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ABSTRACT

An important practical problem which arises in a wide variety of
NBS experimental activities is that of model-building and
verification. Heretofore, linear models have always played (due
to their simplicity and mathematical tractability) an important
role in describing physical phenomena and in gaining insight

into underlying mechanisms. Such insight has frequently resulted,
however, in a growing awareness of the fundamental limitations of
linear models and a begrudging acceptance of the fact that many
phenomena are intrinsically non-linear.

The main purpose of this talk is to convey the fact that recent
advances in statistical software have been made with the net
effect that the non-linear modeling problem is now "solved" in
the sense that fitting such models is now no longer a major
programning effort for the analyst--rather, it has. become a one
line/one command operation. The use of the DATAPLOT FIT command
frees the analyst from typical programming details, and allows
the analyst to concentrate on the physical modeling problen at
hand. Whereas before, the several iterations typical for
exploratory non-linear model-building would take weeks and
months, it now takes minutes. Enormous savings of time--the
analyst's time-~thus result.

This talk will demonstrate by several examples the ease with which
the analyst may now carry -out non-linear {or linear) modeling at
NBS. In addition to providing details regarding the DATAPLOT FIT
command (by which such non-1inear modeling is done), this talk
will also cover:

)} general principles for non-linear model construction;
) guidelines for which models to choose (and avoid);
3) techniques for model verification;
) considerations for choosing between competiny models;
) statistical and graphical techniques for assessing
goodness of fit.

An indefinitely large number of non-linear models can be handled
with the DATAPLOT FIT command; among the more popular and
frequently-encountered models that will be explicitly included in
the discussion and examples are the following:

1) linear and polynomial models;

2) exponentizl nodels;

3) models inveolving powers to be estimated;
4) square root models;

5) exponential over polynomial models;

6) Lorentzian models;

7) Gaussian models;

8) Bessel function models;

9) Chebychev function nodels;

10} rational function models.

The importance of this last family (rational functions) as a
general and flexible niodeling family will be discussed and
demonstrated. The handout from this talk will illustrate the
application of the DATAPLOT FIT comiand to over 25 different NBS
linear/non-linear modeling problems; DATAPLOT instructions and
corresponding output will be provided for each exampie.

*Stat. Eng. Lab., Admin. A-337, 301-921-3651
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MODEL BUILDING IS AN ITERATIVE PROCESS

PLOTTING IS A NECESSARY COMPONENT FOR
MODEL SELECTION AND VERIFICATION

/ MODEL SELECTION N

MODEL ASSESSMENT COEFFICIENT ESTIMATION.

MODEL ASSESSMENT IS PRIMARILY DONE BY PreDcTED vALVE AND
RESIDUAL ANALYSIS
1) RESIDUAL STANDARD DEVIATION

2) RESIDUAL PLOTS
3) PREDICTED "VALUE SUPERINPeSED on RAw DAT PloT

eDATAPL?ZNQLYST PROGRAM
AM OR INTERACTIVE SESSION
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REFERENCES FOR FITTING CURVES TO DATA
(FUNCTIONAL CONSIDERATIONS)

HASTINGS, C. (1955). APPROXIMATIONS FOR DIGITAL
CBMPUTERS. PRINCETON UNIVERSUTY PRESS.

HOERL, ARTHUR E. CHAPTER 20 IN THE CHEMICAL
BUSINESS HANDBOOK. '




READ DATA

PLOT DATA

FIT DATA

SUPERIMPOSE DATA & PREDICTED VALUES
PLOT RESIDUALS |




EXAMPLE 1-A

READ JJF6XDATA.BERGER1 TRUE MEAS
FIT MERS = A® + A1XTRUE

LEAST SQUARES NON- LINERR FIT
SAMPLE SIZE N 107
MODEL-~ MEARS = AQ + AIXTRUE
REPLICATION CASE

REPLICATION STANDARD DEVIATION = .6112686932+01
REPLICATION DEGREES OF FREEDOM = c9
NUMBER OF DISTINCT SUBSETS - 78
ITERATION CONVERGENCE RESIDUAL X PARAMETER
NUMBER MEASURE STANDARD X ESTIMATES
DEVIATION X
l1-- .10000-01 .11069+02 X .10000+01 .1090%0+01
== .50000-02 .60809+01 X .49883+01 «73124+00
FINAL PQRANETER ESTIHATES (APPROX. ST. DEV.)
1 A0 4.99369 ( 1.126 )
2 Al 731111 ( .2455-01)
RESIDUAL STANDARD DEVIATION = 6.0809237957
RESIDUAL DEGREES OF FREEDOM = 105
REPLICATION STANDARD DEVIATION = 6.1126869321
REPLICATION DEGREES OF FREEDOM c9
LACK OF FIT F RATIO = .9857 = THE 46.3056X POINT OF THE

F DISTRIBUTION WITH 76 AND 29 DEGREES OF F EEDOM




EXAMPLE

1-B

COMMENT EXAMPLE--ALASKA PIPELINE RADIOGRAPHIC DEFECT BIAS CURVE

COMMENT MODEL

--LINEAR

ECHO ON
HARDCOPY ON
BELL ON

READ JJFEXDATA.BERGER! TRUE MEAS
CHARACTERS X

LINES

PLOT MEAS TRUE

FIT MEAS = A@ + ALXTRUE

+ITLE ALASKA PIPELINE RADIOGRAPHIC DEFECT DEPTH BIAS CURVE

YLABEL MEASURED DEPTH

XLABEL TRUE DEPTH (IN .001 INCH)
X2LABEL MODEL--M = AQ + A1XT
X3LABEL JJFE6XCSI.NONLINEAR3?
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT MEAS PRED VS TRUE

YLABEL RESIDUALS
PLOT RES TRUE

LINES BLANK DASHED
PLOT RES TRUE AND
PLOT Y = © FOR X = @ 10 100

XLABEL
NORMAL PROBABILITY PLOT RES

JJF63DATA.BERGER1
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LEAST SQUARES NON- LINEAR FIT
SAMPLE SIZE N = 107
MODEL-- MEAS = A® + ALXTRUE
REPLICATION CASE

REPLICATION STANDARD DEVIATION = .6112686932+01
REPLICATION DEGREES OF FREEDOM = 29
NUMBER OF DISTINCT SUBSETS = 78
ITERATION CONUVERGENCE RESIDUAL x PARAMETER
NUMBER MEASURE STANDARD X ESTIMATES
DEVIATION i
1-- .10000-01 .11069+02 X .10000+01 .10000+01
2-- .50000-02 .60809+01 X .49883+01 .73124+00
FINAL PARAMETER ESTINQTES (APPROX. ST. DEV.)
1 RO 4.99369: ( 1.1286 )
2 Al 731111 ( .2455-01)
RESIDUAL STANDARD DEVIATION = 6.0809237957
RESIDUAL DEGREES OF FREEDOM = 195
REPLICATION STANDARD DEVIATION = 6.1126869321
REPLICATION DEGREES OF FREEDOM = 29
LACK OF FIT F RATIO = .9857 = THE  6.3056% POINT OF THE
F DISTRIBUTION WITH 76 AND 29 DEGREES OF FREEDOM

ALASKA PIPELINE RADIOGRAPHIC DEFECT DEPTH BIAS CURVE

100

80

IoMo omucCcundDmI

40

100

80

60

TRUE DEPTH (IN .001 INCH)
MODEL~-M = A® + ALXT
JJF6XCSI . NONLINEARI? JJF6XDATA.BERGERL

11/15/78
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EXAMPLE 2

COMMENT EXAMPLE--H. S. LEW CONCRETE TENSILE STRENGTH
COMMENT MODEL --LINEAR

ECHO ON
HARDCOPY ON
BELL ON

SKIP 10
READ JJFEXDATA.LEW3 STREN MAT

CHARACTERS X
LINES
PLOT STREN MAT

FIT STREN = C@ + C1XMAT

TITLE SPLITTING TENSILE STRENGTH OF CONCRETE

YLABEL TENSILE STRENGTH

XLABEL.MATURITY (= LTEMPERATURE(F) ~ 101 x ELAPSED DAYS)
X2LABEL MODEL--STREN = C® + C1xXMAT

X3LABEL JJF6XCS9.NONLINEAR3S JJF62DATA.LEU3 1/76
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT STREN PRED VS MAT

YLABEL RESIDUALS
PLOT RES MAT

'XLABEL
NORMAL PROBABILITY PLOT RES

500

n x

4

x
x

4908 —

. X x X

] x x

.

_ *x x

x

300 . x

7 x

T x
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x x
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i x
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x x
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EXAMPLE 3

COMMENT EXAMPLE--DAVE KLEIN FIRE RESEARCH STUDY
COMMENT MODEL --LINEAR

COMMENT NOTE --SQUARE PLOT CHARACTERS AND DOTTED LINES
ECHO ON

HARDCOPY ON

BELL ON

READ JJFEXDATA.KLEINL ¥ X

CHARACTERS X
LINES
PLOT ¥ X

FIT ¥ = BO+B1EX

TITLE FIRE RESEARCH IGNITION STUDY

YLABEL MAX BURN RATE

XLABEL CRIB WEIGHT

X2LABEL MODEL--Y = BO + Bl X X

X3LABEL JJFEXCSY9.NONLINEAR3I JJFEXDATA.KLEINI S5/78
CHARACTERS SQUARE BLANK

LINES BLANK DASHED

PLOT ¥ PRED UVUS X

i0 —




LEAST

SQUARES NON-LINEAR FIT
SAMPLE SIZE N = S
MODEL-- Y = BO+B1xX
REPLICATION CASE

REPLICATION STANDARD DEVIATION = .3535533920+00
REPLICATION DEGREES OF FREEDOM = 1
NUMBER OF DISTINCT SUBSETS = 4
ITERATION CONVERGENCE RESIDUAL X PARAMETER e
NUNBER MEASURE STANDARD X ESTIMATES
DEVIATION :
) S .10000-01 «27175+401 *  .10000+061 .10000+01
== .50000-02 -47950+00 X «26015+00 .83597+00
FINAL PARAMETER ESTIMATES (APPROX. ST. DEV.)
i Bo .260415 .4856 )
2 B .835924 .5764-01)
RESIDUARL STANDARD DEVIATION = . 4794989079
RESIDUAL DEGREES OF FREEDOM = 3
REPLICATION STANDARD DEVIATION = 35355339268
REPLICATION DEGREES OF FREEDOM = i

