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"CEXE1IE SUAMARY

This pilot study couputer simulation captures the

contributions of inexperienced and experienced personnel

to overall organizational effectiveness at the Aero-

nautical Systems Division.

The model is appropriately responsive to changes in

experience level, SPO leadership, priority, funding, and

other factors. Given a fixed number of total personnel

authorizations and a fixed percentage of inexperienced per-

sonnel, the model indicates that assigning the inexperienced

to the lower priority SPOs results in a maximum organiza-

tional measure of effectiveness (MOE). It also shows that

an assignment policy based upon both priority and funding

j level may have only small impact upon this high MOE.

Similarly, assigning all of the inexperienced to the high

priority SPOs results in a relatively low MOE. Improving

the SPO leadership increases the value of the MOE, but

cannot compensate for high percentages of inexperience.

The model can also assign SPO directors.

Since this is an unvalidated pilot study, the author

suggests that formal surveys be conducted along the lines

of those used in this study, that the model be modified and

1
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verified utilizing these new survey data, and that four

I SPOB be selected for a test. if the test results verify

the results of this initial pilot study, it is recou-1ndd

that the Aeronautical Systems Division consider this work

when evaluating current and future personnel assignment

policies.

2



I * INTRODUCTION

Personnel assignment policies can significantly

affect the performance of any organization. This pilot

study dynamic computer simulation captures the cause and

effect relationships of experienced and inexperienced per-

sonnel assignment policies with overall organizational effec-

tiveness.

During the suimr of 1981 and with the sponsorship

of the Air Force Office of Scientific Research, the author

developed "A System Dynamics Model of the Acquisition Pro-

cess." This earlier effort was the basis for the current

study in the area of weapon system development personnel

assignment policy.

In weapon system acquisition effectiveness is mea-

sured as a function of cost, schedule, and performance.

During this study a small sample survey was conducted to

determine the relative values of meeting cost, schedule, and

performance criteria. These data were then used to compute

overall organizational effectiveness of various personnel

assignment policies.

The model is quite flexible and includes two phases

(conceptual and development for instance) and two different

4weapon systems (a high and a low priority program). The

3



results can be shown in both graphic and tabular form.

Other innovations are included that significantly add to

the utility of the model.

4
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II. BRIEF SUMMARY OF METHODOLOGY AND MODEL

After developing a general flow diagram of the

weapons system development process and with the assistance

of Captain Michael Tankersley of the Air Force Business

Research Management Center and Mr. James Cooley of the

Aeronautical Systems Division (ASD), the aut : explained

this diagram to eight eminently qualified ASi rogram mana-

gers. This group consisted of one Lt. Colon two GS-14s,

two GS-13s, and three Captains. They underst-.d the objec-

tives of the study, their participation requirements, and

the causal effect relationships associated with the weapons

system development process.

These program managers (PM) also completed a survey

instrument that was used to quantify their perceptions of

SPO operations. The PMs plus nearly two dozen other quali-

fied SPO program managers were next provided a second survey

that measured their perceptions of the relative importance

of cost, schedule, and performance.

The model is based upon the feedback relationships

of personnel contributions upon cost, performance, and sched-

ule during the weapon system development process. This ini-

tial model contains two system program offices which can be

tracked during two consecutive development phases. It shows

4cost, performance, and schedule progress plus the measures of

effectiveness as a function of time in both graphical and

tabular form.

5
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III. SURVEY AND SIMULATION RESULTS AND FINDINGS

A. Survey Results

The initial survey was completed and returned by six

participants. The results are shown in Tables 1through 9.

Table 1 shows not only that the more capable SPO Direc-

tor make a greater impact on progress than a less capable

person, but also the respondents' perception of the magni-

tude of this effect.

TABLE 1

SPO DIRECTOR EFFECTIVENESS VERSUS PROGRESS

Poor SPO Director Good SPO Director

0.3 1.2
0.0 1.9
0.95 1.05

Progress 0.9 1.6
0.1 1.2
0.0 1.0

Average 0.375 1.325

Note: Multiply these data by 100 percent to compute
effect on planned progress. A 1.2 means progress can be

j increased from planned by 20 percent.

Table 2 indicates that increasing funds by 50 percent

will increase progress by only 24 percent. Decreasing funds

by 50 percent results in nearly a 50 percent decrease in

progress.

!6



TABLE 2

FUNDS VERSUS PROGRESS

50% Planned Funds 150% Planned Funds

0.8 1.30
0.25 1.25
1.00 1.00
0.80 1.20
0.10 1.50
0.0 1.20

Average 0.49 1.24

Note: Multiply these data by 100 percent to compute
the effect of funding changes upon progress. A 50 percent
increase in funds will increase progress from planned by
24 percent.

Table 3 indicates the respondents perceived that

the top SPO Directors can effect significant (43 percent)

changes in progress when they desire to do so. The worst

SPO Directors actually can slow progress when they desire

and take action to improve progress.

TABLE 3

SPO DIRECTOR' S INFLUENCE ON CHANGING PROGRESS
WHEN HE DESIRES TO DO SO

The Worst SPO Director The Best SPO Director

0.6 1.5
0.5 1.9
0.95 1.1
0.5 1.2
0.6 1.4
0.0 1.5

Average 0.525 1.43

Note: Multiply these data by 100 percent to compute( the effect on progress.

7
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Table 4 indicates the respondents' perception of

the time delay req '.red between progress and the reporting

of that progress within a SPO. The data indicate a four

plus month delay that is little affected by the size of the

SPO.

TABLE 4

DELAY BETWEEN ACTUAL AND PERCEIVED PROGRESS

Low Priority SPO High Priority SPO

30 months delay* 48 months delay*
2 4
2 0
6 3
6 18
4 4

Average 4.4 months delay 4.8 months delay

*Discounted due to obvious difference from other
data points.

Table 5 shows that respondents perceived that high

priority SPOs could receive additional funds much sooner

than low priority SPOs.

TABLE 5

TIME TO RECEIVE ADDITIONAL FUNDS AS A FUNCTION OF
SPO PRIORITY

Low Priority SPO High Priority SPO

12 months 2 months
24 12
18 3

8 2
13 3
Indefinite* 0*

Average 15 months 4.4 months

*Discounted due to obvious difference from other
data.

I8
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Tables 6 through 9 indicate the individual con-

tributions of SPO personnel as a function of education,

grade level, experience, and SPO assignments. Table 6

shows that the respondents perceived that education can sig-

nificantly affect individual performance with the M.S.

holder believed to be the top performer.

TABLE 6

INDIVIDUAL PERFORMANCE AS A FUNCTION
OF EDUCATION

High School Assoc Degree B.S. U.S. Ph.D.

0.0 0.2 0.4 0.6 0.8
0.3 0.45 0.6 1.0 0.8
0.5 0.6 0.8 1.0 0.8
0.7 0.8 0.9 1.0 1.0
0.7 0.85 0.9 1.0 0.8
0.8 0.85 1.0 1.0 0.7

Average 0.5 0.625 0.77 .

Notes: 1. -umbers in columns indicate individual
performance.

2. Multiply the value in the table by 100
percent to determine the percent of maximum performance.

Table 7 shows that individual performance is greatly

affected by grade level. The GS-12 and 13are perceived to

be the highest performers in the SPO environment.

.9
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TABLE 7

INDIVIDUAL PERFORMANCE AS A FUNCTION OF GRADE LEVEL

Grade (Rank) Level

GS-9 GS-11 GS-12 GS-13 GS-14

0.8 0.3 0.4 0.3 0.1
0.7 0.6 0.8 0.7 0.8
0.7 0.8 0.9 1.0 0.9
1.0 0.8 0.9 1.0 1.0
0.2 0.9 1.0 1.0 1.0
0.1 1.0 1.0 .95 0.9

Average 0.58 0.73 0.83 0.825 0.78

Notes: 1. Numbers in columns indicate individual
performance.

2. Multiply the value in the table by 100
percent to determine the percent of maximum performance.

Table 8 indicates the respondents perceived that

performance continues to increase as more and more R&D

experience is gained.

TABLE 8

INDIVIDUAL PERFORMANCE AS A FUNCTION OF
YEARS OF R&D EXPERIENCE

4 _Years of R&D Experience
0 4 8 12 16 20

0.1 0.2 0.5 0.6 0.6 0.7
0.2 0.4 0.7 0.7 0.8 0.9
0.3 0.5 0.7 0.8 0.9 1.0
0.4 0.6 0.8 0.9 1.0 1.0
0.6 0.7 0.8 1.0 1.0 1.0
0.7 0.9 1.0 1.0 1.0 1.0

Average 0.3 0.55 0.79 T39

Notes: 1. Numbers in columns indicate individual
performance.

2. Multiply table results by 100 percent to
compute performance percentage of maximum, 300 percent.

10
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Table 9 indicates little variability. Therefore,

the respondents believed that the number of different SPO

assignments had little effect on individual performance.

TABLE 9

INDIM DUAL PERFORMANCE AS A FUNCTION OF
NUMBER OF DIFFERENT SPO ASSIGNMENTS

Number of Different SPO Assignments

0-1 2-3 4-5 6-7 8-9 10-11

0. 0. 5 .6 .3 .3
.7 75 .75 .7 .9 .3
.7 .85 .85 .7 .9 1.0

1.0 .85 .95 1.0 1.0 1.0
1.0 1.0 1.0 - 1.0

Average .68 .69 .81 .80 .74 .72

Notes: 1. Numbers in columns indicate individual
performance.

2. Multiply table results by 100 percent to
compute performance percentage of maximum, 100 percent.

The data obtained from Tables 6 to 8 were altered

so that the top performers, the MS degree, the GS-12, and

the 20 years of experience, could meet the planned cost,

schedule, and performance of the model. This was accomplished

by adding the difference between 1.00 and the highest average

value in each table. For example, in Table 6, 0.07 was

added to each average value for use in the model. Therefore,

0.57, 0.695, 0.84, 1.00 and 0.89 were used in the model

rather than the unaltered values shown in Table 6.

~11
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The second survey instrument was designed to solicit

paired comparison responses in order to quantify an overall

-ASD measure of effectiveness (MOE) as a function of indi-

vidual SPO cost, schedule, and performance activity. The

survey is in Appendix D and Figure 1 shows the paired com-

parison normalized results for the eighteen acceptable

surveys received.

The numerical data of Figure 1 are shown in

Table 10.

TABLE 10

COST-SCHEDULE-PERFORMANCE NORMALIZED VALUES

Cost-40% Under-.ll0 Schedule-20% Early-.071
20% Under-.096 10% Early-.065
On Target-.078 On Target-.063
20% Over- .013 10% Late -.052
40% Over -.001 20% Late -.051

Performance-20% Above-.086
10% Above-.084
On Target-.084
10% Below-.076
20% Below-.069

Note: Example, .110 is 110 times as powerful as
.001 when measuring ASD effectiveness.

This survey indicated that the most powerful fac-

tor in structuring a measure of effectiveness for ASD

is cost and that being on or under cost is very significant.

Being over cost is the most damaging to overall program or
SPO success. Performance generally is more important than

schedule. This indicates that when trades in performance

12
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or schedule are required, SPO personnel will prefer per-

4 formance over the schedule--the system may be delivered

A late but it will meet the performance specifications.

Also included with this survey were questions con-

cerning funding level and priority. The respondents were

asked to indicate which would be a better organizational

performance measure. Twenty of the twenty-one surveys

received had this section completed appropriately. Three

respondents selected funding level and seventeen selected

priority as being the more important factor for use in the

MOE equations. Of the seventeen, fourteen selected Air

Force priority, two selected the ASD priority, and one

selected the System Command priority.

B. Model Results

The model results are both in graphical and tabular

form. However, for brevity only one graphical presentation

will be shown in this section. Additional graphical presen-

tations are in Appendix B.

Typical Output. This output shows the computer

results of the basic run (Figure 2).

