first four of the above considerations. The last two 
factors can be achieved by making the individual or team feel that he has 
played a part in establishing the goal. The plan must then be accepted 
by management. 

The incorporation of a realistic scheduling system takes the guesswork out 
of setting schedules and provides many other internal schedules. There 
should, however, be only one schedule that is generated or checked by PERT. 

To be effective, the scheduling technique should be related to an established 
probability for a desired level of risk. By use of the expected time (TE), 
and by knowing the minimum probability that management is willing to 
accept on schedules for a given project, desired probabilities and the 
resulting expected t;imes (TE) for activity scheduling can be determined. 
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PART FOUR: Sample Network Calculations 

The network depicted on page 27 consists of 11 events and 15 activities. To 
evaluate this network it is necessary to calculate the mean time (te) for 
each work element and its variance from the three time estimates associated 
with each activity. From this data other computations are easily obtained. 
Examples of computation for each column are as follows~ 
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• Columns A and B are self-explanatory. 
• The values of te listed under column C are calculated by the formula 

t - a + 4m + b 
e - 6 

where a is the optimistic time, m is the most likely time and b is the 
pessimistic time. (Example: Calculate te for activity times between 
events 0 and 1. ) 

te = a + 4~ + b = 1 + 16
6
+ 26 = 7. 2 

• The values of CTte 2 listed under column D are calculated by the formula 

CTte 2 = [(b 6 a)] 2 

where b is the pessimistic time and a is the optimistic time. (Example: 
Calculate CTte2 for activity times between events 0 and 1. ) 

CTte2 = [(26; 11] 2 = 17.35 

• The values of TE listed under column E are calculated in accordance 
with the procedure on determination of slack. 

• The values of TL listed under column F are calculated in accordance 
with the procedure on determination of slack. 

• The values of TL - TE (slack) listed under column G are calculated 
in accordance with procedure on determination of slack. 

• The values of PR listed under column J are the probabilities of meeting 
the manager's specified scheduled date for the applicable event. 
(Example: Calculate PR for event 2.) 

Determine TS - TE _ 8-(7. 2 + 4.3) = -0.8 
CTTE - "/17.35 + 1.77 

In the above formula the expression TE is further defined by the ex­
pression of 17.35 + 1. 77, 17.35 being the value CTte2 (column D) for the 
activity between 0 and 1 while 1. 77 is the value of CTte2 (column D) for 
the activity between 1 and 2. By use of the normal probability tables 
on page 30, the PR value for a Z value of-O. 8 is o. 2119 • 

. Slack time for each event is listed in sequence from low to high under 
columns M and N. Column M lists the amount of slack for associated 
event listed under column N. 
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TABLE OF VALUES OF THE STANDARD NORMAL DISTRIBUTION FUNCTION 

