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3780 14(V+ 1)(S (2 +S3) / (A 5*Ql(V+1) )*(1/'B6)
3785 V7 (V+I-) rl\7k M(V+I1) B36
3790 IF Q(N-U-1l)N9 GO TO 3910
3800 IF L(M-U-1)AJ1,9 GO TO 3910

381() Z A I ",*I MO~** I Dr-~1 IN -~T I K'-H-1 I)** I C+.

3820 S5=(A6*(QWt.U-1)**(B9+I)-1N9**(B9+ 1) ))/(B9+1)
3830 fl(N-U-1)=((S4+S5)/(A5*QCw-U-1) ))**1,,16)
3835'1(Nr1)A*(u1)*6
3840 IF f4(N-U-1)-N9 GO '10 3860
3850 14NUI--(4S)/ .*l(lU1))**(1/B9)
35855 T7(1--)=1*(NU1**B9
3860 GO TO 3601
3900 (VI=((11*(51L(1**B1)/Q(1*(51)*lB)
'3903 717 (V.1-) =A4 *,.I(V+1) * *BS
3905 N3=QCV+1)
3907 GO TO 3790
3910 M(N -U-1)=(( NU1*(6+)LNUI**B+)/Q(N 1*B+) ))**(l/36

3913 V7 (N-U-i) =73*M (N].U.1) **B6
3915 149=Q (N-U-1)
3920 GO '110 3601
7000 FOR I=9 1O 14
7010 R(K,I)=(999
7020 NEXT I
7030 CO TO 1790
9000 END
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Split Learning Curves

The term "learning curve" describes the improvement in efficiency of

producing an item in quantities larger than one. Although the phenomenon

has been known by other names and many different mathematical formulations

on the learning curve have been developed, the basic concept is accepted

throughout goverr.ent and industry.

learning curve theory was developed from the observation that as more

and more of the same item are produced, less time is spent on subsequent

items. In a strict interpretation for a recu.ring production process, this

theory would apply only to hands-on-labor. The theory has been developed

and extended through the years to include cost improvements for recurring

material costs. In some cases rough analyses are made using only the total

cost of an item when the detailed breakouts are not available.

The current methods of calculating recurring production costs assune

that actual performance can adequately be described by a single learning

curve slope and that this slope can be used as a basis for extrapolation of

future performance. This assumption may be valid when using learning curve

theory to project labor hours. Howver, if we extend the theory to include

other reccurring costs in addition to labor, i.e., material, inconsistencies

can occur. Some of these are:

1) Initial lots may contain some nonrecurring costs because separation



of recurring and nonrecurring costs is sometimes difficult.

2) Production efficiency during build-up to optimal rate may be

different than efficiency thereafter.

3) Design changes in early lots could affect rate of improvement.

4) Data could be aggregated to a higher level of the Work Breakdown

Structure (WES) and, therefore, the learning curve would be a comiposite of

many pieces, each having its own parameters.

Actual "recurring" aircraft production data seems to support the

hypothesis that more than one slope may better explain performance than the

single slope. The "eyeball technique" for splitting curves was the only

method available to account for these inconsistencies when it appeared that

a single slope was inappropriate.

The split learning curve models remove much of the subjectivity in

determining whether a single curve adequately explains performance. Ube

statistically sound technique was developed to supply the necessary

analytical tools to calculate the breakpoint Cs) and to fit the "best" two or

three log-log linear curves to the data. These models use a relatively new

formulation of the log-log linear curve developed by Mr. Karl Berend,

formerly of Air Fbrce Systems Com~mand. This formulation assumnes continuity

in the learning process with the following relationship between the curves.



1) Unit Curve: y,=ax-b

2) Cunulative Total Curve: y- fl(at b)dt= (a/(b+l) )x (b+l)

3) Culative Average Curve: y,=((a/(b+l))x-b

7he advantage in this formulation, apart from being theoretically sound,

lies in the ease of transition between the three curves: unit, cumulative

average, and cumulative total. Ikben describing a single curve, all three

remain linear on log-log paper, hence, the equation forms remain the

same. One point of caution in the use of this formulation is that the unit

cost of the xth unit is detived by calculating the total cost of x units a: ]
subtracting the total cost of (x-1) units. Because learning is assumed to

be continuous, the unit costs are plotted at their respective

midpoints. The xth unit cost then should be plotted at the midpoint between

the- (x-l)st and xth unit. For more detail on this formulation, see "The

Unified Linear Progress Formulation" by Mr. Berend.

The two models use essentially the same technique for fitting the best

.two or three curves to the data. The technique was initially developed by

Mr. John Dorsett, currently with Naval Material Comand, and has been

adapted to calculate the unit curve using the midpoints derived under the

Unified Formulation. The methodology will be discussed for the single split

(two curves); the double split being an extension of the single split.

The model first regresses the data points to find the conventional

3
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learning curve slope and3 first unit cost. It uses the midpoints generated

from the single curve, partitioning the data points into two sets to begin

the splitting process. By forcing at least two ~data points to be on each

curve, the mrodel regresses all the possible sets of data points. Ebor

example, with five data points the mod~el will regress forcing the .irst

three data points to be on the first curve and the last two points on the

second curve, as a first attempt at splitting the curve. It then regresses

the first two points on the 7irst curve and the last three points on the

second] curve (see Figure 1). Fibr each data point added to the data base an

additional regression is needed to exhaust all possible data point

partitions. It will then recalculate the midpoints based on the new slopes

and repeat the process, eventually zeroing in on a best fit.

Wo kinds of phencomena could occur at the breakpoint. As illustrated

in Figure 2a, a curve could simply change slopes or, as in Figure 2b, a

break in continuity could occur. The model does not force either phenomenon

to occur, but chooses only that combination of curves yielding the smallest

residual sum of squares.

From a theoretical standpoint each of these phenomena could be

explained. The continuity break could be explained by a break in the

production run or a significant change in management technique at that point

of production. The change in slope could be caused by reaching peak

production rate, or a slowiing of the production process. There is also
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concern that for long prodiuction runs, learning does not continue at the

sane rate indefinitely.

Of the two models the double split is the most powerful. It not only

reacts to discontinuities in a set of data, but also closely approximates an

"S" curve (which has been supported by some contractors' data). As with any

statistical method, there are limitations that require the application of

cmxn sense. First of all, there are the data limitations. The split

curve models require at least five data points to split a learning curve

once, and at least seven data points to split the curve twice. Mre data

points are desirable just as more than three data points are preferable when

deriving a single curve. Secondly, the analyst must keep in mind that three

curves will always fit the data better than two curves, and two curves will

always fit better than one. Therefore, a split curve should not be chosen

over a sincqle curve on the basis of a better coefficient of determination

(R2). A T-test has been incorporated into the model to aid in this

determination. Thirdly, the resultant curves should make sense. The splits

should have sane logical reason for occurring. A break in continuity should

be explainable or should serve to indicate that something out of the

ordinary is occurring. When estimating the cost of a conceptual weapon

system on the basig of an analcgy, the exact breakpoints and slopes should

make sense in terms of assumptions for the conceptual weapon system.

Euation forms and a list of statistics available from the output of

7



the model are listed in Appendix A. Some data and graphs for an actual

aircraft system have been included in Appendix B to illustrate output and

results of the computer programs. A listing of the model, currently in

Basic on the Honeywell 6000, is provided in Appendix C. The ccmputer

program is currently being converted to FOrtran to enhance its capabilities.