14



PAGE 50 FILE BS6 01/03/83

6SNC XGSNC LEIITH PMTPER PLTPER

PRESEIT .5000 .5000 200.0 10.00 5.000
ORIGInAL .1000 .3000 200.0 50.00 0.

PAGE 51 FILE BS6 01/03.'83

TIME VR11 VRL12 VALX1 VRLX2 VALTT

E 00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0

10. 65.98 .00 12.43 :00 78.4

20. 183.97 .00 33.62 .00 217.6

30. 286.41 .00 53.92 .00 340.3

39.99 461.48 :00 89.91 :00 551.4
49.99 487.33 12.'92 97.19 2.22 599.7

59." 496.43 122.82 99.64 21.68 740.6

69.99 503.90 231.76 101.48 42.17 879.3

79.98 509.21 351.48 102.65 6,.18 1029.5

89.98 512.93 483.50 102.97 ".92 1195.3

99.98 515.60 492.03 103.21 98.56 1209.4

109.98 517.53 500.58 103.59 $00.75 1222.4

119.97 518.87 506.99 103.a6 102.14 1231.9

1.29.97 519.59 511.49 104.08 102.44 1237.6

139.97 519.75 514.65 104.25 102.31a 1241.6

149.97 519.96 516.86 104.39 103.46 1244.7

159.96 520.40 518.25 104.50 103.79 1247.0

169.96 520.97 518.78 104.60 104.04 1248.4

i 179.9% 521.48 519.04 104.67 104.23 1249.4

189.96 521.93 519.47 104.71 104.38 1250.5
199.95 522.33 520.14 104.71 104.50 1251.7

Fig. 2. Typical Output, Tabular and Graphical

15



PAGE 52 FILE DS6 01/03/83

VRL11aOVFLI=I, VRLX1u2pRVLX2U3vVALTI=4,VRLT2=5pVRLTT=6

.0 200. 400. 600. .900. 01
:0 50. 100. 150. 200. 23
.0 200. 400. 600. 900. 45
0. 500. 1000. 1500. 2000. 6

.00..-0 0123456
10 . 0246,135
16204 .35
1 6204 . . 135
1 6 2 0.4 .135
1 6 2 .4 133
1 6 .2 . . 135
1 6 2 0 . 135
1 .6 2 0 4 135
1 . 6 2. 0 4. .135

50- - -- -- -- 6-- -- ---- 0 -- 4- -- ----- 135
315 6 2 0 4.

3 15 6 2 0 4
3 1.5 6 2 0 4

3 . 15 6 2 0 4
.3 1 5 6.a 0 .4

* 3 1 .2 0 .4 .256
*.3 .2 16 0 5 .4

*3.2 10 5.4 .16
3.2 ?- 10 5.4

100.-- -- ---------- 32- -61 0 -5 4-- -- ----

*32 1 0 54 .16

* 32 610 .4 234
* . 2 610 .54 .2

.2 610 .54 *23

*.2 610 .54 0 23
.2 610 .54 0 23

*.2 610 .54 0 023
S..2 .6 0 .54 . 01923

15 -- - - - - -. 2 - - -a 6 0 .54 - . 01923.. 2 6 0 .54 . 01923
.2 60 .54 . 01,23
.2 6 0 .54 0 01923

.2 1 0 .54 . 16P2

.2 610 .54 0OI2

. 32 6 0 5 4 . 01P23,45
* . .2 6 0 . 4 . 01,23,45

.2 60 .54 . 01!23945

.2 60 4 . 01,2345
200. ---- - --------- - - -60 - -- 4 ------ O1,23,45

F q. 2.--Contnued

16



PE 53 FILE S6 01/03/83

XiPlIO,XF4PP-2=1,XPPIl2.,XPP223,XCR11=4,XPCI115,XCR22m6,XPC22-7,XPV119ra,

.0 50. 100. 150. 200. 012345678

.00 0123456789
10 • • • . 0245P136789
1 8402 .... 13679, 25
1 4 0 2 .... 13679,25,4-9
1 o802 ... 13679925
1 4 0. 2 • . . 13679925908
1 4. 082 13679!,2
1 a 4 0 . •2. 13679
1 • 4 02 • . 13679,238
I a 0 . . 02458,13679

5091- 0 02458,1367
a 6 1 0 . • 02458,137,69
0 69 13 . 0 . .02458,37
* 691 3. 0 . . 02458,37
S6 1. 3 0 . . 02458,37,19

6.19 3 0 . . 0245a,37
.6 1 9 3 0 . . 02458,37

6 10 .. 02345789
. 60 . . 012345789

0 . . 0123456799
100. -- ------ - - - -- 0 ------------- 0123456789

* . 0 . . 0123456789
• . 0 . . 013456789

0 . . 0123456789
0 . . 0123456789

• . 0 . . 0123456789
0 , . 0123456789

* • . 0 . .0123456789
0 . . 0123456789
0 . . 0123456799

150.- -- ---------- 0 --------------- 0123456799
* . 0 . • 0123456789

0 . . 0123456789
0 . . 0123456789
0 .013456789

0 . . 0123456739
* . 0 . . 0123456799
* . 0 . . 0123456789

0 . . 0123456789
200. -- ---------- 0 --------------- 0123456799

Fig. 2.--Continued

17
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RGE 54 FILE DS6 01/03/83

Aptu0, RP22mIPPll 2pPP22=3,CRII=4, PCli5gCR22m6,PC22=7,PVll89,PV22-9

.0 50. 100. 150. 200. 012345678
.00 -

0123456789

10 0245,136789
1 8402 13679,25
1 4 02 13679,25,48

1 4802 . 136799 5
1 480 Z 13679925

1 4 2 13679r25

1 4 08 52. . 13679

1 4 02 . 13679y258

1 0 . 02458,13679
50.91--- --------- 0------------- 02458,1367

9613 0 . 0245S837
6 13 0 a 0245S837,69

6 91 3. 0 . 02458,37

6 9173 0 * 02458
6 19 3 0 . 02458,37

*.6 19 3 0 . 0245SP37
6 10 . 02345789

60 • 012345789
0 . 0123456789

100.--- ------------- 0 ----------------- 0123456789
*00. 0 - 0123456789
**0 • 0123456789
* . 0 • 0123456789

* 0 • 0123456789
. . 0 • 0123456799
* . 0 • 0123456789
* . 0 • 0123456799

0 . 0123456789
* . 0 . 0123456789

150.- -- ----------- 0 - ------------ 0123456789
.0 • . 0123456799

* . 0 • . 0123456789
* . 0 . . 0123456789

* . 0 . . 0123456789
* . 0 • . 012345679

0 • . 0123456789

0. 0g _.0 0123456789

K00. 0 _01234679

Fig. 2.--Continued
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C. Findings

Several factors can affect an overall organizational

measure of effectiveness (MOE). The model indicates that

SPO Director effectiveness, priorities, and funding (dollar

values) can significantly affect the resultant NOE value.

Since most survey respondents considered priority rather

than funding level as critical in determining a HOE, the

basic model assumed an equal funding level for both high

and low priority programs.

Table 11 shows the data for various alternative

assignment policies used in a small demonstration of how

the model would be used in ASD.

TABLE 11

ORGANIZATION DATA FOR DEMONSTRATION

Assumptions: 6 SPOs in the organization
1500 Total personnel

800 Inexperienced personnel
1200 Experienced personnel

SPO SPO Relative Auth.
Identifier Priority Funding Combination Personnel

A 1 5 5 500
B 2 2 1 200
C 3 1 .333 100
D 4 2 .5 200
E 5 4 .8 400
F 6 1 .167 100

Tot 1500

SPO Priority - AF priority
Relative Funding - (SPO Funding)/(Funding of Minimum

Funded SPO)
Combination - (1/Priority)(Relative Funding)
Authorized Personnel - (Relative Funding)(100)

Note: Only the first phase is used from model results in the
demonstration. Both phases could easily be used if
desired.

19



TABLE 11--Continued

Possible Policies:

I. Equal distribution of experience

I. All inexperience to low priority SPOs

III. Inexperience to low combination of priority
and funding

IV. All inexperience to high priority SPOs

All model constants for the possible policies are

shown in Table 12.

TABLE 12

MODEL CONSTANTS FOR DEMONSTRATION

Policy

SPO I II III IV

A 1,5,.2* 1,5,0 1,5,0 1,5,.6

B 2,2,.2 2,2,0 2,2,0 2,2,0

C 3,1,.2 3,1,0 3,1,1 3,1,0

D 4,2,.2 4,2,0 4,2,5 4,2,0

B 5,4,.2 5,4,.5 5,4,0 5,4,0

F 6,1,.2 6,1,1 6,1,1 6,1,0

*The first number is priority; the second number is
funding; and the third number is ratio of inexperienced to
total in SPO.
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Measures of effectiveness for each SPO with each

policy and an organizational MOE is shown as the total in

Table 13.

TABLE 13

MEASURES OF EFFECTIVENESS FOR DEMONSTRATION

-Policy
SPO I II III IV

A 30.96 33.77 33.77 24.55
B 6.19 6.75 6.75 6.75

C 2.06 2.06 1.31 2.25
D 3.10 3.10 2.62 3.37

E 5.39 4.19 5.39 5.39
F 1.12 0.65 0.65 1.12

Total 48.82 50.52 50.49 43.43

Note: All the numbers in the table are organization
MOEs.

These demonstration results show the impact of four

different personnel policies for a six-SPO organization.

In this case, Policies II and III are superior to either I

or IV. Assignments of inexperience personnel should be

either to the low combination of priority and funding or

exclusively to the low priority SPOs. Various priority

and relative funding would impact on the MOE and the solu-

tion would be appropriately different from those shown in

Table 13.
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IV. CONCLUSIONS AND RECOMMENDATIONS

A. Conclusions

This pilot study shows that computer simulation

can contribute to improving personnel assignment policies

for the Aeronautical Systems Division. The affects of vary-

ing the assignment policies to both experienced and inexperi-

enced SPO personnel, the effects of SPO priority, funding,

and leadership are demonstrated by the model.

This study utilized two rather small surveys and

has not been validated by actual test or implementation.

B. Recommendations

This pilot study is the beginning of a series of

efforts that must be completed prior to implementing the

results. Below are listed the recommended steps necessary

to validate the model results.

1. Conduct and evaluate a formal and large-scale

survey of SPO personnel perceptions of the weapon system

acquisition process. The initial survey of this study

could be modified and used to meet this need.

J 2. Conduct and evaluate a formal and large-scale

survey of SPO personnel perceptions of the relative values
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of cost, schedule, performance, priority, and funding in

weapon system acquisitions as it applies to ASD. The seond

survey of this study will require significant modification

and improvement for clarity, but is a beginning for this

effort.

3. Conduct and evaluate a formal and large-scale

survey of SPO personnel perceptions of other factori such

as leadership, delays, etc. that are significant to model

results.

4. The above three surveys could be included in a

single survey which should be formally approved and dis-

tributed through normal ASD channels.

5. With these new survey data the model should be

modified and exercised. A significant number of policies

should be tested in order to seek out the best possible and

workable personnel assignment policy for ASD.

6. If the results of 5 above are encouraging, four

SPOs should be selected for use in implementing the policy

selected in 5. Two high and two low priority SPOs should

be selected for this validation test. If possible select a

large and small SPO for each priority class (high and low).

Assign personnel according to the policy selected in 5 above.

Monitor cost, schedule, and performance to note how well

the model has predicted the observed activity.
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7. If the results of 6 are highly correlated (actual

versus model result), then consider implementing this vali-

dated policy ASD-wide.

C. Additional Thoughts

This pilot study was concerned with overall organi-

zational performance and is based upon percentages of

inexperienced personnel. It is the author's belief that

policies also affect retention of personnel. It is possible

that the optimm policy in the short term may in fact reduce

the experience levels in the long term and thus negatively

affect the long-term organizational effectiveness. There-

fore, data concerning retention rates in various SPOs should

be evaluated along with the results of the above efforts.

The model also indicates the results of changes in

the overall experience level on effectiveness within ASD.