MDDV ZIC®W XD3I

LACK OF FIT F RATIO =

F DISTRIBUTION WITH 2 AND

FIRE RESEARCH IGNITION STUDY

2.2596 = THE

57.4297X POINT OF THE

1 DEGREES OF FREEDONM

CRIB WEIGHT

MODEL-~Y = B8 + B1 X X

JJFEXCSY.NONLINEARIL

JJFEXDATA.KLEIN]

i2 14

5/78




EZAMPLE 4

COMMENT EXAMPLE--BOB MAY OIL CONSUMPTION STUDY

COMNMENT MODEL --LINEAR
COMMENT HOTE  --CIRCLES FOR PLOT CHARACTERS
ECHO ON

HARDCOPY ON

BELL ON

READ JJFEXDATA.MAYL DAY BH1 BH2 OIL
LET H = BH1 + BH2

CHARACTERS CIRCLE
LINES
PLOT OIL H

FIT OIL = A + BXH

TITLE OIL TANK LEVEL VS OIL BURNER HOURS
YLABEL TANK LEVEL /GAL~/

XLABEL BURNER HOURS

X2LABEL MODEL--Y = A + BXH

X3LABEL JJF6XCS9.NONLINEAR20 JIFE6XDATA.MAY1 11,778
CHARACTER CIRCLE BLANK
LINES BLANK SOLID
PLOT OIL PRED US H
YLABEL RESIDUALS
PLOT RES H
5000
4750 meme
4500 |- o
4250 |-
]
4000 — o
3750 }— oo
3500 L 1] T ¥ L I i 1 1 H l i T T 1 l 1 T T T l i ¥ 1 H l T 1 T T l ] T L
0 50 100 150 200 250 300 350
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EXAMPLE ©

COMMENT EXAMPLE--CLIFF SPIEGELMAN NUCLEAR SAFEGUARDS CALIBRATION PROBLEM

COMMENT MODEL ~-LINEAR
COMMENT NOTE --VALUE OF RESIDUAL ANALYSIS

ECHO ON
HARDCOPY ON
BELL ON

READ JJF6IDATA.SPIEGELMANL U P

CHARACTERS X
LINES
PLOT P U

FIT P = BO+B11V

TITLE NUCLEAR SAFEGUARDS TANK CALIBRATION

YLABEL PRESSURE

XLABEL VOLUME

X2LABEL P = B@ + B1xV

X3LABEL JJFE6XCS9.NONLINEAR3Z JJFGXDATA.SPIEGELMANL 1e/30,78
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT P PRED VS V

YLABEL RESIDUALS
PLOT RES U

XLABEL
NORMAL PROBABILITY PLOT RES

40000

30000 o

20000 — o
X

10000 xg@*

% S T
x
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EXAMPLE e

COMMENT EXAMPLE--BOB WATTERS CALIBRATION CURVE

COMMENT (SIMULATED DATA)
COMMENT MODEL --QUADRATIC

éCHO ON

HARDCOPY ON

BELL ON

READ JJFE6XDATA.WATTERSL CONC INT

CHARACTERS STAR
LINES
PLOT INT CONC

FIT INT = A1X(AB+CONC+A2XCONCXX2)

TITLE SI 2881 CALIBRATION CURVE 3@JUN78 (SIMULATED DATA)
YLABEL INTENSITY RATIO

XLABEL CONCENTRATION

X2LABEL MODEL--INT = A1 X (AR® + CONC + A2 X CONCX%2)
X3LABEL JJFB6XCS9.NONLINEAR1S JJFEXDATA.WATTERSI 6778
CHARACTERS STAR BLANK

LINES BLANK SOLID

PLOT INT PRED VS CONC

YLABEL RESIDUALS
PLOT RES CONC

XLABEL
NORMAL PROBABILITY PLOT RES
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EXAMPLE 7

COMMENT EXAMPLE-~PAUL PONTIUS LOAD CELL CALIBRATION
COMMENT MODEL =-~LINEAR AND QUADRATIC
COMMENT NOTE --UALUE OF RESIDUAL ANALYSIS

COMMENT NOTE  ——FITTING, HISTOGRAMS, AND PROB. PLOTS FOR PARTIAL DATA
CONMENT NOTE —-STORING AND PRINTING COEF. AND RESIDUAL STANDARD DEV.
ECHO ON

HARDCOPY ON

BELL ON

READ JJFGIDATA.UARNER2 ¥ X

CHARACTERS X
LINES

PLOT ¥ X
PRINT ¥ X

LET X=X/18000
PLOT ¥

FIT ¥ « AO+ALSX

TITLE LOAD CELL CALIBRATION . .
YLABEL DEFLECTION

XLABEL LOAD

X2LABEL MODEL--Y « A® + ALXX

X3LABEL JJFG6XCSH.NONLINEARLZ JJFEXDATA.VARNERZ 11777

CHARACTERS X BLANK

LINES BLANK SOLID 2.5
PLOT ¥ PRED US X

YLABEL RESIDUALS
PLOT RES X 2.0 L x
XLABEL .

NORMAL PROBABILITY PLOT RES

FIT ¥ = AG+ALEX+A2EXEL2

RS S|

T A

1.5 x

YLABEL DEFLECTION

XLABEL LOAD

X2LABEL MODEL--Y « RO + ARIXX + A2XXXX2
PLOT ¥ PRED VS X

YLABEL RESIDUALS
PLOT RES X
XLABEL 9.5 — x
NORMAL PROBABILITY PLOT RES
LET SBOTH=RESSD

A |
x

i.0 x

Lt 1.1

A1l

. 1

FIT ¥ = BO+BIXIX+B2IXXX FOR I = 1 1 20 0.0 “+—rrrtrrrrdrrrr b
- 9.9 9.5 1.9 i.5 2.9 2.5 3.9
YLABEL DEFLECTION X106

XLABEL LOAD

X2LABEL MODEL ¥ = B@ + B1XX + B2IXEX (FIRST 20 OBSERVATIONS ONLY)

PLOT ¥ PRED US X FOR I = 1 1 20

YLABEL RESIDUALS

PLOT RES X FOR I = 1 1 20

XLABEL

NORMAL PROBABILITY PLOT RES FOR I = { 1 20
LET S1=RESSD

FIT Y = CO+C1IX+C2XXEIX FOR I = 21 { 40

YLABEL DEFLECTION

XLABEL LOAD

X2LABEL MODEL ¥ = CO + C13¥X + C2xXXX (LAST 20 OBSERUVATIONS ONLY)
PLOT ¥ PRED US X FOR I = 21 1 4@

YLABEL RESIDUALS

PLOT RES X FOR I = 21 1 4@

XLABEL

NORMAL PROBABILITY PLOT RES FOR I = 21 1 4@

LET S2+<RESSD

5RINT AO® BV C® A1 Bl C1 A2 B2 C2 SBOTH S1 S2



2.5

2.9

1.5

¢.5

UARIABLES-- ¥

.1101900+09
.2195600+00
«3294900+00
.4389900+09
.5480300+00
.6569400+00
. 7656200+00
.8748700+00
.9829200+90
.1091460+01
.1200016+01
.1308220+01
.1415996+01
.1523990+01
.16831940+01
.1739470+01
-1846460+01
.1953920+01
.29061280+01
.2168440+01
.11095200+00
.22018060+00
.3293900+80
.4388600+00
+.5479800+00
.6573900+00
. 7659600+00
.8747400+060
.9830000+00
.1091500+01
.1200040+01
.1308180+01
.1416130+01
.1524080+01
.1631590+01
.1739650+01
.1846960+01
.1954450+01
.2061770+01
.2168290+01

X

.1500000+06
. 3000000+06
.4500000+906
.6000000+06
. 7500000+06
.9000009+06
.1050000+07
.1200000+07
.1350000+07
.1500000+97
.1650000+07
.1800000+07
.1950000+07
.2100000+07
.2250000+07
.2400000+07
.2550000+07
.2700000+07
.2850000+07
. 3000000+07
.1500000+06
« 3000000+06
.4500000+06
.6000000+06
+7500000+06
.9000000+06
.1050000+07
.1200000+907
.1350000+07
.1500000+07
.1650000+07
.1800000+07
+1950000+07
.2100000+07
.2250000+97
.24080000+07

.25500¢0+07 -

.2700000+07
.2850000+07
. 3000000+07
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l
EXAMPLE 3 i

e
COMMENT EXAMPLE--JEAN YANCEY COMPUTER UTILIZAVION 37HDY
COMMENT MODEL ~-AN E£XPONENTIAL
COMMENT NOTE ~~EXTRAPOLATION
éCHO ON
HARDCOPY ON
BELL ON

READ JJFEXDATA.YANCEY3 YEAR NUMCPU

CHARACTERS X
LINES
PLOT NUMCPU YEAR

LET MY=NUMCPU(B)

LET MXsYEAR(E)

LET A@=0

LET Alst

LET A2«ALOG(MY )/ (MX~-1950)

FIT NUMCPU = AO+AIXEXP(A2X(YEAR-1950))

TITLE MINI-COMPUTER UTILIZATION STUDY (UNITED STATES)

YLABEL NUMBER OF CPU’S

XLABEL YEAR

X2LABEL MODEL--Y = A@ + A1l X EXP(A2 X (YEAR-1S959))

X3LABEL JJFEXCSS.NONLINEARZ24 JJFE6XDATA.YANCEY3 111,78
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT NUMCPU PRED VS YEAR

PLOT NUMCPU YEAR AND
PLOT Y = A@+ALIEXP(A2X(X-1950)) FOR X = 1972 1 1985

CHARACTERS X BLANK BLANK

LINES BLANK SOLID DOTTED

PLOT NUMCPU YEAR AND

PLOT Y = AO+ALXEXP(AZ2X(X~-1550)) FOR X = 1972 1 1977 AND
PLOT ¥ = AG+ALIXEXP(A2X(X-1850)) FOR X = 18977 { 1985

x10°
2.5

N ]
x

2.0 -

N

1.5

) Y
x

1.6 —

T . |

0.5 —

[ T VO W |

[ 1 | |

0-0 T v LS L4 T T 4 T T T T Ly ¥ L T T 4 LI

1972 1973 1974 1975 1976 1977
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e

COMMENT EXAMPLE--BILL BEINE SAFETY LQUL HEZNHT STUDY
COMMENT MODEL -—~AN EXPONENTIAL

COMMENT NOTE  —-FIT SUBSETS AND SUPER... 08E FITTZD CURVES
ECHO ON

HARDCOPY ON

BELL ON

VERSATEC ON

READ JJFGXDATA.BEINEE Y X ID
PRINT 1 2 3

éNﬂRRCTERS CIRCLE X STAR TRIANGLE
LINES BLANK ALL
PLOT ¥ X ID

LET A0-30

LET A1+58

LET A2-1

FIT Y=RR+ALIXEXP(-AZXX) SUBSET ID 3

LET Be=50

LET Bi=40

LET B2-1}

FIT YoBO+B1XEXP(-B2XX) SUBSET ID 4

TITLE SAFETY EQUIPMENT STUDY

YLABEL PEAK ACCELERATION

XLABEL MOISTURE CONTENT (KG)

X2LABEL MODEL--Y = C® + C1 x EXP(-C2 X X)

X3LABEL JJFBXCSY.NONLINEAR14 JJFEXDATA.BEINES 11/7/78
LINES BLANK BLANK DOTTED DASHED

CHARACTERS CIRCLE X BLANK BLANK

PLOT ¥ X SUBSET ID 1 AND
PLOT Y X SUBSET ID 2 AND

PLOT ¥ = AQ+ALIXEXP(-A2XX) FOR X = @& .1 8 AND

PLOT ¥ = BO+B1XEXP(-B2%X) FOR X = @ .1 8 :