8



Appendix A

The resulting set of curves can be expressed as one equation with the

use of dumy variables:

One Split

y = (al+ a2dl)x-(bl+ b2d2) where:

y = unit cost at x
al= Y intercept of unit curve 1 (not firnt unit cost)
bl= b-value of curve 1
al+a2= y intercept of unit curve 2 (not first unit cost)
bl+b2= b-value of curve 2
dl,d2=0 if x< breakpoint

=1 if x> breakpoint

Two Splits

y = (al+a2dl+a3d2)x^(bl+b2d3+b3d4) where:

y = unit cost at x
al=), intercept of unit curve 1
b--b-value of unit curve 1
a.+a2=y intercept of unit curve 2
b14b2=b-vadue of unit curve 2
al4a24+a3=y intercept of unit curve 3
bi b2+b3=b-value of unit curve 3
dl,d3=0 if x< Breakpoint 1

=I if x Breakpoint 1
d2,d4=O if x< Breakpoint 2

-1 if x> Breakpoint 2



Attachment B

Program Output and Graphs
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Folll; O:N SECOND, NX:X'I' 6 {.)i TIRD
ALL VALUES LSS IIAN 10 PfJICJTD I'P(I-l FIRST CIWZE
ALL VALUES L.SS THAN 70 BLIP PREATEB OR IXUAL TO 10
ARE NREDICED F11C 'nI SECOND CUIVE, t'1tlLE
ALL VALUES GRPATER TMAN 70 PREDICIED FRCN TlIID CURVE

THE PROGRAM HAS CC-LUETD 2 ITERATIONS

Ti Y-INTrEREPT SLOPE B-VALUE B+l
CURVE1 16.6365 15.0816 .937 -.093462 .906538
QJRVE2 317.4520 81.1276 .597 -.744441 .255559
CURVE3 33.5706 20.3276 .761 -.394482 .605518

ACTUAL ACTUAL CALC
LOT CUM X(M) IY3TIOT LOT AVG LOT AVG %DIFF

1.0 1. .3500 17.5000 17.5000 16.6365 -4.93
1.0 2 1.4688 14.0000 14.0000 14.5493 3.92
1.0 3 2.4816 13.5000 13.5000 13.8533 2.62
1.0 4 3.4869 12.5000 12.5000 13.4199 7.36
1.0 5 4.4899 13.0000 13.0000 13.1065 .82
1.0 6 5.4917 12.5000 12.5000 12.8621 2.)0
1.0 7 6.4930 13.0000 13.0000 12.6623 -2.60
1.0 8 7.4939 14.5000 14.5000 12.4938 -13.84
1.0 9 8.4946 11.0000 11.0000 12.3483 12.26
1.0 10 9.4952 13.0000 13.0000 12.2204 -6.00
5.0 15 12.3531 57.5000 11.5000 12.4855 8.57
5.0 20 17.3956 48.5000 9.7000 9.6768 -.24
5.0 25 22.4190 41.3000 8.2600 8.0115 -3.01
5.0 30 27.4338 33.8000 6.7600 6.8936 1.98

10.0 40 34.7912 58.0000 5.8000 5.7761 -.41
10.0 50 44.8380 48.0000 4.8000 4.7821 -.37
10.0 60 54.8676 40.0000 4.0000 4.1148 2.87
10.0 70 64.8880 37.0000 3.7000 3.6318 -1.84
10.0 80 74.9224 37.0000 3.7000 3.7033 .09
10.0 90 84.9316 36.0000 3.6000 3.5245 -2.10
10.0 100 94.9388 33.0000 3.3000 3.3730 2.21
10.0 110 104.9447 32.0000 3.2000 3.2423 1.32
10.0 120 114.9495 31.5000 3.1500 3.1279 -.70
10.0 130 124.9534 30.5000 3.0500 3.0266 -.77

PREDlICTIONS

LOT Ct7. UNIT TOT LOP LOT AVG CMI TT CUM AVG

10.0 10 12.2204 134.1524 13.4152 134.15 13.4152
10.0 20 8.8895 110.8117 11.0812 244.96 12.2482
10.0 30 6.5313 74.5258 7.4526 319.49 10.6497
10.0 40 5.2555 57.7610 5.7761 377.25 9.4313
10.0 50 4.4427 47.8206 4.7821 425.07 8.5014
10.0 60 3.8739 41.148. 4.1148 466.22 7.7703
10.0 70 3.4508 36.3177 3.6318 502.54 7.1791
10.0 S0 3.6177 37.0327 3.7033 539.57 6.7446
10.0 90 3.4525 35.2454 3.524c 574.82 6.3868
10.0 10 3.3112 33.7303 3.3730 608.55 -6.0855

200.0 300 2.1438 515.7002 2.578' 1124.25 3.7475

I]
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So4MARD FU!CIAGE

UNIFIED LOG-LIN Pl{G0RESS CURVE XU, T1UM-ALL CURVES ARE LINAR
LINEAR LEAST SQUARES A11ALYSIS OF U41T CUVVE-NTI UNITS AT MIDPOIrs

SLOPES: PERCTINI .704; B=-.50638;B+1= .49362;-1/B+1=-2.02585
FIRST UNIT COST 45.11578; Y-INTEREPT OF LIN UNIT CTVE= 22.26997

R= .972842; R-SQUARED= .946421; RBAR-SQUARED= .943601

ACTUAL ACTUAL CALC
Lor CUM X(M) LOT TOT LOT AVG LOT AVG % DIFF

5.0 9 6.2489 38,5000 7.7000 8.8052 14.35
5.0 14 11.3619 46.0000 9.2000 6.5052 -29.29
4.0 18 15.9370 25.8000 6.4500 5.4808 -15.03
5.0 23 20.4232 20.5000 4.1000 4.8339 17.90
4.0 27 24.9598 17.6000 4.4000 4.3670 -.75
5.0 32 29.4467 20.5000 4.1000 4.0163 -2.04
5.0 37 34.4545 17.7500 3.5500 3.7093 4.49
5.0 42 39.4602 16.7500 3.3500 3.4630 3.37
6.0 48 44.9497 17.7000 2.9500 3.2420 9.90
13.0 61 54.3047 31.2000 2.4000 2.9460 22.75
12.0 73 66.8648 26.4000 2.2000 2.6514 20.52
16.0 89 80.8012 39.2000 2.4500 2.4090 -1.67
10.0 99 93.9331 24.0000 2.4000 2.2321 r6.99
U.0 110 104.4273 23.1000 2.1000 2.1156 .74
10.0 120 114.9454 20.5000 2.0500 2.0152 -1.70
30.0 150 134.5803 60.0000 2.0000 1.8606 -6.97
10.0 160 154.9596 18.5000 1.8500 1.7323 -6.36
10.0 170 164.9619 17.0000 1.7000 1.6783 -1.27
20.0 190 179.8603 33.0000 1.6500 1.6064 -2.64
10.0 200 194.9680 15.7500 1.5750 1.5421 -2.09
50.0 250 224.3005 73.7500 1.4750 1.4365 -2.61

SPLIT LEARNING CJRVFS

EQUATION FOR4 Y=e ^(AI+A2*DMtl)*)x (BI+B2*DMlA)

VARIABLE COEFFICIENT T'-STATISTIC
Al 2.358636 7.080
A2 .468805 1.311
B1 -.135041 -.965
12 -.312569 -2.184

THE ABSOUTE VALUE OF 71E T-STATISTIC FOR A2 AND/OR
82 DOES NOT EXCETM 2.11 THESE VARIADLES ARE NOT
SIGNIFICANT AT TIE 95% CONFIDFNCE LIMIT AND 7WEIEF)RE,
A SPLIT LEARNING CUIZVE DO.S NvT E(IST.

R-SQUARED .9736378

AR-SQUARED .9689857
RESIDUAL SUM OF SOIAPS .1468594

-%



FOWIARD FJSE[LIAE (CONT)

FIRST 3 POINTS ON FIRST CURVE, PfNAINDER GN S[-ID
ALL VALUES LESS THAN 18 PREDICTD FRCM. FIRST CURVE
ALL VALUES GREATER IIAN 18 PREDICTED FRCI SE2ND CURVE

TI Y-INTrCEF~r SLOPE B-VALUE B+I
CURVEI 12.2278 10.5765 .911 -.135041 .864959
CURVE2 30.5983- 16.9021 .733 -.447611 .552389

ACIJAL ACTUAL CALC
LOr cum X(M) Lor 7 r LOT AVG LOT AVG % DIFF

5.0 9 6.3115 38.5000 7.7000 8.2469 7.10
5.0 14 11.3961 46.0000 9.2000 7.6144 -17.23
4.0 18 15.9525 25.8000 6.4500 7.2763 12.81
5.0 23 20.4262 20.5000 4.1000 4.3801 6.83
4.0 27 24.9613 17.6000 4.4000 4.0041 -9.00
5.0 32 29.4488 20.5000 4.1000 3.7185 -9.30
5.u 37 34.4562 17.7500 3.5500 3.4661 -2.36
5.0 42 39.4618 16.7500 3.3500 3.2619 -2.63
6.0 48 44.9517 17.7000 2.9500 3.0772 4.31

13.0 61 54.3123 31.2000 2.4000 2.8274 17.81
12.0 73 66.8701 26.4000 2.2000 2.5760 17.09
16.0 89 80.8089 39.2000 2.4500 2.3667 -3.40
10.0 99 93.9358 24.0000 2.4000 2.2125 -7.81
11.0 110 104.4302 23.1000 2.1000 2.1101 .48
10.0 120 114.9476 20.5000 2.0500 2.0213 -1.40
30.0 150 '134.5966 60.0000 2.0000 1.8835 -5.83
10.0 160 154.9611 18.5000 1.8500 1.7684 -4.41
10.0 170 164.9635 17.0000 1.7000 1.7196 1.15
20.0 190 179.8659 33.0000 1.6500 1.6543 .26
10.0 200 194.9693 15.7500 1.5750 1.5956 1.31
50.0 250 224.3277 73.7500 1.4750 1.4985 1.59