As inexperienced personnel replace experience in greater

and greater nunbers it becomes more and more difficult to

bring in weapon systems on time, within cost, and that meet

specifications.

24

S ... r-.....,.-.. ..-------- ...,--- . .- ........ .... ... . .. . ....... .



APPENDIX A

THE MODEL
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MODEL GLOSSARY

AP ACTUIAL PROGRESS
APD-ACTUAL PROGRESS DELAY
APRuACTUAL PROGRESS RATE
APRR-ACTURL PROGRESS RATE $UMMATION FACTOR.
CE-COST ESTIMFtTIN& FACTOR
CLLPOCLIP FUNCT ION
CR-COSTS REPORTED
CRPRPLANhED COSTS VS. COSTS REPORTED RATIO
CRR-COSTS REPORTED RATE
CRTRm-STS REPORTED DELETION FACTOR RATE
DCP-SWITCHING FUNCTION FOR COUNTER
DOLH-DOLLAR VALUE(BUDGETN OF HI. PRI. PROG.
DOLL-DOLLAR VALUE(BUDGET) OF LOW. PRI. PROG.
DTCm3PO DIRECTOR'S DESIRE TO CHANGE THE zITUATION
DTCT-SPO DIRECTOR'S DESIRE TO CHWNGE PROGRESS
EmEXPERIENCE FACTOR TOTAL
EDCE-EDUCATION LEVEL OF EXPERIENCED PERSONNEL
EDFEDUCATIOh VS. PERFORMANCE TRBLE
ED1C-EDUCATIONAL LEVEL IN YEARS OF INEXPERIENCED PERSONNEL
FDEL-FUMDS DELAY
FUN-FUHDS DESIRED DUE TO $PEhDING PATTERN
FUNDS-DELaYED FUNDS FUNCTION
G-E=FRRCTIOh OF EXPERIENCED PERSONNEL IN THE 3PO
1' 4-FRACTIaN OF INEXPERIENCED PERSONNEL IN THE SPO
MEMANAGEMENT EFFECT OF PERSONS ASSIGNED
PAP=PERCEIVED ACTUAL PROGRES4 DELAYED
PRT-PERCEIVED ACTUAL TIME VS. PERCEIVED ACTUAL PROGRESS
PC-PLANNED COSTS
PCR-PLAMMED COSTS RATE
PCTR-PLANNED COSTS DELETION FACTOR RATE
PGM-PROGRAM PLAN
PP-PLAMNED PROGRESS
PPGM-PLANNED PROGRAM
PPVS-PLANNED PROGRAM VALUE FROM THE 3CHEDULE
PRAP-PERCEIVED VS. PLANNED PROGRESS RATIO
PRIR-PRIORITY OF THE HIGH PRIORITY PROGRAM
PRIX-PRIORITY OF THE LOWER PRIORITY PROGRAM
PV-PROGRAI VALUE (PERFORMANCE)

PVA-PROGRAM VALUE FACTOR (PROGRESS/COST RATIOS)
PVR-PROGRRM VALUE RATE
PVTR-PROGRAM VALUE DELETION FACTOR RATE

RGCE-RANK OR GRADE OF EXPERIENCED PERSONNEL
RGFmRNK OR GRADE VS. PERFORMANCE
RGIC-RANK OR GRADE OF THE INEXPERIENCED PERSONNEL
RTTMS-TIME REMAINING TO MILESTONE
3PD-SPO DIRECTOR INFLUENCE
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SPDIDELAYED SPO DIRECTOR'S TOTAL INFLUENCE O CHANGE.
SPDEISPO DIRECTOR'S EFFECT ON CHANGE
SPDISSPO DIRECTOR'S IMFLUENCE DUE TO EFFECTIVENESS
ZPDTI-TRBHL FUNCTION OF SPDI
SPTI"SPO DIRECTOR'S TOTAL EFFECT ON CHANGE
TCFTECHMtICRL COMPLEXITY FACTOR
TDTC-TRBHL FUNCTION1 OF DTC
TDTCT=TRBLE FUNCTION OF DTCT
TE-TEC14-,tiA6EHT FACTOR
TFUHaTRBHL FUNCTION OF FUNDS
TIN-TIME IN PERIODS O3F ONE (RRTE)
TSMSOTIME SINCE MILESTONE ZERO (COUNTER)
T.;PDI-TABLE FUNCTION OF SPDI
TTMSlmTIIME SINCE MILESTONE ONE
T -SWITCHING FUNCTION
VRLL1TTHE VALUE OF THE HIGH PRIORITY PROGRAM IN PHASE ONE.
VAL12=THE VALUE OF THE HIGH PRIORITY PROGRAM IN PHASE TWO
VALTI-THE TOTAL VALUE OF BOTH PROGRAMS IN PHASE ONE
YALT -THE TOTAL VALUE OF BOTH PROGRAMS IN PHASE TWO
VALTT-THE T13TAL VALUE FOR BOTH PROGRAMS IN BOTH PHASES
VAL 1-THE VALUE OF THE LOW PRIORITY PROGRAM IN PHASE ONE
VALXP-THE VALUE OF THE LOW PRIORITY PROGRAM I M PHASE TWO
VCO,.STTHE CONTRIBUTION OF COST TO THE MOE
VPERFITHE CONTRIBUTION OF PERFORMANCE TO THE MOE
YRDCE-YEARS OF R AND D OF EXPERIENCED PERSONMEL
YRDF-YEARS OF R AND D VS. PERFORMANCE TABLE
"¢RD1C,,YEF OF R AND D OF INEXPERIENCED PERSONNEL
VSCHTHE CONTRIBUTION OF SCHEDULE TO THE MOE

I
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TEE MODEL

A. The weapon system development model (see

Figure 3) is a dynamic computer simulation written for the

DYNAMO compiler. The entire model consists of the modeling

of two different weapon systems (high and low priority) each

with two phases (phase 1 and phase 2). Each prioritized

phase consists of six level equations. This is a feedback

dynamic system in which changes to the system can be mea-

sured by the level equations. These equations are actual

progress, planned progress, costs reported, planned costs,

program value, and time since last milestone. With the

exception of the time since last milestone, these level

equations are the cost, schedule, and performance measure-

ments associated with system program office effectiveness.

B. Actual Progress Level. The actual progress

(AP) level is controlled by the actual progress rate (APRR),

which is controlled by the technical/managerial factor (TE),

the program plan (PGM), the SPO Director influence (SPD)

and funding changes (funds) (see Figure 3a). Figure 3a

depicts all factors that influence the above factors. In

addition, the perceived actual progress (PAP) is dependent

upon the actual progress and the actual progress delay (APD).

Note in Figures 3a to 3f the relationships between factors

in one figure to those in other figures are shown by arrows,
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the alpha identifier, and the figure number. For example,

in Figure 3a program affects CRR (cost reported rate) in

Figure 3c. Similarly, TSMS (time since milestone) of

Figure 3f affects sched (schedule). This methodology is used

to tie figures 3a to 3f into the simplified model shown in

Figure 3.

C. Planned Progress. Planned progress is the

planned and scheduled progress (PP) towards completion of

the SPO program. The rate of change of the planned progress

(PPGM) controls the level of progress. This rate is con-

trolled by the planned schedule (PSCHD) which is controlled

by the counter, time since milestone (TSMS) (see Figure 3b).

The planned progress in conjunction with the per-

ceived actual progress ratio (PAP) control the perceived

to actual progress ratio (PRAP). PRAP in turn along with

CRPA from Figure 3c is used in computing the program value

factor (PVA).

D. Costs Reported. Costs reported (CR) are equal

to the actual expenditure of funds and is controlled by the

cost reported rate (CRR). The CRR is controlled by the

delayed SPO Director's total influence (SPD) and the pro-

gram (both from Figure 3a), and the cost estimating factor

(CE) (see Figure 3c).

The planned costs vs. costs reported (CRPA) is deter-

mined by the costs reported and the planned costs (PC)

from Figure 3d. The CRPA contributes to PVA in Figure 3b.
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E. Planned Costs. Planned costs (PC) are pre-

determined and expend funds linearly during each phase

(see Figure 3d).
F. Program Value. Program value (PV) is the per-

formance indicator and reflects the progress as a function

of costs expended ratio. The planned program value from

the schedule (PPVS) is based upon a linear expenditure of

funds and progress. PV is controlled by the program value

factor from Figure 3b and PPVS (see Figure 3e).

G. Time Since Last Milestone. Time since last

milestone (TSMS) is a counter that controls the switching

function (DCP) from phase one to phase two. The actual

switch (TX) activates DCP based upon the condition of CRTR

and PVTR of Figures 3c and 3e, respectively (see Figure 3f).

H. Programs. The model treats two single programs,

one of a high priority and the other of a low priority.

Each is modeled in two phases to represent any two con-

tiguous phases of the weapon system development.

I. Constants. Table 14 lists the conants that

can easily be altered when running the model. An "X" in

, the table indicates that the constant can be altered for each

program but may not be different from phase to phase.

J. Measure of Effectiveness. The measure of
.3

effectiveness (MOE) used for the model is based upon cost,

schedule, performance, priority, and SPO funding levels.

The data collected in the surveys were integrated into a MOE
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TABLE 14

CONSTANTS IN THE MODEL

High Priority Low Priority
Phase 1 Phase 2 Phase 1 Phase 2 Basic Run Values

TCF X XTCF X 1
SPDEI SPDE2 XSPDEI XSPDE2 1
EDCE X XEDCE X 18
RGCE X XRGCE X 12
YRDCE X XYRDCE X 20
GSNC X XGSNC X 0.1
EDIC ED2C XEDIC XED2C 16
RGIC RG2C XRG1C XRG2C 9
YRD1C YRD2C XYRDIC XYRD2C 0
APD1 APD2 XAPDl XAPD2 .05
CEI CE2 XCE1 XCE2 1
PRIA X PRIX X 1 & 5
DOLH X DOLL X 100

function for each of the two phases of each SPO along with

the model responses of cost, schedule, and performance.

Measures of effectiveness were determined for the indi-

vidual SPOs and these were summed for a total "organiza-

tional" MOE.

3
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ASD ASSIGNMENT POLICY MODEL

10.0000 NOTE**o..&WEkPON ;*?.TEMI DEYELDPMENT....:.
20. 000 NOTE ..ss...a...... I1...s.s.s o
30.0000) NOTE***....THI4S IS THE FIRST PHR3E FOR THE 4IGHER PRIORITY PROGRAf AMD
40.0000 NOTE......I3 NOTED BY THE POSTSCRIPT 1.
50.0000) L APl.K-APt.J+DT(APR1.JK)
is0. 0000 NEOTE......P-ACTUAL, PROGRES-Z
70.0000 MOTE......-THE 1 REPRESENTS PHRSE 1.
30). 0.300 N Apt-)
90.0J000 R APRI.KL-APRRII.K

10a. 0300 NOTE000*6APR-RCTUAL PROGRESS RATE
110.0000 N APRR11-0
12~0.0000 A APRR1I.K-TEI.K.PGMI.K.SPD1.K.FUND1.(
130.0000 IOTEsoooooAR R1ARCTUAL PROGRESS RPTE SUMMATION FACTOR.
140. 0000 t4TE*****--$TE-TECH/MRNIAGEMEtiT FACTO3R
150. 0000 i1OTE****PGllPROCAM PLAN

* 160.013000 NOTE*#."PD-3PO DIRECTOR INFLUENCE
170). i);)00) NOTE*-*#oo*FUNDS-FUNDING CHANGE
La13.000) A TEI.K-TCF*flEl.K
19-40. 0 0 0 NOTE*4....TCFuTEC4NICAL COMPLEXITY FACTOR
200;* .0 NOTE*.*MEMA1AGEME1T EFFECT OF PERSONS SS I GNED
210. 000 0C TCF-1
220.0001) NOTE.sosoo*sTCF CAN BE CHANGED.
2130.30000 A DTCl.K-TABHL(TDTCPAPI.K-CRI.K.-1,I,1:3.DTCT1.K
4CJ.00,30 tA DTCT1.K=TAIBHL(TDTCT.;PDEI1,a,2)