XLINITS -2 10

PLOT ¥ X SUBSET ID 1 AND

PLOT ¥ X SUBSET ID 2 AND

PLOT ¥ = AG+AIXEXP(~A2XX) FOR X = @ .1 8 AND

PLOT ¥ = BO+BIXEXP(-B2XX) FOR X » & .1 8

2 3
.7 2 . .1080000+01 190
.8000000+02  .0000000 .1000000+01
.9400000+82  .0000000 .1000008+@1
.8980000+02  .0000000 .1000000+01
.8530000+82 .0000000 .3000000491
.4000000+82 .2400000+01  .1000000+01
.4600000+02  .2400000401  .1000200+01
.4300000+02 ,2400000+81 .1000000+01
.4300000+402 .2400000+01  .3000000+01 80
.3200000402 ,4800000+01  .1000000+01
.4200000+82 .4B00000+91  .1000000+01
.3200000+02 .4800000+01  .1000000+01
.3530000+82 .4800000+01 .3000000+01
.3800000+402 .7200200+01  .1000000+01
.2B00000+02 ,7200000401 .1000000+81 |
.3500080+82 .7200000+401 .1000000+901
.3370000+02 .7200000+01  .3000000+01 x
.9B82000+02  .60080008 .20000008+81 (1] x
.92e0000+02 .0000000 .2000000+01 .
.9300000+02 .0000000 .2000000+81 ' X
.9430000402 . . o1 %
.5000000+02 .2400000401 .20000004081 x
.6000000+02 .2400000+481 .2000000+01
.6200000+82 .24 ° .2 o1 o
.5B00000+02  .2400000+481 .4000000+01 .
.5300000402 .4300000+81 .2000000+01 °
.5600000+02 .4800000401 .2000000401 49 e
.5400080+462 , 4800000401 .2000000+01
.5430000+02 .4800000+81 .4000000+01 .
.5600000402 .7200000+01  .2002000+81 °
.4630000+82 .7200000+01 .2000000+81
.5200000+02 .7200000+81  .2000000401
.5076000+92 .7200000+081 .4000800+01
| ]
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EXAMPLE  i©

COMMENT EXAMPLE--DOUG SHIER ERYTHEMA STUDY
COMMENT MODEL --SUM OF 2 EXPONENTIALS

ECHO ON
HARDCOPY ON
BELL ON

SKIP 25
READ JJFE6XDATA.SHIER1 REDNESS TIME

CHARACTERS X
LINES BLANK
PLOT REDNESS TIME

: iET A=20
LET B=.1
FIT REDNESS = A X (EXP(-BXTIME/10) - EXP(-TIME/19))

TITLE ERYTHEMA (REDNESS OF A SKIN SORE) BIOMEDICAL STUDY
YLABEL REDNESS

XLABEL TIME (IN HOURS)

X2LABEL MODEL--Y = A X ((EXP(-BXX/10) - EXP(-X/10))
X3LABEL JJF6XCS9.NONLINEARI JJFEXDATA.SHIER1 11776
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT REDNESS PRED VUS TIME

YLABEL RESIDUALS
PLOT RES TIME

15 -

19 — x

x
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EXAMPLE

11

COMMNENT
COMMENT
COMMENT

MODEL --POWER FUNCTION

NOTE

ECHO ON
HARDCOPY ON
BELL ON

SKIP 25
READ JJFEXDATA.SHIER2 X ¥

CHARACTERS X
LINES
PLOT Y X

CHARACTERS X BLANK
LINES BLANK SOLID
FIT Y = XXX.5

PLOT ¥ PRED VUS X
FIT Y = 1+X%Xx.5
PLOT ¥ PRED US X
FITY = 1 + Xxx.7
PLOT ¥ PRED VS X
FIT Y = { + XXx.55
PLOT ¥ PRED VS X

LET B2=.55
FIT ¥ = B2 + BixXxxB2

--FULLY-SPECIFIED MODEL FIT CAPABILITY

TITLE QUEUEING THEORY SERVER FUNCTION PHI(X)

YLABEL Vv
XLABEL X

X2LABEL MODEL--Y = BO + Bl x XXxxB2

EXAMPLE--DOUG SHIER QUEUEING THEORY SERVER FUNCTION PHI(X)

X3LABEL JJFE6XCS3.NONLINEARS JJF6XDATA.SHIERZ 11,76
PLOT ¥ PRED US X
. 12
YLABEL RESIDUALS
PLOT RES X .
10 L xxxxxxxl
8 xxx"xxxx
6 — ‘x,x
4 xxxx
a ": L T T l ¥ T L LS & 1 1 ) ¥ Ll 1 L R § RS T H T
9 10 =) 30 40 50 69




FULLY-SPECIFIED MODEL
SAMPLE SIZE N = 60
MODEL~-- ¢ = XxX.S5
NO REPLICATION CASE

RESIDUAL STANDARD DEVIATION = 2.90607069731
RESIDUAL DEGREES OF FREEDOM = 69

ia

| i
L e e e o o e B o ot o B o s e S

) i@ 20 3e 40 5@ 60

FULLY-SPECIFIED MODEL
SAMPLE SIZE N = 690
MODEL--~ ¥ = 1+XXX.5
NO REPLICATION CASE

RESIDUAL STANDARD DEVIATION = 1.1050422937
RESIDUAL DEGREES OF FREEDOM = 69

12
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EXAMPLE 12 ]

COMMENT EXAMPLE--LEU/UAMPLER CONCRETE
COMMENT MODEL --POWER IN DENOMINATOR

ECHO ON
HARDCOPY ON
BELL ON

SKIP 25
READ JJFE6XDATA.LEULL M ¥
LET X=ALOG18(M-28)

PLOT V X

CHARACTERS X
LINES
PLOT ¥ X

LET K=9000

LET A=.001

LET B=-2

FIT ¥= K/(1+KXRXXX!B)

TITLE CONCRETE STRENGTH AS A FUNCTION
YLABEL VY

XLABEL LOG10(MATURITY-28)

X2LABEL MODEL--Y = K / (1 + KXAXXXXB)
X3LABEL JJF6XCS9.NONLINEARZ2
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT ¥ PRED VS X

YLABEL RESIDUALS
PLOT RES X

JIJF6XDATA.LEW11

STRENGTH

OF MATURITY

WITH X = LOG(M-28)
11776
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EXAMPLE 13

COMMENT EXAMPLE--DUARIKA MISRA DENTAL RESEARCH STUDY
COMMENT MODEL --EXPONENTIAL, QUADRATIC, SQUARE ROOT, RECIPROCAL
COMMENT NOTE -=COMPARING 4 NON-LINEAR MODLES

ECHO ON
HARDCOPY ON
BELL ON

READ JJFGXDATA.MISRAL VU P

CHARACTERS X
LINES
PLOT U P

LET UM-409
LET C=.0003
FITU = UN £ (1 - EXP(=C2P))

TITLE DENTAL RESEARCH MONOMOLECULAR ADSORBTION STUDY
YLABEL UOLUME T

XLABEL PRESSURE

X2LABEL MODEL--V = UM X (1 - EXP(-CXP))

X3LABEL JJFEXCS9.NONLINEAR29 JJFEZDATA.-MISRAL 4/78
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT U PRED VUS P

LET S1=RESSD

FIT U « UM X (1-(14CXP/2)3X(-2))
LET S2-RESSD

;IT V= UM X (1-(1423CXP)XX(~.5))
LET S3=RESSD

§IT U = UMEXCIPX((14CXP)XX(~-1))
LET S4=RESSD

PRINT S1 S2 S3 sS4

100

60 x

49 x

20 —

a LEBLELELI LB LI B LA R LI LB LR IR i F T

0 109 coo 300 400 500 600 700 800



LEAST SQUARES NON-LINEAR FIT

SAMPLE SIZE N = 14
MODEL=-= U = UM X (i - EXP(-CXP))
NO REPLICATION CASE
ITERATION CONUVERGENCE RESIDUAL X PARAMETER
NUMBER - MEASURE STANDARD X ESTIMATES
DEVIATION :
{o= .10600-01 .16396+01 X +40000+063
2= .50625-01 . 99416+00 X .36834+03
== .25312-01 .85428+00 X .34023+03
4= «56953-01 .68782+00 X .32051+@3
G- .28477-01 .57803+00 X .30338+03
6= .42715-01 .52336+00 X .28080+03
T .21357-01 «33959+00 x .26578+03
8-- . 32036-01 .24685+00 X .25156+03
9 -16018-01 .12916+00 X .24493+03
18- -800906-02 .10551+06 X .23995+03
11—~ « 40045-02 .10188+00 X .23900+03
18-~ .20023-02 .10188+00 X .23894+03
FINAL PARAMETER ESTIMATES (APPROX .
i um 238.940 ( 2.68

- 30000~-083
+33323-93
»36523-03
+39177-03
+41701-03
.45354-03
+48445-03
.51618-03
.53399-03
.54716-03
.54999-03
.55016-03

ST; DEV.)

e C .550162-03 ( .7208-05)
RESIDUAL STANDARD DEVIATION « 1018779697
RESIDUAL DEGREES OF FREEDOM = i2
DENTAL RESEARCH MONOMOLECULAR ADSORBTION STUDY
100 ‘
8o |-
Y
P
L oo |-
"
n |

40

29

1. ]

LI I i SN e S S

206

@ 100

=TT

L |
300 400
PRESSURE

™Y

T LB B B

500 600 700

MODEL-~U ¢ UM X (1 - EXP(-C3P))