PREDICTIONS

LoT CUM UNIT TOT LOT LOT AVG CUM TOT CLM AVG
**************************************** ******** ********************** ***

10.0 10 7.8044 89.5996 8.9600 89.60 8.9600
10.0 20 4.4724 68.4244 6.8424 158.02 7.9012
10.0 30 3.7158 40.1896 4.019o 198.21 6.6071
10.0 40 3.2606 34.4957 3.4496 232.71 5.8177
10.0 50 2.9473 30.7984 3.0798 263.51 5.2702
10.0 60 2.7143 28.1401 2.8140 291.65 4.8608
10.0 70 2.5319 26.1060 2.6106 317.75 4.5393
10.0 80 2.3841 24.4823 2.4482 342.24 4.2780
10.0 90 2.2609 23.i460 2.3146 365.38 4.0598
10.0 100 2.1562 22.0202 2.2020 387.40 3.8740

200.0 300 1.3167 325.0776 1.6254 712.48 2.3749

%-LAC
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'OTAL AIIFRN4E

UNIFIED LO-GLINEAR PROGPSS CURVE FORMULATICN-ALL CURVES ARE LINEAR
LINEAR LEAST SQUARES ANALYSES OF UNIT CUr(VE-NTH UNITS AT MIDPOINTS
SLOPES; PERCENI'= .842; B=-.24726; B41= .7527;-/B+1=-1.3285
FIRST UNIT COST 232.62415; Y-INT. OF LIN UNIT CURVE 175.10654

ACIUAL ACTUAL CALC

LOT CL4 X (M) LOT TOT LOT AVG LOT AVG %DIFF

1.0 1 .3170 177.0000 177.0000 232.6242 31.43
1.0 2 1.4644 146.0000 146.0000 159.3464 9.14
1.0 3 2.4790 137.5000 137.5000 139.8990 1.74
1.0 4 3.4851 126.0000 126.0000 128.5989 2.06
1.0 5 4.4884 123.0000 123.0000 120.8005 -1.79
1.0 6 5.4905 120.0000 120.0000 114.9287 -4.23
1.0 7 6.4920 119.0000 119.0000 110.2649 -7.34
1.0 8 7.4931 121.0000 121.0000 106.4236 -12.05
1.0 9 8.4939 119.0000 119.0000 103.1753 -13.30
1.0 10 9.4945 113.0000 113.0000 100.3730 -11.17
5.0 15 12.3951 621.0000 124.2000 93.9703 -24.34
5.0 20 17.4254 464.0000 92.8000 86.3800 -6.92
5.0 25 22.4421 460.0000 92.0000 81.1418 -11.80
5.0 30 27.4527 425.0000 85.0000 77.1977 -9.18

10.0 40 34.8508 727.0000 72.7000 72.7749 .10
10.0 50 44.8842 613.0000 61.3000 68.3617 11.52
10.0 60 54.9053 575.0000 57.5000 65.0389 13.11
10.0 70 64.9199 537.0000 53.7000 62.3996 16.20
10.0 80 74.9307 515.0000 51.5000 60.2258 16.94
10o0 90 84.9389 497.0000 49.7000 58.3875 17.48

SPLIT LEARNING CURVES

EQUATION FOR4 Y=e ^(AI+A2*DUIl+A3*DL2) *X ^(BI+B2*DUMI+B3*DUM2)

VARIABLE COEFFICIENT T-STATISTIC
Al 5.029462 361.49
A2 1.929649 6.62
A3 -.954209 -3.16

B1 -.130789 -15.17
B2 -.719631 -6.62
B3 .368841 3.35

IF ABSOUTE VALUE OF T-STATISTIC EXCEEDS 2.145
FOR THE DLU,%IY VARIABLES A2,A3,B2,AND B3, ThEN THESE VARIABLES
ARE SIGNIFICANT AT 95% COFIDENCE LIMIT AND mI.RE EXISTS
A 'IWICE SPLIT LEARNING CURVE

R-SQUARED .9960643
RESIDUAL SUM OF SQUARES .0110168

VI



FIRST 10 POINTS ON F116T P -'t'CU -I, NEXT 2
POINTS OY SECOND, NEXT 8 CN Tifli)
ALL VALUES LESS TI 10 PREDICTEJ FRCM FIRST CURVE
ALL VALUES LESS TiHAN 20 BUT GREATER OR EQUAL TO 10
ARE PREDICTED FRM THE SECOND CURVE, WHILE
ALL VALUES GREATER TlAN 20 PREDICTED FRCIA THIRD CURVE
THE PROGRAM HAS CCMLETED 2 ITRATIONS

Ti Y-INTERCEPT SLOPE B-VALUE B+1
CURVE1 175.8500 152.8508 .913 -.130789 .869211
CURVE2 ******** .555 -.350420 .149580
CURVE3 782.0105 405.4110 .716 -.481579 .518421

ACTUAL ACTUAL CALC
LOT CUM X(M) LOT TYT LOT AVG LOT AVG %DIFF

1.0 1 .3424 177.0000 177.0000 175.8500 -.65
1.0 2 1.4678 146.0000 146.0000 145.3688 -.43
1.0 3 2.4810 137.5000 137.5000 135.7236 -1.29
1.0 4 3.4865 126.0000 126.0000 129.8164 3.03
1.0 5 4.4895 123.0000 123.0000 125.5935 2.11
1.0 6 5.4914 120.0000 120.0000 122.3278 1.94
1.0 7 6.4927 119.0000 119.0000 119.6771 .57
1.0 8 7.4937 121.0000 121.0000 117.4538 -2.93
1.0 9 8.4945 119.0000 119.0000 *115.5439 -2.90
1.0 10 9.4950 113.0000 113.0000 113.8733 .77
5.0 15 12.3441 621.0000 124.2000 124.1949 -.00
5.0 20 17.3893 464.0000 92.8000 92.7992 -.00
5.0 25 22.4312 460.0000 92.0000 90.6471 -1.47
5.0 30 27.4438 425.0000 85.0000 82.2568 -3.23

10.0 40 34.8227 727.0000 72.7000 73.3445 .89
10.0 50 44.8624 613.0003 61.3000 64.9209 5.91
10.0 60 54.8875 575.0000 57.5000 58.9118 2.46
10.0 70 64.9049 537.0000 53.7000 54.3428 1.20
10.0 80 74.9176 515.0000 51.5000 50.7150 -1.52
10.0 90 84.9273 497.0000 49.7000 47.7428 -3.')4

PREDICTIONS

LOT CUM UNIT OT LOT L01' AVG CUM TOIT C14 AVG
******************************************************* **********

10.0 10 113.8733 1301.2280 130.1228 1301.23 130.1228
10.0 20 84.1992 1084.9706 108.4971 2386.20 119.3099
10.0 30 79.4467 864.5199 86.4520 3250.72 108.3573
10.0 40 69.0267 733.4452 73.3445 3984.16 99.60,11
10.0 50 61.9178 649.2089 64.9209 4633.37 92.6674
10.0 60 56.6669 589.1182 58.9118 5222.49 87.0415
10.0 70 52.5821 543.4276 54.3428 5765.92 82.3703
10.0 80 49.2858 507.1499 50.7150 6273.07 78.4134
10.0 90 46.5522 477.4279 47.7428 6750.50 75.0055
10.0 100 44.2372 452.4907 45.2491 7202.99 72.0299

200.0 300 26.0203 6532.9906 32.6650 13735.98 45.7866
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TOTAL rFA' ,'ICArION

UNIFIED LOG-LINEAR PROGRESS CURVE MFONIUATION-ALL CURVES ARE LINEAR
LINEAR LEAST SQUARES A4ALYSIS OF UNIT C.1RVE-Ml'H UNITS AT MIDPOINTS

SLOPES: PERCENT = .766; B=-.38376;B+I= .61624;-1/13+I=-1.62276
FIRST UNIT COGT 145.77862; Y-ITMRCEPT OF LIN UNIT CURVE- 89.83397