25 0. 0 0001 T TDTCT-.525/1.43
260.0030 NOTE***...4DTC-3PO DIRECTOR'S DESIRE TO CHANGE THE 3ITUATION
270. 0000 llOTETD- TCTABHL FUNCTION OF DTC
290. 0000 IOTE......PRP-PERCEIYED ACTUAL PROGRESS

90 0.0 fOTE....oo R-COT-S REPORTED
3 0'). 0 000) NOTE.**..*DTCT-3P0 DIRECTOR' S DESIRE TO CHANGE PROGRESS
310.001) iJTE...*-0.T DTCT-TABLE FUNCTION OF DTC-'T
3 201. 000 T TDTC=2'1'0/
3 33 0.0001)0 C 3PDEl-1
34 i. 0 0 0 N'OTE..o **s..3PDE1 CAN BE CHANGED.
33).. 00 03 NCOTE**-*SPDE-3PO DIRECTOR'S EFFECT ON CHANGE
36 .. 00:) A 1 PDII.K=TABHL(TS3PDI'Z-PDEI,0'2,1)

37).000t*JE...3P1SPO DIRECTOR-" INFLUENCE DUE TO EFFECTIVENESS

3 %0 .0 TRBLE FUNCTION OF SPDZ
39.0. 0000' T T.1DI-.37t- 1/1.325
401)0. 0 )00) A 3PDTIl.KODTCl.K*3PDII.K
4 i -.')0 13A NOTE4**.*3PTI=3PO DIRECTOR'S TO3TAL EFFECT ON CHNG

*42 0. 0 00 0 rOTE.....*T3PDI-TABLE FUNCTION OF S'PTI
43). 0000 A 3PDl.K-DELAY.3(3PDTIl.K!,l)
44 i. 0 00 NQTE***-*.-PD=DELAYeED 3PO DIRECTOR - OAL NLEC NCA
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450.0000 A FUN1.K=TABHL(TFU1.CRPA1.K, 0,4,4)
h.*~.U1FUMD3 DESIRED DUE'TO SPENDING PATTERN

470. 000)L1, NOTE..*00-TFUN-TABLE FUNCTION OF FUNDS
* 4a.0030 T TFUMf-.49.-1.2a4
* 490.000') R FUNDS1-.iKaDELAY(3(FUNI.KFDEL.K)

500. 0000 A FDEL.K-TABHL(TFDELvPRIA, 1,4)
* 510. OO0c T TFDELW.4.4/15

32 0.*0000 l1OTE00046UND3uDELAYED FUNDS FUNCT ION
330.0000 t4OTE....ooFDEL-FU4D3 DELAY
540.0000 IIOTETF*-*DELTRBLE- FUNCTION OF FDEL
550.0000 A MEI.K=E1.K
560.000)' MOTEooo...E-EXPERIENICE FACT1OR TOTAL
370.0000) A E1.K=(YtRDFL.K.PGF1.K.E.-DF1.K)*.SN.K.(EDF.K*RGF.KYRDF.K)ESE.
5aO. 0000 NOTE......YRDF-EARS OF R AND D EXPERINCE FACTOR
590. 0000 MOTEooooo GFRANK OR GRADE FACTOR
600. 00w0 t4OTE06...EDFEDUCRTION FACTaR
6 10.a 000 C EDCE-18
620. 0000 C RGCE-12
630.0000 C YRDCE-20
640. 0000 MOTEsoooss DCE-EDUCATION LEVEL OF EX<PERIEN~CED PERSONNEL
65'). 0 1)f30 IITE....RGCE-RANK O3R GRRDE OF EXPERIENCED PERSONNEL
660. 01300 MOTEY RDCEYEARS OF R ANID D OF EXPERIENCED PERSONNEL
670.0000 NOTEOOODCERGCEPAhD YRDCE CAN BE CHANGED.
680. 0000 A EDF.K-TRBHL(EDFlTvEDCEpl1a0,2)
6-:0.0000 R RGF.K-TABHL(RGFTRGCE9'14q1>
700. 100') R YRDF. K-TABHL (YRD 1 FrTYRDCE! 0!. 2 0,4:o-

71)00' NOTE4040GSEFRCTION OF EXPERIENCED PERSO3NNEL I N T14E 'PC
7-30. 00060 f*TE***GS4-FRACT ION OF INEXPERIENCED P1SONE I THE SPO
740. 0000 R GSN.K=G.NC
730.0000 C G3NC-.1
760.0000 A EDl.K=EDIC
770.0000 C EDlC=16
730. 0000 iIOTE000000 DCEDUCTIONAL LEVEL IN YERS OF INEXPERIENCED PERSONNEL
799. 000.3 NOTE*"..........EDIC CAN BE CHANGED.
:300.0000 MOTE66000D iC-EDUCAT ION LEVEL FACTOR CONSTANT

:311.000 A RGI.K-RGIC

-3 30.000') ) ) NOTE4.-*GIC-ANK OR GRADE OF THE INEXPERIENCED PERSONNEL
340). 00')' NOTE* **4-*.RGlC CAN BE CHAMGED.
3501. 0 0 ) .1iOTE64066GC-RANK OR GRRDE LEVEL FACTOR CON.TANT

.;37 1. 0 00 0 C *eRD1C=,3
:3.),3iOi NOTE*.***RDlCY'EAR3 OF R AND D OF INEXPERIENCED PERSONNEL
a-?O. 000') NOTE.........4.4YRDlC CAN BE CHANGED.
-300. 0 0'0 NOTE.......(RDCYEARS OF R AND D LZ '-EL FACTOR CON TAHT
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'3110.0000 A EDFl.K=TNBL(EDFTEDl.K.9,1*2P2p2)
920.0000 tOTE*****..EDF-EDUCATION VS. PERFORMANCE TABLE
?30:0000 T EDFT.57/.695.a4/i/.aq
940.0000 A RGF I. K-TABHL(RGFT RG., 9 ,14, 1)
950.0000) tITE*#"".RGF-RA4K OR GRADE V3. PERFROMAfICE TABLE
?60. 00003 T RGFT.75. 1 ?99 ,5
-370.00030 A C(RDFI.K-TABHL(RDFTYRD.K,0,20.4'a
?,30. 0000 NOTE*..,.YRDFwYEARS OF R AND D VS. PERFORMANCE TABLE
?90.1300') T YRD 1FT-. 45'/. 62/. 32'. 9/. 45/ 1

1000.0000 A PGMI.K=TABHL(PGMITPSCHEDI.K,0,36,3*)
1010. ~ .. ~iPORMVS. SCHEDULE TABLE

1030.0000 A PAPI.K-DELAY1(AP1.KqAPDI)
1040.00030 NOTE#**o-PAP-PERCEIVED ACTUAL PROGRESS DELAYED
1050. 0000 r1OTE***.APACTUAL PROGRESS
1060.0000 NOTE***-APDACTUAL PROGRESS DELAY
1070.0000 C APDIa4.6
110a0.0000 MIOTE...........PDI CAN BE CHANGED.
1090.0000 R RTTMS1.kz(TSMWSO.K-PATI.K4TTMSI.K)
1100. 0000 NOTE#*"*#RTTM3-TIME REMAINING TO MILESTONE
1110.0000 MOTE****-*TSM3O-TIME SINCE MILESTONE ZERO
1120.000 MOTE "*.TTMS1-TIME SINCE MILESTONE ONE
1130.0000 A PAT1.K-TABHL(PATITPAPI.K,0,100,20)
1140.0000' ?OTE00600AT-PERCEIVED ACTUAL TIME VS. PERCEIVED ACTUAL PROGRESS
1150. 0000 T PATIT-V3/35.5/7.6/g.a/11
1160.0000) A TTM 1.K-36-TSM1SQ.K
1170.0000 L PPl.K-PP1.J+DT(PPGM1.JK'
1130. 0000 l4OTE......PPPLANMED PROGRESS
1 1-30. 0000 M PP1.01
1200.000') R PPGM1.KL-TABHL(PGMTPSCHD1.K,0,363)
1.210.0000 NOTE******PGM-PLA1NED PROGRAM
1220.0000 T PGMT-0/1.3a/2.7/2.77/2.77/2.772.77/2.772.77/
1230.0000 X< 6:..77/2.77/4. 165/5.55
1240.0000 A PSCHDI.K-TSMSO.K
1250. 01)10 r1OTE**4PLPiMED SCHEDULE
1260.0000 L CR1.K-CR1.J+DT.(CRR1.JK-CRTR1.JK)

*1270. 000'0 MOTE*4**iRCOSTS REPORTED
1280.0000) MGTE....*CRR-COSTS REPORTED RATE
1,290.0000 1lOTE****CRTR=COSTS REPORTED DELETION FACTOR RATE

1300 000 N CRICI
131.000C CRIC-. 01

1320).00030 R CRR.KL-(/PDI.K)CEIPGN1.K
13313.0000 MOTE#*#,w*SPD1mDELAYfED SPO DIRECTOR'S TOTAL INFLUENCE ON CHANGE.
?1340. 0000 MOTE*4....CE-COST ESTIMATING FACTOR
1350. 0000 C CElul
1360.0000 NOE******E CAM BE CHANGED.
1370.0000 R CRTRI.KL-CR1.K*TX1.K
13;30.0000 L PCI.K-PCI.J+DT*(PCR1.JK-PCTR1.JK)
13-40. 0000 NOTE......#PC-PLA*IED COSTS
1400.0000 NOTE*****PCR-nPLANNED COSTS RATE
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1410.0000) fOTE***"PCTRmPLAHNED COSTS DELETION FACTOR RATE
14a0.0000 N PC1aPC1C
1430. 0000 C PC1C-. 01
1440.0000 R PCRI.KL-(PPGMI.JK)
14050. 0000 R PCTR1.KL=0
1460.0000 A PRAP.K=PAP1.K/PPI.K
1470.0001) NOTE****"PRAPmPERCEIVED VS. PLANNED PROGRESS RATIO
1480.0000 A CRPA1.K-PC1.K/CR1.K
1490. 01000 t1TE**..CRPAPLANNED COSTS VS. COSTS REPORTED RATIO
1500.0000 L PV1.KaPV1/.J+DT(PVR1.JK-PVTR1.JK)
1510 .0000)' NQTE****VPRORA1 VALUE (PERFORMANCE)
1520.0000 hOTE......PVRPR&R8M VALUE RATE
1530.0000 140TE......PVTRP.OGRAM VALUE DELETION FACTOR RATE
1540. 0000 N PV1ZO
1550.0000 R PVR1.KL-PPVS1.KOPVA1.K
1560.0000 A PPV31.K-PPGMI.JK
1570. 00)00 NOTE******PPYS-PLRNNED PROGRAM VALUE FROM THE SCHEDULE4
1583.0000 A PYA1.K-PRAP1.KCRPAS.K
1590.0000 NOTE*"*PVR.PROGRAM VALUE FACTOR (PROGRESS/COS3T RATIOS)
1600.0000 R PVTRI.KL=PVI.K*TX1.K
1610.0000 NOTE****"TX=WITCHING FUNCTION
1b20. 0000 L TSMZ3. K-T4SMSO. J+DT (TI~i *Ji()