JJF6XCS9 . NONLINEARZY

JJIFE6XDATA. MISRAL

478

T

goe




ct = WOG33¥4 40 S3IFNHAA UNAIS3N
£081895890° = NOILYIN3IA JHYJNYLS MWNAIS3e
(50-2162° ) £0-LL2c0E” 2 ¢
( L19°'t ) GOE " LEY Wn 1
(°N3A *LS "X0yddy¥) SILYUILST ¥IL3UVYd YNNI S
ﬁ@lwﬂw@mmm. - Vmu €0-82coc" EO+LELED® X 10-89589° c0-290k 1" -t
£0-1220€"° EO+bHLEY " t 10-£4L589° 29-52182° --4
to-g9gerss. T E2 Cotlosc ewatty: Xemeerl godser
- ¢ - - ¢ £0+ * + : - X ==
ﬁO w¢ﬁ®m0m‘. mm £0-806¢¥2° £0+26¥6F° X 1Q+EE2EE” 10-00522° --c
00+08L8101 -- s £0-+1802°  £0+2v9E9" M 19+5€292° 10-00001* -1
, x NOILYIN3G
- N dgNY Sd3L3LIYAYd SIIYNILST % QNUQNYLS  J3NSyI NELCLY
SLNYLSNOD 4ILIWUNY4  x WNAISIN  IONIDYINNCD  NOILY¥3FL]
3I5Y0 NOTLYI1Td3N ON
((T=1EX(dXI+ 1)) KdXOkUN = N --73G0W
bl = N 3215 I1duys
L14 ¥YINIT-NON S3¥9YNHs LSsuI)
mm = WOQ3IN4 40 533493¢ TUNAIS3d 2t « WOQ3II¥4 40 SIINDHIq MYNA153IN
08.962+850 = NOLILYIN3A QNYANYLS MYNEISIN bLLYTIOEGLO" « NOILYINId qQNUINY1S 1YNaIsS3N
(50-09.1° ) £0-6E1802° I 2 (se-cgcr’ ) €£0-96€06€E " 2 2
(03 mhm mmwmumcw 02y °9€9 Wn % ( 9E1°E ) E66° LEE Wn 1
SILYUILST ¥ILIUYNYd TYNI 4 (*N30 °*1S *X0dddY) SILYWILSI ¥3L3WYHYd TYNI4
£0-51802° £0+6£9€9° X 10-QEHBS° c9-0£LER” --8 €0-0+06E"° EQ466LEE" x 10-20E6L" co-Grook’ --8
moumvmom” mo+mmmmm” ¥ 10-12209° 20-19bLb° --¢ EQ-0FO6E"° EQ+66LEE" x 10-E0QE6L’ co-L¥S501° --L
mo:smﬁﬁm. me+mmmmw. X Qo+41ECHT" 20-226+6° --9 £0-1+06€° CO+B6LEE" X 10-CQE6L° co-+¥6912° --9
moaqmmmm. mo+ﬁmmmm. X 00+66v02° 10-+8681"° --9 £0-8L06€° E0+59LEE" X 10-1986L° ce-L81ck’ --S
£0-8LvEE” £0+0989S5 X 00+.£085° 10-696LE° bt ¢ £0-9956¢€"* E£0+22EEE” X 00+55591° 20-GLEFS" -t
£0-2c192°  EQ+EQ8IS® X 00+89098° 10-21£s28° --€ €0-L8L1F°  EQ+EELIE® X 00+1601E"° 10-5.891° --€
mo«mmmwm. mo+vmpvv” X ~o+mwmmm“ ﬁocmmmom” --2 £0-60Fbb° £9+.6062" t 10+02602° 10-05LEE" --2
£0-0b06¢E mmwmmmmmnnunwnwwwmmmmmaau|nmmuwwwwmvvalptnnumul £0-910455° E0+F68ES" M 18+¥0LIE" 10-00001° --1
S3LYNILST w zmm%m&@wm JNSY3W Y3qUNN ¥ NolLvrodd ] ) )
SILYKILST X (QYYQANYLS 3NSY3N JAUNN
d3LJUYNYd £ IYNAISIE  IONIDYINNOD  NOILYH3LI Y3L3WYYYd X TYNAIS3IN .uQMMomubzoo ZOWF¢muh~

35YY NOILYI11d3y ON

359) NOILYIITd3IY ON

(S -)XX(dXIX2+1)-1) X WA = A --130A0U
14 = N 3ZIS 31dWYS
LI4 ¥Y3INIT-NON SIHYNDS LSH3]

((2-)XX(S/d2I+T)-1) X WO = N --1300W
A = N 3ZIS 31dUYS
114 ¥Y3INIT-NON S33YN0S LSH3I1



EXAMPLE 14

COMMENT EXAMPLE--LARRY ROSZMAN QUANTUM DEFECTS FOR SULFUR I ATOM

COMMENT MODEL --ARCTANGENT
COMMENT NOTE --FITTING A THEORETICAL MODEL

ECHO ON
HARDCOPY ON
BELL ON

READ JJF6XDATA.ROSZMANL X T
LET @ = X-SQRT(-109737.3/T)

CHARACTERS X
LINES ELANK

PLOT Q T
LET A = .2

LET B = -.00005
LET C = 200

LET D = -123

A-BXT-ATAN(C/(T-D))/3.14159-

TITLE QUANTUM DEFECTS FOR SULFUR I ATOM

YLABEL QUANTUM DEFECT

XLABEL EXCITED STATE ENERGY

X2LABEL MODEL--@ = A - BXT - ATAN(C/(T-D))/3.14159
X3LABEL JJF6XCSS.NONLINEAR4S DATA.ROSZMAN1 11/17/78
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT Q@ PRED US T

PLOT @ T AND
PLOT @ = A-BXT-ATAN(C/(T-D))s3.14159 FOR T = -5000 50 -400

YLABEL RESIDUALS
PLOT RES T

) O |
X

xX

. |

Lo At

i .Y

~5000 ~4000 ~3000 ~2000 -1000 ]




8L/l TNYUWZS0Y *¥iva SFYUINTTINON 65029411
6STIFPE E/((Q-L)/DINYLY - 138 ~ ¥ = D--T7300W
ADY¥INI ILYLS A3ILIIXI

0001- 0002~ 290E- 0004 - 0005-
1 1 1 i 1. i 1 '] 1 i 1 i i 2 i b 3 L A 1 0%@.@
- T T i |
» -
i 4 L
. | co0'e
k.3 » -
® = ® x x H
. . H o000
x ~ * x |
) . - se0'0
. i
-
. -{ eveve
stee
MOLY 1 AN4INS H04 §103430 WNLNYND
BL/LT/TT  TNYWZSON'YIYA  SHHYINITNON' 650194rF
65TFT €/ ((0-1)/0INULY - 12§ - Y » D--1300M
ADHIND 31WLS G3ILIOX3
0001~ 0002- 000E- 000~ 0005~
1 1 1 1 — Il i i — A i — A i — i i I m.o
- eo
-
— b0
- 5o
4 o0
Lo

WOLY 1 ¥N4INS ¥04 S103430 WNLNYNG

Hume QD TIN

QITCTZFTE QUi

8L/LY/11 TNUHZSON  vlYa SFYYINTTIHON 85029411
6STHICEZ((A-1)/0)NYLY - 129 - ¥ « D--T1300W
ADYINT 31¥1S a3L110X3

0001~ 0002~ 000€- 000 - 0005-
i 1.1 1 ] s i AL L 1 | . 1 I} i1 i A mva
I T T T |
1
J
3
E}
3
a
W
n
1
N
Y
n
0
L'
WOLY I ¥N4INS Y04 5103430 WNLINYND
12 * HOJ33¥d 40 SIIDN INGIS N
#122v58v00" * NOILYINIA QMWINYLS Ngis N
( 8g"6y ) ¥8C° 181~ aqQ
( ¥3°pL ) 95°r021 2 €
(56-312¢° 50-191619° - t 2
(10-L261° ) rreieg’ v 1
(*N30 1S °X0¥ddY) S3IUMILST MILINvMHS TeNT Y
EQe6EIRI~  #O+9¥021° 50-61619°~ 20456102 3 20-2580° €0-2016L" --3
EQIELIBI - PO+6FQIL" 50-2€619° - 0Q+r6102" ¥ 20-E¢58r° 20-92851° -4
€0+108S1°~ pO+OP6IL"° 50-088.9°- @0+L2502" % 29-1681§° 2e-1ratg” --9
€0+52021°- po+r9201" PO-9L901°~ 0B+Q6EER" 1 20-009rL° 20-182€9° --5
E0+31BI2° - EQ+¥O2¥L" 50-9S.EL°- 080+96622° ¥ 10-6LESE"’ 10-95921° s 4
€0¢000L1° ro+£2:81° 90-006Br°~ BO+E6INT" 1 1Q-S2EC” 20-00Qs2” --t
EQ+6028y°  £0+¥BISL® PO-1L661°~ BO+SBEGS" 2 10-1E290° 20-v0ces’ --2
EQHOQL21°- €£0+00002° r0-0009S'~ 90+00002° 1 90+62262° 10-0e0eT” --1
PSS AuPIPIR B B
2 NOLIVIN3]
SIUYWILSI +  QYUINELS ELELEL] ¥IERN
HILIUWEYd 4 TYNATSIY JONIDEINNOY  NCT LAt

JEUD NOILMI4IN ON
ESIPT € 1 ed-1) JINMLU-L4§-» s O --T73900
52 * N 321¢ Jlgnve

114 ¥UYINTTI-MON SIa¥n0S 18V 31



EXAMPLE 14

COMMENT EXAMPLE--LARRY ROSZMAN QUANTUM DEFECTS FOR SULFUR I ATOM

COMMENT MODEL --ARCTANGENT
COMMENT NOTE --FITTING A THEORETICAL MODEL

ECHO ON
HARDCOPY ON
BELL ON

READ JJFGXDATA.ROSZMANL X T
LET @ = X-SQRT(-109737.3/T)

CHARACTERS X
LINES BLANK

PLOT Q T
LET A = .2

LET B = -.,00005
LET C = 200

LET D = -123

FIT @ = A-BXT-ATAN(C/(T-D))/3.14159

TITLE QUANTUM DEFECTS FOR SULFUR I ATOM
YLABEL QUANTUM DEFECT

XLABEL EXCITED STATE ENERGY
XeLABEL MODEL--G = A - BXT - ATAN(C/(T-D))/3.14159

X3LABEL JJF6XCSS.NONLINEAR4S DATA.ROSZMAN1 11/17/98
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT G PRED US T

PLOT G T AND
PLOT Q@ » A-BXT-ATAN(C/(T-D))~3.14159 FOR T = -5000 50 -400

YLABEL RESIDUALS
PLOT RES T

xX

-5000 -49000 ~3000 -2000 ~1000 )



15

EXAMPLE

ees

(214

L4

(144

L1414

T T T T T T T

o5

2

25 1S 2N 4 3 G TNW 6 ¥ INIYd

XW ONI NW = X ¥O4 (223(3/(2NU-X)) X §°0-)dXI X 4 % (3/0) » A 101d

GNY XH ONT NW = X 404 (2XX(E/(INW-X))+4T)/¥ = A 101d
aHY X A Lo1d

881/ (NW-XW)=ONI 131
(X)IXYH=XW 137
(XINIW=NW 131

X SN 20344 14344 A 101d

100 AI10S MNY18 S3NI]

ANYTG INYTE X SHILIVIYHID

NYISSNYD = 031400 'NYIZLIN3NOT « QIT0S 139v12X

ass$3¥=25 111

a3¥d - 24334 131

X S0 433d A 107d
d31104 XMY18 S3ININT

(2XX(3/(2NW-X)) X 5°0-)dXI % 4 % (3/Q) = A--1300W 134Y12X

8Ls02/¥

ﬁwmnnau\am:tnxuu % 5°0-)dX3 £ 4 % (3/0) « A L14
) @Sk=2NH 131
vo=d4 131

01=3 131

1=a 131

qss3¥=15 131

d3¥d = 1a3dd 13

X SN d3d3d A 101d

a1705 XNYIE SIANIN

ANYTIE X SYILIOYAYHD

¥IT¥INOI YLYAX94CT F2AYINTTNON 6502941 134YIEX
(2XK(E/70INU-X)) ¢+ T) 7/ ¥ = A--T13Q0W 139Y12X
HLIONITINYA 139YTX

AINYLLITHSHYYL T38Y1A

AGNLS ¥3ILTT4 FONIYIJHILNT ¥YINJNID uqhnm

(222(q/7CTNH-X))+3)/¥ « A LI
k=8 131

oSy = INW 131

€ = b 131

X A L07d
b1 - HITA

X A 107d
SINI1
X SH3ILIYIYHI)