R=- .956506; R-SQUARED= .914904; RBAR-SQUAfTE= .910425

ACTUAL ACTUAL CALC
LOT CM X (M) LOT TOT LOT AVG LOT AVG % DIFF

12.6 21 13.6263 312.0350 24.7647 32.9691 33.13
14.6 35 27.4519 408.1040 27.9523 25.1981 -9.85
19.8 55 44.5928 411.9450 20.8053 20.9176 .54
22.8 78 65.9453 402.9020 17.6711 18.0012 1.87
30.5 108 92.4698 540.7600 17.7298 15.8110 -10.82
34.5 143 125.0009 573.3130 16.6178 14.0838 -15.25
35.8 179 160.2388 616.9750 17.2339 12.8035 -25.71
40.9 220 198.5642 485.8820 11.8798 11.7920 -.74
45.9 265 241.9479 532.2040 11.5949 10.9308 -5.73
49.9 315 289.8547 546.0040 10.9420 10.1987 -6.79
49.7 365 339.7309 503.0280 10.1213 9.5958 -5.19
9.1 374 369.5377 87.1420 9.5760 9.2910 -2.98
9.4 384 378.7855 86.9690 9.2520 9.2033 -.53
9.3 393 388.1382 83.3030 8.9573 9.1176 1.79
9.7 403 397.6349 84.8750 8.7500 9.0334 3.24
7.1 410 406.0431 60.1170 8.4672 8.9611 5.83
6.4 416 412.7954 53.0480 8.2887 8.9046 7.43
7.2 423 419.5934 58.2470 8.0899 8.8490 9.38
7.2 430 426.7933 57.1410 7.9362 8.7914 10.77
6.1 437 433.4460 47.6180 7.8062 8.7393 11.95
8.6 445 440.7913 66.6660 7.7519 8.6832 12.01

SPLIT LEARNING CURVES

EQUATION FURM Y=e (Al +A2 *IDUL l) *X (B1+B2*DIi1)

VARIABLE COEFFICIENT T-STATISTIC
Al 3.826407 28.278
A2 1.773740 3.571
B1 -.204730 -6.249
B2 -.370901 -4.236

THE ABSOLUTE: VALUE OF TIlE T-STATISTIC rO A2 AMD B2
EMCEIES 2.11 TIESE VARIABLES, THEN, APE
SIGNIFICANT AT 'TE 95K CCFIDENCE LIMIT AND THERE M(ISTS
A SPLIT LEARNING CURVE

R-SQUARED .975408
RBAR-SQUARED .9710682
RESIDUAL SUM OF SQUARES .0832367



'T9rAL FABRICATION (CONT)

FIRST 7 POIM1S ON FIPST C U IE, TPYAINDER ON SECOND
ALL VALUES LESS ThAM 178.6 PRLDICrLD Fai FIRST CUrVE
ALL VALUES GREATER T!AM 178.6 PREDICTED FICM SEXX)ND CURVE

Ti Y-INTERCEPT . SLOPE B-VALUE B+I
CUITEI 57.7132 45.337G .868 -.204730 .795269
CURVE2 637.3261 270.4616 .671 -.575631 .424369

ACTUAL ACTUAL CALC
LOT CUM X(M) LOT TOT LOT AVG LOT AVG % DIFF

12.6 21 13.7150 31.2.0350 24.7647 26.8517 8.43
14.6 35 27.5102 408.1040 27.9523 23.2853 -16.70
19.8 55 44.6587 411.9450 20.8053 21.0865 1.35
22.8 78 66.0043 402.9020 17.6711 19.4656 10.15
30.5 108 92.5450 540.7600 17.7298 18.1642 2.45
34.5 143 125.?- 573.3130 16.6178 17.0780 2.77
35.8 179 160.2987 616.97-cD 17.2339 16.2320 -5.81
40.9 220 198.4968 485.8820 11.8798 12.8661 8.30
45.9 265 241.8782 532.2040 11.5949 11.4824 -.97
49.9 315 289.7858 546.0040 10.9420 10.3480 -5.43
49.7 365 339.6728 503.0280 10.1213 9.4438 -6.69
9.1 374 369.5354 87.1420 9.5760 8.9967 -6.05
9.4 384 378.7838 86.9690 9.2520 8.8696 -4.13
9.3 393 388.1358 83.3030 8.9573 8.7459 -2.36
9.7 403 397.6348 84.8750 8.7500 8.6251 -1.43
7.1 410 406.0412 60.1170 8.4672 8.5218 .65
6.4 416 412.7948 53.0480 8.2887 8.4413 1.84
7.2 423 419.5921 58.2470 8.0899 8.3623 3.37
7.2 430 426.7907 57.1410 7.9362 8.2808 4.34
6.1 437 433.4451 47.6180 7.8062 8.2074 5.14
8.6 445 440.7902 66.6660 7.7519 8.1284 4.86

PREDICTIONS

LOT CUM UNIT TOT LOT IT AVG CUM TOT CU AVG

10.0 10 28.9514 360.2009 36.0201 360.20 36.0201
10.0 20 24.9857 264.8923 26.4892 625.09 31.2547
10.0 30 22.9550 237.8551 23.7855 862.95 28.7649
10.0 40 21.6232 221.8394 22.1839 1084.79 27.1197
10.0 50 20.6469 210.6434 21.0643 1295.43 25.9086
10.0 60 19.8835 202.1307 20.2131 1497.56 24.9594
10.0 70 19.2610 195.3155 19.5316 1692.88 24.1840
10.0 80 18.7381 189..6649 18.9665 1882.54 23.5318
10.0 90 18.2891 184.8590 18.4859 2067.40 22.9711
10.0 100 17.8968 180.69J9 18.0692 2248.09 22.4809
200.0 300 10.1534 2734.1233 13.6706 4982.22 16.6074



Appendix C

Program Listings



r

One Split

10 DIM T(30)
12 FOR I=l TO 30
14 READ T(I)
16 NEXT I
17 DATA 12.706,4.303,3.182,2.776,2.571,2.447,2.365,2.306,2.262,2.228
18 DATA 2.201,2.179,2.16,2.145,2.131,2.12,2.11,2.101,2.093,2.086
19 DATA 2.08,2.074,2.069,2.064,2.06,2.056,2.052,2.048,2.045,2.042
40 REM SPLIT LEARNING] CURVE PROGRAM
41 REM AT LEAST FIVE AND PREFERABLY MORE DATA POINTS NEEDE
42 REM THIS PROGRAM FIRST REGRESSES DATA TO FIT A LOG-LOG LINEAR
43 REM UNIT CLVE ACCORDING TO THE UNIFIED LI-EazR PROESS CURVE
44 RM FOPMIVLATICN. IT PLOTS ALL UNIT COSTS AT THEIR RESPECTIVE
45 REM MIDPOINTS, INCLUDING LOTS OF OE. IT THEN FITS THE BEST Iq)
46 REM LOG-LOG LINEAR CURVES TO THE SET OF DATA, CREATING A SPLIT
47 REM CURVE.
50 REM USE DATA STATEMENIS BEIWN LINES 100 AND 1000 TO INPUT DATA
52 REM ENTER THE NUMBER OF DATA POINTS
55 REM FIRST PUT IN ALL LOT COST OR HOURLY DATA. NEXT EITh IN SETS,
56 REM THEIR RESPECTIVE CUCLATIVE BEGINNING POINTS AND END POINTS
57 REM OF THE LOTS. THIRDLY, INPUT TIE CUILULATIVE QUANTITIES FItM4
65 REM WHICH YOU WISH TO PREDICT
70 RL-.i DO NOT RESAVE !!!!'!!!!!!!!!!
72 REM EXAMPLE: 100 DATA 9
74 REM 110 DATA 6.53,6.31,6.14,5.99,5.87,5.59,5.35,5.15,4.96
76 REM 120 DATA 0,50,50,100,100,150,150,200,200,250,250,300
77 RM 121 DATA 300,350,350,400,400,450
78 REM 130 DATA 40,60,80,100,500,1000
80 DIM A7(50),A(50),Q(50),M(50),Z(50,2),Z(2,50),Z2(2,2)
82 DIM Z3(2,2) ,Z4 (2,50) ,B7 (2)
84 DIM P(7),R(40,10)
86 DIM E6(50,50),E7(50,50),FI(50),F3(1,50)
88 DIM P1(2) ,C5 (50) ,C6 (50)
90 DIM L(50),QI(50)
91 DIM RI(1,50)
92 DIM Q2(50)
93 DIM Q3(50)
94 DIM X1(50,50) ,X4(50,50),Y1(50,50),Y(50),X(50,4),D(50)
100 DATA 15
110 DATA 496.585,397.268,366.787,348.296,335.162,325.054,316.882,310.051
i11 DATA 304.199,294.926,282.912,272.419,263.146,254.867,247.415
120 DATA 0,100,100, 200,200,300,300,400,400,500,500,600,600,700
121 DATA 700,800,800,900,900,1000,1000,1100,1i00,1200,1200,1300,1300
122 DATA 1400,1400,1500