1630.0000 NOTE--- TSMSO-TIME SINCE MILESTONE ZERO (COUNTER)
11640.0000 NOTE*04.0TINTIME IN PERIODS OF ONE (RATE)
1650.0000 N TSMZDO
1660.0000 R TINl.KL-1
1670. 0000 A DCPl.K-3WITCH(0p 1qRTTMS1.K)
16.a0. 0000 NOTE***-*DCPnSWITCHIl+5 FUNCTION FOR COUNTER
1690. 000)0 A Thi *K-SWITCH (1,0-.DCP . K)
1700.0000 NOT .... *e..E2*#PHE**
1710. 0000 NOTE#..*PHRSE 2 IS SHOWN WIT14 THE POSTSCRIPT 2
1720.0000 L AP2.K-AP2.J+DT(APR2.JK)
1730.0000 N AP2-0
1740. 0000 R APR2.KL-APRR22.K*CLP.K
1750.0000 N APRRZ2-0
1760.0000) A APRR2.K-TEa-.K.PGM2.K.SPD2.K.UNDSa.K
1770. 0000) A TE2.K-TCF*ME2.K
1790.0000 A DTC2.K-TABHL(TDTCPAP2.K-CR2.K,-1,1,1).DTCT2.K
1790. 0000 A DTCT2.K-TABHL(TDTCTSPDE2p, ot292*I
1800.0000 C SPDE2*1
1810. 0000 rOTE..****-...*SPDE2 CAN BE CHANGED.
1820.0000 A S;PDI2.K-TABHL(TPDI,.SPDE2,0,92,1)
1830. 0000 .R 4PDTI2.KaDTC2.K*SPDI2.KI 1840. 0000 A SPD2.K-DELAY3(3PDTI2.K, 1)
1850.0000 A FUN2.K-TRIBHL(TFUNPCRPP2.K,0,4'4)
1860.000') A FUND::o..KinDELAY3(FUN2.KPFDEL.K>
1870. 0000 A ME-2.K-E2.K
i313.0o000) A E2.Ki(YRDF2.KRGF2.KEDF2.K.)SN4t.K,(EDF.KoRGF.K*YRDF.K)GS6,E.K
1890o.0000 A ED2.K-ED2C
1900.0000 C ED2C-16
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131. 000 OTE..'......D2CCAMl BE CHANMGED.
1920.0000 Fl RG2.K-RG2C
1930.0000 C RG2C-9
13.:4 1. 0 0 00 TE..*..RC CAll BE CHANGED.
1950-.0000J A YRDZ.K-IeRD2C
1%0. 001)0 C YRD2C=-o
1970. 0000 NOTE............rRD2C CAN BE CHANGED.
1990.0000 A EDF2.K=TRBHL(EDF1TgED2.K,12i,2092)
13 9.000)' A RGF2.KUTABHL(RGF1TRG2.K,9.14,1)
200). 0000 A YRD;:2.K-TRBa.L YRDIFT*YP.D2. K,0,2Oo4)-
2910.0000 A PG-M2.K-TABHL(PGM2TPSCHED2.K093-,-3
2020.0000 A 3HED2.K-T4MSI.K
2'330. 0000 A PRP2.K=DELAYI1(AP2.K9-APD2-)

* 2040.001)0 C APD2=4.6
* 2050. 0100) IOTE******..APD2 CAN BE CHRtIGED.

2063. 0000 A RTTMS2. K- (TSM:-..K-PAT2. K+TTMS2. K)
* 2070.0000 R PAT2.K-TABHL(PAT2TiPAP2.K,0*1009,20).*

Zo0O. 0000 T PRT2T-03'5.5/7.6-'3.8/11
2090.00'30 A TTIS2.K=36-TSMS1.k
2100.01)00 L PP2.K-PP2.J+DT(PPti2.JK)
1110.0000 N1 PP2-.01
2120.000) R .PPGM2.KL-TABHL(PGM2TPSCHD2.KoOP36o,3*.CLPP.K
2130.0000J T P'3M2T-01.388/2.772.772.772.77'2.772.7?'/2.77/
2140.0000 X< Z.77x2.77/4. 165/5.55
2150.0000 R PSCHD2.K-TSM4-1.K
-2160. 0000 L CR2..KCR2.J+DT.(CRR2.JK.-CRTR2.JK)
2170. 00003 N CR2-CR2C
2130. 000') C CR2C-. 01
2190.0000) R CRR2.KL((l.'*4PD2.K)*CE2.PGM2 .K).CLP.K

* 2200.0000 C CE2-1
2210. 00'0 NOE******-E CANI BE CHANGED.
2220. 0000 R CRTR2.KL-CR2.KTX2.K'
2230. 0001) L PC2. K-PC2. J+DT. PCR2. JK-PCTR2. JK)
2240.0000 N PC2-PC2C
2250. 0000 C PC2a.01
2260. 0000 R PCR2. KL- (PPG12. JK)
2270.0000 R PCTR2.KL-0
Ua80.9000 A PRAP2.K=PRP2.K/PP2.K
a290.0000 A CRPA2.K=PCZ.Kr-CR2.K
2300. 0000 L PV2. K-P2. J.DT (P'R2. JK-PYTR2. JK)
2310. 0000 N PV2-0
2320.0000 R PVR2.KL-PPY32.K*PVA2.K
2330.0000 A. PPY32.K=PPGM2.JK
2340. 0000 A PVA12.K=PRAP2.K*CRP2.K3 2350.0000 R PVTR2.KL-PV2.K*TX2.K
2360.0001) L T4-M;1.K-T.SM.3.J+DTTI2.JK.,
2370.0000 N T3MS1a0

1* 23a0.0000 R TIN2.KL-1.CLP.K
2390. 0000. A DCP2.K-.3WITCH(0,1.RTTM32.K)
2400.0000 A TX2.K-3ITCH(1,0,DCP2.K)
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2410. 0000 A PP11.K=MIN(PPI.K9100)

2420.0000 NOTE******THI4' FACTOR ASSUREZ A LIMIT OF 100 PcERCEMT FOR PP

2440.00030 A APl1.K-MIN(API.K,100.,
2450. 0000 A AP22.K-MIN(AP2.K, 100',
246). 000) Ft CR11.K=MIM(CR1.Kv,10
.470. 0000 A CR22.K-MIN(C'R2.Ki 100'
24;30. 0000 A PC11.K-MIM(PC1.Kql00)
243'0. 0000 A PC22. K-M 114 2K 10 0)
2500. 0000 A PV11.K-MIN(PV1.K, 100'
2310.0000 A PV22.K-MIM(PV2.KpIOQ'
Z15-:10. 00 00L A CLP.K-CLIP d1*0,PAPi . K. 1 o.-
2530.0 00 A CLPP.K-CLIP(1p0pPPl.Kql00mj
254').0001) NOTE*********THE FOLLOWING EQUJATIONS REFER TO A LOWER
2350.000') tIOTE**PRIORITY SPO THAN THE ABOVE CASE.

.2570. 0000) NOTE*****THIS LOWER PRIORITY PROGRAM IS PRESCRIPTED WITH X.
25.30.0000) NOTE*....PHASE ONE IS POSTSCRIPTED WITH THE 1.
2590. 0000 L X<P I . K=:AP I . J.DT (XAPRI i*)
2600. 000') N X.AP1=0
2610.0000 R :XAPR1.KL.XAPRR11.K
2620.0000 N X'APRR11-0
21.)3 0.0 0 00 A XAPRRI I. K-XTE 1. K*XPGM 1 .K*)PD 1. K*XFND 31. K
26~40. 0000 R :<TEl.K-XTCF*XMEI.K
2650.00010 C :T CF -
2660. 0000 CAN BE CHANGED.
2670.0000 A .<DTC.K-TABHL(TDTCX'PP.K-.CR.K-1,1,1).XDTCT1.K
26LB0.0000 A DTTKTAHTTTXPE1022
26911.000') C X3PDEl-1
2700. 0000 NOTE---- 6*$oo.zX4PDE1 CAM BE CHANGED.
2710.0000 A ;C<PDII.K-TABHL(TSPDIgXSPDE1.092,1)
2720. 0000 R :XSPDTIl.K-.x.DTC1.K*XSPDII.K
2730. 0000 A X:3PD1.KDELAY3(XSPDTI1.K, 1
2740.0000 A XFuN1.K-TABHLcrFuf1gXCRPA1.K,4.,4)
2750. 0000 A :XFU1DS1 . K-DELAY3(XF'JN1. KPXFDEL.K)
2760.0000) A XFDEL.K-TABHL(TFDELPRIX,1,5,4)
2770.0000 A 'XMEI. K-X~E 1. K
2730. 00)00 A XE1. K-XEDF1. K.XRGF1. K.XYRDF1. K.XGSN. K+XEDF. K.XRGF.* XYRDF. K.XG E.
27,90. 0000 A :<G 'E. K-1-XG 3N. K
2300.O0000-A XG----N.K=X'3SNC
2:310.0000 C XG'-MC.3
2820.0000 A XEDF.K-TAB L(EDF1TXEDCE,12,20,2)
2S30. 0000 A XRGF.K-TABHL(RGF1TXRGCE,9, 14.1)
2a40.OOOO) A XYRDF.K-TABHL (YRDIFTX*YRDCE, 0,20.,4)
295 1. 0 000 C 'XEDCE-1I8
2-3-60. 000 C :RGCE.12
2a70. 0000 C XYRDCE-201
2330.0000 A XEDI.K-XED1C
2390.0000 C XED1C-16
29 0'. 0000 NOTE*- .. **-*-XED1C CANl BE CHANGED.
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2930. 0000 NOTE*** .±..XRG1C CAN BE CHANGED.
25440.0000 R :XYRD1.K-:XYRDlC
2950.0000 C Xf'RDIC-0
.2960. 0000 NOTE..........XYRDIC CAN BE CHANGED.
29'0. 0000 A XEDFl.K=TABHL(EDFITXEDI.K,12,20,2)
29SO.0000 14 :RGF.KTRBL(RGzF1TXRGI.K,9.14.1)
21.90. 0010 A XYRDF. K-TABHL (RDFTXYRD1. K,020-.4)