A X PITNINII YLYARIACC a«uﬂ
NO 1738

NO AdOOQYYH

NO OHO3

NYISSNYD GNY NUYIZINI¥01-- 1300W LNINNOD
AGMLS 3ONYLLINSNYNL 3133N03F N3IX--I1dWYXI - INIWWOD

b

d



805

8L/02/V

FITHINGI YIVARSACT

92HYINT THON 65029401

(2820 37(2NU-X)) % §°0-)dX3 % J % (I/G) = A--T1300W

HiON3T3NYN
[:2:14 09 (144 .14

[:114

R R M EEE S

¥ I i l

.r...yn»..*..oo:n...l..t..toL
:

T

™

MINLS ¥31TT4 JONFYISYILNG Y6IN0NLD

8L/02/¥

LEILELERCIUI L E Y

C28x(H/7CTNM-X)) ¢ 1) 7 ¥ « A--300W
HLOHITINYN

00Ss (2:14 9y

ory o2

H I

LN |

AQNLS ¥3LTTS

ERLELE]

AMIINT YYINDALD

G2HYINTINON * 65029401

§°9-

10

2'0

Ve

$°0-

M

2°9

e

EECTNE — = CTOW

R TZNE - CZOW

1€ = WOQ3IIN4 40 SIIWDIAT  IYNGISIH
9E20Y06900° « NOILYIN3Q G¥WANYLS  Tvnalsiy
(16-¥313° ) S15°15¢ and
828L¥S” i€
(10-28BES" ) 95060 F 3 ¢
~ (10-LE82° ) v6LEB 2 a i
("N3Q *LS °XO¥ddY) SILYWILSI WILIUYNYD w14
£0+25TSH"  @O+EBLPS'  10+9060¥°  10+Q8E82° & 20-1v063°  10-,0822° --01
£0+2515K*  @O+EBLPS®  10+1E60F"  10+SLE82° & 20-15069°  10-F195k° --6
£042515F*  @Q+EBLPS®  1049880y°  10+.9282° &t 20-60163° 10-82216° --8
£0+951Gk"  @Q+EBLKS®  T@+IIEGE"  1@4BLEL2° & 20-6BFEB*  00+9¥7R1" --¢
EO4LFISH®  @0+EBLKS"  10+4¥6BSE°  FO+IEEF2° % 10-23961°  @0+16¥9€° --9
E@+£605F°  @O+EBLYS®  10+6¥29€°  10409161° % 10-9899y°  Q0+2862¢° --§
£0+49205r°  @O¢EBLYS®  1Q42BSIP"  10+0E2S]1° ¥ 1@-09vpL’ 10+4965HT" -+
£0+E86PF°  @Q+EBLFS®  T@+LYLPP' 10496901 ¢ 10-.8098°  T04E6162° --€
INVLSNO) 143X 38 171A ¥ILIWYard
SY3LIUYNYD SNOININA NOJN INWANIJIQ AT¥YINIT ST € 33134t
EQ¢EBEYP*  OB4EBLYS®  1@4l¥lPP’  10+969E1° % 10-28098" 10+4€6162" --2
E@+000SP" 0040000y  20+00001°  19+00001° & 00+S20Ci te-doeet” -1
2 NOIL¥IN3G
SILWWILSI ¢ QUYQNELS  JuNSuly 434NN
¥3L3uvHYd % TWNAIS3¥  IINIDYIANCD  NOILHAILL
3IS¥) NOTIMII1d3d ON
(2RLCI/(2NU-XY) £ 5°0-)dXT ¢ 4 % (/@) » & --13000
S€ « N ITIS I1aNYS
L14 ¥Y3INIT-NON §3¥HN03 16¥I
=13 = WOQ33¥4 40 533493Q NaIs3y
5¥91966120° = NOILYIN3Q QyYANYLS NAIS3Y
( 6852 86SEG°E g €
( sie2’ ) LS 15¢ ik ¢
(10-6461° ) 00580% * ¥y 1
(°n30 ° LS °X0odAdd¥) SILYNILSI Y¥ILINYNYCL TYNIA
10+0Q9E6E"° E0+551Sk° 00+0580¥%° % 10-96612° 10-862¢€¢* --21
10+2EEBE " £045515F* 00+6580F" x 10-86612° 19-56598"° --11
19+b0S6E° €£0+551Ghk° 00+1GL0b° X 10-66612° Q0+61ELY" --01
710+1688E"’ £6+9515¥° 00+2kIIN® X 10-%00ce°’ co-¥E00E”® ~-6
10+2L100° €0+25isy’ 00+£0CO¥° x 19-51122° c0-89009° --8
10462LLE° £0+651G¥° Q0+¥L91FK"* x 10-bicee’ 10-¥1021° ~=L
1040281 ° EO+LPISH®  00+2518E° X 10-EEEE2” 19-L20ve’ --9
10+2k9¥E"° EQ+5LISk” Q0+26SEY* X 10-0rkk2° 10-+508F° --5
10¢8PIEY"° go+c1isSk”® 00+2b9LE" 1 10-L2292° 10-80196° il 4
jo+SEock” €0+1615F° 00+006L2° X 10-6+68%" 00+2cc6l’ --t
1o+2bES2° £o+262shk’ 0+0226V* % 10-9r825° c0-0000S° ~--¢
1640000k ° £8+0005F " 00+0000€° w 1e-210e5s° 16-00001° -1
x NOILYIN3d
SIIYNILST x  QHUANULS NSyl y3qNNN

d3LuEYd % YNAISI¥  JON3DHINNOD  NOILY¥ILI

3593 NOILY)IT43H ON
(25X 8/ CINU-X))+T) /8 = A --73A0W

SE

= N 3ZIS I1dUYsS

L14 HYINIT-NON 5I¥UNOS L5631



0es

20-£20+069°
10-9136612°
£0+E£515915F°
00+6L23LbS°
10+£95060¢F°
10+5E6.LE82°
€0+89bSiSH "’
10+8L65E6E°
00+966+ 80t *

25
15
2nul
4

3

d
T
q

Y

~—SLNYLSNOO ONY $¥313WyYvd

8L/02/0 PININOI VLVOLIIIE 92UYINTINON * 65929411
NYISSNYD » Q31400 TNYIZININOT « 41108
HLONI13nWN
L1 14 .1: 14 ok 2% (.14
: T — " T N ' : | 18-
| e'e
i
e}
| e N
L N4
8 i
(a0 1
| 28 [}
. s
5 N
o}
| B0 3
[}

AONLS H3ILTT4 JINTWISNILND HUINONID

90s

8Lr02/% $3MINI vivaradrr F2YYINTINON 6503 41T
NYISSMYD » 03L100 TRYIZININOT » 41708
HLONIINYN
[1:14 (14 (144 (214 (114
i ' 'l 1 1 ﬂ.@‘

-~

AGNLS HILTTS IONINIJYILNT U ININID

A CTNE =T T Ol



COMMENT =XARPLE-=ix. ix

COHMENT MODEL -=8.. . ¥
ECHG ON

HARDCOPY ON

BELL ON

READ JJFEXDATA.HIGGINS1

N v LT e

RNt T < s ION CALIBRATION CURVE

NAME VUOUT 1
NAME VAPP 3

CHARACTERS X
LINES
PLOT VOUT UAPP

CHARACTERS
LINES SOLID DOTTED

PLOT
PLOT
PLOT
PLOT
PLOT

\4
Y
Y
Y
Y

LET A@
LET A1
FIT vouT

TITLE ULTRASONOUVISION CALIBRATION

YLABEL VOLTAGE OUT

XLABEL VOLTAGE APPLIED

X2LABEL MODEL-~Y ¢ A® X BESSQO(A1XUAPP) X BESS1(A1XVAPP)
X3LABEL JJFE6XCS9.NONLINEAR27?7 JJFEXDATA.HIGGINS 2/78
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT VOUT PRED VS VAPP

YLABEL RESIDUALS
PLOT RES UAPP

800

699

400

209

BESSO(X) FOR X = 1 1 8@ AND

BESS1(X) FOR X = 1 1 88

BESS@(X)XBESS1(X) FOR X = 1 1 8@
BESSQ(.94xX)XBESS1(.04XX) FOR X = 1 1 80
25@0XBESSO( . 04%xX)XBESS1(.04xX) FOR X = 1 1 8@

2500
004
= AQ X BESSO(ALXVAPP) X BESS1(A1XVAPP)

] 20 4@ 0 g8e 100
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EXAMPLE 18

COMMENT EXAMPLE~--H. S. LEW CONCRETE PULL-OUT BOND STRENGTH
COMMENT MODEL ~-LINEAR/LINEAR

ECHO ON
HARDCOPY ON
BELL ON

SKIP 10
READ JJFEXDATA.LEW4 STREN MAT

CHARACTERS X
LINES
PLOT STREN MAT

LET STREN2(1)=11
LET STREN2(2)=22
LET STREN2(3)=26
LET MAT2(1)=1.7
LET MAT2(2)=2.6
LET MAT2(3)=3.2
EXACT 11 RATIONAL FIT STRENZ2 MAT2 STREN MAT

TITLE PULL-OUT BOND STRENGTH OF CONCRETE

YLABEL BOND STRENGTH

XLABEL MATURITY (= CTEMPERATURE(F) - 101 X ELAPSED DAYS)
X2LABEL EXACT LINEAR/LINEAR RATIONAL FIT

X3LABEL JJFEXCSS.NONLINEAR3S JJIJFE6XDATA.LEU4 1776
CHARACTERS X BLANK

LINES BLANK SOL1D

PLOT STREN PRED US MAT

" FIT STREN = (AQ+A1XMAT)I/(1+B1XMAT)

X2LABEL MODEL--STREN = (RO + A1XMAT) / (1 + Bi X MAT)
PLOT STREN PRED US MAT

YLABEL RESIDUALS
PLOT RES MAT

XLABEL
NORMAL PROBABILITY PLOT RES

39

A i 4.1

as

41 1.4

ce r— »

J W - |
x
x

15 - y

| I .|

F I O W |

5 T 7T TP U0 LR L LI LELERER] LGB LA

1.56 1,75 2.60 2.25 2.5¢ 2.75 3.0 3.85 3.50



el

EXACT R&ETIGHNSL FUNCTION FIT

NUMBER OF POINTS IN FIRST SET = 3

DEGREE OF NUMERATOR = 1

DEGREE OF DENOMINATOR = 1
NUMERATOR --A0O A1l . -.55000179+03 -44000142+03
DENOMINATOR--BO B1 - .10000000+01 .10008033+0¢

APPLICATION OF EXACT-FIT COEFFICIENTS
TO SECOND PAIR OF VARIABLES--

NUMBER OF POINTS IN SECOND SET = 26
NUMBER OF ESTIMATED COEFFICIENTS = 3
RESIDUAL DEGREES OF FREEDOM = a3
RESIDUAL SUM OF SQUARES s .35384189+02
RESIDUAL STANDARD DEVIATION (DENOM=N-P) = .12403399+01
AVERAGE ABSOLUTE RESIDUAL (DENOM=N) = .96846149+00
LARGEST (IN MAGNITUDE) POSITIVE RESIDUAL = .25857794+01
LARGEST (IN MAGNITUDE) NEGATIVE RESIDUAL = -,17317243+01
LARGEST (IN MAGNITUDE) ABSOLUTE RESIDUAL = .25857794+01

PULL-OUT BOND STRENGTH OF CONCRETE

30
8 25
N .
D -
S o -
R o
E -
o ]
s
H ]