130 DATA 1,500,1000,1500,1800
500 READ N
505 FILES M2;3
510 FOR I=1 TO N

520 READ A7 (I)
530 =-<T I
535 SCRATCH #2
540 FOR I=l TO N
550 MEAD L(I) ,Q(T)
552 Q1 (I)=Q(I)-L()
560 A8 (I)=A7 (I)/Ql (I)
565 A8 (I)=LOG(AS (1)
567 WRITE #2,AB(I)
570 NEXT I
572 FOR I=l TO 1000
573 READ Q2(I)
574 IF Q2(I)-901OOO0 00 1  N 580
576 N -T I
580 S1=0
590 FOR I=l TO N
596 RESTORE #2
597 MAT READ #2,Y(N)
610 Sl=SI+Y(I)
612 NEXT I615 SI=SI *. 2

620 S1--SI/N
630 B5-.9
640.OR 1=1 TO N
650
660 Z(I,2)=M(I)
670 Z(I,2)=LOG(Z(I, 2 ))
680 Z(I,1)=I

690 NEXT I
691 SCRATCH #2
692 FOR I=I TO N
693 FOR J=l TO 2
694 WRITE #2,Z(I,J)
695 NEXT J
696 NEXT I
697 RESTORE #2
698 MAT READ #2,Z(N,2)
700 MAT Zl--RN(Z)
710 MAT Z2=ZI*Z
720 MAT Z3=INV(Z2)
730 MAT Z4=Z3*ZI
740 MAT B7=Z4*Y

% ---



750 IF ABS(B7(2)-B5) ABS(.0000005) GO TO 780
760 B5=B7 (2)
770 GO TIO 640
780 MAT B8=TMN(B7)
782 MAT RI=B8*ZI
784 MAT .3=R.I*Y
786 MAT Y=--TRN(Y)
788 MAT Y2=Yl*Y
795 SCRATCH #2
796 MAT WRITE #2,Y2,R3
797 RESTORE #2
798 MAT READ #2,P4
810 R2=(PI(2)-SI)/(PI(1)-Sl)
812: UNIFIED LC-LNEAR PROGRESS CURVE FOPMUATION-ALL CURVES ARE LINEAR
814: LINEAR LEAST SQUARES ANALYSIS OF UNIT CURVE-NTH UNITS AT MIDPOINTS
816: SLOPES: PERCENT-- .###; .
817: ACTUAL ACTUAL CALC
818: FIRST UNIT COST 'tr###.##4#'; Y-INTEF= OF LIN UNIT CURE=####.#####
820: R-#. l### ' ; R-SQUAPRE=#,#..#r # ,#; RBAF-SQUARE#.#l###
821 PRINT USING 812
822 PRINT USING 814
823 PRINT USING 816,2**B7 (2) ,B7 (2) ,B7 (2) +1,-l/(B7 (2) +1)
824 PRINT USING 81S,E P (7 (1))/(B7 (2)+1) ,EXP(B7 (1)
825 PRINT USING 820,R2**(1/2),R2,1-((N-1)/(N-2))*(I-R2)
826:
827: LOT CLM X (M) LOT MT LOT AVG LOT AVG % DIFF

829: ####.# ###### 1####.#### ####.#### !4.#.#### ###.#### ###.##
830 PRINT USING 826
831 PRINT USING 817
832 PRINT USING 827
834 PRINT USING 828
838 FOR I=l TO N
839 C6(I)=EXP(B7(1))*(M(I))**B7(2)
840 C5 (I)=A7 (I)/Q (I)
841 PRINT USING 829 ,QI (I) ,Q(I) ,M(I) ,A7 (I) ,C5 (I) ,C6 (I), ((C6 (M)-C5 (I) )/C5 (I) )*1
00
842 NEXT I
898 MI=I
899 GO TO 1030
900 B5=R(U,2)
902 B6=R(U,2)+R(U,4)
903 A5=R(U,l)
904 A6=R(U,1)+R(U,3)
905 A5=EXP(A5)
906 A6=EXP(A6)
907 B9=R(U,2)

' ' -' " ' " :' ' - ' l " . .. . . . . . . .. . . . ,.. . '



909 IF M(U+2)<N8 GO TO 3400
910 IF M(U+1)>N8 GO TO 3400
915 FOR I=l 1O N
920 IF Q(I) <N8 GO TO 950
930 B5=R(U,2)
940 M(I) = ((Q(I)**(B5+1)-L(I)**(B5+1))/((Q(I)-L(I))*(B5+1)))**(I/B5)
945 GO TO 1000
950 IF L(I)<N8 GO TO 980
960 B5=R(U,2)+R(U,4)
970 GO TO 940
980 S2=((A5)*(N8**(B5+1) -L(I)**(B5+1)))/((B5+1)*QI(I))
990 S3=((A6)*(Q(I)**(B6+1)-N8**(B6+i)))/((B6+1)*Q(I))
996 M(I)=((S2+S3)/A5)**(I/B5)
997 IF M(I)<N8 GO TO 1000
998 M(I)=((S2+S3)/A6) ** (1/B6)
1000 NEXT I
1030 DIM C(4)
1040 U=1
1080 FOR I=l TO N
1090 X(I,2)=M(I)
1100 X(I,1)=1
1105 D(I)=I
1110 NEXT I
1115 FOR I=l TO N
1120 M(I)=X(I,2)
1125 NEXT I
1200 FOR K=1 TO N-3
1220 FOR I=l TO 1+K
1230 D(I)=0
1240 NEXT I
1400 FOR I1= TO N
1405 X(I,2)=M(I)
1410 X(I,3)=D(I)
1412 X(I,4)=X(I,2)
1420 NEXT I
1425 SCRATCH #2
1431 FOR I=l TO N
1432 FOR J=l TO 4
1434 WRITE #2,X(I,J);
1435 NEXT J
1436 NEXT I
1439 RESTORE #2
1440 MAT READ #2,X(N,4)
1450 FOR I=l TO N
1452 X(I,2)=LOG(X(I,2)).
1453 X(I,4)=D(I)*LOG(X(I,4))

If I1I'l lll



1470 NEXT I
1500 MT Xl-zTRN(X)
1510 MAT X2=X1*X
1520 MAT X3=INV{X2)
1530 MAT X4=X3*X1
15410 D:2T * V-*
1545 MAT Yl>TRN(Y)
1550 MAT E>=Y1*Y
1560 MAT E2=XlJ*Y
1565 MAT B1--TN (B)
1570 MAT E-3=B*E2
1575 MAT E--E1-E3
1580 MAT E4=(2) *3
1585 MAT E5=E1-B,4
1590 MAT E6=Bl*.X1
1595 MT E7 -TRN (E6)
1600 MAT E8=E6*E7
1605 MAT E9=ES+E3
1610 MAT F] X*B
1615 MAT F2=E6 *Fl
1620 MAT F3=E6*Y
1625 MAT F3=(2)*F3
1630 MAT F4=F3-E.
1635 MAT F5zE,6*Fl
1640 MAT F6F3-FS
1710 SCRATCHI #1
1720 MAT WRITE #1r,B,E9,F6,El
1723 REC2IOPE #1
1725 MAT READ -1,P
1730 FOR 1=1 TO 5
1735 R(K,I)=P(I)
1740 NEXT 1
1750 R (K, 6) =(P(6) -SI) /(P(7) -S1)
1760 R(K,7)=R(K,2)/((R(K,5)/(N-4)) .5*(X3(2,2)) .5)
1770 R(K,8)=R(K,3)/((R(K,5)/(N-4))V.5*(X3(3,3)) .5)
1780 R(K,9)=RCK,4)/((R(K,5)/(N-4)) .5*(X3(4,4)) S5)

1790 IF K~1 TE 1820
1800 IF R(K,5)>R(U,5) TH 1820
1810 U=K
1820 NEX(T K

1910 NS= INT (1000 *N8+. 5) /1000
1920 MlPM1+1
1925 IF M1=30 X0 TO 1980
1926 PRIMT M1,B9,B6



1927 PRINT R(K,5),R(K,6)
1930 IF A5=0 GO TO 900
1931 IF M1=30 GO TO 1990
1932 IF ABS(R(U,2)-B9) >.0000005 GO TO 930
1933 IF ABS(R(U,2)+R(U,4)-B6)>.0000005 GO TO 900
1980 IF M(U+2) ,N8 GO TO 3500
1981 IF M(U+l) -N GO TO 3500
1985 N9=N8
1990 PRINT
1991 PRINT
1992 PRINT
1993 PRINT
2000 PRINT " SPLIT LEARNING CURVES"
2005 PRINT
2010 PRINT " EQUATION FOR4 Y=e (AI+A2*DUM1)*X (Bl+B2*DIII1)"
2015 PRINT
2019: .T.T ILT. ' T.T.rT.TT.TT.T.Tx. ' T IT T.T.tL.T L t
2020: '.TLTTTTT #141H,. ###LL### ####.LL##
2021 U1$="VARABLE"
2022 U2$="GJEFFICIENT"'