3010.0c.'0 A X3CHDl.K-XT3MSO.k
30.20.OOCIO' A ::PAPI.K-DELAY1 (XRP1.KqlXPD1)
303.3.00UQ C XAPDIm4.6
3040. 0000 NOE* **,AD CAM BE CHANGED.
30503.0000 Fq XRT3.K XSMO KXA1 +T .K
'-306i0. 0000 A XPRTI.K-TABHL(XPAT1T*.XPAP1.KPO0.o10,20)
3070. 0000 T XPATT '35.5'7.6/9.a/l1
30390.0000 A XTTMSI.K-36-XTSMSO.K
3090.0000 L XPPI.K-XPPI.J+DT(XPPrG-Ml.JK)
3100. 0000 N XPPI-. 01
3110.0000 P :<PPGM1.KLTRHL(XPMT,XPCHDI.K,0,36,3
3120.0000 T XPGMIT-0/1.333-2.77/2.7?,-2.77--12.7/2.77/2.77/2.77/
3130. 000)0 X 2.77/2.77/4.165/5.55
3140. 0000 A XP SCHD I . K-XTSM 30. K
3150.0000 L XCRI. K-XCR1. J+DT*XCRRI. JK--XCRTRI. jK)
3160.0000 " XCR1=XCR1C
3170. 0000 C XCR1C-. 01
3130.0000 R XCRR1.KL=1'/XPDI.K.XCE1PGM1.K
31?0. 0000 C XCE11l
3200. 0000 NiOTE *"****XCEI CAN BE CHANGED.
3210.0000 R2 ..CRTR1 .KL<*CR 1.K*XTX1.K
3220.0000 L XPC1.K-XPC1.J+DT(XPC-RI.JK-XPCTR1.J()
3230. 0000 N XPCI=XPC1C
3240.0000 C XPC1C-.01
3250. 0000 R XPCR1.KL-(XPPGM1.JK)
3260. 0000 R .PCTRI.KL=0
3.270. 0000 Fl XPRAP1.K-XPAP1.K/XPPI.K
32S0.0000 A XCRPA1I.K-:XPCI.K/XCR1.K
3290.0000 L XPYI.K=XPYI.J+DT(XPVR1.JK-XPYTRI.JK)
3300. 0000 M XPV1=O
3310.0000 R XPYRI.KL-XPPV31.K*XPVA1.K4 3320.0000AR XPPYS1.K=XPPGM1.JK
3330.0000 A XPVA1.K-XPRAPZ.K#XCRPR1.K
3340.0000 R XPvTRI.KL-XPV1.K.:XTXI.K
3350. 0000 L XT3MSO.K.XTSM'SO. J.DTC*.TINI. JK)
3360. 0000 N XTSM3O0
3370.0000 R XTINI.KLaI
3330.0000 A XDCP1.K-SWITCH(0!,1qXRTTM31.K)
333.0.0000 A XTX1.K-&WITCH(1,0v<DCPI.K)
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3410U. 0000 L :A-Pa. K-X~AP2. J.DT (XRPR2. JiG'
3420. 9100 1 ;<P=
343'9.0000 R XAR.KL-XRPRR22.K.>(CLP.K
34413.0000 M :APRR22-0
3430. 0000 Rt XRPR22.KXTE2.K:XPGM2.K.XPD.K>XFUNDS2.K
34.iO. 000 A X:TE.K=:&TCF*XMrE2.K
3470.0000 A :XDTC2.K-TABML(TDTCXPAP2.K-XCR2.K,-1,1,1).XDTCT2.K
34a0. 0000 R XDTCT2.K-TABHL(TDTCT.SPDE2a,0.a.2)
3490.0000 C XSPDE2-1
3500. 0000 NOTE************SPDE2 C~RM BE CHANGED.
3510.0000 R .CPDI2.K-TABHL(T3PDI,:43PDE2,0,2,1)
3520. 0000 A .SPDTI.K-.*DTC2.K*XSPDI2.K
3530. 0000 R X3PD2.K-DELAY3(XSPDTI2.K-, 1)
3540.0000) 0 XFiN.K-TABHL(TFUNXCRPF12.K,0,4,4)
3550. 0000 A :XF'JND-z2.K-DELAY3 (:FUN.K, XFDEL.K)
3360. 0000 A XME2.K-:XE2.K
3570. 0000 A XE2. K-XEDF2. K.XRGF2. K.XYRDF2. K.:GSN. K.XEDF. K.XRGF. K.XYRDF. K.XGSE. K
35SO.0J00 A XEDa. K-XED2C
3590.0000) C XED2C=16
3600. 0000 MOTE******4*-XED2C CAN BE CHANGED.
3-310.0000 A ;:G. K><RG2C
3620. 0000 C XRG2C=-)
3, 30. 0000 f1OTE*."...****XRG2C CAN BE CHANGED.
3640.0000 A .<YRD2.K=..<RDEC
3650.0000 C &e'RDC0
3'660. 0000 NOTE+"**#m.*XYRD2C CRM BE CHANGED.
3i70.0OOO A 4 ED2.K-TBHL(EDFT,:XED.K,1aya0 2)
36:30.0000 A XRGF2.K-TABHLRGF1TXAG--2.K,.14.11)
3690.0000 A :.YRDF2.KTBHLYRDIFT.XYRD2.K.0.a0.4)
3700. 0000 A ;XPGM2.K-TABHL(XPG?1aT.XSCHED2.K. 0.36!3)
3710.0000 A X:SCHED2.Km:XTSMSI.K
3720. 0000 A XPAP2. K-DELA?1t (XAP2. K.XAPD2)
3730.0000 C XAPD24.6 - 1D A ECAGD3740.0000 NOTE~....~.AD A ECAGD
3730.0000-.A XRTTM32. Ka (XTSMSI.*K-XPAT2. K+XTTMS2.K)
3760).0000 A :PT2.K=TABHL(XPAT2TXPAP2.K,0,100,20)
3770. 0000 T XPRT2T=0/3.,5.5',7.6/9.S/11
37,3'. 0000 A XTTMS2. K- 36-X~T MS I. K
3790. 0000 L ::PP2. K-X:PP.. J+DT (XPPGM2. JK)
3:300).0000 N 'XPP2-. 01
31310. 0000 R X4PPG.-M2. KLinTABHL (XPGM2T. XPSCHD2. K, 0,36,3) .XCLPP.K
3$20. 0000 T :PGM2T=0'1. 3a8/2.77/2.77/2.77/2.77/2.77/2.77/2.77/
3a3O.000') X 2.77/2.77/4.165/5.55
3.40.0000 A XPSCHDa.K-:XTSMS1.K
3a50. 0000 L X<CRa. K=CR2. J+DT (XC( RR2. JK-XCRTR2. JK)
3360. 0000 N XCR2-XCR2C( 3:370.O)001 C XCR2C-.01
3a.ooo 000R XCRR2.KL-( (1 'X-PD2. K) .;XCE2.XPGIM2. K) XCLP.k
3a.40. 0000 C XCE2-1
3900.0000 MOTEO-***-**XCE2 CAN BE CHANGED.
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330 10. 0 00'1) R 4CRTR2. KL-XCR2. K.XTX2. K

40'50. 0030 R :<TSMS1. K- TPSM1 +T :T2 . JK)
4060i. 0000 R XPTR2.L0
4370. 0000 A XTIRAP.K-I..<P.KXXP
430. 0000 A XCPA.K-XPICH(0RXRTTMa.K
B990. 0000 A Xa.K-XPWITCHD(1,XDPVR.JK-XYR.
400.0000 A XPPY.KMN(PP.,10
-410. 000o A XPYR.K-XPP2.K*XP100'
4020.0000 A XP113.KINXPM.K0
'4030.000) A XPAP.K-XINRAP2.K*XC00).
4140.0000 R XPYR1.KMINXCR.KX100
4150.00030 L XCTSM3. K-MXSR2.KJ+T X00) .J
4160.0000 A XTPM1-=0l(P1K,0:
4170. 000'J R .XPIa.K=MIN*XCPa.K,10
410.O9OO A XDP21.K=PlITC(0PlvXRTK,100
4190. 0000 A XPT2.K-3MITC(Pv.XDC100
4100.0000 A XPl.K-LIP(1XPRP1.K100
4110.0000 A XPP.KuCIN(P0PP1.Kl00
4120. 0000 AOE~ H FOLLWIN E1.TON AREI UEDl TO DEEIN A0ME1Ui
4130. 0000 A OTE .O EFFCTVEES (MOE. FOR EAH100E)OGASINEC
41~40. 0000 AOE4U THE TWO (XCl.PHAE IDAMEFO H TOPAE W P
4150. 0000 AMOTE...K-ORGNZATIRt.1
4160. 0000 A XPRI~I.KMNXC.oO*
4170. 0130 0- 1OTE*.**..'..rIN (X C N E CHAGED
4130. 0000 RNOTE 1. K-PRIN-PRY OF T. K'$ PRORT PRORA
41~90. 0000 A XPRIXSMNXP2K.10

3200. 0000 A PRTA.K-Cl'PRIA XP~.K10
3310. 0000 A ',iPRT.K-'PI~XP.KI
40. 000' A VAL11.KmDTH OLLOWINGAEQCATIONS(ARECSED TO)DTERMNEK AMEASURE
424.000NOTE******VALITHE VPAUES ONF OF3 THE HIHPIRTWPOGRMI PHASE ONE.3P

4260.0000 C DOI~LH0

4.290.0000 NOTE*****OLH-PROLRIT VFALUEUDGH F PRIT PROGA
4290. 0000 NOE.C-LPCI FUNITION

14390.0000 NOTE**~CSTiCS FI ACTO VECALUED
4400. 0000 HOTE*.4VPRF -PRORMANCFTE LACTOR VALUE Y RORA
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4410. 000') NOTE****V SCHI -3CHEDULE FACTOR VALUE
4420.0000 A VCOST.KTAIBL(TVCTCRPA.K0.a,.5)
4433. '0')') T TVCO--T. '001/. 013/. 07S.,. 09i-'. I1I
4440.0000 R VPERFl.K-TABHL(TVPERF,PVA.KO9a, .5)
4450.0000 T TVPERF-.069'. 076'. 084'. 084'. 086
4460.0030 A YSCHI.K-TABHL(TV.SCHPRP.K,0,ap.5)
4470. 0001) T TV SCH-. 051--. 052 -. 06 3.'. 065'/. 071
4480. 0000 NOTE......%'CST=THE CONTRIBUTION OF COST TO THE MOE
4490.0000 NOTE****VPERF-THE CONTRIBUTION OF PERFORMANCE TO THE MOE
4500.0000 NOTE****-*VSCHnTHE CONTRIBUTION OF SCHEDULE TO THE MOE
4510. 0000 A CLLP.K-CLIP(100AP.KAP.',100.1
4520. 00')0 A CLLP2. K-iLIP (1 009 -AP2. Ki, P2. K, 100',
4530.01000 A XCLLP.K-CLIP(100.,XAP.KXAP.K,100'"
4540.0000 A XCLLP2. K=CL P <1u0 0:q AP. K tXAP2. K, 10O0)
4350. 00030 A VAL2. K-DOLH*PRTA. K.CLLP2. K.(1/YCO&4T2.K) .VPERF2. K.VSCH2. K
4560.0000 IOTE"**YAL12-THE VALUE OF THE HIGH PRIORITY PROGRAM IN PHAS- E TWO
4570.0000' A VCOT.K-TABHL(TVCSTCRP.K0,,.5)
45:30. 0000 R VPEPF2. K=TABHL (TVPERF, PVA2. K, 0, a.51'
4590. 0000 A V'SCH2.K=TABHL(TVSCHPPRA4P2.K, Oia~ *5)
46030. 0000 A1 VALX1.K=DUILL.PRTX.K.XCLLP.K.(1/VXCOS T1.K.Y'KPERFl.K.YXSCH1 .K
4610.0000 NOTE******YRLX1=THE VALUE OF THE LOW PRIORITY PROGRAM IN PHASE ONE
4620.0000' C DOLL-100)
46-30. 00')0 NOTE****"DOLLnDOLLAR VALUE(BUDGET) OF LOW PRIORITY PROGRAM
4640.0000 A V;COSTI.K-TABHL(TVCOSTPXCRPAI.K,092,.5)
4i50.0000 A VXPERFI.K=TABHL(TVPERFPXPVA1.K,092,.5)
4660.0000 A VXSCHl.K=TABHL(TVSCNXPRAP1.K,0929.5)
4670. 0000 A VAL-X2. KDOLL.PRTX. K*.*-<CLLP2. K* (1/VXCOSTa. K) .VXPERF2. K.VX,<.SCH2. K
46a0.O0313 NOTE******VALX2-THE VALUE OF THE LOWER PRIORITY PROGRAM IN PHASE TWO
4690. 0000 A V<COST2. K=TA4BHL (TVCOST% XCRPA2. KP ., .5
4700.*0000 A V:XPERF2. K-TADHL(TVPERF, XPVA2. Kg O- , .5
4710. 0003' A VXSCHa.K-TABHL(TV&:-CHiXPRAP2.K!,09a2.5)
4720. 000') A VRLT1.KVARL11.K4VRLX1.K
4730. 0000 NOTE*...VALT~InTHE TOTAL VALUE OF BOTH PROGRAMS IN PHASE ONE
4740. 000)0 A VALT2.K-VAL12.K+YRLX2.K
4750. 0000 NOTE*. YLT-THE TOTAL VALUE OF BOTH PROGRAMS IN PHASE TWO
4760. 0000 A YALTT.K-VALT1.K+VRLT2.k
4770. 000)0 NOTE***-**ALTT-THE TOTAL VALUE FOR BOTH PROGRAMS IN BOTH PHASES
4790.0000) NOTE*.*-THE FOLLOWING ARE THE CONTROL STATEMENT THAT DETERMINE
4790.0000 NOTE**...THE LENGTH OF THE SIMULATION AND THE DATA THAT IS PLOTTED
4a-00.0000 NOTE-*AND THE TABLES THAT ARE PRINTED.
4a10.0000 SPEC DT-.05

t 4:320. 0000) ;PEC LENGTH200
4a3O.OOJO SPEC PLTPER-O
4a40. 0000 3PEC PRTPER-30
48-50. 000' PLOT VALIl 'VAL12/vALX1 'VALX2'VALT1'VALT2'VYALTT
4a60.0090 PLOT XAP11.XAP2XPPI1,XPP22
4a70.0000) X XCR11,:XPC11,XCRaaXPCaa,.PV11,lxPV2a
4380.000') PLOT APIAP22,PPI1,PP22,CR11,PC11,CR22,PC22,PV11,PPY2
4a3903.0000 PRINT VRL11vVAL129vALX1vYRLXaYALTT
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APPENDIX B