1e —

7 x

s LA LR R N LR B LELR AR L LR LRI LERERSES LI

i1.5¢ 1.75 2.06 2.25 2.50 2.75 3.0 3.85 3.50

MATURITY (= (TEMPERATURE(F) - 10) X ELAPSED DAYS)
EXACT LINEAR/LINEAR RATIONAL FIT
JJFEXCSI. NONLINEARIS JJFG6XDATA.LEW4 1/76
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EIAMPLE 15

COMMENT EXANPLE--DICK KIRBY SCANNING ELECTRON MICROSCOPE
COMMENT LINE SPACING STAMNDARDS
COMMENT MODEL ~-LINEAR/LINEAR AND QUADRATIC/QUADRATIC

ECHO ON
HARDCOPY ON
BELL ON

READ JJFGXDATA.KIRBYZ X ¥

CHARACTERS CIRCLE
LINES
FLOT ¥ X

LET ID = @xvy

LET ID(8)ei

LET ID(7S5)=1

LET ID(1S2)ei

LET v2eoY SUBSET 1D 1

LET X2=X SUBSET ID 1

PACK Y2 X2 SUBSET ID 1t

EXACT 171 RATIONAL FIT Y2 X2 ¥ X

TITLE SCANNING ELECTRON MICROSCOPE LINE SPACING STANDARDS
YLABEL Vv

XLABEL X

X2LABEL EXACT FIT THROUGH 3 POINTS OF LINEAR/LINEAR MODEL
X3LABEL JJFBXCSS.NONLINEARLY JJFEXDATA.KIRBYZ 11/9/78
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT ¥ PRED VS X

;IT ¥ = (RB+ALXX)/(1+B1XX)

X2LABEL MODEL-=Y « (A® + A1XX) 7 (1 + B1XX)
PLOT ¥ PRED US X

YLABEL RESIDUALS
PLOT RES X

LET ID(3@)=1

LET 1D(i1@)=1
" LET vY2@-¥ SUBSET ID 1

LET X2=X SUBSET ID §

PACK Y2 X2 SUBSET ID 1

EXACT 272 RATIONAL FIT Y2 X2 ¥ X

YLRBEL ¥

X2LABEL EXACT FIT THROUGH 5 POINTS OF QUADRATIC./QUADRATIC MODEL
PLOT ¥ PRED US X

FIT ¥ = (AB+AIXX+AZEXIX)/ (1+B1XIX+BRIXIX)

X2LABEL MODEL--Y = (A® + AL1IX + AZXXIX) ~ (1 ¢ BIEX + B2IXIX)
PLOT ¥ PRED US X

YLABEL RESIDUALS
PLOT RES X

i0e

86

60 -

4 [

28 - o




EXACT RATIONAL FUNCTION FIT

NUMBER OF POINTS IN FIRST SET = 3

DEGREE OF NUMERATOR = 1

DEGREE OF DENOMINATOR = 1
NUMERATOR --AQ Al = -.23937376+01 .27863345+00
DENOMINATOR--BO B1 = .10000000+01 .259542459-93

APPLICATION OF EXACT-FIT COEFFICIENTS
TO SECOND PAIR OF VARIABLES--

15e

NUMBER OF POINTS IN SECOND SET =

NUMBER OF ESTIMATED COEFFICIENTS . 3
RESIDUAL DEGREES OF FREEDOM = 149
RESIDUAL SuUM OF SQUARES = .45225974+04
RESIDUAL STANDARD DEVIATION (DENOM=N-P) = .55093559+01
AUVERAGE ABSOLUTE RESIDUAL (DENOM=N) s +42797687+01
LARGEST (IN MAGNITUDE) POSITIVE RESIDUAL = .43819942+01
LARGEST (IN MAGNITUDE) NEGATIVE RESIDUAL = -.12615372+02
LARGEST (IN MAGNITUDE) ABSOLUTE RESIDUAL = .12615372+02

SCANNING ELECTRON MICROSCOPE LINE SPACING STANDARDS

109

80

¥ 60

40

ce

e 100 209 300 400

X
EXACT FIT THROUGH 3 POINTS OF LINEAR/LINEAR MODEL
JJFE6XCS9.NONLINEAR11 JJFEXDATA.KIRBYZ2 11/9/78
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EXACT RATIONAL FUNCTION FIT

NUMBER OF POINTS IN FIRST SET = 5
DEGREE OF NUMERATOR = c
DEGREE OF DENOMINATOR . 2
NUMERATOR =--A0 A1 A2 = -125+01 -.170+00
. 304-02
DENOSIggTOR--BO Bt B2 - : .100+01 -.105-92

APPLICATION OF EXACT-FIT COEFFICIENTS
TO SECOND PAIR OF VARIABLES--

NUMBER OF POINTS IN SECOND SET = 152
NUMBER OF ESTIMATED COEFFICIENTS S

RESIDUAL DEGREES OF FREEDOM . 147

RESIDUAL SUM OF SQUARES - .23364094+082
RESIDUAL STANDARD DEVIATION (DENOM=N-P) = .39867206+00
AVERAGE ABSOLUTE RESIDUAL (DENOM=N) - .17420260+00
LARGEST (IN MAGNITUDE) POSITIVE RESIDUAL = .14435167+01
LARGEST (IN MAGNITUDE) NEGATIVE RESIDUAL = ~-.15705872+0@
LARGEST (IN MAGNITUDE) ABSOLUTE RESIDUAL = +14435167+01

SCANNING ELECTRON MICROSCOPE LINE SPACING STANDARDS
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80

:14

40

20

-20 T T T T T T T T T T T T Y T T T

"] 100 200 300 400

X
EXACT FIT THROUGH S POINTS OF QUADRATIC/QUADRATIC MODEL
JJFE6XCS9 . NONLINEARL1 JJFE6XDATA.KIRBYZ 11,978




BL/6/11 2AG4IN YLYAR94rT LIYYINITNON 6589401
(XEXX24 + X219 ¢ §) ~ .xax”mc 4+ X81Y + QU) = A--13A0M
(114 o0t Q02 007 ?
2 i 1 i _ i i i i | Il i i I ' i i i ] §L'0-
wl
i 05°0-
x|
w [
Lx * ] sere-
®
* x x | p.“
Fa o s ~oF 0
- o » % x—] 00°0 m
7 R b3
H& u ® ” ]
x w— S2°0
.k
» " [
L 050

SAYYANYLS ONIOWdS 3INIT IJ0ISOHIIN NONLOITI DNINNYIS

Woa33¥4 J0 5334930 1

3HL 40 LNIOd %¥92¢°¥6 3IHL = E268°L02

BL/B/71T ZAGNIN " YAYAXO4TT

(XAX229 + XETH & §) 7 (XEXKSY 4 XK1Y + OY) = A--1300W

oor

TTYYINTINON 85029400

oot 0

T

SAYYANYLS INIOUdS INIT IJ0ISONIIW NOWLD31I DNINNYIS

HLIA NOTINGINLISIQ 4

UNY 91
e OIivYy 4 L14 40 XOW1]

¥ » WOQ3IIN4 40 S33H93¢ HOTLYII14IN
698.L0820210° o NOILYINIQ QUUANHLS NOTLWII1d43Y
il = WOGIIN4 40 S3IIAD3A ™NgIs
61o6c901LT° e NOILYWIN3Q QuudNYis NAISIN
(90-2502° ) P0-698¥E2° 2§ S
($0-8865° ) 20-052sL1° - 14 »
(vd-¥c2Pr° ) 29-2vr2ase’ v €
(20-61iv° ) §L2s€1° - v 2
(19-1298° SPEIS° 1 oy 1
£°N30 °LS °X0dddY) SILVUILSI ¥ILIWvavd TYNT A
y0-98ri2° 20-¥25L1°- £0-52952° P94B2SET1°- 10+5€9SY° t 00+490121° £€0-905¢9° --§
ro-€£8ri2° 20-0ESLI° - 2e-92982° 00+¥23SEL°~ 10+62951° t eQeLOTLT” co-a0521” el 4
¥0-99512° 20-¥62L1i° - ¢ce-Besse’ 00+460LE1°~ 10¢E£96S1° $ 00+8ETLT" 20-00052° --€
y0-90€22° 20-696¥1° - 20-66kL2° 00+08251°~- 1€+48L981° 8 00+61EBL" FORVALG L g 4
¥0-9v9c2° 20-9r5@1°~ 20-£9€0C° 20+8I0LY° - 10+65¢21° " 00+42986€° T0-00001° -1
T NOILIYIN3G
SIYWILSI 3 (HUINYLS PINSH3N A 5HNN
HILIUNHYd % IYNAISIN  JONIDAINNCGD  NOTivu3dpl
15t . SL354NS LINILSIA 40 WIBHNN
1 = WOU3IINS 40 53IINO3IJ NOLLIWIIIdAd
16-.898L02021° » NOLLYINIT GYUINYLS NOTLWOI[TJdIY
IS¥I NOILYII 143
ANSXEPE4XBTF+T I/ CNINASHe X T QH) = A --7300N
2st = N 3IZIS FMguYS
L1494 ¥YINIT-HON SINUNOS LSy N

02-

e2

(14

99

e8

083



EXAMPLE 29
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£XACT RATIONAL FUNCVION =17

MUMBER OF POIWTS IN FIRST SET
DEGREE OF NUMERATOR
DEGREE OF DENOMINATOR =

g

NUMERATOR --AQ@ Al AC = . 009

DENOMINATOR--B@ Bl B2 = .100+01

ZOHM-ADV—AZMOZOO

.191+01

.201+01

APPLICATION OF EXACT-FIT COEFFICIENTS
TO SECOND PAIR OF VARIABLES--

NUMBER OF POINTS IN SECOND SET
NUMBER OF ESTIMATED COEFFICIENTS
RESIDUAL DEGREES OF FREEDOM

RESIDUAL SUM OF SQUARES

RESIDUAL STANDARD DEVIATION (DENOM=N- P)
AVERAGE ABSOLUTE RESIDUAL (DENOM=N)
LARGEST (IN MAGNITUDE) POSITIVE RESIDUAL
LARGEST (IN MAGNITUDE) NEGATIVE RESIDUAL
LARGEST (IN MAGNITUDE) ABSOLUTE RESIDUAL

SEMICONDUCTOR BORON DIFFUSION

.144+01
.692+09

19
5
14

»77758524-02
.23567308-01
.10378105-01
.10173738-01

-.70652820-01

.70652820-91

1.25
1000 - N x =7 x x x x
0.7 P
0050 - x
6.25 —
0000 4 ¥ ¥ 1 l ¥ i ¥ T I 1 14 1 1 I 1 ¥ T
) i 2 3 4
DEPTH

EXACT GQUADRATIC/QUADRATIC RATIONAL FIT

JJFE6XCS9 . NONLINEAR2S JJFEXDATA.KEERY!