2023 U3$="T-STATISTIC"
2025 PRINT USING 2019,U1$,U2$,U3$
2029 U$=" Al"
2030 PRINT USING 2020,U$,R(U,1),R(U,10)
2039 U$=" A2"
2040 PRINT USING 2020,U$,R(U,3),R(U,8)
2049 U$=" BI"
2050 PRINT USING 2020,U$,R(U,2),R(U,7)
2059 U$=" B2"
2060 PRINT UsiNG 2020,U$,R(U,4),R(U,9)
2070 PRINT
2071 IF ABS(R(U,8))<T(N-4) GO TO 3340
2072 IF ABS(R(U,9))>T(N-4) GO TO 3340
2073 PRINT "THE ABSOLUTE VALUE OF THE T-STATISTIC ED A2 AND B2"
2074 PRINT "ENCEEDS ";T(N-4) "THESE VARIABLES, THEN, ARE"
2075 PRINT "SIGNIFICANT AT THE 95% CONFIDENCE LIMIT AND THERE EXISTS"
2077 PRINT " A SPLIT LEARNING CURVE"
2079 PRINT
2080 PRINT " R-SQUARED ";R(U,6)
2085 PRINT " RBAR-SQUARED ";1-((N-1)/(N-4))*(I-R(U,6))
2090 PRINT " RESIDUAL SUM OF SQUARES ";R(U,5)
2100 PRINT
2110 PRINT " FIRST ";U+1;" POINTS ON FIRST CURVE,REMAINDER ON SECOND"
2120 PRINT " ALL VALUES LESS THAN ";N9;" PREDICTED FRCM FIRST CURVE"
2130 PRINT " ALL VALUES GREATER THAN ";N9;" PREDICTED FRCM SECOND CURVE"
2140 PRINT

M e



2150: I ."T.T.T.T 3.T.T.T 'TLL 'LTL L"LT 'IL"L
2160: 'LLLLLL ###.#### ##.#4#### ##.######
2170 U1$="TI"
2172 U2$="SLLWPE"
2174 U3$="B-VAWLE"
2175 U6S="Y-INTEPCEPT"
2176 U4$="CURVEI"
2178 U5$="CURVE2"
2179 U7$="B+1"
2180 PRIN'r USING 2150,Ul$,U6$,U2$,U3$,U7$
2190 PRINT USING 2160,U4$,A5/(B9+1),A5,EXP(B9*LOG(2.0)),B9,B9+1
2200 PRINT USING 2160,U5$,A6/(B6+1) ,A6,EXP(B6*LOG(2.0)) ,B6,B6+1
2500: , 'L LL , '. T.rr.rIr.r.rr.r.r.rr
2510: ###;#.# #######.####
2590 PRTNT
2595 PRINT
2600 PRINT USING 817
2602 PRINT USING 827
2603 PRINT USING 828
2605 FOR I=l TO N
2610 IF Q(I)>N9 GO To 2640
2630 PRIT USING 829,Q1(I) ,Q(I),M(I) ,A7 (I) ,A7 (I)/QI(I) ,A5*M(I)**B9, ((A5*M(I)*
•B9-A7(I)/Q(I))/(A7 (I)/Q1(I)) )*I00

2635 G TO 2650
2640 PRINT USING 829,Q1(I),Q(I),M(I),A7(I),A7(I)/Ql(I),A6*(M(I))**B6,((A6*M(I
)**B6-A7 (I)/QI (I))/(A7 (I)/QI(I)))*100
2650 Mr("

2900 PRINT
2-;20: PREICTIONS

2925 PRINT USING 2920
2930 PRINT USING 826
2940: Lo C m UNIT TOT LOT LOr AVG CL1M rOT CLI AVG
2945 PRINT USING 2940
2947 PRINT USING 828
2950: ####.# #t4*###W ###.## ########.## ###.####
2955 1=1
2959 NI=B9+1
2960 N2=B6+1
2961 N3=A5/NI
2962 N4=A6/N2
2975 I=l
3000 C-Q2(I)
3005 IF C=-9010000001 GO TO 9000
3006 DATA 9010000001
3010 IF I=l GO TO 3040
3020 Q3 (I)=C-Q2 (I-1)
3030 GO 70 3050
3040 Q3 (1) =Q2 (1)



3050 IF C)N9 GO TO 3160
3060 CI=N3*C**NI-.N3* (C-I)**NI
3080 C2=N3*C**N1
3090 IF I=l GO TO 3120
3100 C3=C2-N3*Q2 (I-i) **NI
3110 GO 10 3130
3120 C3=C2
3130 C4=C3/Q3(I)
3140 C5=C2/Q2 (I)
3150 GO TO 3300
3160 C1=N4*C**N2-N4* (C-1)**N2
3170 D3=N4*C**N2-i4*h9**N2
3180 D4=N3*N9**N1
3190 C2=D3+D4
3200 C5=C2/Q2 (I)
3210 IF I=l GO TO 3260
3220 IF Q2(I-1) <9 GO TO 3280
3230 C3=C2- (N4*Q2 (I-i) **N2-N4*N9**N2+N3*N9**NI)
3240 C4=C3/Q3(I)
3250 GO TO 3300
3260 C3=C2
3270 C4=C3/Q2 (I)
3275 GO TO 3300
3280 C3=C2-N3*Q2 (I-i) **NI
3290 C4=C3/Q3 (I)
3300 PRINT USING 2950,Q3(I),Q2(I),CI,C3,C4,C2,C5
3310 I=I+l
3320 GO TO 3000
3330 GO TO 900
3340 PRINT "THE ABSOLUTE VALUE OF THE T-STATISTIC FOR A2 AND/OR"
3342 PRINT "B2 DOES NOT EXCEED ";T(N-4) "THESE VARIABLES ARE NO-"
3344 PRINT "SIGNIFICANT AT THE 95% CONFIDENCE LIMIT AND THEREFORE,"
3346 PRINT "A SPLIT LEARNING CURVE DOES NOT EXIST."
3350 GO TO 2079
3400 FOR I=l 0 N
3410 IF I>U+I GO TO 3450
3420 M(I)=((Q(I)**(B9+1)-L(I)**(B9+1))/(Q1(I)*(B9+1)))**(I/B9)
3430 GO TO 3480
3450 M(I)=((Q(I)**(B6+1)-L(I)**(B6+1))/(Q1(I)*(B6+1)))**(I/B6)
3480 NEXT I
3490 GO TO 1030
3500 N9=(U+1)
3510 GO TO 1990
9000 END