COMPUTER RESULTS
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P,"G3E 3 FILE B. 6 01/03.'33

PRESENT 0. 1.000
ORIGINL .1000 .3000

PAGE 4 FILE B36 01/03/83

TIME VALI1 VAL12 VALX1 'VAL.2 VRLTT
E+00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .000 .000 .0
49.99 632.54 130.18 53.697 .000 322.4

99.398 665.74 643.25 77.930 33.768 1420.7
149.97 672. 47 664.99 78.384 77.704 143B. 5

199.95 675.38 670.55 78.594 79.305 1502.8

PAGE 6 FILE B36 01/03/83

G NC MX63mC
PRESENT 62.50A .7500

ORIGINAL 1000 .3000

PAGE 7 FILE BS6 0103,83

TIME VALI1 VRL12 VRLX1 VRLX2 /RLTT

E+00 E+00 E+00 E+00 E+00 E+o

.0 .00 .00 .000 .000 .0

49.99 604.26 110.34 '87.057 .000 801.7

99.9a 645.57 626.77 90.382 37.061 1449.9

149.97 653.99 650.66 90.965 90.385 1486.0

199.95 657.47 656.09 91.195 90.964 1495.7

PAGE 9 FILE B36 01/03.83

GSMC XGSHC
PRESENT .1250 .5000

ORIGINAL .1000 .3000

I

PAGE 10 FILE B36 01/03/83

TIME VF4L1 VAL12 VALX1 VALX2 'RLTT

E+00 E+00 E+00 E+00 E+00 E+00
.0 .00 .00 .00 .00 .0

49.99 5381.07 88.53 97.19 2.22 769.0

99.98 626.69 604.33 103.21 99.56 1432.8
14,.97 636.07 632.41 104.39 103.46 1476.3

199.95 639.86 639.06 104.71 104.50 148.1
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PRGE 12 ILE B6 01.. 3:3

PREEM '3;TC :<i 3 rC

PRESENT .1875 .2500
ORIGINAL .1000 .3000

PRGE 13 FILE B36 01/'03-'83

TIME YALlI VRL12 VRLX1 .ALX2 /ALTT
E+00 E+00 E+00 E+00 E+00) E+00

.0 .00 .00 .00(1 .00 .0
49.99 576.24 69.47 110.97 9.71 766.4
9?. 9a 610.01 5:34.57 118.95 113.22 1426.9

149.97 618.64 614.82 120.47 119.91 1473.,3
139.95 622.66 621.37 121.21 120.54 1486.3

PAGE 15 FILE BS6 01/03.'83

G3NC :<GSNC
PRESENT .2500 0.

ORI GI NL .1000 .3000

PAGE 16 FILE B36 01'03'.33

TIME VAL1l VAL1 VRLX1 VRLX2 VLTT
E+00 E+00 E+O0 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0
49.99 559.52 55.25 123.03 22.99 760.--3
99.98 593.18 568.10 132.44 127.97 1421.7
149.97 601.45 598.19 134.0 133.29 1467.0
199.95 605.39 602.53 134.72 134.46 1477.1

PAGE 20 FILE B36 01./03-'83

GSC XG3NC
PREENT 1.000 0.

. I ORIGINAL .1000 .3000

PA13E 21 FILE BS6 01.'03/83

TIME VAL11 VAL12 VALX1 VALX62 VALTT
E+00 E+00 E+00 E+00 E+00 E+01)

.0 .00 .00 .00 .00 .0
49.99 312. 31 . 00 123.03 22.99 45:3. 3
99.99 390.80 192.68 132.44 127.97 843.9

149.97 332.65 3a9.97 134.09 133.29 1050.0
199.95 393.50 392.35 134.72 134.46 1055.0
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PAGE 23 FILE B&6 01-"03-183

GSNC XG!-C
PREGENT .7500 '62.50R

ORIGIMRL .1000 .3000

PRGE 24 FILE BS6 01'03.83

TIME VFRL11 VRL12 'ILX1 VRL.X2 VALTT

E+00 E+O0 E+00 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0

49.99 439.83 .10 121.65 19.71 530.3

99.98 452.34 440.05 129.59 123.55 1145.5

149.97 455.05 452.46 130.67 129.73 1167.9

199.-"3 456.05 454.99 131.31 131.08 1173.4

PAGE 26 FILE B$6 01/03'83

-rig- XGNC
PRESENT .5000 .1250

ORIGINAL .1000 .3000

PRGE 27 FILE BS6 01'03/83

TIME VAL1l VRL12 VALX1 VALX2 YALTT

E+00 E+00 E+00 E+00 E+00 E+00

.0 .0) .00 .00 .00 .0

49.99 487.33 12.92 117.02 15.22 632.5

99.98 515.60 492.03 126.32 119.31 1253.3

149.97 519.96 516.86 127.80 126.19 1290.8

199.95 522.33 520.14 127.99 127.64 1298.1

PAGE 29 FILE B6 01/03/'93

GNC XGSNC

PRESENT .2500 .1875

ORIGINFAL .1000 .3000

PAGE 30 FILE BS6 01/03/83

TIME VAL1l VAL12 VALX1 VRLX2 VRLTT

E+O0 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0

* 49.99 559.52 55.25 113.31 12.37 740.4

99.98 593.18 568.10 122.89 115.76 1399.9

149.97 601.45 599.19 124.28 122.88 1446.8

199.95 605.39 602.53 124.53 124.38 1456.8
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PR'E 32 ILE B36 01.'03'3

iP .E EMT ). .2500

ORIGINRL .1000 .3000

PRE ?3 FILE BD6 01/03"83

TIME VAL1I VAL12 YFiLX1 VRLX2 VALTT

E+00 E+00 E 00 E+00 E+00 E+00

.0 .00 .0) .00 .00 .0

4.99 632.54 130.19 110.97 9.71 >.383.4

99.991 665.74 643.25 118.95 113.22 1541.2

14"9.97 672.47 664.39 120.47 119.91 1577.8

199.95 675.38 670.55 121.21 120.54 1587.7
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PAGE 3 FILE B46 01/03/a3

PRESENT 1.000 1.000
ORIGINAL .1000 .3000

PAGE 4 FILE B$6 01/03/83

TIME VAL1l VALI2 VRLX1 VRLX2 VALTT

E+00 E+O0 E+00 E+00 E+00 E+00

.0 .00 .00 .000 .000 .00

4?.49 312.31 .00 59.697 .000 372.00

?9.9a 3?0.30 192.68 77.930 33.769 695.18

149.97 392.65 3839.97 79.384 77.704 939.71

199.95 393.50 392.35 78.594 79.305 942.75

PAGE 6 FILE B36 01/03 / 83

G3NC XGSHC SPDE1 SPDE2 XSPDE1 XSPDEZ

PRESENT 1.000 1.000 1.500 1.500 1.500 1.500

ORIGINAL .1000 .3000 1.000 1.000 1.000 1.000

PAGE 7 FILE B$6 01/03/83

TIME VALl VRL12 VALXI VALX2 'VALTT

E+O0 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .000 .000 .00

49.99 3a2.23 .00 75.510 .000 457.74

99.98 396.72 316.85 79.337 61.542 a54.45

149.97 3?6.85 396.70 79.370 79.341 952.25

199.35 396.90 396.84 79.393 79.365 952.48

PAGE 9 FILE B$6 01/03'83

G3MC XGSNC DOLH

PRESENT 1.000 1.000 500.0

ORIGINAL .1000 .3000 100.0

PAGE 10 FILE B$6 01'03/83

TIME VAL11 VRL12 VRLX1 VALX2 VRLTT

E+00 E+00 E+00 E+00 E+00 E+00

.0 .0 .0 .000 .000 .0

49.99 1561.5 .0 59.697 .000 1621.2

99.93 1954.0 963.4 77.930 33.768 3029.1

149.97 163.3 1949.9 78.394 77.704 4069. 2

199.95 1967.5 1961.8 78.594 78.305 40-96.2
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PAGE 10 FILE B6 01/03/83

DOLH
PRESENT 500.0

ORIGINAL 100.0

PAGE 11 FILE BS6 01/03/83

TIME VALll VRL12 VRLX1 VRLX2 VALTT

0E+0 E+00 E+00 E+00 E+00 E+00

.0 .0 .0 .00 .00 .0

49.99 2947.6 490.5 108.41 7.81 3554.3

99.9a 3171.6 3066.2 115.93 110.81 6464.4

149.97 3216.8 3199.0 117.68 116.51 6650.0

199.95 3235.5 3230.4 118.39 117.76 6702.0

PAGE 13 FILE BS6 01,03/3

DOLL
PRESENT 500.0
ORIGINAL 100.0

PAGE 14 FILE B$6 01,03/83

TIME YRL11 VRL12 VRLX1 VRLX2 VALTT

E+00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0

49.99 589.53 98.09 542.04 39.06 1268.7

99.98 634.31 613.23 579.64 554.03 2381.2

149.97 643.35 639.80 5a8.38 582.53 2454.1

199.95 647.10 646.07 591.96 538.81 2473.9

PAGE 16 FILE 836 01/03/83

PRESENT 1.000
ORIGINAL .1000

PAGE 17 FILE B$6 01/03/83

TIME VRLI1 VAL12 VRLXI VRLX2 VRLTT

E+00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0

49.99 312.31 .00 108.41 7.81 428.5

99.98 390.80 192.68 115.93 110.81 810.2

149.97 392.65 389.97 117.6a 116.51 1016.8

199.95 393.50 392.35 118.39 117.76 1022.0
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PAGE 2 FILE B36 01/03/83

TIME VRL11 VRL12 VALXI VALX2 VALTT
E 00 E+00 E+00 E 00 E+00 E+00

.0 .00 .00 .00 .00 .0
49.9: 5:?.53 98.09 103.41 7.81 a03.8
99.?3 634.31 613.23 115.93 110.81 1474.3
149.97 64*3.35 639.80 117.68 116.51 1517.3
199.95 647.10 646.07 118.39 117.76 1529.3

PAGE 4 FILE BS6 01/03/83

SPDE1 SPDE2 XSPDE1 XSPDE2
PRESENT 1.500 1.500 1.500 .1.500

ORIGINAL 1.000 1.000 1.000 1.000

PAGE 5 FILE BS6 01'03'/3

TIME VRLll VAL12 VALXI VRLX2 VALTT
E+00 E+00 E+00 E.00 E+00 E+00

.0 .00 .00 .00 .00 .0
49.99 708.26 197.88 129.36 21.65 1057.1
99.98 819.41 802.93 135.22 130.88 1888.4
149.97 856.68 819.09 140.43 136.78 1953.0
199.95 843.09 845.41 138.45 140.28 1967.2

PAGE 7 FILE BS6 01/03/83

SPDE2 SPDE1 XSPDE1 XSPDE2
PRESENT .5000 .5000 .5000 .5000

ORIGINAL 1.000 1.000 1.000 1.000

PAGE 8 FILE B$6 01'03/83

TIME VRL11 VAL12 VALX1 VFALX2 VALTT
E+00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0
49.99 518.97 .00 96.13 .00 615.1
99.9a 538.58 518.42 101.47 78.35 1236.8

149.97 543.49 538.4a 102.29 101.30 1285.6
199.95 545.71 543.46 102.66 102.23 1294.1
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PAGE 12 FILE B$6 01/0393

G SNC XGMC SPDE1 SPDE2 XSPDE2 XSPDEl
PRESENT 1.000 1.000 .5000 .5000 .5000 .5000

ORIGINAL .1000 .3000 1.000 1.000 1.000 1.000

PAgE 13 FILE BS6 01/03/a3

TIME VALll VAL12 VALXI VALX2 VALTT
E+00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .000 .000 .00
49.99 162.38 .00 32.376 .000 194.76
99.9-3 421.29 .00 84.129 .000 505.42
149.97 466.13 94.14 93.222 19.66a 672.16
199.95 466.29 352.64 93.256 70.21' 982.49

PAGE 15 FILE B$6 01/03'83

GSNC XGSNC DOLL
PRESENT 1.000 1.000 500.0

ORIGINAL .1000 .3000 100.0

PRGE 16 FILE BS6 01/03/33

TIME VRL11 VAL12 VRLXI VRLX2 VALTT
E+00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0
49.99 312.31 .00 298.4? .00 610.8
99.98 390.80 192.68 389.65 168.84 1142.0
149.97 392.65 389.97 391.92 38a.52 1563.1
199.95 393.50 392.35 392.97 391.52 1570.3

PAGE 18 FILE BS6 01/03'83

G3mC XGSNC
PRESENT 0. 0.