4,78
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EXAMPLE i

COMMENT EXAMPLE--TOM HAHN COPPER THERMAL EXPANSION STUDY

COMMENT MODEL -~QUADRATIC/QUADRATIC AND CUBIC/CUBIC

COMMENT NOTE ~~TECHNIQUE FOR UPDATING AND IMPROVING

COMMENT RATIONAL FIT MODEL

COMMENT NOTE -~EXACT RATIONAL FIT FOLLOUWED BY LEAST SQUARES FIT
CORMMENT NOTE ~=A SECOND FIT RESTRICTED TO GO THROUGH ORIGINMN

ECHO ON

HARDCOPY ONM a5
BELL ON

READ JJFGIDATA.HAHNL X ¥

CHARACTERS X
LINES
PLOT ¥ X

LET X2(1)=10
LET X2(2)+50
LET X2(3)-120
LET X2(4)=200 w
LET X2(5)s=800 !
LET Y2(1)=0 )
LET v2(2)=5

LET v2(3)e12 s !
LET Y2(4)=15 .
LET Y2(5)=20

EXACT 272 FIT v2 X2 ¥ X

P Y

20 -

W U S U I W |

A8 il

L

1805 4
\-
-

TITLE COEFFICIENT OF THERMAL EXPANSION (COPPER)
YLABEL COEF. OF THERMAL EXP. ¢ 200 400
XLABEL TEMPERATURE (DEGREES KELVIN)

X2LABEL EXACT QUADRATIC/QUADRATIC RATIONAL FIT

X3LABEL JJFGXCSH.NONLINEAR44 JIFGXDATA . HAHNL 11/17/78

CHARACTERS X BLANK

LINES BLANK SOLID

PLOT ¥ PRED VS X

CHARACTERS BLANK ALL
LINES DOTTTED SOLID
PLOT ¥ PRED US X

LET X2(6)=40
LET X2(?)=30
LET v2(6)=3
LET v2(7?)=2
EXACT 373 RATIONAL FIT ¥2 X2 ¥ X

iZLABEL EXACT CUBIC/CUBIC RATIONAL FIT
PLOT ¥ PRED VS X

él? ¥ = (AG+AIEX+ASEIXIX+ATEIXIXI I/ (1+BI1EIX+B2XXXX+BIXXXAI)
LET S1=-RESSD

iZLﬁBEL MODEL--Y * (AQ+A1TX+AZIXIX+ASEIXIX3)/ (1+B1EIX+B2XXIX+BIAXEXI)
PLOT ¥ PRED VS X

VLABEL RESIDUALS
PLOT RES X

XLABEL
HORMAL PROBABILITY PLOT RES

;IT ¥ o (ALTX+ASIXEIX+AIEXELI I/ (1+B1XX+B2IXIX+BIXXXXT)
LET S2=RESSD

YLABEL COEF. OF THERMAL EXP.

XLABEL TEMPERATURE (DEGREES KELUIN)

X2LABEL MODEL--Y = (A1IX+ASXXIX+A3IXEXI I/ (1+4B1EX+B2EXKX+BIXXXXI)
PLOT ¥ PRED US X

YLABEL RESIDUALS
PLOT RES X

XLABEL
NORMAL PROBABILITY PLOT RES

PRINT S1 S2

1000
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EXACT RATIONAL FUNCTION FIT

NUMBER OF POINTS IN FIRST SET = ?

DEGREE OF NUMERATOR . 3

DEGREE OF DENOMINATOR = 3
NUMERATOR --RO@ A1 A2 A3 = =-,23235123+01 .35300880+00 -,
13832568-01 .17668116-03
DENOMINATOR--B® Bi1 B2 B3 = .10000000+01  -.33957982-01 .

11009136-03 +79103667-05

APPLICATION OF EXACT-FIT COEFFICIENTS
TO SECOND PAIR OF VARIABLES--

NUMBER OF POINTS IN SECOND SET = 236'
NUMBER OF ESTIMATED COEFFICIENTS = ?
RESIDUAL DEGREES OF FREEDOM = 229
RESIDUAL SUM OF SQUARES = . 78287830+02
RESIDUAL STANDARD DEUIATION (DENOM=N-P) = .58469500+00
AVERAGE ABSOLUTE RESIDUAL (DENOM=N) - .47006864+00
LARGEST (IN MAGNITUDE) POSITIVE RESIDUAL = «95732951+00
LARGEST (IN MAGNITUDE) NEGATIUVE RESIDUAL = -.13508248+01
LARGEST (IN MAGNITUDE) ABSOLUTE RESIDUAL = «13508249+01
COEFFICIENT OF THERHRL EXPANSION (COPPER)

c 25
g y
0 ]
F ]
¢ 20
o -3
F i

4
§1s
H .
3 .
X ]
P 10 ]
£ ]
X .
Ps

0- T l T l T l 1 ] l L}
0 200 400 600 800 1000

TEMPERATURE (DEGREES KELVIN)
EXACT CUBIC/CUBIC RATIONAL FIT
JJFGXCSY . NONLINEAR44 JJFEXDATA.HAHNL 11/17/78
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(PIEXIPA+ELXXKET+2EIXITA+XXTAH+TIZ(XETUHOY) = A hum
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T=(9)2A 131
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EXACT RATIONAL FUNCTION FIT

NUMBER OF POINTS IN FIRST SET ® 4
DEGREE OF NUMERATOR = b
DEGREE OF DENOMINATOR = 2
NUMERATOR --RO Al = . 00000000 .1458333e2-02
DENOMINATOR--B6 Bt B2 : ® .100+01 -.125-01
APPLICATION OF EXACT-FIT COEFFICIENTS
TO SECOND PAIR OF VARIABLES--
NUMBER OF POINTS IN SECOND SET = 93
NUMBER OF ESTIMATED COEFFICIENTS = 4
RESIDUAL DEGREES OF FREEDOM = 39
RESIDUAL SUM OF SQUARES = .27068581+04
RESIDUAL STANDARD DEUIATION (DENOM=N-P) = .55150031+01
AVERAGE ABSOLUTE RESIDUAL (DENOM=N) = .16479395+01
LARGEST (IN MAGNITUDE) POSITIVE RESIDUAL = .37217266+02
LARGEST (IN MAGNITUDE) NEGATIUVE RESIDUAL = -.30199815+02
LARGEST (IN MAGNITUDE) ABSOLUTE RESIDUAL = .37217266+02
SMOKE OBSCURATION STUDY
49
0
B ce
S
c
U -
R |
A
}' Q pone—"
0
N -
-20 -
-40 T 1 Y l T l T l T
] 200 490 609 800 1000
TIME
EXACT LINEAR/QUADRATIC RATIONAL FIT
JJFE6XCS9.NONLINEARI6 JJFEXDATA.HAYESS 11718778



EXACT RATIiOne. FLeriand FIT
NUMBER OF FCinNTS IN FIRST SET
DEGREE OF NUMERATOR =
DEGREE OF DENOMINATOR =

NUMERATOR --RO Al
DENOMINATOR--BQ B1 B2 B3 B4
269280-04 .10805190-06 .51205132-99

APPLICATION OF EXACT-FIT COEFFICIENTS
TO SECOND PAIR OF VARIABLES--

NUMBER OF POINTS IN SECOND SET
NUMBER OF ESTIMATED COEFFICIENTS
RESIDUAL DEGREES OF FREEDOM

RESIDUAL SUM OF SGQUARES

RESIDUAL STANDARD DEVIATION (DENOM=N-P)
AVERAGE ABSOLUTE RESIDUAL (DENOM=N)
LARGEST (IN MAGNITUDE) POSITIVE RESIDUAL
LARGEST (IN MAGNITUDE) NEGATIVE RESIDUAL
LARGEST (IN MAGNITUDE) ABSOLUTE RESIDUAL

SMOKE OBSCURATION STUDY

= . 00000000
= .10000000+01 .2o631021-02

»on

S0

.37565201-01

93
6
87

.46780170+01
.23188426+00
.11407338+09
.27681495+00
-.11952349+01
.11952349+01

2.5

141

2.0

| T |

1.5

I T |

1.0

ZO——1D>VCOVLWO

I |

e.5

O |

400 609

L]
fu
®
-]

TIME

800 io0e

EXACT LINEAR/QUARTIC RATIONAL FIT
JJFexCSI.NONLINEAR3E JJIFG6XDATA.HAYES3 1171878
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EXAMPLE 23

COMMENT EXAMPLE--GEORGE MULHOLLAND DOPPLER SPECTROMETER EXAMPLE

COMMENT MODEL --LINERR/QUADRATIC
CQMMENT NOTE -=EXACT RATIONAL FIT FOLLOUWED BY LEAST SQUARES FIT

éCHO ON
HARDCOPY ON
BELL ON

SKIP 1
READ JJFGXDATA.MULHOLLANDZ X ¥

CHARACTERS X
LINES
PLOT ¥ X

LETY X2(1)=5.55

LET X2(2)+5.85

LET X2(3)=5.75

LET X2(4)=5.85

LET v2(1)=150

LET Y2(2)=400

LET v2(3)=6080

LET Y2(4)=2080

EXACT 172 RATIONAL FIT ¥2 X2 Y X

TITLE PARTICLE SIZE DISTRIBUTION (DOPPLER SPECTROMETER)
YLABEL DELTA N 7 DELTA D '
XLABEL DIAMETER

X2LABEL EXACT LINEAR/QUADRATIC RATIONAL FIT

X3LABEL JJFG6XCSS.NONLINEAR3® JJFEXDATA.MULHOLLANDZ 7778
CHRRACTERS X BLANK

LINES BLANK SOLID

PLOT ¥ PRED VS X

;IT ¥ = (AB+RLXX)/(1+B1XX+B2XXXX)

X28LABEL MODEL~-=Y e (A@ + ALXX) ~ (1 + BizX + B2XXIX)
PLOT ¥ PRED VS X

LET MN<MIN(X)
LET RMXeMAX(X)
LET DELTA=(MX~MN)/100

PLOT ¥ X AND
PLOT ¥ » (A@+AL1XX)/(1+B1EX+B2XXEX) FOR X = MN DELTA MX

YLABEL RESIDUALS

PLOT RES X
XLABEL
NORMAL PROBABILITY PLOT RES
800 .
5“ = t 3
400 | x =
200 |- o .
'y ! I { L

YT T rrry Ty rTrTTeTTTT LS e e

$5.50 5.55 5.60 5.65 65.70 5.75 5.80 5.85 5.99




EXACT RATIONAL FUNCTION FIT

NUMBER OF POINTS IN FIRST SET = 4
DEGREE OF NUMERATOR . 1
DEGREE OF DENOMINATOR . 2
NUMERATOR --A0 A1 = -83234787+00 -.11806805+00
DENOMINATOR--B® B1 B2 ] .100+01 -.349+00
0305-01
APPLICATION OF EXACT-FIT COEFFICIENTS
TO SECOND PAIR OF VARIABLES--
NUMBER OF POINTS IN SECOND SET = 17
NUMBER OF ESTIMATED COEFFICIENTS = 4
RESIDUAL DEGREES OF FREEDOM = 13
RESIDUAL SUM OF SQUARES = .17727561+06
RESIDUAL STANDARD DEVIATION (DENOM=N-P) = .11677579+03
AVERAGE ABSOLUTE RESIDUAL (DENOM=N) = .80742574+02
LARGEST (IN MAGNITUDE) POSITIVE RESIDUAL = .17598337+03
LARGEST (IN MAGNITUDE) NEGATIVE RESIDUAL = -.25745164+063
LARGEST (IN MAGNITUDE) ABSOLUTE RESIDUAL = .25745164+03
PARTICLE SI2E DISTRIBUTION (DOPPLER SPECTROMETER)
800
]
E h x
L
T
A 600
N
Y
D
D 400
L
T
A
D 2e0
o LEREE B T T &7 LR LIRS L LA L LR LR LS
5.50 5.55 5.60 5.65 5.70 5.75 5.80 5.85 5.90
DIAMETER
EXACT LINEAR/QUADRATIC RATIONAL FIT
JJFEXCS9.NONLINEARIO ) JJFEXDATA.MULHOLLAND2 7778
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PARTICLE SIZE DISTRIBUTION (DOPPLER SPECTROMETER)
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S.99