TWO Splits

10 DIM T(30)
12 FOR I=1 TO 30
14 RAD T(I)
16 NEXT I
17 DATA 12.706,4.303,3.182,2.776,2.571,2.447,2.365,2.306,2.262,2.228
18 DATA 2.201,2.179,2.16,2.145,2.131,2.12,2.11,2.101,2.093,2.086
19 DATA 2.08,2.074,2.069,2.064,2.06,2.056,2.052,2.048,2.045,2.042
40 RIEM SPLIT LEA! ING CURVE PROGRAM
45 REM AT LEAST SEVEN AND PREFERABLY MORE DATA POINTS NEED
50 RIEM USE DATA STATIMENTS BETl LINES 100 AND 1000 TO INPUT DATA
52 RIM ENTER THE NULMER OF DATA POINTS THEN
55 REM FIRST PUT IN ALL COST OR HOUR DATA(LCT TOTALS),NE=T THEIR RESPECTIVE
60 REM CMiLATIVE QUANTITIES (BEGINNING AND END) ,THIRDLY, ULATIVE
65 REM QUANTITIES FROM WHICH YOU WISH TO PREDICT
80 DIM A7(50),A8(50),Q(50) ,M(50),Z(50,2),Zi(2,50),Z2(2,2),Z3(2,2)
81 DIM Z4(2,50),B7(2),P(9),X1(50,50),X4(50,50),YI(50,50),Y(50)
82 DIM X(50,6),D(50),Pl(2),C5(50),C6(50),L(50),QI(50),R4(1,50)
83 DIM Q2(50),Q3(50),R(40,14),RI(40,14),D2(50)
84 DIM P7 (50) ,T7 (50)
85 DIM R2(40,14)
86 DIM E6(50,50),E7(50,50)
87 DIM F1(50)
88 DIM F3(1,50)
89 DIM H1(1,4)
90 DIM C1(50),C3(50),C4(50),C2(50)
100 DATA 24
110 DATA 17.5,14.0,13.5,12.5,13.0,12.5,13.0,14.5,11.0,13.0,57.5,48.5
.11 DATA 41.3,33.8,58.0,48.0,40.0,37,37,36,33,32,31.5,30.5
120 DATA 0,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,.10,15,15,20,20,25
121 DATA 25,30,30,40,40,50,50,60,60,70,70,80,80,90,90,100,100,110,110,120,120
,130
130 DATA 10,20,30,40,50,60,70,80,90,100,300
500 READ N
505 FILES M2;M3
510 FOR I=1 TO N
520 READ A7(I)
530 NEXT I
535 SCRATCH #2
540 FOR I=1 TO N
550 READ L(I) ,Q(I)
552 Q1(I)=Q(I)-L(I)
560 AS (I) =A7 (I)/Q (I)
565 A8 (I) =LOG(A8 (I))
567 WRITE #2,A8(I)
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570 NEXT I
572 FOR I=2 TO 1000
573 READ Q2(I)
574 IF Q2(I)--9010000001 THEN 580
576 NEXT I
580 Sl=0
590 FOR I=l 0 N
596 RESTORE #2
597 MAT READ #2,Y(N)
610 S1=S1+Y(I)
612 NEXT I
615 SI=Sl**2
620 S1=SI/N
630 B5-.9
640 FOR I=l TO N
650 M(I)=((Q(I)**(B5+1)-L(I)**(B5+1))/(QI(I)*(B5+1)))**(I/B5)
660 Z(I,2)=M(I)
670 Z(I,2)=LOG(Z(I,2))
680 Z(I,1)=I
690 NEXT I
691 SCRATCH #2
692 FOR I=l TO N
693 FOR J=l TO 2
694 WRITE #2,Z(I,J)
695 NEXT J
696 NEXT I
697 RESTORE #2
698 MAT READ #2,Z(N,2)
700 MAT ZI--TRN(Z)
710 MAT Z2=ZI*Z
720 MAT Z3=INV(Z2)
730 MAT Z4=Z3*Z1
740 MAT B7=Z4*Y
750 IF ABS(B7(2)-B5) .0000005 GO TO 780
760 B5=B7 (2)
770 G T0 640
780 MAT B8--TRN (B7)
782 MAT R4=B8*Z1
784 MAT R3=R4*Y
786 MAT YI--TRN(Y)
788 MAT Y2=Y1*Y
789 MAT HI=B8*Z2
790 MAT H2=l*B7
791 MAT H3=(2)*R3
792 MAT H4=Y2-H3
793 MAT H5=H4+H2
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794 MAT H6=Y2-R3
795 SCRATIt 2
796 MAT WRITE #2,Y2,R3
797 RESTORE #2
798 MAT READ #2,PI
810 R2=(Pl(2)-S1)/(Pl(1)-Sl)
812: UNIFIED LG-LI1MAR PROGRESS CURVE FOP4UtLATICN-ALL CURVES ARE LINEAR
814: LINEAR LEAST SQUARES ANALYSES OF UNIT CURVE-NTH UNI1S AT MIDPOINTS
816: SLOPES; PEI =-#4.###; B=#.##4# ; B+I.;-IB+##.####
817: ACTUAL ACMJAL CALC
818: FIRST UNIT CST # ###. ##, Y-INT. OF LIN UNIT CURVE ####.#####
820: R1- .###; R-SQUAED=#.######; R8AR-SQARED=f.######
821 PRINT USING 812
822 PRINT USING 814
823 PRINT USING 816,2**B7(2) ,B7(2),B7(2)+I,-I/(B7(2)+1)
824 PRINT USING 818,E(P(B7 (1))/(B7 (2)+1) ,EXP(B7 (1))
826:
827: LOT CLM X (M) LOT TOT LOT AVG LOT AVG %DIFF
828: *****************************************************************
829: ####.# ###### ### .##.## ####.### ###.#### ###.#### ###.##
830 PRINT USING 826
831 PRINT USING 817
832 PRINT USING 827
834 PRINT USING 828
838 FOR I = 1 TO N
839 C6(I)=EXP(B7(i))*(M(I))**B7(2)
840 C5 (I)=A7 (I)/Ql (I)
841 PRINT USING 829,Q1 (I) ,Q(I) ,M(I) ,A (I) ,CS (I) ,C6 (I), (M (I)-C5 (I))/C5 (I)) *1
00
842 NEXT I
843 M=l
845 GO TO 1030
900 B5=RI(U,2)
901 B6=B5+RI(U,4)
902 B9=B6+Rl(U,6)
903 A4=EXP(RI(U,1))
904 A5=EXP(RI(U,1)+RI(U,3))
905 A6=EXP (RI (U,1)+RI (U,3)+R1 (U,5))
915 G0 SUB 3600
1030 DIM C(6)
1040 U=l
1080 FOR I=l TO N
1090 X(I,2)=M(I)
1100 X(I,1)=l
1110 NEXT I
1115 V=l
1170 FOR L=I TO N-5
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1171 FOR 1=1 TO N
1172 D2 (I) =1
1173 NEXT I
1175 FOR 1=1 TO N-(L+I)
180 D2 (I)O0
185 NEXT I
1200 FOR K=-- TO N-(4+L)
1205 FOR I=1 TO N
1206 D(1)=1
1207 NEXT I
1220 FOR 1=1 TO I+K
1230 D(I)=0
1240 NEXT I
1400 FOR I=l 7O N
1405 X(I,2)=M(I)
1410 X (I,3)=D(I)
1412 X(I,4) =X (I,2)
1414 X (1,5) =D2 (1)
1416 X(I,6)=X(I,2)
1420 NEXT I
1425 SCRATCH #2
1431 FOR I=l TO N
1432 FOR J=l TO 6
1434 WRITE #2,X(I,J);
1435 NEXT J
1436 NEX I
1439 RESTORF #2
1440 MAT READ #2,X(N,6)
1450 FOR I=l TO N
1452 X(I,2)=LCG(X(I,2))
1453 X(I,4)=D(I)*L3G(X(I,4

)

1460 X(I,6)=D2(I)*LCG(X(I,6))
1470 NEXT I
1500 MAT X--TRN (X)
1510 MAT X2=X*X
1520 MAT X3=IN"V(X2)
1530 MAT X4=X3.*Xl
1540 MAT B=X4*Y
1545 MAT YI--T"N(Y)
1550 MAT EI=YI*Y
.1560 MAT E2=Xl*Y
1565 MAT BI--TrN(B)
1570 MAT E3=B*E2
1580 MAT E4=(2)*E3
1585 MAT E5=EI-E4
1590 MAT E6=B1*XI



1.595 MAT E7TP-IN(E6)
1600 MAT E8=E6*E7
1605 MAT E9=E5+E8
1640 MAT F6=E4-E8
1710 SCRATCH #1
1720 MAT WRITE #1,B,E9,F6,E1;
1723 RE 10RE #1
1725 MAT READ #1,P
1730 FOR 1=1 TO 7
1735 R(K,I)=P(I)
1740 NEXT I
1750 R(K,8)=(P(8)-S1)/(P(9)-S1)
1755 IF R(K,7)=0 GO TO0 7000
1760 R(K,9)=R(K,2)/(CR(K,7)/(N-4)) .5*(X3(2,2))>.5)
1770 R(K,10)=R(K,3)/((R(K,7)/CN-4))..5*(X3(3,3))-.5)
1780 R(K,11)=R(K,4)/((R(K,7)/(N4-4))_.5*(X3(4,4))-.5)
1782 R(K,12)=R(K,5)/((R(K,7)/(N-4))_.5*(X3(5,5))..5)
1783 R(K,13)=RCK,6)/C(RCK,7)/(N-4))...5*(X3(6,6))..5)
1785 R(K,14)=R(K,1)/((R(K,7)/(N-4)) .5*(X3(1,1)) ..5)
1790 IF K=1 THEN 1820
1791 IF R2(V,7)=0 THEN 1800
1792 IF R(K,7)>R2(V,7) THEN 1820
1793 GO TO0 1810
1800 IF R(K,7)>R(V,7) T= .1820
1810 V=K
1815 R2(V,7)=R(V,7)
1820 NEXT K
1825 FOR Q1l 10 14
1830 R1(L,Q)=R(V.Q)
1835 NEXT Q
1850 IF L=-1 THEN~ 1890
1859 IF R1(L,7)=R1(U,7) MEN1 1890
1860 IF Rl(L,7)>R1(U,7) THEN 1890
1865 U=L
1890 NEXT L
1900 N8=EXP((-Rl(U,3))/R1(U,4))
1920 N9=EXP(-RI(U,5)/R1(U,6))
1935 IF M1=2 GO 10 1980
1940 M1411+.
1950 IF A5=0 GO TO0 900
1955 IF ABS(Rl(U,2)-B5)>.0000005 GO m1 900
1960 IF ABS(RI(U,2)+R1(tJ,4)-B6)>.0000005 GO 10 900
1965 IF ABS(R1(U,2)+R1(U,4)+RI(U,6)-B9)>.0000005 Go) 1900
1980 BS=R1(U,2)
1981 B6=B5+R(U,4)
1982 B9=B6+R1(U,6)