ORIGINAL .1000 .3000

PAGE 19 FILE BS6 01/03/83

TIME VRL11 VRL12 VRLXI VALX2 VRLTT
E+00 E+00 E 00 E+00 E+00 E00

.0 .00 .00 .00 .00 .0
49.99 632.54 130.18 123.03 22.99 908.7
99.98 665.74 643.25 132.44 127.97 1569.4

* 149.97 672.47 664.99 134.08 133.29 1604.8
199.95 675.38 670.55 134.72 134.46 1615.1
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PAGE 21 FILE BS6 01/03/83

G4MC XG3NC SPDE1 SPDE2 XSPDE1 XSPDE2

PRESENT 0. 0. 1.500 1.500 1.500 1.500

ORIGINAL .1000 .3000 1.000 1.000 1.000 1.000

PAGE 22 FILE B36 01/03/83

TIME VALI1 VAL12 VALXI VRLX2 VALTT

E+00 E+00 E+00 E+00 E+00 E+00
.0 .00 .00 .00 .00 .0

49.?9 814.14 243.92 179.49 41.62 1279.2
99.9 a94.84 856.71 180.98 172.43 2105.0

149.37 937.55 938.22 189.04 188.52 2253.3
193.95 953.34 ?20.91 192.12 188.26 2255.2

PAGE 24 FILE B36 01/03/83

G-NC XGSHC SPDEI SPDE2 XSPDE1 XSPDE2

PRESENT 0. 0. .5000 .5000 .5000 .5000

ORIGINAL .1000 .3000 1.000 1.000 1.000 1.000

PAGE 25 FILE BS6 01/03/83

TIME VALLI VAL12 VRLXl VALX2 VALTT

E+00 E+00 E+O0 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0

49.99 532.93 4.08 106.47 .75 644.2
99.9a 554.38 534.33 110.80 106.73 1306.2

149.97 559.82 554.63 111.92 110.85 1337.2
199.95 562.28 559.92 112.42 111.93 1346.5

PAGE 27 FILE BS6 01/03/83

GSNC XGsC DOLH

PRESENT 0. 0. 500.0
ORIGINAL .1000 .3000 100.0

PAGE 28 FILE BS6 01/03/83

TIME VALLI VAL12 VALX1 VALX2 VALTT

E+00 E+00 E+00 E+00 E 00 E+00

.0 .0 .0 .00 .00 .0

49.99 3162.7 650.9 123.03 22.99 3959.6

99.98 3328.7 3216.3 132.44 127.97 6805.4

149.97 3362.3 3324.9 134.08 133.29 6354.6

199.95 3376.9 3352.8 134.72 134.46 6998.8
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PAGE 30 FILE B36 0i03'93

G3NC XGSNC DOLL

PRESENT 0. 0. 500.0

ORIGIAL .1000 .3000 100.0

PAGE 31 FILE BS6 01"03'83

TIME VALI1 VAL12 VALXI WRLX2 VRLTT

E+00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0

49.99 63a.54 130.19 615.16 114-93 14?2.8

99.98 665.74 643.25 662.20 63-.94 2611.0

149.97 672.47 664.99 670.39 666.44 2674.3

I79.95 675.38 670.55 673.62 672.31 a691.9

PAGE 33 FILE BS6 01/03/83

s3mc XGSTIC
PRESENT .5000 .5000

ORIGINAL .1000 .3000

PRGE 34 FILE BS6 01/03/a3

TIME VAL11 VAL12 VALX1 V LX2 VALTT

E+00 E+00 E+00 E+00 E+00 E00

.0 .00 .00 .00 .00 .0

49.99 487.33 12.92 97.19 2.22 599.7

99.98 515.60 492.03 103. 2l 99.56 Ja09.4

149.97 519.9 516-a6 104.39 103.46 1244.7

199.95 522.33 520.14 104.71 104.50 1251.7

PAGE 36 FILE B36 01/03/83

jGSMC XsMC SPDEI SPDE2 XSPDE1 XSPDE2

PRESENT .5000 .5000 1.500 1.500 1.500 1.500

ORIGINAL .1000 .3000 1.000 1.000 1.000 1.000

PAGE 37 FILE BS6 01/03/93

TIME VAL11 VALIZ VALX1 VRLX2 VALTT

E 00 E+00 E+00 E+00 E+00 E00

.0 .00 .00 .00 .00 .0

( 49.99 562.17 68.07 113.71 11.69 755.6

99.99 606.66 587.24 120.81 115.39 1430.1

149.97 610.34 604.92 122.77 121.47 1459.5

199.95 614.45 612.80 122.87 122.56 1472.7
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PAGE 41 FILE B36

G6J1C XGMC SPDEI 3PDE2 XSPDEI XSPDE2

PRESENT .5000 .5000 .5000 .5000 .5000 .5000

ORIGINAL .1000 .3000 1.000 1.000 1.000 1.000

PAGE 42 FILE BS6 01"03'83

TIME VAL11 VAL 2 YRLX1 VALX2 VALTT

E+00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .000 .000 .0

49.99 386.55 .00 77.057 .000 463.6

99.9,3 492.51 227.00 98.487 45.011 863.0

149.97 493.54 491.99 98.699 98.380 1182.6

199.95 494.00 493.36 98.794 99.662 1184.

PAGE 44 FILE BS6 01/03/83

GSHC XGSNC DOLH

PRESENT .5000 .5000 500.0

ORIGINAL .1000 .3000 100.0

PAGE 45 FILE BS6 01/03/83

TIME VAL11 VAL12 VALXI VRLX2 VALTT

E+00 E+00 E+00 E+00 E+00 E+00

.0 .0 .0 .00 .00 .0

49.99 2436.6 64.6 97.19 2.22 2600.6

99.98 2578.0 2460.2 103.21 98.56 5240.0

149.97 2599.8 2584.3 104.39 103.46 5391.9

199.95 2611.6 2600.7 104.71 104.50 5421.5

PAGE 47 FILE BS6 01/03/83

GSHC XGSMC DOLL

PRESENT .5000 .5000 500.0
ORIGINAL .1000 .3000 100.0

PPA3E 49 FILE BS6 01,'03/83

TIME VRL11 VAL12 VALX1 VALX2 VALTT

E+00 E+00 E+00 E+00 E+00 E+00

.0 .00 .00 .00 .00 .0

49.99 4a7.33 12.92 485.93 11.11 997.3

99.98 515.60 492.03 516.06 492.81 2016.5

149.97 519.96 516.86 521.93 517.29 2076.0

199.95 522.33 520.14 523.53 522.50 2088.5
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APPENDIX C

INITIAL SURVEY--SPO OPERATION PERCEPTIONS

t
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Relationships

Respondents should fill in the two blanks ( ) for

each figure.

SPO Director Effectiveness: The contribution of the SPO
Director to progress.

1.

Progress
1.0

0.

Poo--r 1.0 Good
SPO Director

Funds: The affect of funding changes on progress.

1.

Progress Planned Funds
1.0 = 1.0

0.

-5 1.5

Funding Level

I Note: The respondents were briefed on this survey and all
questions were cleared.
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Desire to Change Progress Rate: This is the SPO
Director's influence on changing progress when he
desires to do so.

Progress
~1.0

0.

Worse Ave. Best

SPO Director

Perceived Actual Progress: Since it is often diffi-
cult to actually know the progress on a major system,
we rely on perceptions. Typically we overperceive.
In months show what you would consider the typical
delay between actual progress and reported progress.

Months

Small Large

SPO Size

Funds Available: From SPO Director request until receipt
of funds (additional) show the time required in months.

I Months
.4

Low High
Priority Priority

SPO Priority
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Performance

Think typical people consider all vs. the most talented in

ASD.

1.0 Note: Mexk an the graph
above each e natia

Perf level youlr pezcepticn of
a person's cntribution
ccnar--ed to the most
talented mn ASD which

0 equals 1.0.

12 20
HS BS MS Ph.D

Educatim

1.0

Perf Note: Do the same as above
but consider grade or rank.

S0 __ __ __0"___ _ __ _5_

0-1 0-
GS 9 11 12 13 14

Grade/ark

1.0

Perf Note: Do the same as above
but ccnsider years of R&D: experiene.

0 10 20

Years of R&D Experience

I
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APPENDIX D

SECOQND SURVEY--AN ASD MOE SURVEY
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SUBJECT% Rt MOE FOR RSD

TID EX.PERIE1CEII RSD SF0 PERSCIMltEL

UMDER THE SPOI450RS)+IP OF RSD'AFW (MYR- JIM' COOLEYP 55260P

CONITACT PERSOtI) RIMD THE ADRIN1ISTRA'TIVE SUPPORT OF THE RIP. FORCE

BUSINESS RESEARCH+ MAASE CEN1ER CCAPT 11IKE TAPW*SLE-YP

56221p COIITACT PERSC"h> PJSR IS COPMITTED TO DETE-RMftIrIM* R

PIEASURE OF EFfECT ZVEYIESS FOR ASD. WE MEED YOUR HE.LP-

PLEASE COMPLETE THE AtTTACHED FORM AtID RETURh 1T Ill IHE

STAMPED SELF ADDRESSED EnVELMPE. YO3UR RESPOISES TO THE PRIRED

CO]MPARISrOMS SHOULD RDDRESS EAC14 ITEMt AGRIIST EVERY OTHER ITEN

ArID WILL LOOK SGMETlHIM6 LIKE THE FOLLDn IN&~WE FIMISMED.

V/t

THAMK YOU.-
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t. As part. of a research project, a rating function for evaluating the success
of a SPO is being developed. This function is to be based on three fac:ors;
actual cost vs target cost, actual schedule vs target schedule, and aczual per.
formance vs target performance. "

A series of matr cas have bee developed to aid in assessing the relative
merits of the three factors (cost, schedule, and performance) In evaluating
te success of a particular SPO. Each matr-x has been constructed for camparing
two of the factors. In maklng the assessments for the various comtinations
shown, we are stating that the row factor is mre important than the column
factor.

Please Indicate your agremu t or disagremnt by checking the block if
you agree that the row factor is more important and leaving it blank if you
do not agree. For example: tf you agree that the SPO would receive a higher
rating for being 40% under cost than If it were ZO ahead of schedule, then
the block In the first row and first coluam of the first matrix below would
be chocked(.

7 lc evo ,r7Ad,

Sced , Per !

.0% under -4O under

I _I!0% under 213% under

isTARGET ON TARGET

m0 over Z0 over

W'S" over 4 over

COST Vs SCHEDULE COST vs PERFORMANCE

64



Perf -

ZOO early

1O'dw early

ON TARGET-

1Q% late

20% late

SOHEDULE vs PERFORM ?CE

1. In developing an overall performance measure for ASO, which would you

consider to be more important:

a. Oollar value of the project?

b. Priority of the project?

2. If you chose b above, indicate where the priority of most concern

is established.

a. ASD (internal)

b. AFSC

c. Air Force
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