5.50 §5.55

5.60

5.65

JJIFEXCS9 . NONLINEAR3O

208

100

~-100

-coe

-3086

DIAMETER
MODEL--Y = (A® + A1XX) / (1 + B1xX + B2XXXX)
JJF6XDATA.MULHOLLAND2

PARTICLE SIZE DISTRIBUTION (DOPPLER SPECTROMETER)
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MODEL-~Y = (A® + A1XX) 7 (1 + B1xX + B2xXXxX)
JJFEXCSY.NONLINEAR3O JJFEXDATA.MULHOLLAND2
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EXAMPLE 24

COMMENT EXAMPLE-—-NEWT BREESE RESIDENTIAL TIRAL-TEMFEKATUKRE LUKVE

COMMENT MODEL =--CUBIC/CUBIC
COMMENT NOTE ~=EXACT RATIONAL FIT FOLLOWED BY LEAST SQUARES FIT

ECHO ON
HARDCOPY ON
BELL ON

READ JJFEXDATA.BREESER

NAME TIME 1
NAME TEMP 2

CHARACTERS X
LINES
PLOT TEMP TIME

LET ID = OXTEMP

LET
LET
LET
LET
LET
LET
LET

ID(L)=t
ID(13)sy
ID(6)=1
ID(11)=1
ID(18)=1
ID(8)=1
ID(21)=1

LET TEMPZ2 = TEMP SUBSET ID 1
LET TIME2 « TIME SUBSET ID 1
PACK TEMP2 TIME2 SUBSET 1D 1
EXACT 373 RATIONAL FIT TEMPZ TIMEZ TEMP TIME

TITLE DERIVED FIRE EXPOSURE CURVE FIT (T=9,90)
YLABEL TEMPERATURE

XiLABEL TIME (S)

X2LABEL EXACT CUBIC/CUBIC RATIONAL FIT

X3LABEL JJF6XCSY.NONLINEARR2S JJFEXDATA.BREESEZ
CHARACTER X BLANK

LINE BLANK SOLID

PLOT TEMP PRED US TIME

10/27/78

LET A=MIN(TIME)

LET B=MAX(TIME)

LET DEL = (B-A)/100

PLOT TEMP TIME AND

PLOT ¥ = (RO+ALXX+ASEXXX+AIEIXXE3 )/ (1+B1XX+B2XXXX+B3XXXX3) FOR X =« A DEL B

25
o x
]
208 r—
-4
1 x
150 .
“ x
] x
100 — x
-~ x
- Ny
x
~ x
~ X
50 [ o
~ x x
x
3 )
e 1 l 1 J ¥ l T L H
-] =%} 40 60 80 9@
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EXAMPLE 25

COMMENT EXAMPLE--PRACTICAL TEMPERATURE SCALE REFERENCE CURVE

COMNENT FOR LESS THAN 273 DEGREES KELVIN

COMMENT MODEL ~~CUBIC/CUBIC

COMMENT NOTE -=EXACT RATIONAL FIT FOLLOWED BY LEAST SQUARES FIT
COMMENT NOTE -=UALUE OF RESIDUAL PLOT

ECHO ON

HARDCOPY ON

BELL ON

READ JJFEIDATA.SCHOOLEY1 T U

CHARACTERS X
LINES .
PLOT T W

LET ID = oxT

LET ID(1)=1

LET ID(5)=1

LET ID(1S5)=}

LET ID(30)=1

LET ID(7@)s=4

LET ID(158)=1

LET ID(261)=1

LET T2 = T SUBSET 1D 1
LET U2 = W SUBSET ID 1
PACK T2 U2 SUBSET ID 1

éXRCT /I FITT2 W2 T U

TITLE PRRCTICAL TEMPERATURE SCALE REFERENCE CURVE (FOR ¢ 273 K?
YLABEL TEMPERATURE

XLABEL RESISTANCE RATIO U

X2LABEL EXACT CUBIC/CUBIC RATIONAL FIT

X3LABEL JJF6xXCS9.NONLINEARE2 JJFEXDATA.SCHOOLEY! 10/24/78
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT T PRED VS ¥

YLABEL RESIDUALS
PLOT RES U

300

200

100




8L/¥2/81  TAII00HIS YAUARIICC TIUY ML THON 85019 4r 1

8L/42/00  TAJ100HIS YAVOXOIIT  D2YINITHON®659294rf 114 T9NOILYN D1ENI/ITENS L39X3
N OlLYN IDNYLSISIN

414 TYNOILYY O18ND/J1END LOUX3

N OILYY 3MVISISIY
. 90 e 20 oo o1 me  3e ve e e
1 T " T L T 2 T " bre- T T T T [}
~ 2‘e- I
. - oot
.
1 * s L
r ! 3 ee ¢ I
L :
% I d -
Y x [ 1 -4 o0z
,C.. u ,
r 20 & !
-
»'e o0c

(¥ €23 > ¥04) I0AND 30MIYIAIW JT¥IS IMNLYNIMNIL WILLIUNS (1 EL2 > B04) 3nMND IINIUISIY WIS JUNLYYIAIL TWITLI¥Ad

WNAIS3Y 31N10S8Y (JANLINDOYW NI) 1539447

20+¥BF6EGOE° -
Q0+EBECLOLZ -~ = TYNAISIY INILYO3N (IANLINOYW NI) 15303Y1]
00+¥BFrGEGOE° « TYNQISIY INILISOd (3ANLINDYW NI) 1539341
00+LL2582LY° » (N=WON3Q)  TYNAISIY 3ILN10S4Y IDVHINY
00+2265+661° =  (d-N=WON30) NOILYIN3A QAYANYLS TYNGISIN
co+iE1setet” . S3YNOS 40 WNS TYNAISIY
¥se o W0d33y4 40 S33¥030 YNAISIN
I - SIN310144300 QILYWILST 40 ¥3IGWNN
192 » 135 (UN0OJ3S NI SLINIOd 40 ¥3FWNN
--S318YINUN 40 ¥I¥d GNOJIS Ol
SLIN3IJ144300 L14-10UX3 40 NOILYIINddY
50+5£926202°'~  90+4,.5115862
¢ F0+L110L2ES" 10+0000000¢° - €4 24 19 08--¥OLYNIWONI]
80+669¥1159° go+1088¥221
* 50+221906.8° co+09€25L22° - = €Y 2Y 1Y QY-- HOLYIIWNN

€ = HOLYUNIWON3A 40 334930
HOLYHIUNN 40 II¥03d

m -
L - 135 15814 NI SINIOd 40 ¥3IGUNN
L13 NOILONNS TUNOILYY LOUX3

LA WE T DX



EXAMPLE 26

COMMENT EXAMPLE-~-BOB THURBER SEMICONDUCTOR MOBILITY MODELLING

COMMENT MODEL ~-CUBIC/CUBIC
COMMENT NOTE --EXACT RATIONAL FIT FOLLOWED BY LEAST SQUARES FIT

ECHO ONM
HARDCOPY ON
BELL ON

READ JJFEXDATA.THURBER22 R N

LET LR=ALOG18(R)
LET G = 1.602¥103x(~19)
LET ¥ = 1/(GXRIN)

CHARACTERS X
LINES
PLOT ¥ LR

LET ID=0xN
LET ID(1) =1
LET ID(9) = 1

LET ID(i12) =
LET ID(13) = i
LET ID(2%1) = ¢
LET ID(29) = 1

LET ID(37) = 1

LET v2e¥ SUBSET ID 1
LET LR2-LR SUBSET ID 1
PACK Y2 LR2 SUBSET ID 1

EXACT 373 RATIONAL FIT V2 LR2 Y LR

TITLE PHOSPHORUS~-DOPED SILICOM 23 C

YLABEL ELECTROM MOBILITY

X1LABEL LOG(RHO)

X2LABEL EXACT CUBIC/CUBIC RATIONAL FIT

X3LABEL JJF6XCS9.NONLINEARLE JJF6XDATA. THURBER22 11/7-78
CHARACTERS X BLANK

LINES BLANK SOLID

PLOT ¥ PRED VS LR

FIT ¥ = (RE+AISLR+AZXLRILR+A3XLRIX3 )/ (1+B1XLR+B2XLRXLR+B3XLRXX3)

QBLRBEL LEAST SQUARES CUBIC/CUBIC FIT
PLOT ¥ PRED VS LR

LET A « MINCLR)

LET B = MAX(LR)

LET INC = (B~A)/100

PLOT ¥ LR AND

PLOT U = (AO+A1TU+A2XUSU+A3IUTI3)/(1+B1XU+BRXUXU+B3XULE3) FOR U = A INC B

1500
o X X xx
o
3 x
i x
X
1000 — x
~ x
x
| x
] x
x
560 -
- *
N
b JONTEIN, X
i
0 LR A B ] 11T T LA B 4 LA T l LU SIN AR L L




EXACT RATIONAL FUNCTION FIT

NUMBER OF POINTS IN FIRST SET = 7
DEGREE OF NUMERATOR = 3
DEGREE OF DENOMINATOR = 3
NUMERATOR --A0@ Al A2 A3 = .12877952+04 .14371486+94 +54
575087+03 .68139794+02
DENOMINATOR--BO B1 B2 B3 = .10000000+01 .94009615+00 .38

602169+00 .40002313-01

APPLICATION OF EXACT-FIT COEFFICIENTS
TO SECOND PAIR OF VARIABLES--

NUMBER OF POINTS IN SECOND SET = 37
NUMBER OF ESTIMATED COEFFICIENTS = 7
RESIDUAL DEGREES OF FREEDOM = 30
RESIDUAL SUM OF SQUARES = +82915248+04
RESIDUAL STANDARD DEVIATION (DENOM=N-P) = .16624805+02
AVERAGE ABSOLUTE RESIDUAL (DENOM=N) = .96072464+01
LARGEST (IN MAGNITUDE) POSITIVE RESIDUAL = .25774384+02
LARGEST (IN MAGNITUDE) NEGATIVE RESIDUAL = -.42453033+02
LARGEST (IN MAGNITUDE) ABSOLUTE RESIDUAL = .42453033+02

PHOSPHORUS-DOPED SILICON 23 C

1509

1000

500

L O3ZT ZOLB~4O0Mrm

LOG(RHO)
EXACT CUBIC/CUBIC RATIONAL FIT
JJFE6XCSI . NONLINEARLGE JJFE6XDATA. THURBERE2 11,7778