z 0 1 2 3 4 5 6 7 8 9 

.0 .5000 .5040 .5080 .5120 .5160 .5199 .5239 .5279 .5319 .5359 

.1 .5398 .5438 .5478 .5517 .5557 .5596 .5636 .5675 .5714 .5753 

.2 .5793 .5832 .5871 .5910 .5948 .5987 .6026 .6064 .6103 .6141 

.3 .6179 .6217 .6255 .6293 .6331 .6368 .6406 .6443 .6480 .6517 

.4 .6554 .6591 .6628 .6664 .6700 .6736 .6772 .6808 .6844 .6879 

.5 .6915 .6950 .6985 .7019 .7054 .7088 .7123 .7157 .7190 .7224 

.6 .7257 .7291 .7324 .7357 .7389 .7422 .7454 .7486 .7517 .7549 

.7 .7580 .7611 .7642 .7673 .7703 .7734 .7764 .7794 .7823 .7852 

.8 .7881 .7910 .7939 .7967 .7995 .8023 .8051 .8078 .8106 .8133 

.9 .8159 .8186 .8212 .8238 .8264 .8289 .8315 .8340 .8365 .8389 
1.0 .8413 .8438 .8461 .8485 .8508 .8531 .8554 .8577 .8599 .8621 
1.1 .8643 .8665 .8686 .8708 .8729 .8749 .8770 .8790 .8810 .8830 
1.2 .8849 .8869 .8888 .8907 .8925 .8944 .8962 .8980 .8997 .9015 
1.3 .9032 .9049 .9066 .9082 .9099 .9115 .9131 .9147 .9162 .9177 
1.4 .9192 .9207 .9222 .9236 .9251 .9265 .9278 .9292 .9306 .9319 
1.5 .9332 .9345 .9357 .9370 .9382 .9394 .9406 .9418 .9430 .9441 
1.6 .9452 .9463 .9474 .9484 .9495 .9505 .9515 .9525 .9535 .9545 
1.7 .9554 .9564 .9573 .9582 .9591 .9599 .9608 .9616 .9625 .9633 
1.8 .9641 .9648 .9556 .9664 .9671 .9678 .9686 .9693 .9700 .9706 
1.9 .9713 .9719 .9726 .9732 .9738 .9744 .9750 .9756 .9762 .9767 
2.0 .9772 .9778 .9783 .9788 .9793 .9798 .9803 .9808 .9812 .9817 
2.1 .9821 .9826 .9830 .9834 .9838 .9842 .9846 .9850 .9854 .9857 
2.2 .9861 .9864 .9868 .9871 .9874 .9878 '.9881 .9884 .9887 .9890 
2.3 .9893 .9896 .9898 .9901 .9904 .9906 .9909 .9911 .9913 .9916 
2.4 .9918 .9920 .9922 .9925 .9927 .9929 .9931 .9932 .9934 .9936 
2.5 .9938 .9940 .9941 .9943 .9945 .9946 .9948 .9949 .9951 .9952 
2.6 .9953 .9955 .9956 .9957 .9959 .9960 .9961 .9962 .9963 .9964 
2.7 .9965 .9966 .9967 .9968 .9969 .9970 .9971 .9972 .9973 .9974 
2.8 .9974 .9975 .9976 .9977 .9977 .9978 .9979 .9979 .9980 .9981 
2.9 .9981 .9982 .9982 .9983 .9984 .9984 .9985 .9985 .9986 .9986 

3. .9987 .9990 .9993 .9995 .9997 .9998 .9998 .9999 .9999 1. 0000 

(Continued) 

z 0 1 2 3 4 5 6 7 8 9 

-3 .0013 .0010 .0007 .0005 .0003 .0002 .0002 .0001 .0001 .0000 

-2.9 .0019 .0018 .0017 .0017 .0016 .0016 .0015 .0015 .0014 .0014 
-2.8 .0026 .0025 .0024 .0023 .0023 .0022 .0021 .0021 .0020 .0019 
-2.7 .0035 .0034 .0033 .0032 .0031 .0030 .0029 .0028 .0027 .0026 
-2.6 .0047 .0045 .0044 .0043 .0041 .0040 .0039 .0038 .0037 .0036 
-2.5 .0062 .0060 .0059 .0057 .0055 .0054 .0052 .0051 .0049 .0048 
-2.4 .0082 .0080 .0078 .0075 .0073 .0071 .0069 .0068 .0066 .0064 
-2.3 .0107 .0104 .0102 .0099 .0096 .0094 .0091 .0089 .0087 .0084 
-2.2 .0139 .0136 .0132 .0129 .0126 .0122 .0119 .0116 .0113 .0110 
-2.1 .0179 .0174 .0170 .0166 .0162 .0158 .0154 .0150 .0146 .0143 
-2.0 .0228 .0222 .0217 .0212 .0207 .0202 .0197 .0192 .0188 .0183 
-1. 9 .0287 .0281 .0274 .0268 .0262 .0256 .0250 .0244 .0238 .0233 
-1. 8 .0359 .0352 .0344 .0336 .0329 .0322 .0314 .0307 .0300 .0294 
-1. 7 .0446 .0436 .0427 .0418 .0409 .0401 .0392 .0384 .0375 .0367 
-1. 6 .0548 .0537 .0526 .0516 .0505 .0495 .0485 .0475 .0465 .0455 
-1. 5 .0668 .0655 .0643 .0630 .0618 .0606 .0594 .0582 .0570 .0559 
-1. 4 .0808 .0793 .0778 .0764 .0749 .0735 .0722 .0708 .0694 .0681 
-1. 3 .0968 .0951 .0934 .0918 .0901 .0885 .0869 .0853 .0838 .0823 
-1. 2 .1151 .1131 .1112 .1093 .1075 .1056 .1038 .1020 .1003 .0985 
-1.1 .1357 .1335 .1314 .1292 .1271 .1251 .1230 .1210 .1190 .1170 
-1. 0 .1587 .1562 .1539 .1515 .1492 .1469 .1446 .1423 .1401 .1379 
- .9 .1841 .1814 .1788 .1762 .1736 .1711 .1685 .1660 .1635 .1611 
- .8 .2119 .2090 .2061 .2033 .2005 .1977 .1949 .1922 .1894 .1867 
- .7 .2420 .2389 .2358 .2327 .2297 .2266 .2236 .2206 .2177 .2148 
- .6 .2743 .2709 .2676 .2643 .2611 .2578 .2546 .2514 .2483 .2451 
- .5 .3085 .3050 .3015 .2981 .2946 .2912 .2877 .2843 .2810 .2776 
- .4 .3446 .3409 .3372 .3336 .3300 .3264 .3228 .3192 .3156 .3121 
- .3 .3821 .3783 .3745 .3707 .3669 .3632 .3594 .3557 .3520 .3483 
- .2 .4207 .4168 .4129 .4090 .4052 .4013 .3974 .3936 .3897 .3859 
- .1 .4602 .4562 .4522 .4483 .4443 .4404 .4364 .4325 .4286 .4247 
- .0 .5000 .4960 .4920 .4880 .4840 .4801 .4761 .4721 .4681 .4641 
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