1983 A4=EXP(RI (U,l))
1984 A5=EXP (RI (U, 1) +R1 (U, 3))
1985 A6=EXP(RI(U,l)+R1(U,3)+RI(U,5))
1990 GO SUB 3600
1991 PRINT
1992 PRINT
1993 PRINT
1994 PRINT
2000 PRINT " SPLIT LEARNING CURVES"
2005 PRINT
2010 PRINT " EQUATION FOR4 Y=e- (Al+A2*DUM+A3*DUM2) *X^ (Bl+B2*DLM1+B3*DLW2)"
2015 PRINT
2019: , TI LTT 'TITI.TITTT.T. ' TsIsTT

2020: 'T.TI.TT.T ###I## ## ######.##
2021 U1$="VARIABLE"
2022 U2$="mOEFFICIlT"
2023 U3$="T-STATISTIC"
2025 PRINT USING. 2019,Ul$,U2$,U3$
2029 US= " Al"
2030 PRINT USING 2020,U$,R1(Ul),R(U,14)
2039 U$=" A2"
2040 PRINT USING 2020,U$,RI(U,3),Rl(U,10)
2042 U$=" A3"
2044 PRINT USING 2020,U$,RI(U,5),RI(U,12)
2049 U$=" BI"
2050 PRINT USING 2020,U$,RI(U,2),RI(U,9)
2059 U$=" B2"
2060 PRINT USING 2020,U$,RI(U,4),R(U,11)
2062 U$=" B3"
2064 PRINT USING 2020,U$,RI(U,6),RI(U,13)
2070 PRINT
2072 PRINT " IF ABSOLUTE VALUE OF T-STATISTIC EXCEEDS ";T(N-6)
2074 PRINT " FOR THE DLU,2IY VARIABLES A2,A3,B2,AND B3, THEN THESE VARIABLES"
2075 PRINT "ARE SIGNIFICANT AT 95% CONFIDENCE LIMIT AND THERE !,(ISTS"
2077 PRINT " A IWICE SPLIT LEARNING CURVE"
2079 PRINT
2080 PRINT R-SQUARED ";RI(U,8)
2090 PRINT " RESIDUAL SUM OF SQUARES ";RI(U,7)
2100 PRINT
2110 PRINT "FIRST ";V+1;"POINTS ON FIRST CURVE, NEXT ";N-V-U-2
2115 PRINT "POINTS ON SECOND, N=ET "; U+l;" ON THIRD"
2120 PRINT " ALL VALUES LESS THAN ";NB;" PREDICTED FRO. M FIRST CURVE"
2125 PRINT " ALL VALUES LESS THAN ";N9;" BUT GREATER OR EQUAL TO ";N8
2127 PRINT " ARE PRLDICTED FRM THE SECO)ND CURVE, WHIILE"
2130 PRINT " ALL VALUES GREATER THAN ";N9;" PREDICTED FRCM THIRD CURVE"
2135 PRINT "THE PROGRAM HAS CIPLETED ";Ml; "ITERATIONS"
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2140 PRINT
2150: 'LI 'TTIrJ.TrT, 'L 'LLL.LLL 'LL
2160: 'LLLL ######.#### #.### ##.###### ##.######
2170 UI$="T1"
2172 U2$="SLOPE"
2174 U3$="B-VAUE"
2175 U6$="Y-INT T"
2176 U4$="CURVEI"
2177 U7$="B+1"
2178 U5$="CURVE2"
2179 Q9$="CU FVE3"
2180 PRINT USING 2150,Ul$,U6$,U2$,U3$,U7$
2190 PRINT USING 2160,U4$,A4/(B5+1),A4,EYP(B5*LG (2.0)),B5,B5+1
2200 PRINT USIl'rG 2160,U5$,A5/(B6+1),A5,EXP(B6*LOG(2.0)),E6,B6+1
2210 PRINT USIN G 2160,Q95,A6/(B9+I1) ,A6,EXP(B9*LOG(2.0)),B9,B9+1
2500: 'T L ' TIT IT fT.T IT I T.r.
2510:
2590 PRINT
2591 PRINT
2592 PRINT
2600 PRINT USING 817
2602 PRINT USING 827
2603 PRIT USING 828
2605 FOR I=i TO N
2610 P7 (M)=( MT (I) -EXP (AS (I) /MXT (AS (1)) *100

2620 PRINT USING 829 ,Q (I) ,Q (I) ,M(I) ,A7 (I) ,EXP (A8 (I)) ,T7 (I P7 (I)
2630 NEXT I
2900 PRINT
2903 PRIT
2905 PRINT
2910: PREDICTIONS
2915 N8=INT (N8+.5)
2916 N9=INT(N9+.5)
2920 PRINT USNC 2910
2930 PRINT USING 826
2940: LOT C[M UNIT TOT LOT LOT AVG CUM TOT CUM A
VG
2945 PRINT USIhN 2940
2947 PRINT USING 828
2950: ####.# #f## ###.#### ######.#### ###.#### ########.## ###.####
2959 M5=B5+1 /
2960 M6=B6+1
2961 M9=B9+1
2962 N4=A4/M5
2963 N5=A5/I6
2964 N6=A6/M9
2975 1=2

b- p



2976 Q2(1)0-
2977 C2C1)=O
2980 F1=N4*N8**M5
2990 F2=N5*N8**M6
3000 F3=N5*tN9**M -
3010 F4=N6*N9**M9
3020 IF Q2(I)=9010000001 GO TO0 9000
3030 Q3(I)=Q2(I)-Q2(I-i)
3040 DATA 9010000001
3050 IF Q2(I)>N9 GO TO0 3130
3060 IF Q2(I)>NS8 GO '10 3100
3070 C2 (I) =N4 *Q2 (I) * *M5
3080 Cl(I)=C2(I)-N:4*(Q2(I)-)**M5
3090 GD TO 3150
3100 C2(I)=N5*Q2 (I)**M6-F2+Fl

3120 GO TO0 3150
3130 C2 (I) =N6*C)2(I) **M9-.F4+F3-..2+F1
3140 Cl()=2()--*Q ()-)*m+4F+2F
3150 C5(I)=C2(I)/Q2(I)
3160 C3(I)=C2(I)-C2(I-1)
3170 C4 (I)-=C3 (I) /Q3 (I)
3500 PRINT USING 2950,Q3 (I),Q2 (I),Cl1(I),C3 (I),C4 (I),C2 (I) C5 (I)
3510 1=1+1
3520 GO M1 3000
3600 GD TO0 3720
3601 FOR 1=1 TO0 V
3625 M(I)=((Q(I)**CB5+1)-L(I)**(B5+1))/(Q1(I)*(B5+1)))**(1/B5)
3627 Tr7(I) A4 *M(I) **B5
3629 NEXT I
3630 FOR I=V+2 1O N-U-2
3650 M(I)=((Q(I)**CE6+1)-L(I)**(B6+1))/(Q1(I)*(B6+1)))**(1/B6)
3652 T7 (I) =A5 *M(I) **B6
3655 NEXT I
3660 MOR I=N-U TO0 N
3700 M(I)=((Q(I)**(B9+1)-L(I)**(B9+1))/(Q1(I)*(B9+1)))**(1/B9)
3705 T7(I)=A6*M(I)**B9
3710 NEXT I
3715 RETURN
3720 IF Q(V+1)'<N8 GD TO0 3900
3730 IF L(V+1)>N8 GD TO 3900
3740 S2=(A'.*(N8**(B5+1)-L(V+1)**(B5+1) ))/(B5+1)
3750 S3=(A5*(Q(V+1)**(36+1)-N8**(B6+1) ))/(B6+1)
3760 M(V1)=((S2+S3)/(A4*Q(V+1)))**(1/B5)
3765 T7 (V+1)=A4*M(V+1) **B5
3770 IF M(V-.1) NS GD '103790
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